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Important user information IR

Reading this entire manual is
recommended for full
understanding of the use of this
product.

N

The exclamation mark within an equilateral triangle is
intended to alert the user to the presence of important
operating and maintenance instructions in the
literature accompanying the instrument.

The lightning symbol within an equilateral
triangle is intended to alert the user to the
risk of exposure to high voltages.

The vertical crushing of fingers or hand
A within an equilateral triangle is intended to
alert the user to the risk of vertical moving
objects.
£

The earth (ground) terminal symbol is used
to mark a functional earth terminal.

Should you have any comments on this manual, we
will be pleased to receive them at:

Pharmacia Biotech AB
S-751 82 Uppsala
Sweden

Pharmacia Biotech AB reserves the right to make
changes in the specifications without prior notice.

56-1161-51 Edition AG

Warranty and Liability

Pharmacia Biotech AB guarantees that the product
delivered has been thoroughly tested to ensure that it
meets its published specifications. The warranty included
in the conditions of delivery is valid only if the product
has been installed and used according to the instructions
supplied by Pharmacia Biotech AB.

Pharmacia Biotech AB shall in no event be liable for
incidental or consequential damages, including without
limitation, lost profits, loss of income, loss of business
opportunities, loss of use and other related exposures,
however caused, arising from the faulty and incorrect
use of the product.

Trade marks

FPLCManager®, FPLC®, GeneAssembler®, Mini Q™,
Mini §®, MiniBeads™, Mono Q®, MonoBeads®,
PhastGel®, PhastSystem™, Sephasil®, SMART®,
Superdex® and Superose® are the exclusive trademarks of
Pharmacia Biotech AB. In view of the risk of trademark
degeneration, it is respectfully suggested that authors
wishing to use these designation refer to their trademark
status at least once in each article.

MilliQ® is a registered trademark of Millipore Company.
The PCR process is covered by US patents 4,683,195 and
4,683,202 owned by Hoffman-La Roche Inc. Use of the
process may require a license.

Copyright® 1995 Pharmacia
Biotech AB

All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system or transmitted

in any form by any means, without permission in written
form from the company.
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1. Introduction

1.1

Introducing
SMART®
System

1. Introduction

SMART® System (Fig. 1.1) is a fully integrated micropurification
system for large and medium sized biomolecules. Through the
combination of specially developed columns, precision hardware,
unique software and a knowledge information system, SMART
System enables nanogram to microgram quantities of biologically
active material to be securely isolated into individual fractions as
small as 5 pl. The versatile hardware and the broad column range
allow a wide range of chromatographic techniques to be used,
enabling the most refined purification strategies to be developed and
optimised. The software, SMART® Manager, controls the system and
evaluates the results of the separations. The knowledge information
system, SMART Assistant, assists in planning strategies for protein
purification.

ey

Fig. 1.1. SMART® System

The eluent is delivered to the uSeparation Unit by the pPrecision
Pump. This dual cylinder syringe pump is fitted with cylinders and
piston heads manufactured in titanium. It provides a high pressure,
pulse-free flow and accurate gradients at flow rates as low as

10 pl/min. This feature is critical for precision isocratic systems and
for the accurate formation of a gradient.

The pSeparation Unit, which can be cooled, houses the
chromatographic, detection and collection components. All parts of
the flow path are manufactured from inert materials and particular
attention has been paid to the elimination of dead volume.

SMART Manager is the user interface for SMART System. All
automatic chromatographic separations are controlled by a
Separation Method created by the user. Manual changes can be made
before and during the run using SMART Manager. Following the
run, the chromatogram can be evaluated and the results presented on
screen or on hard copy.

Additional help in method development for the purification of
proteins is provided by SMART Assistant, a powerful knowledge

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

1:3



1. Introduction

1.2 Howto use
SMART
System
Handbook

the aim of the study and sample details, such as molecular weight,
isoelectric point and other physical data, SMART Assistant will
recommend a purification strategy, a chromatographic technique and
a separation medium. The running conditions are provided in the
form of a Separation Method. If the separation proves to be
unsuccessful, the user can return to SMART Assistant for help in
identifying the cause of and remedying the problem.

In SMART System Handbook all aspects of the system are described,
from stepwise instructions for installation to comprehensive details
on routine operation, general care and maintenance procedures. The

~ contents of the handbook and how to use each section are described
" below.

Section 1. Introduction

This gives a brief introduction to SMART System and the System
Handbook.

Section 2. Technical description

This fully describes the hardware and the operating principles of each
part of the system. Where relevant, the software control by SMART
Manager is described.

Section 3. Unpacking and installation

This section includes details of the laboratory site requirements for
SMART System and a stepwise guide to installing the hardware and
the software. Read this section carefully when installing a new
system.

Section 4. Operation

This comprises several sub-sections, all relating to the different
operations of SMART System. Examples of how to operate the
system manually, how to program a method and how to evaluate the
results are given.

Section 5. Screens and menus

This is a user reference section in where the individual parts of
SMART Manager and SMART Assistant software are described in
detail. It also includes a Short Instruction which shows SMART
Manager graphically.

Section 6. System maintenance

This section describes how to carry out the general maintenance
procedures, such as remaking tubing connections and replacing worn
piston seals.

1.4 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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1. Introduction

Section 7. Trouble-shooting guide

This section helps to identify the possible cause of a problem
occurring with SMART System. Symptoms of the fault are listed
together with recommended remedies which include a reference to
the relevant section of the manual.

Section 8. Accessories

This is a listing of the accessories and commonly used spare parts for
SMART System.

Section 9. Technical specifications

A listing of the specifications of SMART System..

Section 10. Method manual

Practical hints on the use of SMART System for individual
applications.

Section 11. Column instructions

This is for filing Column instructions for future reference.

Section 12. Application notes

This is for filing Application notes.

Section 13. Technical notes

This is for filing Technical notes.
Section 14. Appendices

Section 15. Index

1.3 Conventions For simplicity, certain conventions and assumptions have been used
used in this in this System Handbook. These are listed below.

handbook 1. SMART Manager operates within the Presentation Manager
environment of OS/2. In this System Handbook, it is assumed
that all users of SMART System already have an understanding
of Presentation Manager. Users unfamiliar with this system are
advised to read the Learning Guide supplied with the OS/2
software and make themselves completely familiar with the use
of the list boxes, option buttons, dialogue boxes etc. which are
so much a part of this easy to use graphic environment.

2. SMART Manager can be operated using either the keyboard or
a mouse. However, since the graphic environment of
Presentation Manager is more compatible with the use of the
mouse than the keyboard, this System Handbook assumes the
use of a mouse.

3.  To make a selection using the mouse, the screen cursor (arrow)
is moved onto the item to be selected and the mouse button is
pressed. In the System Handbook, this is described as “clicking

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 1:5.
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on”, with the option to be selected indicated in upper case
letters. For example, if the pump flow rate is to be programmed
within a Separation Method, this is expressed as “click on
PUMP, FLOW”, where PUMP is the menu header and FLOW
is the menu option.

In this handbook, a key enclosed in brackets denotes a specific
keyboard key. For example, <ENTER>.

For full details of how to use SMART Manager from the
keyboard, follow the instructions in the Learning Guide
supplied with the OS/2 software. The keyboard command
which selects an option within SMART Manager is indicated
by an underlined letter on the screen display. To move between
different fields within one window, use the tab key.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2.1 System
overview
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2. Technical description

SMART System is an integrated micropurification system for the
separation of biomolecules present in the sample in small quantities.
SMART System (Fig. 2.1) consists of the pPrecision Pump,
uSeparation Unit, pPeak Monitor or Monitor UV-M II, SMART
Manager software and a wide range of Precision Columns.

pSeparation Unit

! . - — UPrecision Pump
i

) wPeak Monitor
I

wo

\

uFraction
collector

Fig. 2.1. SMART™ System

The pPrecision Pump is designed to deliver pulse-free flow with
accurate and reproducible gradient formation in the low flow rate
range, 10 W/min to 2 ml/min, required for high sensitivity,
micropurification work. The pump is a syringe pump with two
cylinders driven by two separate stepper motors. It can be run in
either gradient mode, when the cylinders are pumping different
eluents or in continuous mode when the both cylinders alternate to
deliver the same eluent.

The uSeparation Unit houses the rest of the systems flow path: the
mixer, the injection valve, the automatic column holder, the pPeak
Monitor flow cell, the gradient monitor and fraction collector. The
compact design minimizes dead volumes and thereby maintains
column resolution and monitor sensitivity which is critical for
microscale separations. The entire uSeparation Unit can be
temperature controlled 4-20 °C to ensure maintained biological
activity during the separation. All system components in contact with
liquid are manufactured in inert materials.

Each component in the puSeparation Unit will be described in more
detail in the following sections.

23
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2. Technical description

Liquid handling

On-line filters Pumpmg

Piston and cylinder

Motor Pressure
valve transducer

Mixer .

2

| Injector

Prefiiter

Column

H':l UV detection

[ ] Gradient monitor
with flow restrictor

Fraction collection (M)

Fig. 2.2. Flow path in SMART™ System

A central System Power Supply distributes 24 V DC power to all
units in SMART System via MultiNet power and communication

link.

SMART Manager software is designed for easy system control, data
evaluation and reporting. It runs in OS/2 operating system with
Presentation Manager graphics interface.

All system control is through SMART Manager where automatic
separation methods can be programmed or manual settings of
parameters be done. Instructions such as flow rates, gradient profile,
wavelength settings and fraction collection can be programmed in
time or volume basis. A separation method normally runs
automatically but manual adjustments can be done at any time
during a run.

During a run data is stored for post run evaluation. Evaluation can
be done manually or through automatic evaluation procedures.
SMART Manager has extensive data manipulation capabilities that
are described in detail in Chapter S.

SMART Manager also incorporates SMART Assistant a knowledge
information system. SMART Assistant is designed to assist in the
planning of a separation strategy. It gives advice on suitable media to

use for specific separation and it also gives a suggested method which

can be directly transferred to SMART Manager.
SMART Assistant is described in detail in Chapter 5.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

2.2 uPrecision
Pump design
and construc-
tion

2.3 pPrecision
Pump
operating
principle
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SMART System uses a high precision dual cylinder syringe pump for
both gradient and isocratic separations (Fig. 2.3).

Stepper motor |

7

Fig. 2.3. Schematic diagram of the pPrecision Pump

The two titanium cylinders of the syringe pump are identical in
design. To ensure that air bubbles are easily expelled, the two
cylinders are inclined at an angle within the pump housing.

Each piston has a titanium head fitted with a sealing ring. Each
piston is driven by a separate stepper motor giving independent
pumping action for both cylinders. With 2 600 steps of the motor per
microliter, a pulse-free flow of extremely high accuracy and
reproducibility is ensured, even at the lowest flow rates.

Three sizes of cylinder are available. These are 10, 20 and 50 ml,
with 10 ml cylinders being fitted on delivery. Instructions for
exchanging the cylinders are given in Section 6.4. The cylinder size
installed in the pump is programmed in the Method Editor,
configuration part of SMART Manager. The pPrecision Pump can
recognise the type of cylinder fitted in the pump and give a warning
message if any attempt is made to run a Separation Method with
incorrect cylinders size. The operator then has the choice of either
changing the cylinders or the Separation Method.

There are two indicator lights on the front panel of the pPrecision
pump. The green READY light indicates that the power is on and
that the pump is ready for a run. When the green light flashes,
communication between the pump and the computer has been
interrupted. The yellow RUN light is illuminated while the pump is
running. If the pump is not delivering eluent as programmed or if the
programmed pressure limit has been reached, this yellow light starts
to flash and the screen displays an error message.

Both pistons have a single stroke action. In gradient mode this limits
the gradient volume to the total volume of the two cylinders. In
continuous mode the volume is unlimited. Before the start, each
cylinder is filled with eluent through the inlet valve from the selected
reservoir (Fig. 2.4). Two level indicators on the front panel show the
amount of buffer remaining in each cylinder. The volume in the
cylinders is checked automatically before the start of the method.

2:5
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2.4 Flow rate
ranges

2.5 _Inle_t valve

Waste vessel B
Buffer reservoir uffer .
reservoir
Rinse
reservoir
]J:
==
/‘QL '
& /
' | Inlet valve
Inlet valve PR -no.e
4 d L4+
Q,
® ~J
Cylinder A Cylinder B

Fig. 2.4. pPrecision Pump

The pumps working mode is programmed in the Separation Method,
Configuration. If the pump is running in Gradient Mode any shape
of gradient can be programmed by selecting a percentage B at a
specified time. Delivery from the two cylinders is simultaneous with
the speed of the individual pistons being varied to produce the
required composition.

By selecting Continuous Mode the syringe pistons will operate
alternately resulting in a continuous flow. In this case, the option of
entering the concentration of eluent B is not available.

The flow rate can be programmed in the Separation Method or set
manually in Run/Control. The combined delivery from the two pump

. cylinders produces the selected rate of flow.

Operating flow rates and pressure limits are as follows:

Cylinder Flow rate Pressure limit
10 ml 10-2 000 p/min 25 MPa

20 ml 20-2 000 p/min 25 MPa

50 ml 50-2 000 pl/min 12.5 MPa

Liquids are drawn from the inlet tubings in the reservoirs into the
pump cylinders through a motorised valve which has four inlet ports,
numbered 1 to 4. Inside the valve, a rotating channel plate aligns the
internal channels so that only one of the four inlet ports can be open
to the fifth, pump cylinder port at any time (Fig. 2.5 a, b). The valve
positions at filling and emptying of the cylinders are programmed in
SMART Manager.

2.6 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

Eluent is pumped through port 6, marked "OUT" to the system
(Fig. 2.5¢).

Out Pump cylinder Out Pump cylinder Out Pump cylinder
A B C

Fig. 2.5a, b, c. Fluidic pathways through inlet valve

Each valve has a closed position between port 1 and OUT which is
used during the Leakage Test and when the cylinders are being
pressurised after filling. '

Inlet tubings to the valve are 1.9 mm i.d. and are manufactured in
ETFE. All inlet tubings are fitted with filters to prevent any
particulate material being drawn into the system from the buffer
reservoirs. The tubing between the inlet valve and pump cylinder is
made of titanium.

2.6 Pistonrinse To prevent accumulation of buffer salts, the piston and piston seal
are rinsed continuously at the back of the piston assembly. Liquid
from the rinse reservoir is automatically drawn in behind the piston
as eluent is delivered from the pump. Similarly, rinse liquid flushes
out of the rinse chamber as the cylinder is refilled. Since the same
volume of rinse liquid is used continuously, the liquid must be
changed regularly. To prevent bacterial growth use 20% ethanol.

At the back of the cylinder, the piston is sealed by the rinsing seal.
Both the rinsing seal and the piston seal can be replaced when worn.
If the rinsing seal becomes worn and a leakage occurs, the rinse
liquid collects safely in a tray beneath the pump cylinder and drains
to the front of the pump.

2.7 Pump control Inaddition to the system pressure measurement, several pump
functions and  functions are performed to enhance the precision of the pump. While
pressure most of these functions are automatic and operate without any user
tests intervention, some can be switched on or off by the operator in the

Separation Method configuration and are saved together with the
method.

2.7.1 System pressure measurement

System pressure is measured automatically by a pressure sensor built
into each inlet valve. The pressure signal can be monitored during the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 2.7
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2:8

run and it can be stored together with the chromatogram. The
pressure unit is MPa.

The upper pressure limit is either defined by the user or determined
automatically by the type of column installed. This is entered in the
Separation Method configuration and is saved with the method. If
this limit is reached during the run, SMART System will pause
automatically.

The system pressure depends of the column. It is proportional to the
flow rate, length of column and the viscosity of the eluent. It is

inversely proportional to the diameter of the column and the column
constant. '

2.7.2 Air detection test L }

After a cylinder refill, the air detection test is performed. This

automatic test checks the pressure increase against time. A delayed

increase indicates air in the cylinder and the pump is switched off (\)
automatically and a warning message is given.

2.7.3 Compressibility compensation

After every pump wash, the compressibility of the new liquid in the
cylinder is measured automatically. To do this, the inlet valve is
closed and the pump operates at a low flow rate while the pressure
increase is measured against time. The program calculates the
compressibility factor of the liquid by comparing the resulting curve
with a known standard (Fig. 2.6). This measurement is reported in
the run log and used later to help maintain a precise and accurate
flow rate during gradient formation under conditions when system

pressure varies during the run, such as Reversed Phase gradients with
viscosity changes.

—— Water  —---Ethanol .-...n-Hexane

O

15

10

Pressure (MPa)

A N N X 1 L " > L —

O 01 02 03 04 05 06 07 08 09 1

Time (minutes)

Fig. 2.6. Graph showing the compressibility of eluents

Compensation for the compressibility of a liquid is a function which
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configuration. The user is recommended to activate this function
when running RPC gradients where viscosity changes can be
expected during the run. It is especially important when working
with high backpressure.

2.7.4 Leakage test

A leakage test can be performed on each cylinder to test the pump for
leaks. For this test, the inlet valve is closed and the cylinder is
pressurised to a pressure defined by the user. If this pressure cannot
be maintained, a leakage has been detected.

This test, which is initiated by the user, should be performed on a
regular basis. Further details on the operation of the test are given in
Section 6.3.

2.7.5 Pressure follow

This function maintains the system pressure in the non working
cylinder, when only one cylinder is pumping. This ensures that the
gradient composition is accurate at the start of the gradient (Fig. 2.7).

The function is activated by default in the Separation Method
configuration and should be used for all gradient applications.

2:9
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Fig. 2.7. Effect of pressure follow; not activated (lower) and activated (upper) :
. o ¢ ) j
2.7.6 Fast pressurisation )

With this function activated, the column is rapidly pressurised to a

stable target pressure. This shortens the time for the system to reach
the final run pressure.

The target pressure calculated by the program takes in account the
type of column, the selected flow rate and the viscosity of the eluent.
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2.8 On-line Filter

2.9 uMixer

To protect the column, the buffer dispensed from the pump is filtered
through a 2 pm titanium filter as it enters the pSeparation Unit (Fig.
2.8).

Fig. 2.8. On-line Filter

If the back pressure in the system increases the filters might be
blocked and needs cleaning. Instructions for this are given in Section
6.9.

From the filter, PEEK tubing of 0.25 mm i.d. carries the two eluents
into the mixer where they are thoroughly combined. The mixer has
two chambers, connected in series, one above the other (Fig. 2.9).
The two eluents enter the lower chamber of the mixer first and then
pass into the upper chamber. The chambers are interchangeable.

Magnetic
stirrer

Mixer
chamber

Magnetic
stirrer

Mixer
chamber

Fig. 2.9. pMixer

Each chamber contains a small PTFE coated magnetic stirrer
operating at 600 rpm. The stirrer drive motor, which is located under
the mixer, can be viewed through the window in the automatic
column holder.
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2.10 pInjection

2:12

‘valve

As standard, the system is fitted with two 30 ul chambers. Three
alternative chamber sizes are available in volumes of 12 ul, 75 pl,
150 pl as well as a zero volume chamber bypass. The five chambers
can be combined in almost any configuration. However it is not
recommended to use 2 x 12 pl and when a 12 ul chamber is used it
should be placed in the lower position. To change to another mixer
volume, refer to Section 6.10.

The mixing of the two eluents can be optimised by using different

chamber volumes for different flow rates. The table below may be
used as a guide for selecting the chamber volume for different flow
rate ranges.

Flow rate pl/min Chamber volume i
10 - 50 0+12
30-100 0+ 30
50 -600 30 +30

300 - 2000 150 + 150

When working with eluents of low miscibility, or at high UV
sensitivity, use the larger of the recommended mixer volumes. The
optimum mixer volume is also dependant on the gradient time; for
shorter gradient times, smaller mixer volumes should be used.

To ensure that the tubing from the pump to the mixer and the mixer

itself are filled with eluent at the required composition for the start of

the run, the Mixer Wash function can be selected when creating the
Separation Method. If activated for a gradient starting with a
concentration of 0 %B, this function uses eluent A to wash the mixer
before the run starts. During this time, the injection valve is
automatically switched to the waste position.

This Mixer Wash function should be used after changing the eluent,
after filling, before the first run of the day and when the column is
not regenerated with the starting eluent.

Titanium tubing, 0.2 mm i.d., carries the eluent from the upper
chamber of the mixer to the entry port of the sample irjection valvé
(Fig. 2.10).
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New injection valve

INSTRUCTIONS

" The injection valve in SMART System has been

redesigned. Please disregard the information in
the System Handbook regarding Technical
description Section, 2.10 and Maintenance,
Section 6.13.

Please insert this instruction in your System
Handbook for future reference.

Technical description

The injection valve is a five port valve for
injection of sample via fixed volume sample loops
connected to the valve. A switching plate contains
the internal flow channels through the valve. This
switching plate rotates to align the internal
pathways between the five ports.

The valve has three different positions, LOAD,
INJECT and WASTE. The valve can be
programmed to switch between these positions at
a specific time or volume.

Functions of the three valve positions:

LOAD

The sample can be loaded into the sample loop.
The eluent from the pump passes through the
column.

INJECT
Eluent from the pump passes through the loop
taking the sample onto the column.” -

WASTE

Eluent is pumped directly to waste.

Note: This new valve does not have an internal
loop.

/’\

Maintenance

Replacement of injection valve switching plate
Wear on the internal switching plate is indicated

by leakage around the injection valve. To confirm
the fault, set the injection valve in Load position,
disconnect the sample loop and start the flow. If /
eluent is coming out through the sample loop

ports, the switching plate is damaged. If this is

not the case, replace the sample loop and run

eluent at high flow rate through the valve,

switching it between inject and load position. If

you see a difference in back pressure for the two @
valve positions, a damaged switching plate can

also be suspected.

Warning: The channel plate is coated in a fluoro
plastic grease to ensure smooth
movement. This substance is toxic and
the operator is advised to wear
protective gloves when handling the

channel plates during this procedure.
' Wash your hands after accidental -

contact with the channel plate. -

Pump
Waste — Sample _
(Fill port)
Column
LOAD

Pump Pump
Column
INJECT WASH

Fig. 1. Valve positions
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B

\’}/ - Mixer

i

i

Waste External
tubing sample loop

Outlet Fill port

Fig. 2. Injection valve

Before starting to disassemble the injection valve,
ensure that you have the Switching Plate Code
No. 18-1037-31 available as a spare part. In case
of damage occurring during this procedure, it is a
wise precaution to have Tubing, valve to column,
(Code No. 18-1037-34) also available.

1. Disconnect the waste channel tubing and the
tubing from the mixer. Remove the fill port.

2. Use a 3 mm Allen key to loosen the four Allen
locking screws in turn slightly. Hold the valve
housing while loosening the locking screws.

3. Carefully bend down the outer part of the
‘valve. Care must be taken with the titanium’
tubing between the valve and the column.

5. Remove the switching plate (the outer plastic
part) with a screwdriver. Replace it with the
new switching plate.

V4,

Q

¢ [—
S~
LA '

Ly
" N

c_‘//

N

Fig. 3. Removing the outer part of the valve.

4. Remove the switching plate assembly from the
valve housing by levering it out gently with a

ScrerXW% Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE |

Fig. 4. Removing the switching plate

6. Fit the switching plate in the same alignment
as the old plate in the valve housing. Push it in
evenly until it is seated correctly in position.

7. Carefully replace the outer part of the valve.
Replace the four Allen screws and tighten each
in turn slightly.

8. Replace the fill port, waste tubing and tubing
from the mixer. Ensure that all connections are
tight.
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2. Technical description

Wastd,—
tubing

| uMixer

xternal
sample
loop

Stopplug  Fill port

Outlet

Fig. 2.10. pinjectiop vaive

The injection val¥e is a three-positiop/six-port valve connecting the

mixer and the colymn with sampl
channel plate contadjns the inter
This channel plate ritates to

six ports (Fig. 2.11).

oop and the sample fill port. A
| flow channels through the valve.
1gn the internal pathways between the
he p)dte can be replaced when worn.

Internal
loop fill

column

External loop fill port

External loop
W To waste
\ ' / :

To waste

\ ]
kﬁE:J Rotating
- X— — channel
- F\ piate
— 1
From pump

2.10.1 Sample loops

Fig. 2.11. winjection valve in position for injecting sample from the external loop

A range of sample loops is available. The fixed\internal sample loop
has a volume of 0.75 pl. Loops of 10 pl, 20 pl,
supplied, with the 50 ul loop connected on delivdry. Loops of 5 ul,
200 pl, 500 ul, 1 000 ul, 2 000 pl volumes are available as

accessories. For even larger injection volumes, Supgrloop 10 m! or
50 ml can be connected to the valve. These can be fitted in the two

hooks on the left wall in the uSeparation Unit.

The material used for the loops varies with loop volurye.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.co
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2. Technical description

Loops, Sl - 10 pl titanium
Loops, 20 ul - 500 ul PEEK
Loops, 1 000 pi - 2 000 yl- ETFE

The internal and external loops have separate sample fill ports which
are marked with E for external (right) and I for internal (left). When
delivered, the systém has a fill port fitted to the external side and a

“plug in place of the internal fill port. The plug must always be in

position in the fill port which is not in use. The fill ports can be
replaced when worn.

Sample loading into the fill ports requires a syringe with a flat-tipped
needle of 0.7 mm o.d. A 100 pl syringe is supplied with the
instrument and a similar 10 pl syringe is available as an accessory.
The syringe needle can be inserted into either of the two injection
ports through the film covered slit in the upper door of the
uSeparation Unit. To support the syringe during loading, the syringe
support can be positioned at the height of the injection port.

2.10.2 Valve positions

The channel plate inside the injection valve can switch to three
different positions, LOAD, INJECT and WASTE (Fig. 2.12a,b). The
valve can be programmed to switch at a specific time or volume, or
the positions can be changed manually in the Run/Control window.

2:14 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

External loop Internal loop

=
=1
=a
=G

== o F&? ===
— ] = [ =
/
i

e D
8
N

' Inject
) _ . position —
L |
@l | |

|( 1 ___J R Wa.s.te w L —)  w—
—_—__ [ | position
<

Fig. 2.12a, b. \[alve positions for external loop and internal loop

“The functions of these positions are described below.
LOAD

The sample can n be loaded into the sample loop. The eluent from the

pump passes through the column.
INJECT

Eluent from the pump passes through the loop taking the sample
onto the column.

WASTE

Eluent is pumped directly to waste.

2.11 Prefilter A short length of titanium tubing of 0.2 mm i.d. carries the eluent
and sample from the injection valve to the titanium fitting which
connects into all types of Precision Columns. The prefilter, a
replaceable 0.5 pum titanium frit held within a collar, clips directly
onto this titanium fitting (Fig. 2.13).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

2.12 Automatic
column
- holder.

2:16

Flg 2.13. Prefilter

The standard prefilter has a dlameter of 3.2 mm. A prefilter of

v.& mm diameter is available as an accessory.

+ The fiit should be cleaned regularly in an ultrasonic bath as described
in Section 6.14.

A wide range of columns has been specifically designed for SMART
System. In addition, FPLC and HPLC columns with a length up to
300 mm can be fitted by using the Column Adaptor.

Installation of the column is a simple automatic procedure. The
uPrecision Column is placed onto the column connector and held
upright by the column support. (Fig. 2.14). The user registers the type

-" of column in SMART Manager. The automatic drive is then initiated

and the column holder with the injection valve is driven downwards
onto the column. A sensor detects and maintains the force required to
keep the column firmly seated. For the protection of the operator, the
motor drive will not function if the upper door of the uSeparatlon

- Unit has not been closed.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

2.13 Temperature
control

. .\\\/

/ Automatic
, column
holder

| __—Column
support

——— Column

= ¥/ uPeak
Monitor
flow cell

Gradient
Monitor

Fig. 2.14. Column installation

The pSeparation Unit can be cooled to +4 °C at an ambient
temperature of +21 °C. The temperature is individually set for each
run in the Run/Control window.

A Peltler element in comblnatlon with cold water cools the

uSeparation Unit. Reproduc1ble temperature control with an

accuracy of £ 1°Cis achieved.

For effective cooling the Separation Umt a constant supply of
circulating water at +5 °C should be available from a circulating bath
(min. 300 W). The user should note that if the ambient room
temperature is high in combination with high humidity the efficiency
of the cooling will be reduced. v

If the cooling is used constantly, it is recommended to turn off the

-cooling for half an hour every 24 hours to avoid ice formation on the

Peltier element. For defrosting see Section 6.23.

Note: It should be remembered that the buffer viscosity
increases as the temperature is lowered. This can increase
back pressure in the column by up to 50 %.

A fan located inside the uSeparation Unit continuously circulates
cooled air. The fan switches off automatically when the door of the
uSeparation Unit is opened.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

2.14 Ready lamp
indicator

2.15 uPeak
Monitor

Inside the uSeparation Unit there are two indicator. lamps. The green
lamp indicates that the pSeparation Unit is switched on and ready. If
the green lamp flashes, communication throughout the system has
been interrupted. The yellow lamp indicates that the [LSeparation
Unit is in operation and a run is in progress. A flashing yellow light |
indicates a fault in the system and the screen. d1splays an error.
message. : ‘

2.15.1 Overview

The pPeak Monitor is a variable wavelength monitor for detection in
the wavelength range 190 - 600 nm. In SMART System it is placed
on the puSeparation Unit with the pPrecision Pump on top of the
monitor. The pPeak Monitor consists of a main unit, optical fibres
and a flow cell (optical pathlength 3 or 10 mm, cell volume 0.7 or

2 pl). The flow cell is placed at the column outlet.

The main unit consists of the lamp unit, the monochromator unit,
detector electronics and control electronics. The lamp is a xenon
flash lamp with a continuous spectrum in the UV-vis region. The
monochromator includes a holographic stigmatic grating and a
stepper motor for wavelength selection between 190 - 600 nm in
steps of 1 nm. Wavelength changes can be programmed at any time
during a run. Up to three wavelengths can be monitored
simultaneously.

The detector electronics are connected to the monochromator and the
flow cell via optical fibres. The control electronics which include
SMART System processor core and software, handle data collection,
processing and communication with other SMART System units.

The uPeak Monitor has extensive programming capabilities with all
operator communication taking place through SMART Manager.
The programmable operating parameters include wavelengths,
autozero and averaging time, which can be programmed for manual
or automatic operation.

-2:15.2 Optical system

The optical system consists of a xenon flash lamp, condenser, block

filter, grating, a beam splitter, the flow cell and a detection unit

(Fig. 2.15). The entire system is precisely aligned in the factory and

" requires no further adjustment by the operator.
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-
. |
®_ 2“ + Concave

grating

Optical fibres

e e e e e e e e -

Remove flow cell
2 ul, 10 mm path length/
0.7 pl, 3 mm path length

—— T T T T T T T T T T T T

Fig. 2.15. Schematic diagram of the Peak Monitor

2.15;3 Monoéhromatof

The xenon flash lamp in the monochromator has an expected lifetime
of >4 000 hours. It provides a high intensity light throughout the '
operating range. The light from the lamp passes through a -
condensing system to a concave aberration-corrected holographic
grating. Monochromatic light from the grating is directed to an optic
fibre, the grating is turned automatically by a stepping motor.

For wavelengths in the range of 360 - 600 nm, a blocking filter is
automatically moved into the light path to filter out unwanted light,
before entering the monochromator.

2.15.4 Beam splitter

Before entering the flow cell, the monochromatic beam is split in a
beam splitter, with S0 % of the light passing through the sample in
the measuring cell and 50 % being directed through the reference
channel. Two photodiodes with identical characteristics monitor the
signal levels of the measuring and reference beams.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 2:19
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2. Technical description

2.16 uPeak Monitor

2:20

functions

2.15.5 Flow cell

Two flow cells with different path lengths are available: a 3 mm cell
with a volume of 0.7 ul and a 10 mm cell with a volume of 2 pl. The
flow cells are quartz with a titanium housing.

Eluent =

.

Light.‘“‘“— | De— »

N

Fig. 2.16. Light and eluent flows in the flow cell

2,16.1 Wavelength(s)

The operator has an option to measure at one, two or three
wavelengths simultaneously in the wavelength range 190-600 nm.
Wavelength changes can be programmed at any specified
time/volume. When more than one wavelength is chosen the first
wavelength selected will be the primary wavelength which will be
used for peak fractionation and for the analogue recorder output.

2.16.2 Autozero

An autozero function sets the detected absorbance to zero at any
programmed time/volume. It is recommended to use the autozero

_ function after wavelength changes in a method.

- 2.16.3. Autorange

"The autorange function allows for high resolution throughout the
_entire-Absorbance range. Thereby the need to preset a fixed

absorbance range before the run is eliminated. It also eliminates the
risk of loosing high absorbance peaks when working at high
sensitivity.

The autorange function is fully automatic and needs not to be
considered by the user. At method start, the amplification of the
signals from the sample and the reference photodiodes, are
individually set to feed maximum signal levels into the two 16-bit
D/A converters. The D/A converters produce a resolution of the
absorbance in a maximum 64 000 data points, which gives an
extremely high resolution even at high sensitivity.

2.16.4 Averaging time

For filtering the noise of the digital signal an averaging time can be
set. The averaging time is the time interval used for calculating the
moving average for the absorbance signal. A long averaging time will
smooth out noise efficiently, but it will also distort the peaks.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2. Technical description

2.17 Monitor
L Uv-Mm i
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2.16.5 Analogue recorder output
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Because of this the averaging time should be as short as possible. The
averaging time is automatically set by the software to fit the column
installed in the system but it is also possible to select another value.

At the back of the menitor there is a 1 V-Recorder output for
connection of an analogue recorder. The absorbance value for full
scale deflection can be selected in SMART Manager, Run/Control or
in the Method Editor.

Monitor UV-M Il is a high sensitivity, fixed wavelength detector,
consisting of an Optical Unit and a Control Unit. In SMART System,
it is placed alongside the pSeparation Unit.

The eluent from the column flows through the Column Connector to
the UV-M I Optical Unit which is positioned directly under the
column (Fig. 2.17).

l Column
: connector

Filter housing =

o .
Lamp: LVTJ o '
housing Detector housing with fiow cell

Fig. 2.17. Column connection to UV-M Il detector housing’

The Optical Unit comprises three parts:l_

e the lamp housing

. the filter housing
e the detector housing with the flow cell

- On delivery, the Optical Unit is fitted- with a mercury lamp for -

operation at 254 nm and 280 nm. A zinc lamp for operation at

214 nm is available as an accessory. Filters for detection at 214 nm,
254 nm and 280 nm are supplied. Filters for 313 nm, 365 nm,

405 nm, 436 nm and 546 nm are available as accessories. The
wavelength and the filter are selected manually on the Optical Unit.

The flow cell supplied with SMART System is a high precision cell
with a § mm path length. :

The UV-M II Control Unit has a sensitivity range from 0.001

to 2 AUFS. For the S mm cell, this produces an optical density of
0.002 to 4 OD. The absorbance range is set manually on the Control
Unit before the start of the run.

A time constant function for noise reduction can be set to 0.1, 1 or
10 seconds. The UV-M II has a preset value of 1 s. For optimum
results, it is recommended that the time constant should be set as
near as possible to 1/16th of the narrowest peak width in seconds. By

2:21



2. Technical description

2.18 Gradient
monitor

2.19 Flow
restrictor

pressing the RANGE buttons together, the TIME CONSTANT .
which is active will flash.

The detector output can be adjusted to zero. By pressing the
AUTOZERO button for 2 seconds, the LED illuminates to indicate
that the baseline is zeroed If the LED flashes, the baselme is not.
stable. ’

The UV lamp can be turned on or off 1ndependently of the mains
supply by pressing the LAMP ON/OFF button for 2 seconds.

SMART Manager must be informed of all parameters manually
selected on the Control Unit. For example, to ensure that the scaling

- of the UV signal is correct, SMART Manager must be informed of

the AUFS range selected on the Control Unit. The wavelength and
time constant must also be entered in the User Supplied field in
Run/Control configuration.

From the UV monitor flow cell, the column eluent passes directly
through the gradient monitor flow cell (Fig. 2.18), where the
conductivity of the eluent is monitored throughout the run.

puPeak Monitor flow cell

Gradient Monitor

1
g —
o = Flow restrictor

oo SS eSS
=

| _ =l

. Fig. 2.18 Gradient monitor

This monitor is equipped with a 1.5 ul conductivity cell with
platinum electrodes for momtormg salt buffers and organlc solvents
contammg a counterion. .

There are 4 precalibrated conductivity ranges stored i in SMART
Manager. However the gradient monitor can be calibrated for any
buffer with a simple software controlled calibration procedure. To
obtain 0 - 100 % response for your eluents it is recommended to
perform a calibration. Conductivity is temperature dependent, so a
calibration should be performed at the temperature set for the run.

- A flow restrictor is positioned in-line following the gradient monitor.

This helps maintain a constant back pressure of 0.7 MPa which
prevents the formation of air bubbles in the flow cells.

To minimise the effects of band broadening, the internal volume of
the restrictor is only 1.5 ul.

2.9 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2.20 pFraction

collector

From the gradient monitor, the eluent passes through a Fused Silica
tubing to the pFraction Collector (Fig. 2.18) where it is either
collected ot diverted to waste. Parameters relating to the collection of
fractions are controlled by the Separation Method or can be
controlled manually in the Run/Control window.

. (3 Eloram o o .
Delivery arm
| ]
1=
5 = Tube holder
>3 }ae,-ﬁc_ﬂ’?o SSSSm
g =
=S <3 .
== Fraction
collector
bow!
1
I Waste collector Locking lever

Fig. 2.19. nFraction collector

The pFraction collector is designed to collect small fractions, down to
5 ul, with an accuracy of £ 0.5 ul.

Collection tubes are held in a tube holder fitted to a circular bowl.
Three types of tube holder are available; each holds a different
number of tubes. These are:

® 48 x 0.5 ml sample tubes and 4 x 24 m] tubes
® 60 x0.5 ml sample tubes
®  41x 1.5 ml sample tubes

The 24 ml tubes can be used as waste collection tubes during sample
injection or after a run if the general waste position for the collection
arm is not in use.

The fraction collector bowl is motor driven and in the drop mode,
gives a tube change in less than 0.15 seconds. This ensures that no
eluent is lost between changes. All tube holders have a cut-out
pattern on the outer edge which enables a light emitting diode at the
back of the fraction collector to read the tube position. This-allows -

the fractions.to be collected in any sequence.

The fraction collector bowl can be inserted at any position. By means
of a magnetic sensor, located at the rear end of the fraction collector,
and a magnet located at the underside of the tube holder, the bowl
automatically rotates to the start position when the locking lever is
engaged. ‘ :

There are two collection modes which are dependant on the volume
of the fraction. In drop mode, the delivery needle is in the upper
position while dispensing. In wipe mode, the delivery needle is in the
lower position, in contact with the inner wall of the tube while
dispensing. In this mode, a small part of the drop can be collected.
Wipe mode should only be used for fractions less than 250 ul when
collected in 0.5 ml tubes.

When fractions are not being collected, the delivery arm moves to the
waste position. The waste tubing joins the waste outlet from the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2.21 System
-+ Power Supply

2924

injection valve and exits from the uSeparation Unit into a collection

vessel or drain.

SMART System is supplied with power at 24 V DC from a single
System Power Supply which hooks onto the rear panel of the
USeparation Unit (Fig. 2.20). The MultiNet cable distributes power
~from the Power Supply to SMART System modules. The System -

Power Supply has an automatic voltage switch and can be connected
to any mains output between 100-120 V~ and between 220-240 V~
with a frequency between 50 and 60 Hz.

Fig. 2.20. System
Power Supply

T
T
num

sy

Power supply -

. The MultiNet cable also forms the comrﬁqnication network between -
the computer and SMART System modules. A separate signal cable is
supplied for the analogue signal from the UV-M II Monitor.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Auxiliary output, SMART® System

A new socket, Auxiliary output, has been added to
. the puSeparation Unit of SMART® System. A TTL-
“pulse can be sent out via this socket to activate’

auxiliary equipment, for example an autosampler.’

The polarity and length of the pulse sent out from
. SMART System can be set in SMART Manager.

The socket, a 9 pole connector, is located on the

back of the pSeparation Unit. Figure 1 shows the

pin configuration.

{‘ 4 Fig. 1. Pin 3 is Output (positive = leading edge;
7 negative = frailing edge). Pin5is 0 V.

New menus in SMART Manager

Run/Control

Use the dialog box for USER SUPPLIED
CONFIGURATION to set the polarity of the
auxiliary output to positive (default) or negative
and the length of the signal to 0.2 (default), 0.4,
0.6, 0.8 or 1.0 seconds. Confirm the values with
OK. These settings remain in the memory until
new values are set.

- Fig. 2. Run/Control menu.

Edition AB

Artisan Technology Group - Quality Instrumentation ..

INSTRUCTIONS

Check the TTL-pulse requirements in the
instructions of the auxiliary mstrument you w1sh to
connect.

An auxiliary instrument can be activated with the
command AUXILIARY OUTPUT under the menu
MANUAL, SEP UNIT.

Method Editbr

There is a new instruction, AUXILIARY OUTPUT,
in the menu SEP UNIT. This activates auxiliary
equipment at a specified time/volume in a method.

. EXTE!

0.00 FILL A. 1, 10, 15000

0.00 FILL B, 1, 10, 15000

0.00 MIXER_WASH 0 <]
0.00 CONC_B a {Equilibration} -1

Fig. -3. Method Editor menu.
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Accessorles SMART"® System
INFORMATION

~ New accessories for connecting
- SMART System to a mass

spe.ctrometer .

" The Flow Splitter (used when connecting SMART

System to a mass spectrometer and fractions are
collected and analysed in parallel) and Dummy
Restrictor (used instead of the flow restrictor when
a capillary with a small inner diameter is connected
after the Gradient Monitor) are two new
accessories used when connecting SMART System
to a mass spectrometer. More information about
this application is available in the Technical Note,
“Electrospray LC-MS using SMART® System”,
Code No 18 1104-38.

Accessory Code No.
Flow Splitter 18-1103-79

Dummy Restrictor 18-1103-78

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | wwvﬂg.
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New Unpacking and Installation
procedures for SMART" System

The packing of SMART System has been
redesigned. The system is pre-assembled before
shipping. Please disregard the instructions in
System Handbook, section 3.2. Instead follow the
instructions below to unpack the system.

" 1. Cut off the straps around the box.

2. Open the top of the cardboard box (fig. 1).
Remove the Packing List and then remove the
foam packing.on the top. ... .o .

Fig. 1. Open the cardboard box.

3. Remove the System Handbook, SMART
Manager and Solvent Reservoirs from the
package.

4. Lift off the cardboard hood (fig. 2).

Edition AA

Artisan Technology Group - Quality Instrumentation ...

INSTRUCTIONS _

Fig. 2. Remove the cardboard hood.

Note: Do not remove any more of the
wrapping until the system is placed
on a bench.

5. Lift the system onto a bench, with two persons *
holding the red lifting straps on each side of
the system (fig. 3).

Fig. 3. Lift the system onto a bench.

O Pharmacia
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13. Twist and pull out the plastic bag with the :
fraction collector bow! together with the N
foam packing (fig. 9). Be careful not to [

* damage the fraction collector arm on the left H

‘ hand side. z ]
’ [ ]

Fig. 9. Twist and pull out the fraction collector bowl.

14. Remove the second accessories bag located Fig. 10. Connect the fractionation capillary.
at the back of the lower part of the

KSeparation Unit. 18. Make sure the waste outlet on the side of the

uSeparation Unit is pointing down. Put the

~15. Remove the plastic bag from the fraction tubing into a waste container. The tubing end
~ collector bowl. Replace the bowl and fasten must be lower than the waste outlet to avoid
‘ the lever. over-flow. Avoid bends on the tubing that
can cause air traps. If preferred the waste
16. Check the system and the contents of the tubing can be removed and the waste outlet 4
accessories bags against the Packing list. can drain directly into a waste container

(fig. 11).

' 17. Connect the fractionation capillary to the
fractionation arm and secure it with the

securing screw (fig. 10). Do not over tighten. " r

Adjust the capillary tip according to the 1@

instructions in the System Handbook,

. section 6.14. \ ¢
Note: Do not twist the glass capillary, it L

- Qi

o ~ N

should form a smooth arc pointing
outward from the Gradient Monitor.
Also, make sure the signal cable does -
not obstruct the movement of the
" capillary during fractionation. . - .
In the Test Certificate supplied with the
system, a delay volume is given for the R U
Gradient Monitor and fractionation -
¢apillary. This volume must be programmed
in the Run/Control section of SMART
‘Managet: The procedure is described in
section 4.3.4 in System Handbook.

Fig. 11. Fit the waste tubing.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6. Tilt the system carefully to an upright
position (fig. 4).

Fig. 4. Tilt the system to an upright position.

7. Remove the lifting straps.

- 8. Remove the outer plastic: films around the

system. Cut the films with the scissors resting

against the straps underneath to avoid
scratching the system (fig. 5).

 Fig. 5. Cut the plastic fim. |
. 9. .Cut off the straps holding.'t'he' ;sy-ste'm'
together. '

10. Remove the thin sheets of foam rubber from

the sides of the system. Carefully remove the -

foam rubber sheet . from between the .
uSeparation Unit and the pPrecision Pump.
Lift the foam rubber straight up. (fig. 6)

Fig. 6. Remove the foam rubber sheets.

 11. Open the upper door on the pSeparation

Unit and remove the accessories bag (fig. 7).

‘ “Fig. 7. Rémovg the_aéceséories bag.

12, Obeh the lower door on the pSeparation |

Unit. Release the locking lever of the
fraction collector. C

[

Fig. 8. Release the locking lever of the fraction collector.
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.19. If you want to cool the system, connect the
water inlet and outlet tubing at the back of
the Separation Unit to a circulating water
bath. For the MultiTemp II replace the
connectors on the MultiTemp with the
connectors supplied. -

Remove the tubing connectors at the rear of
MultiTemp II with a wrench 11/16". Do not
bend, shake or twist the inlet and outlet
tubes from MultiTemp II. Put the sealing
rings on the new Tubing Connectors. Secure
them with the clamps supplied.

- 20. Install SMART™ Manager according to the
instructions in the System Handbook, .

. section 3.3. Connect.the Computer Cable to

the computer.

22. Select the appropriate--mains cable and
connect it to the power supply. -

O
T
LT

_ 1::14.

A N

T

.. Fig. 12. Connect the mains cable.

Note: Before you install your column according
to the instructions in section 4.3.1,
remember to install the prefilter supplied
in one of the accessories bags. Push it onto
the column fitting.

* Fig. 13. Prefilter.

0 Pharmacia
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3. Unpacking and installation

3 1 Slte
requirements
for SMART
System

3.2 Unpacking
SMART
System,
uPeak
Monitor

3. Unpacking and
mstallatlon

SMART System should be installed on a stable laboratory bench The

minimum space required for the system, including the computer, is
60 x 120 cms. A free height of 105 cms above the bench is also

required (Fig. 3.1).
£

g’ ) 105 cm

120 cm

Fig. 3.1. Dimensions of SMART™ System

Two mains power points are required, one for SMART System and
one for the computer. If the Monitor UV-M Il s a part of the system

- another mains power point is required. All power pomts should be

connected to a protected ground

There is no fuse in SMART System. The power supply has an
automatic voltage switch-over and can be connected to any mains

“output between 100-120 V~ and between 220-240 V-~.

- For effective cooling of the uSeparation Unit, a constant supply of-

circulating water-at +5 °C should be avallable from a circulating

~ bath..For more details, refer to Section 2.13. -

To unpack the system please follow the instructions below:
1. Cut off the straps around the box.

2. Open the top of the cardboard box (Fig. 3.2). Remove the
Packing List and then remove the foam packing on the top.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www. artlsant .com
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3: Unpacking and installation

Fig. 3.2. Open the
cardboard box.

3. Remove the System Handbook, SMART Manager and Solvent -
Reservoirs from the package.

4.  Lift off the cardboard hood (Fig. 3.3).

Fig. 3.3. Lift off the __
cardboard hood .

Note: Do not remove any more of the wrapping until the
system is placed on a bench.

5. Lift the system onto a bench, with two persons holding the red
lifting straps on-each side of the system (Fig. 3.4). -

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 3
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3. Unpacking and installation

Fig. 3.4. Lift the system
onto a bench
6.  Tilt the system carefully to an upright position (Fig. 3.5). i ,5‘

' Fig. 3.5. Tilt the system
to an upright position

7.- Remove the lifting sfraps. S L O '
8. Remove the outer plastic films around the system. Cut the films

with the scissors resting against the straps underneath to avoid
scratching the system (Fig. 3.6).

3.4 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

Fig. 3.6. Cut the plastic

films

9.  Cut off the straps holding the system together.

10. Remove the thin sheets of foam rubber from the sides of the
system. Carefully remove the foam rubber sheet from between -
the pSeparation Unit and pPrecision Pump. Lift the foam
rubber straight up (Fig. 3.7).

Fig.‘ 3.7. Remove the o

foam rubber sheets

11.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Open the upper door on the pSeparation Unit and remove the
accessories bag (Fig. 3.8).

3:5
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3. Unpacking and installation

'Fig. 3.8. Remove the
accessories bag

12.  Open the lower door on the uSeparation Unit. Release the
locking lever of the fraction collector (Fig. 3.9). - '

' Fig. 3.9. Release the locking lever of the fraction collector

13, Twist and'pull out the I;I'aSt.ic_Lbé% with the fraction collector

bowl together with the foam packing (Fig. 3.10). Be careful not
to damage the fraction collector arm on the left hand side.

36 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

Fig. 3.10. Twist and pull
out the fraction collector

bowl.

14.
15.
16.

17.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Remove the second accessories bag located at the back of the
lower part of the pSeparation Unit.

Remove the plastic bag from the fraction collector bow!.
Replace the bowl and fasten the locking lever.

Check the system and the contents of the accessories bags
against the Packing List.

Connect the fractionation capillary to the fractionation arm
and secure it with the securing screw (Fig. 3.11). Do not over
tighten. Adjust the capillary tip according to the instructions in
Section 6.20.

Note: Do not twist the glass capillary, it should form a
smooth arc pointing outward from the Gradient
Monitor. Also, make sure the signal cable does not
obstruct the movement of the capillary during
fractionation. - ' :

In the Test Certificate supplied with the system, a delay volume
is given for the Gradient Monitor and fractionation capillary.
This volume must be programmed in the Run/Control section
of SMART Manager. The procedure is described in Section
4.34. . : .

3.7



¢ [ emvrrvreraaORETC o -

P g

3. Unpacking and installation

Fig. 3.11. Connect the
fractionation capillary

18. Make sure the waste outlet on the side of the puSeparation Unit

| —
—

i
)

is pointing down. Put the tubing into a waste container. The
tubing end must be lower than the waste outlet to avoid over-
flow. Avoid bends on the tubing that can cause air traps. If

preferred the waste tubing can be removed and the waste outlet

can drain directly into a waste container (Fig. 3.12).

Fig. 3.12. Fit the waste
tubing

19. 1If you want to cool the system, connect the water inlet and
outlet tubing at the back of the pSeparation Unit to a
circulating water bath. For the MultiTemp II replace the
connectors on the MultiTemp with the connectors supplied.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation
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3.3 Installation
-~ SMART
- System,
Monitor
Uv-Mmii

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Remove the tubing connectors at the rear with a wrench.
11/16". Do not bend, shake or twist the inlet and outlet tubes
from MultiTemp II. Put the sealing rings on the new Tubing: -
Connectors. Secure them with the clamps supplied. '

. 20. Push it upwards onto the column fitting (Fig. 3.13).

Fig. 3.13. Fitting the Prefilter

Assembly of SMART System is now complete.

3.3.1 Unpacking

SMART System, UV-M 1L is delivered in two wooden cases which are
secured together. These cases can be opened using heavy duty
handtools, such as a big screwdriver-and a hammer. It is _
recommended that all packing materials should be retained if onward
transport of the instrument is expected.

One of thie cases contains the pSeparation Unit and the other case
contains the pPrecision Pump, UV-M II Moniter and the System
Power Supply. Follow the procedure below to install the system. -

Separate the two cases and open each box. Check the contents
against the Packing Lists supplied. Retain the Packing Lists and the
test certificate.

1. Open the case containing the pSeparation Unit. Remove the
packing material.

2. From the same case, remove the Fraction Collector and the
accessories pack. Lift out the pSeparation Unit and place it on
the bench (Fig. 3.14). :

3:9
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3. Unpacking and installation

Fig. 3.14. pSeparation
Unit

3.3.2 Installation of pPrecision Pump

1. Unpack the pPrecision Pump and place it on top of the
uSeparation Unit. Slide the Tubing Holder onto the top of the
pump at the front. Unwind the rinse tubings from the pump
-cylinders.

2. Remove the protective plugs from the port marked OUT on
each pump inlet valve and from the On-line filters at the top of
. the pSeparation Unit. Connect the two outlet tubings between
the OUT ports and the On-line Filters on the top of the
pHSeparation Unit. Use the shorter of the two tubings to connect
to inlet valve A and connect the other end to any of the On-line
filters.

To connect this tubing securely, push it firmly i 11;1to the port
-and, at the same time, tighten the hexagonal connector firmly-
with the fingers and then very gently with the plastlc wrench

supphed ' ‘

3. Remove the protectlve plugs from the ports 1 and 4 on each
" inlet valve, Connect an inlet tubing to the ports..

3.10 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

" Buffer A .
reservoir

HI——\ _ Buffer B

\ N N - reservoir. -

} jJ Al é./ P——
X ] ] -Rinse
/4 - reservoir
=z
Pump f
outlet ~ D othece L
tubing
- Tubi
vew ubing
.“ holder
23 - \ -] ,
4
4

a@?

Fig. 3.15. The fiuidic connections on the pump

4. Unpack the 500 ml solvent reservoirs supplied and place them
on the pump. Remove the caps.

5. Remove the filters from the inlet tubings, position 1 on each
valve, by slightly turning the red filter ends anti- clockw1se until -
you can pull out the tubing.

- 6. Thread the tubing through the caps and- replace the filters. Place
the tubing in the 500 ml solvent reservoirs.

7. Repeat this for the rinsiiig tubing connected to the cylinders”
.and place both tubing in the 250 ml rinse reservoir.

3.3.3 Installation of System Power Supply

1. Unpack the System Power Supply and hook it onto the back of

' the pSeparation Unit (Fig. 3.16). Locate the mains cable -
appropriate for the power supply in the laboratory. Connect
one end to the mains inlet socket on the underside of the Power
Supply and the other to the mains supply but do NOT switch
on.

Note: There is no voltage selector on the power supply
since it has automatic voltage adjustment for
voltages within the range specified.

If it is necessary to change the plug on the mains
cable, ensure that the colour coding is followed:

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 3.11



3. Unpacking and installation

. GREEN/YELLOW to EARTH terminal . ..
. -~ BROWN to LIVE terminal
e * . BLUE to NEUTRAL terminal

e ———

] t

et r:DTj—ﬂ/ Mains inlet
Fig. 3.16. Connecting 3 - o)

the Power Supply

3.3.4 Installation of Monitor UV-M II

- 1. Locate and unpack the UV-M II Control Unit. Attach the front
panel for vertical operation (Fig. 3.17). Attach the four feet.

o. .
Frammada (KB-UVHT
O oo
QO o0z
O oms
Oan

TIME CONST'
rCHECK\

e Jis |
O O

Fig. 3.17. UV-M II
Monitor
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3. Unpacking and installation

56-1161-51 Edition AG

Fig. 3.18. Opening the
fuse/voltage selector
housing

Fig. 3.19. Inserting the
fuse holder

3.

Fig. 3.20. Replacing the
voltage switch with the
voltage still visible

From the accessories supplied with the monitor, select the
correct fuse for the voltage in the laboratory. For 100 - 120 V,
use a 400 mA SB fuse; for 220 - 240 V, use a T 200 mA L fuse.
Discard the unwanted fuse kit immediately..

" To fit the fuse, use a screwdriver to open the fuse/voltage

selector housing (Fig. 3.18). -

Insert the correct fuse holder and fuse into the right-hand
position (Fig. 3.19).

Remove the rotary voltage switch, select the correct voltage and

place the switch into the instrument with the correct voltage

showing (Fig. 3.20). Select 220.if the mains is 230 V.~. Close
the cover. Make sure the correct voltage is shown in the
window.

\

3:13
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3. Unpacking and installation

Connect the cables from the Optical Unit to the Control Unit
(Fig. 3.21). Connect the Optical Unit cable to the socket
marked "OPTICAL UNIT"; connect the lamp cable to the
socket marked "LAMP" :

Fuse/voltage
selector housing

ﬂ:.—— Optical Unit cable

Lamp cable

Mains cable

Fig. 3.21. Cable connections on the monitor back panel

5.

Fig. 3.22. Connecting
the Cable, UV-M I

Locate the mains cable appropriate for the mains supply in the
laboratory and insert it into the mains inlet socket of the
UV-M II Monitor.

Locate the Cable UV-M II which is packed with the accessories.
Plug the end with the connector into the socket at the top of the
uSeparation Unit (Fig. 3.22). Connect the green 4 pole
connector onto the other end of the cable so that the red lead
connects to 100 mV and the black lead connects to .0 (zero).

Connect the green connector into the socket marked 0-100 mV.

- uununuuuun '

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

3 3 5 Connectlon of Multhet Cables

'1.

Fig. 3.23. MultiNet
connections

3.3.6
1.

Artisan Technoldgy Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Locate the Multhet Cable which is dellvered in the accessories.
pack. Connect one end into the MultiNet socket on the System
Power Supply. Connect the other end into one of the Multhet .
sockets on the pSeparation Unit.. :

" Locate the MultiNet cable supplied with the uPrecmon Pump.

Connect one end to Separation Unit and the other end to the
uPrecision Pump.

L
W

nii

1niti

—

Installation of the Fraction Collector

Unpack the Fraction Collector: To remove the bowl, rélease the
lock by pulling it forwards (Fig. 3.24). Push the fraction
collector assembly partly into the uSeparation Unit. Connect .
the strap cable connector to the socket in the upper left of the
unit and secure it by tightening the two screws (Fig. 3.24,

inset). Pull the excess cable forward to lie on top of the Fraction ™
Collector.

3:15



3. Unpacking and installation

[ ——

Z? Lock
Fig. 3.24. Fitting the

fraction collection

2. DPush the Fraction Collector assembly completely into the
pSeparation Unit. Insert the bowl into the Fraction Collector
assembly and secure it with the lever.. .

3.  Fit the fraction waste collector (Fig. 3.25). Use the adjustment
screw to position the collector at an angle which allows
drainage.

Fig. 3.25. Installing the
waste collector

4.  During transport the fraction collector arm is pushed down. To
elevate it, turn on the power on the System Power Supply. The
arm will come up and the fraction collector bowl will rotate to
the start-position. Turn off the power.

5. Place the delivery needle in the delivery arm and secure it with
the retaining screw. The height of the delivery needle is adjusted
after installation of SMART Manager, see Maintenance,
Section 6.20.

In the Test certificate supplied with the system, a delay volume is
given for the Gradient Monitor and fractionation needle. This
volume must be programmed in the Run/Control section of SMART

. l\/(l‘jan]a)ger. The procedure is described in Section 4.3.4.
Artisan Technology Group - Quality’Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

3.3.7. .Connection of cooling water and waste.tubing .

- 1.

Fig. 3.26. Fitting the
waste tubing

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

CIf you want to cool the system, connect the watér inlet and

outlet tubings at the back of the pSeparation Unit to a

‘circulating bath. For the MultiTemp II replace the connectors
* with the connectors supphed '

Remove the tubing connectors at the rear of MultlTemp II w1th |

‘a wrench 11/16" (17 mm). Do not bend, shake or twist the

inlet and outlet tubes from MultiTemp I1. Put the sealing rings
on the new Tubing Connectors and fasten the connectors to the
inlet and outlet tubes.

Thread the supplied clamps onto the cooling tubings of
SMART System. Thread the cooling tubings onto the
connectors. Secure them with the clamps.

Locate the waste tubing in the accessories pack. Fit it onto the
waste outlet on the left side of the pSeparation Unit (Fig. 3.26).
Turn the waste outlet to point downwards and put the tubing
into a waste container. The tubing end must be lower than the
waste outlet to avoid over-flow, and avoid bends on the tubing
that can cause air traps. If preferred, the waste outlet can drain
directly into a waste container.

3:17



3. Unpacking and installation

3.3.8 Connection of Prefilter

1. - Locate the Prefilter in the accessories pack Push it upwards
onto the column fitting (Fig. 3.27).

Fig. 3.27. Fitting the Prefilter

The sample injection loop and all other connections within the
uSeparation Unit are already connected on delivery. There is a
protective plug in the internal loop fill port on the injection
valve. Leave this in place at all times.

¢ emer e e

Assembly of SMART System is now complete.

- 3.4 Installation of 3.4.1 Installation of uControl Board, AT

SM‘ART.- " Before unpacking the uControl Board, please read the Licence
Manager, AT agreement for acceptance of the product

1.  For the spec1f1cat10n of cornputer to run SMART Manager,
refer to Section 9 Assemble the computer alongs1de SMART
System. : :

the board to check that the switches are correctly set
(Fig. 3.28).

2. Unpack the uControl Board and the MultiNet cable Examine -

Detault settings (0C80000-0CBFFF) (IRQ 5)

off {open)
[l |on {close)
W~ | oft {open)

on {close)

OFF

; Fig. 3.28. Default
: settings on MultiNet
board

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3. Unpacking and installation

3. - Ensure that the computer is switched off.

- 4. The MultiNet board can be installed in any empty slot. Refer to -

the instruction manual supplied with the computer for
installation instructions. Ensure that the board fits firmly into
the connector before replacing the panels. -

5. Connect the MultiNet cable'i into the socket on the board

(Fig. 3.29). Connect the other end into the pPeak Monitor or
the pPrecision Pump if you have a Monitor UV-M Il in the

system.
== Illll||ll|||||l|ll|ll|||lll I
== "
=== *
L0
S |
Fig. 3.29. MultiNet [ N
connections, computer — —_—
to pPeak Monitor : :

3.4.2 Installation of SMART Manager, AT

Since SMART Manager operates:within the Presentation Manager
environment, OS/2 operating system must already be installed on the

- hard disk before attempting to install SMART Manager.

The mouse should already be 1nstalled as descnbed in the manual
supplied with the mouse. :

- A Registration card is supplred with SMART Manager. Please read it

carefully before completing it and returning it to Pharmacia LKB
Biotechnology AB. It is important that ownership of SMART
Manager is registered so that we can inform you of future update
versions of the program.

1.  Switch on the computer and allow it to load the resident OS/2
program. '

2. Access OS/2 Full Screen.

Insert Disk 1 into Drive A and type A: <ENTER>, type
INSTALL E <ENTER>. The installation program begins.
Answer any questions requested by the screen promptly and
allow the program to run to its conclusion.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3. Unpacking and installation

—

35

Installation of-
SMART Man-

. ager, PS 2 -

3:20

3.5.1 Installation of uControl Board, PS 2

Since SMART Manager operates-within the Presentation Manager-

environment, OS/2 operating system must already be installed on the'

hard disk before attempting to install SMART Manager.

. The mouse should already be mstalled as descrlbed in the manual

supplied with the mouse.

Before unpacking the uControl board, please read the Licence
agreement for acceptance of the product

Before you install the pControl Board make sure that you have a
working copy of the IBM Personal System/2 Start diskette and
SMART Manager diskette 1 available.

1.  Unpack the pControl Board and the MultiNet Cable.
2. Ensure that the computer is switched off.

3..  The uControl Board has no switches to be set as the
configuration is software controlled. It can be installed in any
empty slot in the computer. For installation of the board see the
instruction manual supplied with the computer. Remember to
ensure that the board fits firmly into connector before replacing
the panels.

4.  Connect one end of the MultiNet cable to the socket on the
board and the other end to the pPeak Monitor or the pPrecision
Pump if you have a Monitor UV-M II in the system.

5. Before you turn on the computer, insert the IBM Start Diskette
in Diskdrive A.

(If you forget this step a fault message refers to the IBM
instruction manual.)

6.  Turn on the computer.

The screen displays the IBM logotype Press <ENTER> to
continue.

8. A message appears that a conflguratlon error in the adapter has
occurred with a question if you want an automatic
configuration. Press N.

9. The main menu is dnsplayed Choose <Copy a funct10n> from .

the menu. :
Press <ENTER>

10. Putin the SMART Manager diskette 1 in Diskdrive A. The
diskette contains the description file for the pControl Board
which has to be copied to the IBM Start diskette.

Press <ENTER>

11. Replace the SMART Manager diskette with the IBM Start
diskette.
Press <ENTER>
Press <ENTER> to continue.

12. The main menu will appear again. Choose <Configuration>.
Press <ENTER>

13. Choose <Automatic configuration> from the configuration
menu.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

O



8. Unpacking and installation

T ST T e ey

The configuration fot the pControl Board is now completed. Remove
the start diskette and restart the computer.

3.5.2 Installation of SMART'Managér PS 2

J B o carefully before compIetmg it and returning it to Pharmacia LKB
; ' B1otechnology AB. Tt is important that ownership of SMART

' Manager is registered so that we can inform you of future update
versions of the program.

1. Switch on the computer and allow it to load the resident OS/2
program.

; 2. Access OS/2 Full Screen.

i 3. Insert Disk 1 into Drive A and type A: <ENTER>, type
INSTALL E <ENTER>. The installation program begins.

' Answer any questions requested by the screen prompt and
| allow the program to run to its conclusion.

-
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4. Operation

4.1 introduction

4.2 Getting
started

4. Operation

" This chaptef describes the user interface of SMART Manzigér and
- general programming principles. It also describes how to use different

parts of the program and the basic functions. Some of the more’ ,
complex functions are described in detail to facilitate the use of them.
Other functions are not described at all in this chapter, for a

‘complete description of each menu, please see Section 5, Screens and

Menus.

4.2.1 User interface

SMART Manager runs as an application under OS/2 Presentation
Manager (PM). Techniques for working with SMART Manager are
basically the same as for any Presentation Manager application, as
described in your OS/2 documentation, with the exception that
SMART Manager runs exclusively as a full screen application.

A brief summary of the essential features of working with

Presentation Manager applications is given below. Refer to your

0S/2 documentation for more details.
You use the mouse and keyboard to work with SMART Manager.

Icons

Click once with the mouse to select an icon. Click twice in rapid
succession to open or activate the icon. Icons cannot generally be
selected or opened with the keyboard.

FAuniControl Main Menu HICE-(;Memod _ APC__01
. . . ) itor

~

Fig. 4.1.lcons
Windows

If.you have several windows open at the same time, click anywhere in
an inactive window to make it active. If you click on a command or
option button, the function will be activated.

Menus

Mouse: Click once on a menu bar command to pull-down the
command list under the menu. Click once on a command in the list
to activate the command.

Keyboard: Press the Alt key to activate the menu bar. Either use the
arrow keys to move to the desired command name-and press Enter or
Press the underlined letter in the command name to pull-down the
command list under the menu. Either use arrow keys to move to the
desired command and press Enter or press the underlined letter in the
command name to activate the command.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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- A menu command shown in grey text cannot be activated because of
the current program context.

Some c.omrrian.ds in the. command lists have a short command which
is activated by pressing a letter together with the Control key. In the
. pull-down menus.are the different short.command letters listed.-

Main Menu

IZIN User SMART Assistant Exit Help
New... .

Load Method File...
Load Result File...

Delete Method File...
Delete Result File...

e ICON

About... R
CUTMET |- -2500NG:RES : : ; '
CONC.MET BPG2RES: i o
DEMO.MET :
FD_3210.MET

Fig. 4.2. Menus

Y
i i
. e
List boxes
t Mouse: Click on the arrows or drag the scroll box to scroll the
contents of the list box. Click once on an item in a list to choose the
: item.
Keyboard: Use the PageUp/PageDown or arrow keys to scroll in a list
box after selecting the list box with Tab. You can select items from a
list box with arrow keys.
Hun View HOLD! PAUSE! (! ONT! End
. . . . UV-M range 0.10 AU - - Injpos . ? . . .Pressure .0.0 . = MPa
P ) Time acc 0.0 min = Flow B 0.0 {limin  Met status End
B _InstaliRemove Columin. .ooovivn e oo
H essure
) The Separation Unit door must be closed before starting
R 0 Calumn Holder. Do not open the door-until the Holder stops! . .
_ Calumn to install : Mono Q, PC 1.6/5 : , 3 T O
04 Currentcolumn : [none] _ e o i ' . A
ll] " Recommended pressure limit : MPa ’ -

Current pressure limit : {25.0 | MPa

. Columns

Dummy

Long column adaptor .
‘|Shart column adaptor -
tMono Q, PC 1.6/
IMono S, PC1.6/5
{Superose 6, PC 3.2/30

Exit | ¢ Cancel i

- Holder move

T

Fig. 4.3. List boxes

Pull-down lists

Some lists are implemented as pull-down lists to economise on space
in the display. These are marked by an arrow at the right of the entry
field. Click on the arrow to pull-down the list, and then select the
required item from the list.
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Ruen/Conlroi

UV-Mrange 0.10 AU Injpes | Pump + MPa
Time acc™ 0.0 min Flow - . Sep unit ) +| End
' B \vavelengthis)... ‘v o Detector 4
Autozero | Record chromatogram R ks
Analog recorder output... System wash...
- ‘Column wash...
Lamp contral... L=
Calibrate Column Install...
P 40 £ )]

Run log

Fig. 4.4.-Pull-down list

Option buttonsand check boxes

Mouse: Click once with the mouse on option buttons or check boxes
to switch between “on” and “off” state.

Keyboard: Move between changeable fields (all types) using Tab or
arrow keys, and switch option buttons and check boxes on or off by
pressing the space bar.

=

Curve window data Help
4 . ? o Pr‘essure‘ ) l][]
i Y-axis ) 0.0 plifmin  Met status  End

\

@ .E]Concentratiun . ion —Fraction —Pressure
@ [X]UV-absorbance o :
© X Conductivity

. O XPressure
. OTemperature

. [X]Fraction matks .
Xl injection marks

g 6.0 8.0
Run log - i

'. Fig. 4.5. Option buttons and check boxes

Command buttons

Mouse: Click once on command buttons to activate the respective
command.

Keyboard: Press Alt together with the underlined letter in a command

to activate the command on a button. In many dialogue boxes one
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E : : : oo button, the default command, is normally marked with a heavier
: border than the others. Press Enter to activate this command. Use the
. arrew keys to select a different button as the active command.

- 6.0 8.0

0 v
Run log

JS S

Fig. 4.6. Command buttons

4.2.2 Starting SMART Manager

To start up SMART System and SMART Manager and establish
communication, it is important to remember to turn on the power on
the System Power Supply and wait until the green indicator lights on
the instruments start to flash before turning on the computer. If the
start up is done incorrectly the green indicator lights will continue to
flash on the SMART System instruments, indicating that
communication has not been established.

Your installation may be configured to start SMART Manager
automatically each time you switch on or re-boot the computer. If
v . - .. thisis not the case, double-click on.the SMART Manager program
t . - group in the Desktop Manager window. Double-click on SMART
Manager in the program group window to start the program.

42.3 Resetting SMART System and SMART Manager

If the communication in the system is interrupted and the system has
to be restarted you can not use the <Control>, <Alt>, <Delete> keys.
The power to both the computer and the system must be switched

- off. If possible use the Shut-down function in the desktop wmdow _
before sw1tch1ng the computer off.

When you restart the system remember to turn on the power on
SMART System before turning on the computer, otherw1se
communication will not be established.

4.2.4 Loggingin

When you have started SMART Manager the introductory screen is
displayed with an option to log-in to the program or to look at an
overview or the program. Click on the LOGIN button.

The login dialogue box presents a list of users. If SMART System has
i not been used before only the Library- directory will be displayed.

Double-click on your user name, or type in your user name and then
click on OK. If a new user name was entered, a conflrmatlon box is
displayed, click on YES to confirm your user name.

46 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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(c) Copyright Pharmacia LKB Biotechnology AB. Uppsala, Sweden 1990, 1991, 1992

WELCOME TO *

’ ‘ SMART Manager login

L Please enter user name.

Fig. 4.7. Login window

4.2.5 Main Menu window

The Main Menu window is the directory of all saved files. Two list
boxes are shown displaying Method files and Result files. From the
Main Menu window you also have access to all parts of the software.

File User SMARTAss:stant Egit Help i

Method Editor window to create a method

- Run/Control for manual system operations and for running
programmed methods

Result files for evaluation of your results

--SMART Assistant for help in choosmg runmng condltlons and
separation strategies

Select FILE or al:tlvate ICON

"CC.MET
CONC.MET
DEMO.MET
FD_3210.MET
G.MET
GLYCO.MET
GLYCO2.MET
HH.MET
MQ_165.MET

T 2500NGRE
. 5PG2.RES.
ACT2,AES

- DIFFRES

Hun?ConlroI

Fig. 4.8. Main Menu window
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 4.7
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4.3 Manual
' system
control

4.8

To access the manual system control instructioﬁs, double-click on the
Run/Control icon. The Run/Control window is displayed. -

Run/Control
_ONH ‘End Manual Conflg Notepad Exit Help.

UV-M [angewll 10 . AU . inj pos ? " Pressure 0.0 .MPa
Time acc "0.0 ° min Flow - 0.0 filimin Met status End
—-UV —Cond —Injection —Fraction —Pressure
0.0008
. {0.0006
[0.0004
0.0002
0.0000
U na 2.0 4.0 6.0 8.0
Run log

Fig. 4.9. Run/Control window

The following section will describe simple manual system control
preparing for a run by:

- installing a column

-~ washing the system -

- making a column wash

- programming the delay volume

- éhangihg the Run Data and Curve Window Data
- exit from Run/Control | -

For detailed information about the functlons and functlons not
mentioned here see Chapter 5.

'4.3.1 Instélling a column

Under the menu Manual you will find most functions related with

"manual system control and the instruction for Column installation at

the bottom of the list.
1.  Click on COLUMN INSTALL and you will see the

Install/Remove Column dialogue box. By scrolling the Columns

list box you will see all column options. For a system wash

choose the DUMMY from the list. In the dialogue box you can

also change the preset pressure limit.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Bun View HOLD! PAUSE! CONT! End Manual Con o Exit Help
UV-Mrange 010 . AU Inj pos ? Pressure 0.0 MPa
Time acc. 0.0 . min~ - Flow 0.0 - pimin Metstatis End

The Separation Unit door must be closed before stamng
Column Holder. Do not open the door until the Holder stops!? -

Column to install : pRPG C2/C18, PC 3.2/3

Current column  : [none} o

Recommended pressure limit : MPa
Current pressure limit : MPa
Columns Holder move

!Superose 6, PC 3.2/30
Superose 12, PC 3.2130
Superdex 75, PC 3.2/130
Fast Desalting, PC 3.2/110
RPC C2/C18, PC 3.2/3
MRPC €2/C18, SC 2.1/10

Fig.'4.10. Install Column window

2.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Click on the UP command button. The automatic column
holder will move up to allow installation of the dummy
column.

Open the door to the pSeparation Unit and fit the lower end of
the column onto the column connector.

Slide the column support onto the top of the column. Close the
door to the puSeparation Unit and click on DOWN in the

" column installation window. The automatic column holder will

move down until the column is firmly seated.

4.9
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Fig. 4.11. Fitting the
column support

5.  In the dialogue box you can also set or change the upper
pressure limit for your column. If you have chosen a column
from the list box, a recommended pressure limit will set

" automatically. Click on EXIT. e

4.3.2 Washing the system

1. To fill the pumps and wash the pump cylinders use the pump -
wash function. Click on MANUAL, PUMP, WASH. Select the
inlet and outlet positions for the pump valves with the option
buttons in the Wash Pump dialogue box. Make sure you have
the inlet tubings.immersed in the liquid and that the chosen
outlet positions on the valves have an outlet tubing to a waste

reservoir. Click on OK to start the automatic wash procedure. -

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2

v View HOLD! PAUSE! CONT! End Manual Config Notepad Exit Help

UVY-M range 0.10 AU Inj pos ? Pressure 0.0 MPa )
Time acc™ 0.0 - min Flow 0.0 Wimin  Met statys© End

—TV¥ —Cond —Injection ]
. : - Wash gylinder X XB
. |0.0008 - - .. ) - .
. ’ ’ cylinder A -cylinder B—
0.0006 inlet outlet | .inlet outlet
) ®1 O1 @1 O1
10.0004 | o o2 02 o2 O2
. . 03 O3 o3 O3
0.0002 04 @1 C4 @4
0.0000
1 0.0 2.0 4.0
Run

Fig. 4.12. Wash pump window’

2. The next step is to wash the tubings and let the waste go out
through the waste position on the injection valve. It is
important to avoid washing through the UV-Monitor flow cell
initially, as this is the most sensitive part for blockage. Click on
MANUAL, SEP UNIT, INJECTION VALVE. In the dialogue
box, click on the option button for the waste position.

Hun View HOLD! PAUSE! CONTI End Manual Config Notepad Exit Help’
uv3 0.046 AU 1v2 0.047 AU Uy 0.047 AU
W.length 3 280 nm W.length 2 254 nm W.length 215 nm
Conc 100 % Inj pos Load Pressure 1.3 MPa
Time acc  19.0 min Flow 0.0 RliZmin
Lopnh —HY —U0¥2 —U%4 —Ravelength ~—injeciisn —Fraction —Pre
1.0 : .
.
05 ' Position —— : : :
o i f@load_, Oinjéct Owaste | |
1.8 ’ L . . i
u 10,0 120 rn ' 1h,1 12:11]
Run log
19.10 Flow : 0 plifmin

Fig. 4.13. Injection valve window

3. Start the pump flow. Click on MANUAL, PUMP, FLOW and
type in 1000 pl/min in the Flow diaiogue box. Click on OK.

4.  Set the concentration of B to 50 %. Click on MANUAL,
PUMP, CONC B and type 50 in the dialogue box.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 4:11
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5. After 1 minute change the injection valve to inject position.
Click on MANUAL, SEP UNIT, INJECTION VALVE and click
" on the option button for the inject position. Leave the pumps’

running for a couple of minutes. To stop the flow click on END
in the Menu bar.

6. If you have a pPeak Monitor in the system you can set the .

"~ wavelength while you are washing the system. Click on
MANUAL, DETECTOR, WAVELENGTH(s) and type in the
desired primary wavelength. If you want additional
wavelengths click on the check boxes and type in the values.

&USE! (G piepad  Exit Help
UV- M range 0. 1l] AU In] pos Pressure 0.0 MPa
Time ace™ 0.0 min Flow l].l] pimin - Met status  End
ent
s EsSsure
H Primary wavelength {190 - 600 nm):
0.0006
! Additional wavelengths (190 - 600 nm):
0.0004 : .
0.0002
D (]
YT X

Fig. 4.14. Wavelength(s) window

7. Click on MANUAL, DETECTOR and AUTOZERO for
* adjustment of the baseline.

8.  If you have a Monitor UV-M Il you must set the sensitivity
range on the monitor and in the USER SUPPLIED
- CONFIGURATION window under the menu CONFIG, and

make an Autozero by pressing the Autozero button on the
monitor.

4.3.3 Making a column wash

For the column wash you should follow the recommendations given

in the Column Instructions enclosed with the column, particularly the

recommended flow rate.

1. Wash the pumps with your. eluents Use the MANUAL, PUMP,
WASH mstrucnon

2. Install your column according to the description above and
make sure the arrow 1nd1cat1ng the flow dlrecnon is pomtmg
downwards.

3. To wash the column use the COLUMN WASH instruction
under MANUAL. With this function you can easily change
between washing liquids. Enter the flow rate in the dialogue
box. Enter the recommended volume for the first eluent and the

4:12 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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appropriate pump inlet position 1-4. You might have to change
the cylinder with the option button if you want to start the
wash with eluent from cylinder A.

un LD!
UV-M range 0.10 -
Time acc 0.0

—gy—4q With flow Wmin

10- 2000

0.0008 Firsteluent @®10203 04 oylinder
0.0006 § Volume ml [& CA®B
0-0 O prewash

10.0004

Xl Second eluent ® 1 ©O2 03014 cylinder
0.0002 Volume D ml @®AOB
0-0 Threwash

0.0000

0.0

Third eluent @®1 020304  cylinder

Volume D m &l CA®B
8-0

[ prewash

Fig. 4.15. Column wash window

4.  Click in the check box for the Second Eluent. Select the

appropriate pump inlet valve position and cylinder. Repeat this
for the third eluent.

5. Use the prewash option if old eluent should be washed out
from the pump cylinders before washing the column.

- 4.3.4 Programming a delay volume

For fraction collection of small fractions the delay volume (the
volume between the outlet of the flow cell to the tip of the
fractionation capillary) can be very critical for pure fractions. If you
program the delay volume into SMART Manager you will have a
delay from when a peak start is recognised until the actual tube
change according to the programmed delay volume. This means that
you have exactly the fraction indicated on the UV-curve in your °
tubes. In SMART System this volume is measured for every

individual system and stated in the Test Certificate enclosed with the
system.

- To program the Delay volume enter the RUN/CONTROL part of

SMART Manager. Under the menu CONFIG, select USER
SUPPLIED CONFIGURATION. In the dialogue box under

" Separation Unit enter the delay volume stated in the Test Certificate.

The value will be saved in SMART Manager.
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Run View ﬂQLD! PDAUSE! CONT! End Manual Config Nofepad Exit Help
’ ,. UV-M range 0.10 AU - Injpos 2 . Pressure  0.0° MPa

rF'ump,: PPrecision Pump

[-Sepa'ration Unit: u'Sepé'ration Unit
Current bowl : Single row: 48 tubes
Cond range : {EX 0- 0.3 M NaCl

Mixer volume [ pl 60
Loop volume [l ] 50
Delay volume ] |- 12

!rDetec‘lor: UV-M Il
1 Range JAUFS] O0.001 ©0.002 O0.005 O0.01 o002 O8.05

! @01 ©02 O05 O1.0 020

Time constant [s] O 0.1 ®1.0 O10 Wavelength [om} O 280 O 254 ® 214

10

il

F)'g. 4.16. User supplied configuratiori window

4.3.5 Changing the Run Data and Curve Window Data

If you want to change the standard information displayed in
Run/Control, select Run data RUN DATA under the pull-down

menu VIEW. In this dialogue box you ¢an choose what parameters
you want to have in the numerical display at the top of the screen.

Run data s Uit

pad Exit Help

,,,,, ressure g.l]d MPa
hod stat et status n

:;:s:ﬂo slalus Only the first12 of selected

Accumulated time/volume items from the list top are
Pressure going to be displayed.- -[-Fressure
Injection valve position ’ .
UV-M Il range
Concentration B
Conductivity
UV-absorbance

Pump valve A position
Pump valve B position
Eluent volume in cyl A
Eluentvolume incyl B
Fraction tube no

4 ‘Temperature

Fraction volume

rGroup selection

|
u
|

8.0 min_...

™ok~ [ Cancel !

Fig. 4.17. Run data window

With the function CURVE WINDOW DATA, you can select the

graphs you want to have displayed by clicking in the check box
You can also select what unit you want to have displayed on th
axis by clicking on the option buttons. You can also change the
by clicking on the y-axis.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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4.4 Programming
a method

dun View HOLD! PAUSE!
UV-M range 0.10
e LiDP 2 0.0

Rup/Control

mip Qi
Curve window mode

Y-axis scale options . Ftion —Pressure

~UV-ab: le ——mem———
absorbance scale in Mo

OAute ® Fized | 0.0010] au

-Conductivity scale

Hin Max
O Fixed L

rX-axis mode

nd Manual Config _tj{o‘h:pasi Exit ﬂelp ' ) ) o
e Pressure 0.0 MPa
] i/min Met status End
6.0 8.0 min___

Fig. 4.18. Curve window mode

4.3.6 Exit from Run/Control

To exit from Run/Control use the pull-down menu EXIT and you
will come back to the Main menu. If a flow was running, it will
continue even when you exit Run/Control. This enables you to
equilibrate a column while programming a Separation Method.

4.41 Entering the Method Editor

Before starting to define the method, plan the framework of the
method with flow rates, gradient parameters and other important

SMART Manager Overview
Caricel < -
|| [ SHART Assistant ]< HAIN HFNU -
Run step . T Il_gthodsl Fesul!:sl . flgg\.xle:lgocétgllgt?n
HMETHOD RESULT

v

[_—Engeatgiﬁ ] '
hgggagggrad
—>

selset, r B S

Edit method . Run the SHART Systen Evaluate result

Fig. 4.19. SMART Manager overview
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To create a new method, choose NEW from the Main Menu. Type in
a name for the new method with a maximum of eight characters.
Confirm the name by pressing OK: The Method file contents window
is displayed with the Run/Control card and the Separation Method

]

e

" |Eluent A:20 mb Tris-HCl pH=8.0 .

card.

Arrange Select Card! Exit =

Standard procedure

Separation Method

RunlCc.mlm-l Main Menu

Fig. 4.20. Method file contents window

Double-click on the SEPARATION METHOD card.

The first window to appear when a new method is created is the
Chemistry window. In this window you can type in information

about the sample and buffers used in the run. This information will

be stored with your method and can be printed with your results.

2500NG - Method Editor

Preparation:

Eluent B:20 mM Tris-HCl1 pH=8. U IM NaCl 1I
Preparation:

RuniControl Main Menu

Fig. 4.21. Chemistry window

oo,

When you press Continue, the Configuration window appears. Here

you define the system conflguratlon If you want to program the
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method in volume base, click on Min under method. In the dialogue
box that appears you can change to millilitre base. If you click on
Any column at the line for Column ID, a List bok with all Precision
Columns will appear. When you choose a column from the list the
upper pressure limit for that particular column is automatically set in
the system. Under the heading Instruments, you define the detector

" you have in the system. To change from UV-M 1I click on the name

and in the dialogue box that appears you can change to pPeak
Monitor. :

2500NG - Method Editor
File Edit View Check Exit Help -~ = . .

Configuration 3

rMethed
Base : min
Pump mode : GRADIENT
Column ID : Mono Q, PC 1.6/

Chromategram curves : UV, CONDUCTIVITY, PRESSURE, TEMPERATURE

-instr t

Pump ﬁPrecisionPump

Sep Unit: pSeparation Unit

Detector:  UV-Mil

HlunlC;ntml Main Menu

Fig. 4.22. Configuration window

4.4.2 Method Editor window

The method editor is divided into two panels, a graphic editor (top)
and a text editor (bottom). You can enter instructions in a method in
three different ways: ' » o

*  use the graphic editor panel, for flow. rate and gradlent
- instructions only .

‘e use the instruction commands in the pull- down menus

J type instructions directly in the text editor panel

4:17
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2500NG - Method Editor
Flle Ed| View Pump Sep Unit Detector Other Check Exit Help
Graphic Editor : Main method

' 100
Base :min’
Time :0.0 8l]
%68 :0.0
‘Flow : 1I]0 l]
) 60

0.00 FLOW 100
0.00 CONC_B 0.0
1.00 INJECT EXTERNAL
3.00 LOAD EXTERNAL
5.00 CONC_B 0.0

25.00 CONC_B 30

26 ;00 CONC_ B e 100 .
: AR

-

RuniControl Main Menu

"Fig. 4.23. Method Editor window

4.4.3 Reading the graphic editor panel

The graphic editor panel provides a visual overview of flow rate and
gradient during the method. Events such as valve operation are
shown as event markers. You can use the black vertical drag bar to
read gradient values. To use the drag bar, point the cursor near the y-
axis and press and hold the mouse button. The cursor changes into a
hand and, by keeping the mouse button depressed, the vertical drag
bar can be dragged to any position in the graphic editor panel.

The y-axis of the panel shows either flow rate (itl/min) in green or

~ eluent composition (%B) in red. Click on the axis label to change

" between these two. Use the up and down arrows at the top left of the
graph panel to change the scale of the y- axis.

- 4.4, 4 Usmg the graphic edltor

" Use the flow and gradient buttons on the left of the graphlc edltor _
panel to set control points for pump operations. The button marked
with F is the flow button and the button marked with G is the
gradient button. Click on the appropriate button and move the
cursor into the graph area. The cursor changes to an arrow with the
letter for the function. To add a new control point, click at the
desired coordinates. The numerical indicators on the left of the graph
area display the cursor coordinates to help you place the cursor with
precision. The time resolution is 0.5 minutes when using the graphic
editor.

418 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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= 2500NG - Method Editor
File Edit View Pump Sep Unit ‘Detector Other Check Exit Help
Graphic Editor.: Main method

100
_IE_!.ase :H%n‘
ime 0. .
%B :00 o0
Flow :100.0

60 °

$ ¢
(iKi] 5.0 10.0 15.0 20,0

. Fig. 4.24. Graphic editor window

You can also depress the mouse button anywhere in the graph area
and then drag the cursor to the desired position.

To terminate operation with the command buttons, click on the
button marked with an arrow.

To move a control point, click on the point with the cursor and drag
it to the new position.

To delete a control point, choose the deletion tool from the left of the
graphic panel and click on the control point to be deleted. The
deletion tool operates on both flow rate and gradient control points.
If there is more than one instruction at a given control point, a
dialogue box appears asking which instruction should be deleted.
Mark the instruction and click DELETE.

Note: If you move the cursor out beyond 25 minutes or 4 ml
the time/volume axis will be displaced to the left to
display later times. The axis is displaced back to the right
when you move the cursor towards shorter times. The
graphic editor panel always displays a "window" of
30 min or $ ml, depending on the method base.

4.4.5 Uéing the'p”ull-dbv.vn meriu 'instructiohs |

The pull-down menus PUMP, SEP UNIT and DETECTOR in the
Method Editor menu include lists of instructions for control of the
system. Clicking on-a command opens a dialogue box in which the
parameters for the instruction can be entered. The dialogue boxes for
the various instruction groups are basically similar. Common features -
are:

Time/volume

for setting the time or volume for the instruction according to the
method base. Type in the required value or use the arrow buttons to
scroll up or down. -

.Option buttons/check boxes

for switching a function on or off.
Command buttons

OK adds the instruction to the method.
Cancel closes the dialogue box.

Help provides on-line help for the currently selected instruction.

4:19
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4.5 Creating a
method

4.4.6 Using the text editor

Instructions can also be typed directly in the Text. Editor window. -
Instruction must be typed using the correct syntax. For example, to
enter 0 % B at time or volume Zero, type the following:

+ 0.00 CONC_B OOO

Normally, a method instruction is written accordmg to the followmg

guide-lines:

. a single method instruction is written with a single statement on
each line with a space between the time/volume, the instruction
and the value ' :

J several statements can be written on the same line providing
they are separated by a semi-colon “;”

*  reserved words are written either w1th uppercase or lowercase
letters

*  comments can be written anywhere in the method providing
they are enclosed within parentheses { }

For a complete list of commands and allowed values see Appendix
4.1.

To delete an instruction line, position the cursor at the left margin of
the text editor window alongside the line to be deleted. Press
<CTRL> together with <ENTER>.

The graphic editor window is updated by clicking on Check, Check
And Update Graphs.

In this example you will program a separation method with gradient
elution. The method has isocratic elution at 100 % A for the first S
minutes. The gradient is a 20 minute linear gradient from 0-100 %
starting after 5 minutes, followed by isocratic elution at 100 % B

from 25 to 30 minutes. At the beginning of the method the pPeak

Monitor instructions are programmed, with detection at 280 and

215 nanometers. The injection valve is set in load position at the start
of the method, and after 4 minutes set to the inject position and set
back to the load position after 6 minutes. The method also has
mstructlons for fraction collection s startmg after 5 mlnutes '

451 Creating the gradient

Click on the button marked G in the Graphic Editor window. Point
the cursor at the bottom left corner of the graph and check that the
displayed values at the top left shows Time 0 and %B 0. Click on the
mouse to fix the break point. Move the cursor along the x-axis to
Time 5.0, %B 0 and click on the mouse. Move the cursor to the next
break point at Time 25 and %B 100 and fix the value by clicking on
the mouse. Move the cursor to the last break point at Time 30, % B
100 and fix the value.

To set the flow rate to 100 pl/min, click on the button marked F and
move the cursor to the arrow-up button. Click on the button until
100 ul/min is shown on the y-axis. Point the cursor at 100 and check
that the displayed values show Time 0 and Flow 100 pl/min, then
click on the mouse.

4:20 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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. EXAMPLE - Methed Editor
iIe Edit View Pump Sep Unit Detector Other Check Exit ﬂel' ]
Graphic Editor : Main method

|%B

108 ) . . P
Base :min ' e
Time :21.0 80 d
1 49.0

0.00 CONC_B

0.00 FLOW 100.0 .
5.00 CONC_B 0.0 =
25.00 CONC_B 100.0

RuniControl Main Menu

Fig. 4.25. Creating the gradient

4.5.2 Programming pPeak Monitor instructions

A list of instructions specific for the monitor is displayed in the pull-
down menu DETECTOR, but only if pPeak Monitor has been
chosen in the system configuration. To choose uPeak Monitor, click
on VIEW, CONFIGURATION. Under Instruments, click on UV-M II
and change to pPeak Monitor in the dialogue box. Wavelength
settings and Autozero for the Monitor UV-M I must be set manually
on the monitor before a run.

od Edito W

s

le Edit View Pump Sep Unit B3aG

g Oth

er Check Egit Help

Hunll.‘,;nhol Main Menu

(} ) . : 100  Autozero...
“ Base :min Analog_output...
' Time :0.0 o4 New Chromatogram...
- {%B :0.0
Flow :100.0
. 60
( ) 40
' 20 -
0 T Rl :
%8B .. 00 50 100 " 150
oyt i i G . TextEditor >-Main:method
0.00 FLOW 100
0.00 CONC_B 0.0
. 1.00 INJECT EXTERNAL
3.00 LOAD EXTERNAL
5.00 CONC_B 0.0
25.00 CONC_B 30
_.26.00 CONC_ 100 )

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Fig. 4.26. Pull-down menu Detector

To set the monitor instructions click on WAVELENGTHS under the
menu DETECTOR, and the dialogue box for the wavelength settings
appears. Set the Time by using the Arrow buttons or by typing in the

4:21
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value. Set the Primary wavelength to 280 nm the same way. To
choose a second wavelength click in the check box to activate it and
set the wavelength to 215 nm. Click on OK'to confirm the settings.

Choose AUTOZERO from the DETECTOR pull-down mienu and set
the time to 0.1 w1th the arrow buttons,

4.5.3 Programming the injection valve positions

" Under the pull-down menu SEP UNIT, choose the instruction

INJECTION VALVE. A dialogue box for setting the valve positions
appears. Set the Time to 0 and check that the valve is in Load

position and click on OK. Choose INJECTION VALVE again from

the pull-down menu and at Time 4 set the valve in Inject position by
clicking on the option button. Repeat this and set the valve position
to Load again at Time 6 when the sample has been applied to the
column.

File Edit View Pump Sep Unit Detector Other Check Exit Help

Base :min

Time :0.0 ;

%8B :0.0 58 Injection Valve
Flow :0.0

Time

Position e
[@ Load Olnject O Waste

RuniContro! Main Menu X

Fig. 4.27. Injection vaive window .

 45.4 Programming fraction collection

Under, the pull-down menu SEP UNIT, choose the instruction
FRACTIONATION. In the dialogue box, set the time to § using the
arrow buttons or type the value. Click in the box for Fraction Size
and type 50. Click in the box for Start At Tube and type 1.

Click on the option button Down for the needle position, which
means the fractionation capillary will go down in the bottom of the
tube and wipe off the fraction. Click on OK to confirm the values.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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I Flow +100.0
17" 7 e

Time ' )
Fraction Size : 5.0-1500.0 ul
Start At Tube : D

~Needle Position
@ Down O Up

0.00 FLOW
5.00 CONC_B
25.00 CONC_B

BuniControl Main Menu

Fig. 4.28. Fractionation window

4.5.5 Saving the method

To save a new method, choose EXIT WITH SAVE under the pull-
down menu EXIT. If you want to save the method without leaving

the method editor, you can use the instruction SAVE under themenu
FILE.

When you want to save an edited method under a new name, use
FILE SAVE AS. In the dialogue box that appears you can type in the

new name.

4.5.6 Using library methods

“Under the user name Library in the Main Menu, there are pre-
- programmed separation methods for different types of Precision

Columns, different system configurations and wash procedures that

- you can use as they are, or modify and save under your own user

name: To save a library method under your user name, select one of -
the methods in the-Main Menu by double-clicking on the name. In
the File Contents window select the Separation Method card. Select
FILE, SAVE AS inthe Method Editor and enter a name for the
method. Confirm the new name by clicking on OK. Exit the Method
Editor with EXIT WITH SAVE. '

See Appendix S.1 for a short description of each method.

4.5.7 Leaving the Method Editor

Before leaving the Method Editor the created method can be checked
for errors and invalid instructions. Under the menu heading CHECK,
click on CHECK AND UPDATE GRAPHS. If the method is not
correct a warning message will appear. This function also updates the
graphic editor if instructions have been typed in the text editor.

To Exit from the Method Editor click on EXIT, EXIT WITH SAVE.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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EXAMPLE - Method Editor

ile Edit View Pump Sep Unit Detector Other Check Exit Help
Bz;'se L min . -
Time :0.0 a0 .
%8B :100.0
Flow :0.0 :
60
40 S—
Message
20- : s
Method is correct, no errors, no
1] warnings.
[
0.00 CONC_B 0.0
0.00 FLOW 100.0
0.00 LOAD EXTERNAL
4.00 INJECT EXTERNAL
5.00 CONC_B 0.0
5.00 NEEDLE_POSITION
5. GOTQ_TUBE
FlunFC;ntml Main Menu

Fig. 4.29. Checking the method

4.5.8 Making the run

In the File contents window, double-click on the Run/Control card
and you will transfer your method to Run/Control.

If you have a Monitor UV-M II in your system you must set the
output range. Under the pull-down menu CONFIG, click on User
supplied configuration USER SUPPLIED CONFIGURATION. In the
dialogue box under DETECTOR set the Absorbance range, Time
constant and Wavelength for the monitor and check that the settings
on the monitor are the same.

-To start the method, click on the pull- down menu Run. In the

dialogue box your result file will automatically be named with the
tirst 6 characters from the method name, followed by a 2 digit
number to identify the result file. If you want to save your results
under another name you can type in the new name followed by 01.

Click on RUN and the method will start.

4.6.1 Opening a method

Double-click on the method name in the Main Menu. Double-click
on the SEPARATION METHOD card in File contents window.

Alternatively click on the pull-down menu Select card, which will
change the pointer into a hand. Point the hand on the Separatlon
method card and click on the card.

4.6.2 Using the graphic editor

Use the graphic editor to add new break points or move or delete
existing break points for the gradient. Click on the button marked G
and move the cursor and click on the coordinates you want add or
move.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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4.7 Peak
fractionation

To delete a breakpoint, click on the button marked Del then click on
the coordinate you want to remove.

The flow rate can be changed in the same way with the flow rate
tool.

To add instructions, other than gradient and flow rate, use the pull-- -
down menus. You cannot use the pull-down menus to delete or
change the instructions.

4.6.3 Using the text editor

In many cases, it is simplest to change instructions by editing the
commands directly in the text editor. However, this requires that you
follow the method control syntax, see Appendix 4.1.

To delete an instruction line, place the cursor at the left margin of the
text editor window alongside the line to be deleted. Press CTRL
together with ENTER.

To add an instruction, place the cursor directly behind the line after

~ which you want to add the instruction, press ENTER and type in the

new instruction.

To change the value of an instruction, place the cursor after the old
value, use the Backspace button to erase it, then type in the new
value.

4.6.4 Checking syntax

If you have used the text editor to make changes in your method, the
changes might not appear immediately in the graphical presentation.
Use CHECK AND UPDATE GRAPHS in the method editor menu to
check that the syntax of your changes is corréct and to update the

graphical display.

The Peak Fractionation instruction in the Method Editor can be used
to collect a peak in a separate tube, or to divide a peak into many
small fractions. The eluate between peaks can be collected in
fractions or go directly to waste. Peaks can be detected either by level

_ function or slope detection. Both methods will be described below.

Level detection is encouraged when the elution profile is not known.
When using level detection, run a blank before setting the
para meters.

Slope detection is always recommended in the case of a gradient with
a drifting baseline. When using slope detection, run at least a blank
and preferably a sample.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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g Time (00
Time R
%B :] PeakFraction Size ! ul )
Flow : rPeak detect mode
1 Minimum peak width . min l ’
Noise window | 0.00005] Ay
@ Level . B
: Peak start 0.001] aup :
Peak end AU
. Valley ®0n . O off =
O Slope
Peak stan i AlMmia
18k 5 Lo d A
Peak pad i AlMmin
r CJStop At
Time

Fig. 4.30. Peak Fractionation window

4.7.1 Peak fractionation by level detection.

To collect peaks by level detection you must enter values for the
following seven parameters:

. Time/Volume

e  Peak fraction size

e Minimum peak width
] Noise window

. Peak start

. Peak end

J Valley (on or off)
Time/Volume

The programmed t1me/volume at Wthh the peak fractlonatlon is to
begin. :

Peak fractionation size

The programmed peak fractionation value is the size of the peak
fractions to be collected. This value can differ from the programmed
fractionation value. If each peak is to be collected in a separate tube,
the programmed peak fractionation size should be larger. than the
expected peak. To prevent overflow in the tubes, set peak fraction
size to the volume of the tubes. A peak larger than this will then be
split into several fractions.

Minimum peak width

The programmed Minimum Peak Width value is the minimum
distance between peak start and end. The value must always be
smaller than the narrowest peak. If a peak start is detected, the
program will not start checking for a peak end until the minimum

peak width time has elapsed. This function prevents tube changes due

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

474/

o
“\.-.«-,-v"



e

. —m——«w—»-—l-r-—»—wm———nnm~

S P

)
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to noise spikes. Use the default'value during a blank or first sample
run. :

Noise window

To determine the noise window value and the peak start and end, run

a blank run if the default values cannot be used. You can measure the . '_ '

noise from the blank run by calling up the corresponding result file.
To do this, minimise the method editor screen, bring up the Main
Menu screen and select the blank run result file. Double-click on the.
CHROMATOGRAM card, this will bring you into evaluation. Your
chromatogram should now appear on the screen. Once in Evaluation,
zoom in a section of the baseline where you estimate you have the
highest noise level. To do this, point the cursor on this part, then
press and hold the mouse button. The cursor will change into a
pointing finger. By moving the finger you will see a green dotted line,
this indicates the area you are enlarging. Release the mouse button
and the enlarged area will appear on the screen. The noise level you
want to measure is the difference between the highest and lowest y-
axis value (AU). To read the coordinates double-click on the xy box
in the upper left hand corner of the chromatogram. The box will
change and have the numerical values of the x- and y-axes. Point the
cursor near the y-axis, press and hold the mouse button. The cursor
will change into the shape of an open hand which you can move
along the enlarged area of the chromatogram and read the noise level
in the box.

Note: Make sure the colour of the digits in the coordinates box
is the same as the colour of the corresponding curve
displayed on the screen. If several curves are displayed,
select the values of the desired one by pointing inside the

- coordinates box and pressing the mouse button once.
Two quick clicks or a double click will reset the xy
format of the box.

2500NG - Evaluation
Flle View Curves - Integrate Report Exit Help

| A: 2500NG_ ZSUnmUV1

0.8035 Y
. 10.53-min 0.00024 AU

|i0.0003

A0z ,\/_\/\/\/\, NAV NN W W

i0.#015
140.0001
|ﬂ 2005 . "
ng_wmm];],A 10,6 1.8 110 11.2 11.4 mip...
:
Run{Control Main Meriu

Fig. 4.31. Reading the noise level

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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4.7R

Decide the noise level. When you enter the noise level for the peak

' fractionation, enter twice the value of the measured value.

Peak start/Peak end

A general recommendation to determine the peak start and peak end

* values is to have the lowest peak start and peak end levels at 2 % of
* the expected maximum peak height. However, it is also important to

check the baseline drift from the blank run. The levels must be set
above the highest baseline point to avoid collection of “noise”. If a
sample or blank run was not done, use the default values.

Valley

When Valley instruction is On, a tube change will occur for double
peaks above the peak end value. A valley is recognised by the
program if both of the following events occur:

1.  The absorbance goes 2 % below the peak maximum
absorbance.

2. The absorbance rises 2 % above a valley.

- To enter the above peak fractionation instructions in your method,

open the Separation Method located in the Main Menu screen, select
the Separation Method card in the File Contents window. In the
Method Editor you will find the PEAK FRACTIONATION
instruction under the heading SEP UNIT. Enter the desired values in
the dialogue box.

To stop Peak Fractionation locate the instruction PEAK
FRACTIONATION OFF under the Sep Unit menu.

Note: For methods containing peak fractionation with level
detection, use an auto zero command before the
fractionation starts so that the baseline level is always
correct.

Return to the method editor screen by exiting evaluation and double

clicking on the method editor icon at the bottom of the screen. Enter

all commands relating to peak fractionation into the method. When
entering the noise level for peak fractionation, enter a value twice the
measured value.

A method with the above settings will fractionate the peaks in

separate tubes and the elute between the peaks will go to waste. If

you want to collect the elute between peaks, FRACTIONATION
instructions must be programmed. Enter values for Fraction size,
Start at Tube, Needle Position Down/Up to start at least 0.1 minutes
before the Peak Fractionation.

4.7.2 Peak fractionation by slope detection

Peak fractionation by slope detection is useful when the
chromatogram has a large baseline drift. The most accurate way to -
determine the slope values is to first run a sample with a similar
profile as the one you will be working with, then measure the slopes
of peaks of interest. If this is not possible a, use one fifth of the
expected maximum slope (AU/min) as Peak Start and one tenth of the
maximum absorbance/min (AU/min) as Peak End.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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To collect peaks by slope detection, you must enter values for the
following parameters

e ..Time/Volume

*  Peak fraction size

* - 'Minimum peak width -

. Peak start
e ' Peakend

N

Base :} Time min Kl

Time :
%8 :| PeakFraction Size l::‘ ul 5.0-1500.0
Flow : -Peak detect mode —

Minimum peak width | 033 min

O Level Noise window | Al}

Peak start i AU

Pesk ead [:::] At}

Valley & On OO

Peak start 0.10] AW/min
Peak end [ 0.100 AU/min
L
r- [ Stop At
| E—
Time min

Fig. 4.32. Peak fractionation window

Time/Volume

‘The programmed time or volume at which the peak fractionation is

to begin. |

Peak fraction size

‘The 'programméd' peak fractionation value is the size of the peak' |

fractions to be collected. This value can differ from the Fraction size
programmed in Fractionation. If each peak is to be collected in a
separate tube, the programmed peak fraction size should be larger
than the smallest expected peak. To prevent overflow in the tubes, set
peak fraction size to the volume of the tubes. A peak larger than this
will then be split into several fractions.

Minimum peak width .

The programmed Minimum peak width value is the minimum
distance between peak start and end. This value must always be
smaller than the narrowest peak. This function prevents tube changes
due to noise spikes. For more details see Chapter $.

Slope peak start/Peak end

1.  To measure the slope at peak start and peak end, open the
result file from a test run of the sample by double-clicking on
the Chromatogram card in the Main Menu. Select the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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instruction DIFFERENTIATE under the heading CURVES.
Select the UV curve to be differentiated. Select where to store

| _ the curve. Click OK. The differentiated curve - will appear on'the.

"File View Cutves Integrate Report Exit Help

screen.

A: BSA_215nm23A. D: BSA_215nm2A@A, BASE1

0-030 C: BSA_215nm2A@A.B |
10.025 D: BSA_215nm2A@A,H
0.020
0.015
0.010 [order————— £: [BSA_216nmZA@AN i
’ @ First O Second
]0.0[]5 A O Inverse
:u.nuu DERIVATE(A. E, 1)
1
b AU Tl T
| =
il g
RuniControl Main Menu

7]

) Differentiate

Differentiate... and store resultin...
A:BSA 215nm24 %]
B: BSA_215nm2A@AH

Fig. 4.33. Differentiate window

2.

Select the instruction SELECT WINDOW CONTENTS under
the heading VIEW. In the dialogue box, select the differentiated
curve and the original UV curve. Then find the maximum
amplitudes of the selected curves by using the zoom function
and the drag bar. Point the cursor at the top left corner of the
area you want to enlarge, press and hold the mouse button and
move it to the bottom right corner of the area. Release the
mouse button. The enlargement will appear.

Double-click on the xy box in the top left hand corner of the
chromatogram. The numerical values for the x and y
coordinates will appear. Make sure the values in the box have
the same colour as your differentiated curve. Point the cursor at
the drag bar under the box and held the mouse. Drag the bar
along the UV curve to the area of interest. Place the bar at the
start of the largest UV peak and read its absorbance. Then find
the maximum range of the differentiated curve by activating the
corresponding figures in the coordinates box. Read the
maximum positive and negative slope values.

Make CURVE WINDOW LAYOUT to display both curves.
Select Fixed Scales for the x and y axes. Set the x value to the
length of the run. Click on OK.

In the Set fixed Scale On Y-axis window, set the y values for
the UV curve to a negative value of 40% of the highest peak
absorbance and a positive value of 60%. Set the y axes values
for the differentiated curve as Other to -30% (minimum) of the
range estimated above and 70% (maximum). Click on OK. The
differentiated curve should appear separated from and directly
under the UV curve. You may have to try other values to get

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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4.8 Evaluation
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reasonable amplitudes and positioning of the curves on the
screen. '

4. Normally you have to zoom in (enlarge) a part of both curves
to read the derivative. Activate the y axis scale to show the
differentiated values by pointing at the y-scale. Place the bar at -

__ the start of the smallest peak wanted and read the derivative
value in the coordinates box. A slightly smaller value will
function as a Peak Start value for peaks of this size or larger.
Then place the bar at the end of the same peak. Use the
numerical value of the differentiated curve as the peak end
value, ignoring the minus sign.

To enter the instructions in your method, open the SEPARATION
METHOD card in the Main Menu screen and then select the
Separation Method card in the File Contents window. In the Method
Editor, you will find a PEAK FRACTIONATION instruction under
the heading Sep Unit Enter the time to start Peak Fractionation,
Fraction Size, Slope Detection Mode and the measured values for
Peak Start and Peak End.

To stop Peak Fractionation, locate the instruction PEAK
FRACTIONATION OFF under the Sep Unit menu.

A method with the above settings will fractionate the peaks in
separate tubes and the elute between the peaks will go to waste. To
collect fractions between peaks, select the function
FRACTIONATION under the heading Sep Unit. Program the start of
the fractionation at least 0.1 minutes before you start Peak
Fractionation.

4.8.1 Introduction

SMART Manager evaluates results. This evaluation can be made very
simple using the default parameters or more complex by optimizing
the integration parameters. In this section, both the easy and some of
the more complex curve operations are descrlbed For a complete
descrlptlon of each menu see Sectlon 5. »
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4.8.2 Loading a Result File

SMART Manager Overview

Cancel
| SHART Assistant |< HAIN HERU
Run step. - « l Heth}qr._lsl IResull_:sI ggglél océ%gllc_t(_:n
SN[ __EETHOD S DGR - %
: . Peal
Selec ' un/Coptrgly EL—E_RII
St | i hensa- | ﬁ%&@sﬁﬁ%ﬁﬂ
r . N r
Edit method . Run the SHART Systea Evaluate result

Fig. 4.34. SMART Manager overview

In the Main Menu select the Result file containing the results you
want to integrate. The Result File Contents window will display a
SEPARATION METHOD card, a RUN LOG card and a
CHROMATOGRAM card.

Number of peaks in table : 13

ﬁ%ﬁl

First flow 100.0 pl/min at 0.00
Chromatogram
ul ospitt prov 0.05 AU, 900913 ~
L. M Jﬂ

RuniControt Main Menu

Fig. 4.35. Result File Contents window

To select the Chromatogram card, click on it and then double-click
on it to open the result file. The chromatogram is displayed with all
the recorded signals in the Evaluation window.
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- PEP - Evaluation
File View Curves Integrate Report Exit Help

e : A: PEP_215nm24 - B: PEP_ConcB?

B - - S -
0.10
0.08 .
0.06 ’
0.04
:10.02
0.00 /\_/———ij’r
' 5 0.0 10.0 20.0 30.0. min
H;.mICémlml Main Menu

Fig. 4.36. Evaluation window

4.8.3 Changing the display

If you want to reduce the number of curves displayed, click on
VIEW, SELECT WINDOW CONTENTS. In the list box all
highlighted curves are displayed, so click on the curves you want to
remove.

To change the units displayed on the y-axis, click on or to the left of
the axis. If you want to change the base on the x-axis, click on
VIEW, CHANGE BASE TO. The base can only be changed before
integration or any other curve operation. After integration, the
option disappears from the menu. You can also rescale the y- and x-
_ axes by selecting VIEW, CURVE WINDOW LAYOUT. When you
select Fix scaling of the axes a new dialogue box appears ‘where you
can enter the left and right limits for the x-axis and minimum and
maximum values for the y-axis.

- To make the evaluation more precise, all parts of the curve can be

J

N

[

'enlarged Press on the mouse button and hold it down on a corner of
the area to be enlarged. The cursor changes to a pointing finger with
‘a box attached to it. By keeping the mouse button depressed and"
moving the mouse, the box can be extended to surround the area you
want to enlarge. When the button is released, the display will show
the enlarged area, together with an "Unzoom" command button.
Clicking this button will show the original display.

4.8.4 Calculating a baseline

To integrate the results, you must first create a baseline. Under the
menu INTEGRATE, select CALCULATE BASELINE. In the list box
Calculate Baseline from, select the wavelength you want to integrate.
In the right list box, the first empty position where the result is stored
will be marked.

In the dialogue box, you will have precalculated values for the
baseline calculation. When you create the baseline for the first time,
accept these values and confirm your operations with OK. On the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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B

screen you will see the calculated baseline drawn through the baseline
points.

’ éalcula.te baseline froﬁ...
0.060 : A: 254nm@G,CUT

C: [280base@B,BASE | !

Par ters

Shortest baseline segment |0.31000 | min
0.000258; AU

Noise window

CALCULATE_BASELINE( B, C, 0.00026, 0.3100
0.004297, 0.064370 } oK

o

§ JQ b §
RuniControl Main Menu

Fig. 4.37. Calculate baseline window

If you are satisfied with the baseline, you can integrate the peaks. If
you would like to change the baseline, see Section 4.8.7 Optimizing
integration.

4.8.5 Integratmg results

Under the menu INTEGRATE, select PEAK INTEGRATE In the
dialogue box, select the UV curve for which you have calculated the
~baseline and accept the peak table. Under the heading Baseline, the

R—

baseline created above will be selected as default. Conflrm the

selection by pressing OK.

O

/ N

Peak lntegrale
Eﬂ Iﬁtegrate curve and store resull in..
: 2 ESf Peakiable-A:
0060 |Peaktable-B:
i i {Peaktable-C: I
i | |Peaktable-D:
0050 | IPeaktable-E: i
eaklable-F; i
0.040 _
0.030 B: 280base@H,CUT Peaktable-A: [280base @B, PEAK
. LS S —
Baseline
! @ Calculate
0.020 | O Use: C: 280base@B,BASE
i
| © Select other curve
0.010 | O Zero baseline o
1 //
i SUB(B. _ _} —
10,000 PEAK_INTEGRATE{ . A, 0.000 )
Hun?Cz;nlvol ey

Fig. 4.38. Peak Integrate window
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fit to
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The Evaluation window will have a panel with the chromatogram at

the top and a panel with the peak table at the bottom.

4.8.6 Adapting the peak table

To specify what information to include in the Peak Table, select Peak’
Window Layout under the menu View. In the list box, you can select:
the functions you want to include in the Peak Table.

4.8.7 Optimizi‘ng integration

Integrating peaks in SMART Manager is divided into two steps: -
calculating the baseline and calculating peak areas. For accurate
calculation of peak areas, a correct baseline is crucial.

There are four ways of calculating the baseline;

1. The ideal baseline is a blank run under the same conditions as
the sample and used as baseline for peak integration.

2. Using the Calculate Baseline instruction for automatic
calculation of the baseline, which in most cases is a very
- accurate measurement. See Fig. 4.39.

File View Cumves Integrate Heport Exu Help ,.
B: 280base@H.CUT C: ZBUbase@B BASE

[z}

10.060
10.050

10.040

A

A 10 £
' '

- HunlCt;ntlol Main Menu

Fig. 4.39. Calculated baseline

3. Changing the baseline parameters used in the CALCULATE
BASELINE instruction to better fit the curve.

4.  Manually edit a baseline.
The parameters SMART Manager uses for baseline calculation are:

Shortest baseline segment, which is a measurement of the shortest
relatively flat segments of the UV-curve between peaks. This is
considered as baseline, measured in minutes or millilitres.

Noise window, which measures the noise of the UV-curve.

The combination of the Shortest baseline segment and Noise window
can be illustrated as a rectangular box in which the UV-curve has to

be identified as a baseline segrsn&r}FteCSEele Fi arﬁsgrgg com
' 4:35
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INTPAR.XLS Diagram 1

Minimum baseline segment (min)

\ . Noise threshold (AU)
“— _ ,

—,

min N

Fig. 4.40. Baseline box

In addition to the above mentioned parameters there are two more;

Maximum baseline level, which is the highest acceptable absorbance
value for the baseline.

Slope limit, which measures the maximum slope of the baseline in
AU/min.

The combination of Shortest baseline level, Noise window and Slope
limit can be illustrated as a tilted rectangular box in which the UV-
curve has to fit to be identified as a baseline segment. See Fig. 4.41.

INTPAR.XLS Diagram 2

s,
( S

" Slope fimit (Maximum sldpe for .
the baseline box, AU/min)

min

Fig. 4.41. Slope limit

When optimizing the baseline calculation, very often a change of the
slope limit will give the expected result. An example of the effect of a
too high slope limit causing up-slopes of the peaks to be recognised
as baseline segments follows.
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Eilg View Qurv‘es [ﬁlegratc ”ﬂeﬁon Exit ﬂélp '
I " A" BSA 215nm2A C: BSA_21Snm2A@A. BASES
- j0.045 | iy o o ‘

0.040
0,035

0.030

L

FllunlConlraI Main Menu

! ' ' Fig. 4.42. Too high slope limit

Problems may also arise from a combination of a too long Shortest
baseline value in combination with a too high Slope limit as
illustrated in Fig. 4.43.

O

Run{Controt Main Menu

Fig. 4.4.3.'Too long Shortest baseline segment and too high Slope limit.

Measuring the Shortest baseline segment

If you are uncertain of the length of the shortest baseline segment,
you can always measure it directly on your chromatogram. Double-
click on the xy box in the left corner of your chromatogram. Point
the cursor on the bar that appears, click on the left mouse button and
, keep it down while you move the bar to a part of the curve where

b you think the shortest baseline segment is. Measure the length of the

i baseline segment. The numerical value for the position of the bar is
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- displayed in the box. Enter the length in the calculate Baseline

dialogue box.
Measuring the noise level .

To measure the noise level, you can zoom in a part of the baseline.
Point the cursor on the part of the baseline where you wantto
measure noise and click on the left mouse button. Keep the button
down while drawing a box around the area you want to enlarge. On
the y-axis you can read the absorbance values. The difference

“between the highest and the lowest values gives you the noise

window. Enter the value in the Calculate Baseline dialogue box.
Measuring of Slope limit '

To measure the slope of the baseline, select the instruction
DIFFERENTIATE under the heading CURVES. Your chromatogram
will be differentiated. To read differentiated values of the baseline,
double-click on the xy box in the top left hand corner of the
chromatogram. The numerical values for the x and y coordinates will
appear. To read the slope values, make sure the coordinates box
shows the black differentiated values. Point the cursor at the drag bar
under-the box and press the mouse button. Hold down the mouse
button and move the drag bar along the UV curve. In the coordinates
box you can read the calculated numerical slope values for the
baseline.

BASLINE - Evaluation
Fite View Curves Integrate Report Exit Help =
| E: BSA_215nm2A@4A, 1dt

f__...._..l..—
!’;0-35 i 29.36 min 0.0008¢

.30

RuniControl Main Menu

Fig. 4.44. Reading the slqpe limit
Enter the highest value of the baseline as the slope limit in the
dialogue box. :

The changes made to the baseline calculation can be saved and used
in an evaluation procedure as described below.

4.8.8 Saving results

To save the baseline and peak table, use FIiE, SAVE and mark what
you want to save in the list box. Click on OK to confirm.
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4.8.9 Making a report

. Before generating a report, select.the report_cohtents by clickingon .
- REPORT, Specify Report Contents SPECIFY REPORT CONTENTS.

In the dialogue box you select what to include, and if you click on
the Sub item button you have a list of sub items to select for each

- item. For more information.on the specific items, see section 5.5.3. -

To generate a report, select. GENERATE REPORT under the

" heading REPORT. In the dialogue box you have a choice to send the

report to a printer or preview the layout on the screen.

. .Select Screen under the heading "Send report to" and click on OK.
The Report will then be shown on the screen.

| File View L Il Next! Previous! Exit! Help! R R
4. 2500NG_280nnUV1 | User: VIRVE 24/07/1992 10:56 DONG_280nnUV1@A, BA
Eﬂ Result file: 2500NG.RES
REPORT
0.0040
~——— 2500NG_280nnUv1
————— 2500HG_Condl
0.0020 | = ———— 2500HG_280nmUV1@A. BASE
) = »
- AU ; %B
0,9000 *T—El—d 3 6 40.0
LAl 00 B 5
No Ret Peako'now
(min) 8
1 0.05 ¢ |
2 0.88
3 2.05 20.9
4 8.76
2 12.59 0.0020 0 L
7 : i
] | \ 0.0
RuniContiol Mainl0 . 0000
0.0 100 20,0 nin

Fig. 4.45. Report window

4.8.10 Storing an evaluation procedur'e

When you have created an evaluation procedure, like the integration
procedure above you can store it and include it in-your method.
Select EVALUATION PROCEDURE under the heading FILE. The

entire procedure, with all the steps will be displayed. Select FILE,

SAVE and select the method file in which you want to save the
evaluation procedure. Type a name for the procedure. Select EXIT
from the menu.

4.8.11 Using an evaluation procedure in a method

In the Main Menu, select the method file in which you saved the

- evaluation procedure above. In the File Contents window-select the

SEPARATION METHOD card. In the Method Editor menu select
OTHER, CALL EVALUATION PROCEDURE. In the dialogue box
program a time/volume when you want to start the integration. The
instruction CALL EVALUATION PROCEDURE will appear in the
text editor panel. Every time the method is run the results will be
automatically evaluated according to the created procedure.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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4.8.12 Comparing curves

In the Evaluation part of- SMART Manager you can compare results
- from different result files. Up to 8 curves can be displayed in one
~ window and up to three windows- on the screen.

Select a Result file from the Main Menu and open the o '

- CHROMATOGRAM card. In Evaluation, click on FILE, OPEN;
CURVE. To the left in the dialogue box you have the result files
generated under your own user name. You can also open files under.
another user name by clicking on the option button OTHER USER.
When you have selected the result file, select the curve you want to

open in the middle table, and in what curve memniory you want to
place it. Then click on TRANSFER.

To select which curves should be displayed, click on VIEW, SELECT
WINDOW CONTENTS. To separate the curves for an easier
comparison select SHIFT, SHIFT AMPLITUDE under the heading
CURYVES.

grate Report Exit Help )
A RPZIU US 215mn1A B: SSCIB U4 215nm1A@M SHFT

&yl . .
1.4
1.2
To amplitude of... add offset... and store result in...
1.0 A: RP210_06_215nm1/8]

B: $SC18_04_215nmt

l+0.25000] | au

S T ¥ S - min_

RuniControl Main Menu

' Fig. 4.46. Shift Ainplitude window’

| In the left list box sélect one of the curves and add.an 6ffset in

absorbance units to the curve. Select curve position for the result,
click on OK.

The result may look like in Fig. 4.47.

40 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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SHIFT1 - Evaluation v
Flle View Curves Integrate Report Exit Help
A RP210_06__ 215nm1A B SSCIB 04_ 215nm1A@M SHFT
[xvi

1.4

1.0

0.8

«#J d,

q00____ 00 100 Z0.0 mip_|
'

RunlC(;nlrol Main Menu

Fig. 4.47. Shift amplitude

4.8.13 Subtracting baseline

If you want to subtract a blank run from your result start with
opening your result file from the run. In Evaluation, click on FILE,
OPEN, CURVE. Select the Result File for the blank run and the UV
curve and place it in an available curve position as your result. Click
on TRANSFER. Select CURVES, SUBTRACT. In the dialogue box,
select the résult file from the run, subtract it with the blank run and -
select position to place it in. Use VIEW, SELECT WINDOW
CONTENTS to select the curves to be displayed.

4.8.14 Mirror.i |mage

You can also compare curves and display a curve as a mirror image
of the other curve. If needed, open the curves you want to compare

- using, FILE, OPEN CURVE. Under the menu CURVES, select
- SHIFT, MULTIPLY AMPLITUDE. In the right hand list box select

one of the curves and multiply it with a factor -1.0. Select a curve |
position to store itin and click on OK.

Use VIEW, SELECT WINDOW CONTENTS to sel'ect the curves to
be displayed. To further improve the display of the curves you can
use the function SHIFT, SHIFT AMPLITUDE for the second curve.
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File Curves Integrate Report Exn Help
1 - A: RPZ10_06_21Snmld B: RPZIU 06 254nm1B@K SHFT

I].l][l “’—Yﬁ/—"‘V‘V\(Tf—”\r' ‘\F— U
1] 15.0 20.0 25,0 min.._|

RuniControl Main Menu

Fig. 4.48. Mirror image

4.8.15 Calculating absorbance ratios

Ratios between absorbance curves give useful information about
peak purity or peak identity. The divide function can be used when
you have a result file with the run detected at more than one
wavelength with uPeak Monitor.

Before dividing the curves you must make sure that both
chromatograms have a baseline close to 0 AU. This can be achieved
with baseline subtraction. To create a baseline use the instruction
CALCULATE BASELINE under the menu INTEGRATE, and if

necessary EDIT BASELINE, or you can subtract a blank run from

your chromatogram. To subtract the created baseline select . . '

UV curve and the baseline. -

- SUBTRACT under the menu CURVES In the dlalogue box select the. Ny () .

Artisan Technology Group -

B: S5C8__ 02_215nmiA-

01 215mn1A C. 85C8__|

subtract... and store result in...

From...

A: S5C8 -02-215nm1/E¥
{B: SSCB__07_215nm1]
C: SSC8_02_215nm1

[A:SSC8 02 215nm1/4
B: SSC8 01 215nm13
C: SSC8__02_215nm1

SUB[A. B, D)

N
0.0 00 10.0 20.0 min_

Hunltt;nlrol Main Menu
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* If you want to subtract a blank run you must first open the curve and
transfer it to the result file of the UV curve. Select FILE, OPEN

" CURVE. Select the result file which has the-blank run and thén select

~ the UV curve for the blank. Select an empty curve position to place
the curve in. Click on TRANSFER '

Cpen Curve

From Result Fi OpENn CUIVes... |

and place in...
bs456263 PEP_Cond1 A: PEP_215nm2A
i0.08 bsa_045 PEP_Pressurel B: PEP_ConcB2
diff PEP_Flowl C: PEP_Cond2
monos19 PEP ConcB1 D: Fractions

PEP 215nm1A E: PEP Pressure2

008 1 heptides PEP_280nm1C F
rpcgrp86 PEP_254nm18 G:
shiftl PEP_Cond2 H:
i0.04 shift2 PEP_215nm2A I: PEP_Flow2
subtract PEP_280nm2C J Inledlons
0.02

00 10.0 20,0 30,0 Mj

Hﬁn)CSnkrol Main Menu

Fig. 4.50. Open curve window

After this you can select SUBTRACT under the heading CURVES
and subtract the blank run from the UV curve as described above.
‘The result appears as in Fig. 4.51.

BRIEY

5. 50301 215nmik C. 55C6_02_21snnih

2100 0.0 - 108 20.0 min_|
: * A: SSC8__02_215nn1A@PQ.SUB e

ETN) [)) 100 200 min_
'

RuniControl - MainMenu -

Fig. 4.51. Subtract baseline

When you have achieved two chromatograms with zero baseline
select DIVIDE under the heading CURVES. In the dialogue box,
select the curves to be divided and where to store the result. If you
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want to use a threshold value mark the check box. Accept the default .

Values for thresholds or enter new values

The ratio between the curves appears as in Fig 4 52.

210nm@BC, DIV -

) J\
'
.0 1.0 2.0 3.0 4.0

Artisan Technology Group - Quali

Fig. 4.52. Ratio between curves

The curves can be filtered to get a cleaner picture. Use the function
SMOOTH under the heading CURVES. Select the Median filter in
the dialogue box which filters noise that appears as spikes or in a
small area of the curve.

“The resulting ratio can then be used for peak identification as

different compounds have a specific ratio between absorbances at
different wavelengths.

The ratio can also be used to check peak purity. If the ratio is
constant throughout a peak, the. peak is probably pure. If the peak:
has shoulders after the division it is most probably contammated For

" more detalls, see Chapter 10, section 9.

. 4.816 Creating'histograms .

A histogram can be created of the UV-absorbance in the fractions or

by entering values from an external measurement, e.g. a radioactivity

measurement or activity measurement of the fractlons A condition
for both is that the fractions have been collected using the
Fractionation or the Peak Fractlonatlon 1nstruct10n in SMART
Manager. '

4.8.17 Creating histogram with UV absorbance in
fractions - '

In Evaluation select CURVES, FRACTION HISTOGRAM. In the
left list box select the UV-curve of your choice, and from the middle
box the fraction marks and in which curve memory to store the
histogram at the right. Click on OK. The calculated histogram will

- appear. To save the curve click on FILE, SAVE CREATED

HISTOGRAM. Select the curve position in which you want to save
the hlstotgram and click on OK. Select FILE, CLOSE WINDOW. The

y Instrumentation ... Guaranteed | (888) 88- SOURCE | www.artisantg.com
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Fig. 4:53. Set Axis Scale wmdow -

created histogram will appear in the window. To save the result with
your, result file, click on FILE, SAVE. In the left list box highlight ..
CREATED HISTOGRAM. The result file from which the. original -
curve was taken will be highlighted in the right llst box:

4.8.18 Creatmg a hlstogram from external measurement
of fractlons ’

If you have measured the act1v1ty in your fractions, you can create a
histogram or activity curve that can be overlaid on the original
chromatogram.

In the Main Menu select the Result File, and in the File Contents
window open the Chromatogram card. Select CURVES, CREATE

HISTOGRAM. A dialogue box appears in which you can set the
scale for the y-axis and change the scale for the x-axis.

Set Axis Scale
10.08 Maximum value for x-axis [40.0267 | min
40.08 e o .
0.06 N!mlmum value for x-axis min
0.06 Maximum value for y-axis |100.000(
0.04 -
Minimum value for y-axis  0.0000
10.02
:0.00
x otz
i
"RuniCoritrol Main Menu

~

_ To enter your act1v1ty measurements you can elther

1. . Move the cross cursor to the desired x- and y “coordinate and

click on the left mouse button. A data point marked with a
cross will appear. Continue to enter all points as required.

2. Select POINT, SET ACTIVITY POINTS. A list box will appear
with the number of the fraction and box to enter the activity
value. To proceed to the desired fractions click on the NEXT
button. Continue to type in all the act1v1ty values required in ~
this way.
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_Integrate_Ref o
A: PEP_215nm2A D: Fractions

| File_ Draw Curve Points Zoom! Exit! Help!

min
0.56 0.00000
1.55 0.00000

Set Activity Points

Fraction

Activity

RuniControl Main Menu

Fig. 4.54. Create Histogram window

3. Select POINTS, SET POINT. In this dialogue box you can enter

the activity values by specifying the Retention time and the
Amplitude for your activity.

To delete points you can use either of the three functions, under the

menu POINTS, DELETE POINT which only deletes a specified
point, DELETE LAST POINT or DELETE ALL POINTS.

When you have entered all the desired points, select DRAW CURVE
and either DRAW SPLINE, DRAW THROUGH POINTS or DRAW

HISTOGRAM.

" To save the curve click on FILE, SAVE CREATED HISTOGRAM.
- Select the curve position in ' which you want to save the histogram -
*and click on OK. Select FILE, CLOSE WINDOW. The created
. histogram will appear in the window. To save the result with your

result file, click on FILE, SAVE. In the left list box highlight

. CREATED HISTOGRAM. The result file from which the original
_ curve was taken will be highlighted in the right list box. - o
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fad PEP - Evaluation
File View Curves Integrate Report Exit Help = . .
A: PEP_215nm2A | F: CreatedHistogran

“Hin.0a "

0.00 J\_/_'i— [‘

RuniControl Main Menu

10.0 200 30.0

Fig. 4.55. Created histogram

4.9 SMART 4.9.1 Introduction

ASSISta_nt SMART Assistant is a knowledge information system which provides

the user with help in identifying a suitable separation strategy to
solve a specific chromatographic problem. Techniques and media are
recommended and a Separation Method is created. The information
given is dedicated to SMART System so that all techniques, media
and methods suggested by SMART Assistant are suitable for use with
the system. The information pathway is illustrated in figure 4.56.
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r

|

techniques evaluated

Goal Protein State of
° characteristics | the sample
| I‘ |

order of suitabil

Techniques listed in

_—

ity

pathway

~ Select technique

Suggest
medium

O media - |
i evaluated T
(. -

Select
information medium

why/how |

run performed

Diagnose
problems

- - =~
1 Separation Method created; 1

|
]

why/how

information

Fig. 4.56. SMART Assistant Information Pathway -

SMART Assistant is accessed from SMART Manager Main Menu.
The user defines the goal of the separation and, if desired, a préferred
separation technique. If the sample is to remain active during the

separation, this should also be specified
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Technique  Goals related to: ALL

> 50 % pure Protein

" 1> 85 % pure Protein

1> 95 9% pure Protein

> 99 % pure Protein

Change buffer for freeze dryin
Charge characterization. -
Charge isoform separation
Concentrate sample
Conformer separation

Xl Keep Protein Active

] Sii
B E
Run/Controt Main Menu

Fig. 4.57. Goal selection window -

Further information to be entered relates to the characteristics of the
sample and includes the type of protein and its ligand, the molecular
weight, isoelectric point and other physical properties, if these are
known. The sample volume, its total protein content and its target
protein concentration should also be entered. Using this information,
SMART Assistant suggest a suitable technique or series of techniques
and what medium to use. A complete Separation Method is created,
and the method can be transferred to SMART Manager and run. If
the results of this are unsatisfactory, the user can return to SMART
Assistarit and ask for help in diagnosing the cause of the problems.

To learn about how SMART Assistant can help you, follow the steps
below. The example describes a hypothetical series of events which
are representative of a laboratory situation. SMART Assistant is

described in more detail in Screens and Menus, in Section 5.6 of this
Handbook. .. . . - ' -

492 Using SMART Assistant

The example

A soluble glycoprotein in 350 plof a patient'é'serum has to be
isolated and purified to 99 % purity. It is known that the sample
contains 45 ug protein and that 35 % of the total protein is the

. glycoprotein component. The molecular weight of the glycoprotein is

85 000, the plis 4.3 and it is rather-hydrophilic. In order to keep the
glycoprotein stable, the pH must be below 5.2 and there must be
20 mM salt present. '

In SMART Manager Main Menu, click on START ASSISTANT in
the pull-down menu SMART ASSISTANT. In the introductory screen
select FILE, NEW CASE in the menu or click on GO. Enter the name.
A Goal Selection dialogue box appears. Under the heading Technique
select Combined. You will notice that the list box next to it changes.
Select >99 % pure protein in the list box for goals related to:
Combined Techniques.
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_In the Protein Characteristics dialogue box you enter the known

characteristics of your sample. In this example scroll the list box
urider Protein and highlight "Glycoprotein”. You will see - '

glycoprotein in the Protein field, and in the ligand f1eld Lectm is
suggested as a suitable llgand

Protein Characteristics

‘ rBiclogical Properties -
Protein

10ther

Ligand

INOTKNOWN

rPhysical & Chemical Pwpemes
Mol. Weight (kDa] |85 ["y“' P

Isoelectric Point © High OAverage

hirity

Stability Properties
pH stab. High 5.2

pH stab. Low E O Solubilizing

Detergent
Salt stab. High (M) Needed.
Salt stab. Low [M]

Fig. 4.58. Protein characteristics window

Enter the following known properties in the dialogue box:

° Molecular weight (kDa) _ 85
e Isoelectric point: - 4.3
e  Hydrophobicity: _ low
‘e - pHstability high: | 52
e pH stability low:- - P 2
“ e Salt stability high (M): S 40
e Salt stablhty low (M): S 0. 02
| .In the State of sample dlalogue box enter the followmg
. Volume ul - 350
‘e Total protein {g: _ ' : 45
J Present purity (% (w/w) total protein: 35

- The possible techmques are evaluated by SMART Assistant and are
- presented on screen in order of sultablhty At the top of the list,

AIEX (anion exchange) is presented in a green box, which 1nd1cates
this is the most suitable technique to reach the goal set for this
sample A yellow box indicates it isa possible technique; techmques
in red boxes should be avoided.
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Add_step(s}.

- <
Run!Control Main Menu

Fig. 4.59. Recommended techniques

Under the heading VIEW choose WHY/HOW and you can read
about Anion exchange as a technique in the appearing window. To
close the window, click on EXIT in the dialogue box.

Under the menu ASSISTANCE, choose SUGGEST MEDIUM.
SMART Assistant suggests Mono Q as the medium and recommends
a buffer exchange prior to the run. '

ke SMART Assistant - EXAPLE.PLN
File Edit Assistance View RunStep Exit Fi=Help

Run!Control Main Menu

Fig. 4.60. Suggest medium"

To find out more about the buffer exchange or the Mono Q run,
highlight the box and use the instruction WHY/HOW under the
menu VIEW. You will find detailed information about the running

conditions.
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; _ Information 4
-OFY INFO TO CLIPBOARD! PRINT! EXIT!

BUFFER EXCHANGE

Buffer exchange by gel filtration is the most convenient way to

il adjust pH and ionic strength of the sample. It is especially

il useful when the sample must be adjusted to low ionic strength for
binding to an ion exchanger.

Care should be taken when transferring samples to high salt
[ concentrations [e.g. in hydrophobic interaction chromatography)

Fig. 4.61. Information on buffer exchange

A separation method for the suggested column will be created when
you use the instruction Run step RUN STEP, TRANSFER TO
SMART. Type a name for the method. If you click on the button
OPTIONS, you can select to include a pump wash before method
start or to include a Automatic Evaluation in your method. In this

dialogue box, you can also program your system configuration. Click
on OK.

The created method will appear in the File Contents window in
SMART Manager You can either check the method in the Method
Editor or Run it directly.

" Assume that the run was made and that you wish to continue with
-another step. Exit the File Contents. Highlight the Add Step box in

“ SMART Assistant. Select SUGGEST TECHNIQUE under the menu
ASSISTANCE. A dialogue box describing the current state of sample
appears. Click OK and you will have a new list with suggested
techniques of which RPC and GF are in green. Select RPC and =~
ASSISTANCE, SUGGEST MEDIUM. A uRPC C2/C18 column is
suggested

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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SMART Assistant - EXAMPLE.PLN

i
RuniControl Main Menu

Fig. 4.62. Selected path
The method can be transferred to SMART Manager as described -
previously.

To check the state of the sample after the final purification step,
select END SAMPLE RESULT under the menu EDIT.

4.9.3 Using Rewind Technique

Rewind Technique is a function in the EDIT menu which allows the
user to go back some steps so that a different pathway can be chosen
to achieve the aim of the separation. Steps can be retraced so that

- other pathways can then be selected.
" By highlighting one of the steps and then clicking on REWIND

TECHNIQUE under the menu EDIT, the path is forced to énd at the
highlighted technique. The user can then choose to follow a dlfferent

» pathway

Example

Instead of running the”fecornmended t'echniques in the order
suggested by the above example change to a different order.

On the pathway of recommended techniques and media, hlghhght
Mono Q. Click on EDIT, REWIND TECHNIQUE. All techniques to
the right of Mono Q are removed leavmg only a single Add Steps
box.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Confirm Rewind

g " Data in the removed boxes will be
b lost. Press 'OK" to rewind, *CANCEL'
to cancel.

Hunlconllol Main Menu

Fig. 4.63. Rewind technique

A new order can be selected using the Add Steps box. Highlight Add
Steps box. Click on ASSISTANCE, SUGGEST TECHNIQUE. After
the Current State of the Sample box is displayed, a list of techniques
presented, in order of recommendation.

In the previous example, two techniques were recommended. Instead
of RPC choose Gel Filtration this time. Highlight GF and click on
ASSISTANCE, SUGGEST MEDIUM. A list of possible gel filtration

- media appears. Choose Superose 12 at the top of the list and click on

OK. SMART Assistant suggests a concentration step -before the gel
filtration step as the sample volume is too large to apply directly.

Highlight Concentration and choose WHY/HOW under the menu
VIEW. You can see a suggestion to use the Mono Q column for the
concentration step. If you select RUN STEP, TRANSFER TO
SMART, a method will be created w1th a step gradlent to elute the ~
sample in a smaller volume.

After the concentration. step you can continue by hlghhghtlng the
Superose 12 box and then clicking on RUN STEP, TRANSFER TO
SMART to run the method created for the Superose 12 column.

- Superloop is supported in the two holders on the left inside the

WSeparation unit. Superloop can be filled before connection by
pouring in the sample or after connection by filling with a pump or

syringe. The former method, which is described below, does not

require an extra pump and prevents the back pressure obtained
during filling with a syringe.

1. ;/Dlsassemble Superloop and clean it.

2. Connect the tubings to the inner end pieces (one 10 cm and one
40 cm or 75 cm).

3.  Insert the moveable seal (with the sealing ring down) from the
upper end of the loop.
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4. Operation

Insert.the upper inner-end piece (with the long tubing) on top. - .
of the moveable seal and push both down

Screw on the outer uppet-end plece

" Turn Superloop upside down.

- - Note: . To reduce background disturbances when workmg

9a.

9b.

10.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

at high sensitivity, flush Superloop with buffer A -
before filling it with sample.

Carefully pour the sample into Superloop. Do not fill above the-
line indicating "O" volume.

Insert the lower inner-end piece and turn it until the slot aligns
with the countersink in the glass tube (about 5 mm left of
"O"). Insert the protective jacket. Tighten by screwing the
outer end piece into place.

If Superloop has been partly filled with sample and contains air,
proceed with step 10. Otherwise proceed with step 9b.

If Superloop is essentially air free, return Superloop to its
normal position and install it in the uSeparation Unit and
connect it to the injection valve. The short tubing should be
connected to the lower right connection on the injection valve,
while the long tubing should be connected to the upper left
connection. Superloop is now ready for use.

If Superloop contains air after it has been filled with a sample,
install Superloop upside down in the pSeparation unit. Connect
the long tubing to the upper left position on the injection valve.
Do not connect the short tubing. Switch the injection valve to
the inject position and start the pump at maximum flow rate

(2 ml/mm) Continue at this flow rate until no air or only a
small air bubble is visible in Superloop. The flow rate can be
reduced for the last part. Return Superloop to its normal

~ position and connect accordmg to step 9b.

It should be noted that the pressure limit for Superloop is

4 MPa (40 bar, 580 psi). The flow rate has to be adjusted for
this limit and the maximum pressure limit for the system should
be set accordingly. .
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Appendix 4.1

Method instructions

] Before each instruction time/volume has to be entered

Instruction syntax

Allowed vaiues

Units (if any)

Parameters
FLOW *flow* *flow*  0-2000 - ul/min
- CONC_B *conc* _ *conc* . 0-100 ~ %B
FILL*cyl_id*, *inlet*, *volume*, *eyl_id* AorB
*flow* *inlet® 1,2,3 0r4
*yolume* 0-10 (10 ml cyl) ml
0-20(20 ml cyl) ml
0-50 (50 ml cyl) ml
*flow™ 0-15000 (allcyl) pl/ml
EMPTY *cyl_id*, *outlet®, *volume*, *cyl_id* AorB
*flow™ *outlet™ 1,2,30r4
*volume* 0-10 (10 ml cyl) ml
' 0-20 (20 ml cyl) ml
0-50 (50 ml cyl) ml
*flow* 0-15000 (10 ml cyl) wl/min
0-30000 (20 ml cyl) pl/min
0-75000 (50 ml cyl) pl/min
Pump_WASH *cyl_id*, *inlet*, *cyl_id* AorB
*outlet® *inlet* 1,2,30r4
*outlet® . 1,2,3 0r4
LOAD INTERNAL or
EXTERNAL could be -
v used but not necessary-
- INJECT INTERNAL or .
T " EXTERNAL could be
. " used but not necessary
- WASTE ) | _
. "FRACTION_SIZE *volume* *volume* - 5-1500 . . ul
FRAC_STOP B
GOTO_TUBE *position™ *position™ 1-60
NEEDLE_POSITION *position* *position*  UP or DOWN
LARGE_TUBE *position* *position* AB,CorZ
PEAK _FRACTION_SIZE *volume* ~ *yolume* = = 5-1500 =~ ol
4:56 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Instruction syntax Parameters  Allowed values Units (if any)
' PEAK LEVEL peakw1dth*, n01se * peakwidth*' 0.00-60.00 min '
*start*, *stop*, *valley™* *noise™  0.000-0,1000 AU
. o *start™ .0.000-32.000 . AU
*stop* .. 0.000-32.000 AU
v _ *valley* __ ON or OFF -
PEAK_SLOPE *peakwidth*, *start™, peakw'ldth* - 0.00-60.00 min
*stop™ *start™ 0.000-32.000 AU/min
*stop™ 0.000-32.000 AU/min
' PEAK_OFF |
MIXER_WASH *conc* *conc* 0-100 "%B
HOLD
LOOP *loop_no* *loop_no* 1-99
END_LOOP ‘
CALL SUB_ METHOD *name* *name® Any submethod name
CALL_EVAL_PROC *name* *pame® Any evaluation procedure
name
NEW_CHROMATOGRAM
WAVELENGTH *wl1* *wll* 190-600 nm
- DUAL_WAVELENGTH *wl1*, *wl2* *wl1* 190-600 nm .
*wi2* 190-600 nm
TRIPLE WAVELENGTH *wll*, wll* 190-600 nm
*wl2*, *wl3* Fwl2* 190-600 nm
*wl3* ©190-600. . nm
AUTOZERO S
ANALOG OUTPUT range*, "'offset* *range* 10.000-2.500 AU
*offset™ 0-100 - Y%

Artisan Technology Group - Quality Instrumentation ..
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Methods

Double click on result
name to start

Double click on method
name to start

Results

Run/Control

Method File Contents Result File Contents

Run/Control

Sep. Method

Sep. Method
—! Chromatogram
Method . Control ’ 1 Evaluate
Edit mg'th_od Run SMART System Evaluate result
Main Menu
Doubla click on mefhod : . * Double cfick on resuit . . s
R name to star il.!-:llmus nama to start X
Method File Contents Result Elle Contents u [%557] SMART Assistant [*5¢
. New... Change... [Stan Assistant Shutdown SMART Manager Help for Help...
m I Load method file... Resume SMART Manager Extended Help...
Chromatogram I Load result file... Keys Help...
Delete method file... Help Index...
. ~ Delete result file... .
[ weror ] oo ] [ eame | [&bout. :
Edit method Aun SMART Syslem Evaluale resull
MAIN MENU .
W*r j R Method File Contents
RuniContro)
Melhod File Contents Result File Contents AR anage elinoad name
-aiﬂ Arrange [SE5 Select card | 5l Exit i
I Tile... ) Exit file contents
‘Chromatagram .
Cascade... Resume file contents

Control l ' Evaluate I
Edit method Run SMART System Evaluate resull
s j Method Editor
Run/Conirol
Method Flle Contents Result File Contents
Clear. Chemistry Injection Valve...
Save As... Configuration Fl Goto tube...
- Chromatogram I Save Main Method Fill... Eractionation...
’_ — Print... Sub Methods... Empty... Frac Stop...
: 1 Eval Procedures... ; Pump Wash... Large tube...
I Conirot l | Basas | Peak Fractionation...
Flun SMART System Evaluae resull Peak Fractionation Off...
| Mixer Wash...

<*SMART Manager » <Method name> Method editor
Detector, [Other |

Hold... . Check And Update Graphs  |Exit with Save  [Help for Help,

Autzero... - ° - |Call Sub Method... Update Graghs | Exit without Save Eidended Help...
Analogue recérder Output...|Loop... Resume Editor |Keys Help...
New Chromatogram... End loop... - Help_ index...

Call Eval Procedure...

’ . i

Pharmacia
Biotech
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Run/Control

AR anage 10d e> R ontro
View]|”  HOLD! = PAUSE CONTI End ‘| Manual X Config
Run da(a Pump - System Con |gurat|on...
Curve window data... Sep unit L d User supplied configuration...
Curve window mode... Detector =» - ||| Calibrate gradient monitor...
Record Chromatogram [AR[ ™
System wash... I_
MAIN MENU Column wash... T
Doutl ik an melhod '@l Double olckon result Column Install... Conc B... ~C
‘——— - X Flow... rE
Gradient... "D
Method File Contents Result F"'e Contents Wash...
Aun/Canirol I . Fil...
Sep. Mathod I . Empty...
Leakage test...

[ |
) . Wavelength(s)... ~V] {Injection Valve... ~J

Edit method Run SMART System Evaluaie resul . - . Autozero® ~Z| | Fractionatioh...

- Analogue recorder output... | | Frac stop... . AS

: Lamp control... Large tube... AL T

: <«SMART Manager><Melhod name>Run control Calibrate... Goto tube... AG (
m Bz Help = Feedtber. - AT )
" xi Help for help- o o . | Temp.. ‘ )
Extended help.... . . .+ | Peak Fractionation... *P
Keys help... : - - - -
Help Index...

O o 'wewems . BResultFile Contents. ~ - - . .| O

name to start l—— name to start

AR anage ethod name

Method File Contents flesuit File Contenls — —
-ﬂﬁ Arrange|.: % [Selectcard ! | - |Exit s )
= F;:E\:"°’ Tile... Exit file conlents
l, P Chromatogram Cascade... Resume file contents
| Melhod | r Gortirol |
Edit method Aun SMART System Evaluate resull
_ MAIN MENU ) a uat 0
piroirtptan i | et
Hunlﬁnual Eile : ‘ Integrate
ethod File Contents Resull File Contents QOpen -y §§lect Window Contents...AS|Add... Ay ga}culale Easelme. ~B
. Save... Window Layout... AL | Subtract... A- | Edit Baseline... AE
m Sep Hiolhod Saye As... Curve WindowLayout... Divide... A/ | Peak intergrate... A
Chvamatogram l Print... AT|Peak Window Layout... Cut... “C|Beject Peak...
Copy... Change base to: ml *| Copy/Rename... AK | Peak Window... N
Delete... Clear... Negative Peaks... AN ¢ i
=N [ e | Bename... Create... *Z [Clear Peak Table... N
Edit method Fun SMART System Evaluale result E:sgns';mp = g:’:%oth - T}!I Copy/Rename Peak Table
Peak Table... 0...
Evaluation Procedure... *P Normalize... “—-"—|
Copy fo clipboard... ] Differentiate... D Shift Retention...
Curve... Fraction F_hstggram... AF Shift Amplitude...
Peak Table... Pool fractions... Multiply Retention... .
Method... Create Histogram... Multiply Amplitude...
Eval Proc... Undo "/

Specify Report Contents...
Generate Report... -
Edit Notepad...

Extended help... »
Keys help...
Help Index

[T . . e e b R T,
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5. Screens and menus
5.1.1 Overview

This section of the haridbook explains the concept of SMART
Manager, the program which controls SMART System and handles
data acquired from a chromatographic run.

SMART Manager is designed for all types of chromatographlc

. separations on SMART System from those s separations requiring a
“siimple run'to those separatlons requirifig automatlc separatlons and "’
. evaluations. . .

CAc chromatographlc run on SMART System can be controlled by aset
~ of programmed conditions.called a Separation Method created by the

user. When the Separation Method is started, it runs automatlcally

. accordmg to the programmed conditions. However, it is p0331ble to
make temporary changes in a rimning Separation Method using the
- Run/Control Manual commands. All events of the run, both

programmed and temporary, are recorded in the Run Log A

_complete chromatographic separation can be run using only manual

cominands.

The resultmg Chromatogram can be evaluated and integration
performed. The manual evaluation is recorded by SMART Manager

" and used to form an Evaluation Procedure which can be recalled later

and used with a Separation Method for the automatic evaluation of
the results of chromatographic runs.

5.1.2 User directories and file names

When first accessmg SMART Manager, the user enters his name
which ts "logged-in". The program reserves space, called a directory,
on the hard disk for that user. All files, both Method and Result Files
which are created subsequent by this user are stored in this directory.
All files are listed in the Main Menu and show the name of the user
who created them. Method Files and Result Files can be accessed at
any time by any user. However, the user can only make changes to
his own files.

When a new Separation Method is created, it is given a file name by
the user.and is saved in that user's directory. A Separation Method
file is given the extension .MET. Information generated by the run,

such as the Chromatogram can be stored under an automatically

created file naine, which consists of the first six letters of the method
name and two figures (01, 02 ...). It is also possible to enter a new

Hifte sttt Tf 4 Hew ta me is Eﬁtéréd ‘the"tBhsectitive tins' witl‘i the -
-~ same - method, will have the six flrst letters from the new name,
. followed by two figures. Data resulting from the run takes the

' - extension RES ' o .
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5. Screens and menus

5.2 Login, Main
Menu and File
Contents

5.2.1 SMART Manager Welcome screen and Login -
In SMART Manager, each user has his own directory where all his

- files are stored. It is accessed first by clicking on LOGIN on the

Welcome Screen and then clicking on.the specific USER NAME in
the displayed list box (Fig. 5.1). A new user logs in by typing his
name in the text box. The Login directory has a user called Library, .
which contains preprogrammed methods. The methods are described
in Appendix §5.1. Confirmation can be given either by clicking on the

OK button or by pressing <ENTER> The Main Menu of flles :

_ created is then dlsplayed

" [c) Copyright Pharmacia LKB Biotechnofogy AB. Uppsala, Swed 1990, 1991, 1992

WELCOME TO .

‘ SMAYRT Manager login

Please enter user name

L | : k iPaImisl'

" Login: Wirve

Fig. 5.1. Login window

5.2.2 Main Menu window

The Main Menu is the directory of files currently saved. Two list
boxes are shown, one displaying Method Files and the other
displaying Result Files (Fig. 5.2). Files created by the current user are
at the top of the list. These are followed by files created by other
users with the user's name shown in brackets. Method F1les and
Result Files can be accessed by any user. : :

© b b e i
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5. Screens and menus

[

-~

CC.MET
CONC.MET
DEMO.MET
FD_3210.MET
G.MET
GLYCO.MET

-GLYCO2.MET
HH.MET
MQ_165.MET

- 'BASLINE.RES

2500NG.RES
5PG2.RES
ACT2.RES

-ACTIVITY .RES

BASELINZ.RES

113}
-
RuniControl

Fig. 5.2. Main Menu window

A command button marked NEW is located in the lower left of the
screen. By clicking on this button, a new Separation Method can be

created.

In the Main Menu window, a file from either the Method or the
Result list boxes can be opened by highlighting it and then either
double-clicking on it or clicking on FILE, LOAD METHOD FILE.

5.2.3 Main Menu pull-down menus

File

File JEHT] §MARTAssstant Exit Help

Load Method File... [ ICON
Load Result File...

Delete Method File...
Delete Result File...

About...
: CC.MET

CONC.MET
DEMO.MET-
FD_3210.MET
G.MET
.GLYCO.MET
GLYCO2.MET
HH.MET,

| o MO_T65MET v ot .

RﬁnfCSnllo]

Fig. 5.3. Pull-down menu File
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5. Screens and menus

New .

The current user can create a new method usmg a new file
name. This has the same function as clicking on the New
command button in the lower part of the screen. By giving the
method a name and confirming it with OK you enter the File
Contents window with the card box. Here you can select if you

‘want to enter the Method Editor or the Run/Control part of

SMART Manager.

Load Method File
The highlighted Method File is loaded and you enter the File

.contents window with the cards to enter. the Method. Editor or -

the Run/Control part of SMART Manager Any user can open

- any Method File.

" Load Result File .
.~ The highlighted Result File is loaded and you enter the File .
- Contents window with the cards for the Chromatogram,
- Separation Method, Peak Data table, Evaluated Chromatogram
© and the-Run Log dlsplayed The number of cards displayed =~
-depends on what operations. have been performed on the result -

in the Evaluation part of SMART Manager. Any user can ‘open
any Result File.

Delete Method File
The highlighted Method File will be deleted from the list after
confirmation from the user. (Only files from the logged in user.)

Delete Result File
The highlighted Result File will be deleted from the list after
confirmation from the user. (Only files from the logged in user.)

User

If User is selected it is possible to change to another user name
in the Login list box or to a new user name. A warning message
will be displayed with a information that any changes made to
Method or Result Files under the current user name will not be
saved automatically. By clicking on the Cancel command
button, you can return to the Main Menu to access Method or
Result Files to be saved. By clicking on the OK command
button in the warning message box, similar window as the
Login list box will be displayed with names of all users except
the current one. The user name can be changed by clicking on
the new name and on the OK button or alternatively by double-
clicking on the wanted user name. A new user name can be

created by wrltmg the new name in the edit box, then clicking

OK

SMART Ass1stant Mam Menu SMART As31stant :

Start Assistant
Thijs function accesses SMART. Ass1stant which is a knowledge

- and information base dedicated to SMART System. It is

designed to assist the user in finding the most appropriate
ttechnique and medium for specific chromatography
applications. Then, together with SMART Manager, SMART
Assistant automatlcally creates a Separation Method for each
_proposed step. For more detailed information see Section $.6.
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5. Screens and menus

/""'\‘

S

Exit

J Shutdown SMART Manager
. This function exits from the Main Menu and SMART
Manager.

¢ Resume SMART Manager
This function resumes SMART Manager.-

Help

"o Help for Help :
- This function descrlbes how to use the Help command.The_
" Help choice appears on the menu bar of every window =~
including the assoc1ated Help. chmces hsted below

. Extended Help :
This function provides general information about a window. It
also gives information about each menu choice and the -
instructions listed under that menu. All menu choices are listed
at the end of the Extended Help dialogue box. When you select
a specific menu a new dialogue box will appear with all-the
functions listed at the end of the dialogue box. You can also use
the help index described below to access help for a specific
instruction.

e  Keys Help
This function describes how to use the keyboard for specific
tasks.

] Help index
This function contains a complete list of all instructions you
can get help for.

5.2.4 Method and Result File Contents window

The window structure of the Method File Contents and the Result
File Contents is similar. The title bar shows the name of the open file.
Data such as Chromatogram and Separation Method relating to the
file are presented as cards stacked one behind the other.

In the Method File Contents (Fig. 5.4), a Separation Method card

. and a Run/Control card are always present. If an Evaluation
Procedure has been stored with the Separation Method, an
Evaluation Procedure card may also be present. -
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5. Screens and menus

iSystem contro

;. Evaluation Procedure

Separation Method

IFirst flow 100.0 plimin at 0.00
Column 1D : Mono S, PC 1.6/5

RunlContic!  *  MainMeru -

‘ Fig. 5.4. Methdd File Contents windovs.-'.

A Result File is-generated by running a Separation Method or making
a manual run with the Record Chromatogram function activated.
The Result File Contents window (Fig. 5.5) contains the Separation
Method, the Chromatogram and the Run Log cards. After evaluating
the Chromatogram and storing the results, the Peak Data with the
results of the integration and the Evaluated chromatogram are

displayed as cards in the Result File Contents.

RuniControl MainMenu' o

.Fig. 5.5. Result File Contents window .

Each card can be activated and brought into the foreground by .
clicking on it once. Brief information on the data held is then visible
on the face of the card. The data card can be opened by double-
clicking on it or alternatively by using the Select card instruction in
the menu.
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5. Screens and menus

5.3 Method Editor

e

'

5.2.5 File Contents pull-down menus
Arrange

. Tile :
The data cards displayed can be rearranged across the screen so.
that the information on all cards is visible simultaneously. A
card can be opened by double-clicking on it or using the select
card instruction.

X Cascade

The cards are displayed as a stack one behmd the other A card

can be activated by double-clicking on it or using the select card -

. ll’lStI‘ uCthl’l

- Select card

This functron allows one card to be selected By chckmg on the’
functior, thé cursor changes t0 a pointing finger which ¢an then be
used to 1nd1cate the card to be opened

“Exit

"o ' Exit file contents

This function exits the File Contents window and returns to the
Main Menu.

. Resume file contents
This function resumes the File Contents window.

5.3.1 Introductlon

The chromatographlc separation of the sample can be performed in
SMART System according to a Separation Method created by the
user. The Separation Method is the interface between SMART
Manager and SMART System and it contains the following
information:

e the chemistry of sample preparation and the eluent

) the configuration of the system required to run the Separation
Method

- & . asingle Main Method

] as many Sub Methods as required

The Method Editor is activated from the Method File Contents
window by opening the Separation Method card.
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5. Screens and menus

Cancel
- - 1]
| SHART Assistant |« HAIN HEN
Run step . IKethudsJ IResu_lts]_ j Rgggl?ccé%g}étt?n
METHOD RESULT
seiact, Egun’ﬁc'eﬁaa]l - S =
g art |7 <« ] hroga ogra
—>
[ Hethod |

Edit method Run the SHART System Evaluate result

Fig. 5.6. SMART Manager overview

If a new Separation Method is being created; the Chemistry screen is
displayed first, followed by the Configuration screen.

In the Chemistry window, information about sample preparation and
eluents can be typed in.

The Configuration section contains specifications related to the
Separation Method such as what column is used and what curves are
being saved. It also contains specifications related to the
instrumentation such as what monitor is used in the system.

If an existing Method is being edited, the Main Method showing the -
graphic editor window and the text editor window are displayed
directly and the Chemistry and Configuration windows can be
displayed using the View pull-down menu.

2500NG - Method Editor

Graphic Editor : Main method

0.00 FLOW 100

*.'0.00 CONC_B 0.0 .
1.00 INJECT L EXTERNAL
'3.00 LOAD : ' EXTERNAL
5.00 CONC_B 0.0

.25.00 CONC.B - ) - 30

| 26.00 CONC B ___ . 100 N ] _

HﬁnJConlrol Main Menu

Fig. 5.7. Method Editor window

5:12 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

o

e Mk s 1o K SRS A R S+ Ehrn bt

IRt




5. Screens and menus

The Method Editor is divided into two panels, a graphic editor (top)
and a text editor (bottom). Instructions can be entered in three
dlfferent ways:

. by using the graphic ed1t01 for flow rate and gradient
instructions only ‘

* by using the instruction commands in the pull-down menu.

. by typing in the instructions in the text editor panel

How to use the different alternatives to enter 1nstruct10ns is described
in Section 4.4.3 - 4.4.6. :

If the method is built up using the graphlc edltor wmdow, .
corresponding written instructions appear directly in the text edltor
window. ‘This list of instructions is constantly updated on a time or

_volume basis as further parameters are selected and added. This helps

the new user to quickly become familiar with the format of the
instructions which are used in the text editor window and which are

- accepted by the program. If the text editor window is updated or
~modified, the effect of the change can be visualised on the graphic

" editor window by using the menu instruction Check and Update

~ Graphs one of the menu options.

5.3.2 Chemistry window

The Chemistry window is used to record the preparation procedures
for the sample and the eluents which are used in the current
Separation Method (Fig. 5.8). The headings relate to Sample
preparation and preparation of Eluents A and B. The headings can be
changed and new headings can be written by the user. Information
typed in the Chemistry window is saved with the Separation Method
and can be printed with the results.

=) 2500NG - Methud Editor
Flle _Edit_View Check Exit Help

Bample preparation:En vial Mono Q prov som losts i 500 ul vatten

Eluent A:20 mM Tris-HCl1 pH=8.0
Preparation:

Eluent B:20 mM Tris-HC1 pH=8.0, 1M NaCl
Preparation:

Run/Control Main Menu™ *

' Fig. 5.8. C-Iwem'is'try-v{/indow

The Chemistry window is accessed directly when a new Separation
Method is being created. To access this window when an existing
Separation Method is being edited, click on VIEW, CHEMISTRY.
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5. Screens and menus

To exit from the Chemistry window, either use the command button.
marked CONTINUE or click on VIEW, followed by the desired
choice.

- 5.3.3 Configuration

The Separation Method Configuration is the specification of the
components within SMART System which are required to run the
current method. In addition to the equipment and functional parts

required, it also includes basic mformatlon on the Separation
Method.

The Method Conflguratlon takes part in two checkmg procedures

" The Separation Method is checked against the Method Configuration
and if they are incomipatible, the user is warned that the method is
not correct. The Method Configuration is also automatically
compared with the actual configuration of the system before running
the method, and if these are incompatible, the run will not start and
the screen w1ll display an error message. The monitor and pump
cylinder selection must be correct to run a method Wrong column -
configuration gives only a warning.

The Configuration window is accessed from the Chemistry window
by clicking on the CONTINUE command button. Altérnatively, it
can be accessed by clicking on VIEW, followed by
CONFIGURATION. The Configuration window displays two
groups of instructions, Method and Instruments (Fig. 5.9).

2500NG -
le Edit View Check Exit Help

Method Editor

rMethod
Base : . min
Pusmp mode : GRADIENT )
Column ID : Mono Q, PC 1.6/5

Chromatogram curves : UV, CONDUCTIVITY, PRESSURE, TEMPERATURE

rinstruments

Pump : pPrecision Pump

Sep Unit: {Separation Unit

{ More fnfarmation |

Detector:  UV-MII

RuniControt Main Menu

~ Fig. 5.9.-Configuration window

" Method

By clicking on the individual selectlon (min, GRADIENT, etc.), a
dialogue box is displayed showing the options available.

o Base
The instructions in the Separation Method can be programmed
in either time (min) or volume (ml) base.
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¢ AL il e SRR

e T AL e e

TR T PO




5. Screens and menus

e Pump mode
The pump can either run in Gradient or Continuous mode. In
Gradient mode both pump cylinders are pumping
simultaneously to produce the programmed gradient. In
Continuous mode the two cylinders alteérnate to dehver the
same eluent for isocratic. separatlons

. Column ID
This function defines the column type for the Separation
Method. A range of columns is displayed in a list box. The
default is Any column. The column selected defines the
maximum system pressure, a pre-programmed value for the

columns listed 'in the dialogue box. If uPeak Monitor is selected

the column ID also deﬁnes the averagmg time for the Monitor -
signal. - :

e . Chromatogram Curves
In this dialogue box the curves to be recorded stored in the
Result File are selected. The UV curve is always recorded. All
- curves can be showed on the screen during run, but only the
ones selected here will be recorded.

Instruments

Of the instruments listed in the Instrument field the detector is the
only one that can be changed, by clicking on the monitor name.

Clicking on the "MORE INFORMATION" button makes further
options available.

uPrecision Pump Information

pPrecision Pump Information E
Base : rCylinders :
Pump mode : @i0ml OC20ml OS0mi O any
Column 1D : rPressure limit ]
k:
Chromategram {  (XI Column set HURE 4
pss feng 1 .
Instruments Pressure limit high © @ i
Pump : rActions :
Sep Unit: :l Fast pressurization OOn @ Off
Detector: - L Pressure follow : . . &®0on OOoff
Compressibility compensation: QOn - @ Off
Click on selecy - - N

HunJCdnlml . MainMenu.

Fig. 5.10. uPrecision Pump information window
Cylinders

The type of pump cylinder used for the Separation Method is
specified. Available cylinder sizes are 10 ml, 20 ml and 50 ml.
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5. Screens and menus

Pressure limit

For the security of the system, the maximum system pressure limit for

the run is specified. If this limit is reached during the run, SMART

System will pause automatically. The desired maximum pressure limit

_can be entered or, by clicking on the COLUMN SET function, the
system uses the maximum pressure hrmt for the column spec1f1ed
under Column ID.

Note: It is important to remember that the operating
temperature of the system has an effect on system
pressure since liquids become more viscous at lower
temperatures and cause an increase in.the system
pressure. : -

ACthIlS

' See also SCCthl’l 2. 7.

L 'Fast Pressurisation S
If this function is activated, the column is rapldly pressurised to

a stable target pressure. ThlS shortens the time for the system to

reach the final run pressure. The target pressure calculated by
- the program takes in account the type of column and the
selected flow rate.

*  Pressure Follow
This function maintains the system pressure in the non working
cylinder, when only one cylinder is pumping. This ensures that
the gradient composition is accurate at the start of the gradient.

J Compressibility Compensation
The compressibility of an eluent is always measured after pump
wash, by comparing the resulting compressibility curve to a
known standard curve. When the Compressibility '
Compensation is activated this measurement helps to maintain
an accurate flow rate during gradient formation under
conditions when system pressure varies during the run, such as
reversed phase gradients with viscosity changes.

uSeparation Unit
No further information is required.

Detector

To select either yPeak Monitor or Monitor UV-M 1II click on the
monitor name after Detector. A dialogue box with the monitor.
choice will appear. When pPeak Monitor is selected the MORE
INFORMATION button Wlll become active.
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5. Screens and menus

f File Edit View Check 'Exit Help - : - A :
~Method
] Base : jiPeak Manitor Information
‘
i Pump mode : Averaging time : {
ot
¢ i1 ColumniD: & Column set  2.56 s
| Chromatogram SUMBs  OBIbs . ®032s JURE
-nstuments——|  G0sde D126 O2sbs -
. _Pump HE 1 | 812 8
SepUnit: pf )
Detector . |.l|
. Click on selected item te view more information or to change data .

uPeak Monitor Information

=]

Fl.un’C;nuoI Main Menu

[

 Fig. 5.11. pPeak Monitor information window

In this window an averaging time for the uPeak Monitor can be set.
The averaging time is used for filtering the digita! signal from the
monitor. The averaging time is the time interval used for calculating
the moving average for the absorbance signal.

A long averaging time will smooth out noise more efficiently, but also
distort the peaks. Because of this, the averaging time should be as
short as possible.

For detectors with analogue signals a Time constant is more
commonly used for filtering noise. The following table contains
approximate values for time constants corresponding to certain
averaging times, as well as the minimum peak width at half height for
which this averaging time should be used.

Averaging time Time constant Min peak width
(sec) (sec) (sec)

5.12 2,0 32

2.56 .10 : o 16°

1.28 0.5 8

0.64 0.2 32

0.32 : - 041 - : 1.6

0.16 ' 0.05 0.8

0.08 e - .0.03 0.5

' Normalfy it is r@cémmerided to use the value selected by SMART

Manager which is related to the type of column installed.

534 Main Method

~ The Main Method screen has two windows, the graphic and the text

editor window (Fig. 5.12). It is accessed from Configuration by
clicking on the CONTINUE command button or by clicking on
VIEW, MAIN METHOD or by selecting a method in the Main
Menu.
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5. Screens and menus

Flle Edit View Pump Sep Unit Detector EUUTHE Check Exit Help

o 100 7 call Sub Method... T i -
Base :min Loop... ,_\
Time 0.0 80 End Leop...

%8 :0.0 Call Evaluation Procedure...

Flow :100.0

. INJECT | : EXTERNAL '
LOAD A EXTERNAL
CONC_B | 0.0

] CONC_B
_CONC_B

’ Hdnﬂ.‘,;nlrol Mair Menu

Fig. 5.12. Main Method window

The graphic editor window gives a graphic display of the current
main Separation Method or Sub Method. If a saved method is being
edited, the profile of the separation conditions is shown with the
base, either time or volume, indicated on the x-axis.

The name of the current Separation Method is shown at the top of

the window. In the upper left margin, the base (min or ml) and the

current values for time or volume, % B and flow rate are displayed.
By clicking on the y-axis, the user can switch between the y-axis

scales indicating the flow rate in ul/mm and the concentration in %
B.

Using the graphic editor window, a Separation Method is created
using the pull-down menus only or using the command buttons in
conjunction with the pull-down menus. The command buttons are
marked G for Gradient and F for Flow. By clicking on G, for
example, the gradient function is activated and a gradient breakpoint
can be entered. This function remains active until "arrow "button is
pressed. The F button for flow rate operates in a similar way. A

“breakpoint can be erased by clicking on the Del button. Instructions

for the injection valve, fraction collector etc are programmed using
the pull-down menus.

The time or volume of the event can be selected either by typing it in
or by using the vertical drag bar. This is activated by clicking on the

black line near the y-axis, and then pulling it to the time or volume of -
the event. Using the drag bar; the smallest steps which can be entered -
~are 0.5 minutes or 0.1 millilitres. A more detailed descrlptlon of how

- to use these functions when creating a Separatlon Method is given in
. Section 4.4.4. : S

Following a change in the graphic editor window, the text editor -
window is automatically updated. Following a change in the text
editor window, the graphic editor window is updated by accessing
the pull-down menu, CHECK, UPDATE GRAPHS.
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5. Screens and menus

5.3.5 Method Editor pull-down menus
File |

The File pull- down menus (F1g 5.13) are used to organise the current
Separation Method file.

(‘raphlc Edllvor Mal'n lﬁelhod

gve As...
Save
Print...
"Eval Procedures...

oW
60

0

0. CONC_B 0.0

1.00 INJECT EXTERNAL

3.00 LOAD " EXTERNAL

5.00 CONC_B . 0.0
25.00 CONC_B - 30
26.00 CONC_B 100 __ R
RuniControl Main Menu H

Fig. 5.13. Pull-down menu File

J Clear
Specified parts of the current Separation Method can be
cleared. This can be either the Main Method together with any
Sub Methods or the Chemistry. No confirmation is required
before the request is executed.

. Save As
The current Method can be saved under another name. This
function allows an existing Method to be edited and then
stored under a new file name. The Method can be renamed
using this function. The name can have a maximum of eight
characters. The program checks and requests another name if
there is already a file saved under the same name.

] .Save

The current method can be saved under the current file name.
The previous file is overwritten and there is no request for
_conflrmatlon before the request is executed.

. Print ;
The current method can be placed in the printer spooler queue.
The user must enter the information which is to be printed.
This can be Chemistry; Conﬁguratlon Mam Method and/or
Sub Method.

e Evaluation Procedure
The evaluation procedures created in the Evaluation part of
SMART Manager and saved in the method file are listed in the
dialogue box. Evaluation procedures can be renamed or

deleted.
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5. Screens and menus

'.Cop

To rename an Evaluation Procedure, highlight its name in the
list box, then click on the Rename Eval Proc command button.
Enter the new name in the dialogue box and click on OK.

To delete an Evaluation Procedure, highlight its name in the list
box, then click on the Delete Eval Proc command button. In the
dialogue box displayed you can confirm the deletion or cancel:

Edit

The Edit pull-down menus help to Cdlt the Separatlon Method when
usmg the text. editor wmdow

The selected wmdow is COplCd into the cllpboard and can be
used in other software programs :

View

The View pull down menu (Fig. 5. 14) is used to select the part of theé

current Separation Method which is to be displayéd. When a new

method is being created, the display defaults to the Chemistry
window. When an existing Separation Method is being edited, the
display defaults to the Main Method. Only one of the four options
can be displayed at any one time.

i Configuration
- lvMain Method
Time :{ Sub Methods...
%B 0.0
Flow :100.0
60

0 FLOW 100
0.00 CONC_B 0.0
1.00 INJECT EXTERNAL
3.00 LOAD EXTERNAL
5.00 CONC_B 0.0

CONC_B
0_CONC_B

RunFConlloI Main Menu

Fig. 5.14. PuIl-down menu View -

. Chemlstry :
The Chemistry text editor wmdow Wthh shows the descrlptlon

of the sample preparatlon and the eluents as entered by the user

- is displayed.

J Configuration :
The window showing the Conflguratlon of the system for the
current method is displayed.

J Main Method
The Main Method is displayed showing the graphic and text
editor windows.
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5. Screens and menus

. Sub Method '
This function is used to create a new sub method or to edit an

~ existing Sub Method. Sub Methods can also be renamed or
~ deleted.

To create a new Sub Method, click on the New Sub Method -
command buttor, enter a name with a maximum of eight
characters and click OK. Click OK in the Sub Methods
dialogue box and program the new Sub Method in the Method
Editor window. To save the Sub Method together w1th the
Main Method use FILE, SAVE.

To rename a Sub Method, hlghllght the name in the list box
~and click on the Rename Sub Method command button. Enter -
 the new name in the dialogue box and click on OK

" To deleté-a Sub Method, highlight the name in the hst box and -

click on the Delete Sub Method command button Confirm 1t
) by clicking on OK. :

‘Pump

The Pump pull-down menu is used to select the pump parameters for
the run (Fig. 5.15). -

F‘Ie Edit View JalulJ Sep Unit Detector Other Check Exit Help
: raphlcEdllor Main method

Base :min Fill...
Time :0.0 Empty...
%B :0.0 Pump Wash...

Flow :100.0
§0

=
RuniControf Main Menu

.Fig. 5.15. Pull-down menu Pump

® ConcB. .

" This function allows the compos1t10n of the gradlent to be
selected for the current time or volume in the Separation
Method. The window displays the breakpomt time or volume -
and the concentration of eluent B in %,

Note: The Conc B parameter is only avallable when ‘
gradient mode is selected in Method Configuration.

®  Flow
This function allows the selection of the flow rate at specified
time or volume in the Separation Method. The time or volume
is displayed together with the flow rate. The valid flow rate
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5. Screens and menus

range of 0 - 2 000 ul/min is also displayed. The user can enter a
new flow rate and time or volume. :

Fill S '
This function programs the filling of pump cylinders A and/or B
at the specified time or volume. For the selection of the eluent,

_ the inlet valve position is defined as positions 1, 2, 3 or 4. The

maximum volume of the cylinder is displayed and the volume
to be filled is entered. The filling flow rate can be normal,
15 000 pl/min or low, 5 000 ul/min. Low is used with viscous

hqulds The system is paused whlle the cylinders are being
filled.. .

. This. functlon programs the emptying of pump cylindersA -
“and/or B at the specified time or volume. The outlet position : for

the emptying.is defined as either positions 1, 2, 3 or 4. The

. volume to be emptied can be selected. The flow rate for -

emptying can be normal, 15 000 pl/min (10 ml cylinders), -

30 000 ;.Ll/mm (20 ml cyllnders) 75 000 pl/min (50 ml
cylinders) or'low, S 000 pl/min (10 ml cylinders), 10 000 pl/min
(20 ml cylinders), 25 000 pl/min (50 ml cylinders). Low is used
when the eluents are viscous. The system is paused while the
pump is emptied.

Pump Wash

This function programs the washing of pump cylinders A
and/or B at a defined time or volume. Both the inlet and the
outlet for the wash liquid must be specified for both pump
cylinders. This function is used when the eluent is to be
changed. The system is paused while the pump is being washed.

Following the wash, the pump performs an automatic test on
the compressibility of the liquid in the cylinder and this
information is retained by the program and used if
Compressibility Compensation is selected in Method
Configuration.

Sep Unit

This pull-down menu (Fig. 5.16) is used to select the operational
parameters for the pSeparation Unit. It includes instructions for
sample injection, fraction collection and mixer washing.
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5. Screens and menus

- 100 GoTo tube... -
Base :min Fractionation...
Time :0.0 oo Frac Stop...
%B :0.0 Large tube... .

Flow :100.0 60 Peak Fractionation...

) Peak Fractionation Off...
40 Mixer Wash...

100
.00 CONC_B ) . 0.0
1.00 INJECT = ~ ‘EXTERNAL

) o .EXTERNAL

Maln Menu

R unfConllol

Fig. 5.16. Pull-down menu Sep Unit

J Injection Valve :
The injection valve can be switched to the load, inject or waste
position at the time or volume defined.

For SMART Systems with an injection valve with an internal
sample loop the load and inject instructions must be typed in
the Text Editor window.

To set the valve in load or inject position for the internal loop,
type:

0.00 LOAD INTERNAL -or

0.00 INJECT INTERNAL

£

X } J GoTo Tube
This function positions the fraction collector at the selected
collection tube at the defined time/volume. SMART Manager
allows for the delay volume between UV monitor and fraction

N collector before making the change.

. Fractionation _ _

' This function sets the parameters to control fraction collection
at the time or volume defined. For all programmed instructions,
the delay volume is taken into account. The following
instructions can be programmed:

. a)  Fraction size : S
" This selects the requxred size of the fractlon to be
collected at the spec1f1ed time or volume

b) * Start at tube :
" This function sets the tube number for the stait of -
fraction collection. This function should not be used if
the GoTo Tube function has already been used.

c)  Needle position
This sets the position of the fraction collector delivery
arm to Up or Down. With the arm in the Up position the
fractionation capillary will be just above the tube.
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5. Screens and menus

Complete drops can be collected. With the arm in the
Down position the fractionation capillary touches the
bottom of the tube, and a smaller quantity, or part of a
drop, can be collected. Fractions below 250 pl should be
collected with the arm in the Down position.

Frac Stop

This instruction programs the end of fract1on collectlon at the
specified time or volume. The fraction collector arm moves to
the external waste position after taking account of the delay
volume. :

Large Tube : ' :
This function position the fractxon collector at the larger tubes,

. AB,CorZ, for Tube Holder 48/8, at the defined time or ~ =
‘volume This function is used for the collection of large volume

fractions or for waste collection. The delay volume is allowed
for. - ' .

Peak Fractlonatlon '
. The Peak Fraction instruction can be used cither to collect

peaks in single tubes or to divide peaks into smaller fractions.
Fractions between peaks will go to waste. To collect the
fractions between peaks the Fractionation function must be
programmed. In the Fractionation instruction the needle Up or
Down can also be selected. The program takes account of the
delay volume.

For a more detailed description of using the Peak Fractionation
function see Section 4.7.

Peak Fraction Size I 20 yl 5.0-1500.0
-Peak detect mode
Minimum peak width [ 030} mig l

@ Level Noise window | 6.00005| AU
Peak start AU
Peak end 0.001] Ay

T Valley @ On O off

0.04 O Slope : —
0. 04 Peak sfart Alrain
1.04 Peak snd Ab/ia

25.0d [ O Stop At

Time l: min

Fig. 5.17, Peak Fractionation window"_ .

a)  Peak fraction size _
This function defines the size of the fraction to be
collected within the peak in pl. If the object is to collect
many small fractions over a peak, the peak fraction size
should be smaller than the narrowest peak. If the object is
to collect peaks in a single tube, the peak fraction size
should be larger than the widest peak.
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5. Screens and menus

b)  Minimum peak width
For collection with peaks identified by level or slope the
Minimum Peak Width is the minimum distance between
" peak start and peak end. The programmed value should
be smaller than the narrowest peak.

c)  Level/Noise window
The programmed Noise window will protect from
accidental peak start and end detection depending on
noise.

d) , Level/Peak start

A peak start is detected when the absorbance is-above the
programmed peak start level. For the program to

“recognise a peak start the absorbance level must also be-
above the lowest absorbance value since last peak plus
twice the noise wmdow

e) Level/Peak end '
A peak end is detected when the absorbance is below the
" programmed peak end level. For the program to
‘recognise peak end the absorbance level must also be
below the highest absorbance value in the peak minus,
twice the noise window.

f)  Level/Valley
When the Valley function is On, absorbance valleys can
be detected above the Peak Start level. The fraction
collector will move to a new tube. The criteria for
identification of a valley is, that the absorbance level is 2
% below the detected maximum absorbance level minus
the noise window, and that the absorbance increases 2 %
plus the noise window.

g)  Slope/Peak start
A peak start is detected if the slope of the absorbance is
higher than the programmed value for more than 1/10 of
the programmed minimum peak width.

h)  Slope/Peak end
A peak end is detected when the slope of the absorbance
is steeper than -1.2 times the programmed value and
flatter than the programmed value for more than 1/10 of
the minimun peak width.

e)  Stop at
If activated, this field defines the end of fraction
‘collection by peak detection. This will not effect ordmary
fraction collection if active. If a Stop at instruction is

- programmed, there is no need to use.the Peak

Fractlonatlon Off i 1nstruct1on '

Peak Fractionation Off '
Peak fractlonatlon is stopped at the tlme or volume spec1fled

Mixer Wash

- This function sets the concentration of the gradient in the mixer .

at a specified time or volume. The function can be used at the
start of a gradient run so that all tubings up to the mixer and
the mixer itself are filled with eluent at the composition
required. It is not necessary to use this function when
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5. Screens and menus

consecutive runs are using the same composition of eluent. The
system will be paused while the mixer is being washed.

Detector

This pull—dowri menu (Fig. 5.18) is mainly used to select the
instructions for the uPeak Monitor. The instruction New
Chromatogram is used for both monitors.

Time
% B
Flow

’ Ba.se'

( Wavelength[s)

. Autozero... .
smin : ‘Analog butput...”
gg " 80 + | _New Chromatogram...
: 100:0

60

FLow

CONC__B
INJECT
LOAD
CONC_B
CONC_B
CONC_B

RunJC;ntroI "Main Menu

Fig. 5.

18. Pull-down menu Detector

Wavelength(s)

This function is used to set-the wavelength(s), 190-600 nm, for
uPeak Monitor. One, two or three wavelengths can be
monitored simultaneously. For highest sensitivity, a single
wavelength should be used.

Some eluents have a rapidly increasing absorbance at lower
wavelengths, e.g. methanol at 215 nm will change with

30 mAU per nm, which causes a higher noise level detecting at
dual or triple wavelength During detection with dual or triple
wavelength the rapid change in absorbance demands an exact
positioning of the grating when switching between the different
wavelength positions. With the design in pPeak Monitor the
stepper motor can reposition the grating within 0.75 pm which
means a wavelength reproducibility better than 0.05 nm. In-
case of the methanol at 215 nm thls means a noise less than

1.5 mAU.

' Detectlon at the selected Wavelength( ). Will 'start at the '

time/volume spécified. When a wavelength change takes place
in"a separation method, a New Chromatogram command will ..
be executed, so data from before and after the change will be
stored in separate chromatograms but in the same result file.

The primary wavelength is the wavelength used for peak
fractionation and may also be sent to the analogue recorder
output for analogue recording. This wavelength is included in
the ‘Regular Curves® diagram in the evaluation report. Curves
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for all selected wavelengths can be printed afterwards in the
evaluation report using the ‘Free Choice Curves option.

. The curves will automatically be given names consisting of the

eight last letters of the result file name, followed by an
underscore, the wavelength, the current chromatogram number
and a letter A, B, or C, designating whether the chromatogram
is from the primary, second or third wavelength. -

Example: MonoQ12_254nm1A for primary wavelength
‘MonoQ12_254nm1B for second wavelength
MonoQ12_254nm1C for third wavelength

If no wavelength instruction is programmed in the method, the
monitor will use the prev1ously set wavelength(s ).

Autozero : .
This function is used.to set the: absorbance of the wavelength( )

_to areference zero basehne ata spec1f1ed time/volume.

Analogue output

“This function is used to set the full scale absorbance range for

the analogue recorder output of the primary wavelength. If the
primary wavelength is changed during the run, a downward
mark will be made on the recorder output.

The Zero absorbance level can be set to a percentage of full
scale, to make it possible to register the signal even if the signal
drifts below zero.

To handle unexpectedly large signals, the signal to the recorder
is inverted (mirrored) when it reaches the upper limit of the
scale. Levels below the lower limit are truncated.

New chromatogram

This function instructs the program to store the current results
as a new chromatogram within the current Result File. A new
subfile is opened for data storage.

The data is stored with a sampling frequency of 5 Hz up to
4000 data points (approximately 13 minutes). When the
maximum data points have been reached the program erases
every other data point and the sampling continues at 2.5 Hz.
For very long runs when high data resolution is required, it is
recommended to use the New chromatogram instruction in the
method.

RNV,

PRYFPPRIITR NN

Othet

- These pull-down menus include the settmgs of various additional
1nstruct10ns for the control of the chromatographlc run (Fig. 5. 19)
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= Z50UNG - tethod canor
File Edit View Pump Sep Unit Detector Ul Check Exit Help

i . 100 Call Sub Method... . = . .

i Base :min Loop... il
:Time :0.0 80 End Loop...

%8B :0.0 Call Evaluation Procedure... f

“Flow :100.0
60

0

0. CONC_B .

-1.00 . INJECT : - - . EXTERNAL
3.00 LOAD . EXTERNAL .
5.00 CONC_B ’ ’ 0.0

5.00 CONC_B B -

CONC_B

{__J§ Lot
. RuniCentrot Main Meriu

Fig. 5.19. Pull-down menu Other

e Hold g S
This function sets the system in HOLD. The pumps continue to
deliver eluent at the current flow rate and concentration but the
base (time or volume) is not updated until the run is continued.
A hold is cancelled by the user manually activating CONT! in
Run/Control.

. Call Sub Method
This function allows a Sub Method to be called and inserted in
the Separation Method at the current time or volume. The user
selects the desired Sub Method from a list of available Sub
Methods.

. Loop
This function programs the start of a loop in the Separation
Method at the current time or volume. From 1 to 99 loops can
be selected. A single Separation Method can contain up to 6
Loop and End loop instructions. Loops within a loop should be
avoided.

e, End Loop S . .
This function programs the end of the loop at the current time
or volume in the Separation Method.

s  Call Evaluation Procedure
This function allows an Evaluation Procedure to be called at
-the current time or volume. The user selects the desired "

- Procedure fromi the displayed list of names. Data recorded after -

_the Call Evaluation Procedure instruction will be stored in a
new chromatogram, but'in the same result file.

Check

Check allows the system to perform an automatic check on the
created Separation Method to ensure that it contains no instructions
which are invalid and cannot be accepted by SMART System

(Fig. 5.20).
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Chcck And Update Graphs |

- 109 = .y_Pdate Graphs
Base :min
Time :0.0 80
%B :0.0
Flow :100.0

.00 FLOW - o 100

o]
0.00 CONC_B ’ 0.0 -
1.00 INJECT : EXTERNAL -
3.00 LeaD - - o . EXTERNAL
© 5.00 CONC_B 0.0
25.00 CONC_B ' 30
. 26.00 CONC_B - ~ 100
B
Hunftn;nlrol Main Menu

Fig. 5.20. PuII down menu Check

e Check And Update Graphs '
This function checks the Separation Method to ensure that all
instructions are valid and can be understood by the system. A
check is also made to ensure that the Method Configuration
and the Separation Method are compatible. The result of this
test is displayed in a separate window. If any part of the
Separation Method is found to be incorrect, the graphic
window is cleared and an error message is given. In addition,
the user is advised of the volume of eluents A and B required
for the run. The graphic editor window is updated
automatically when the method is correct.

e  Update Graphs
This function updates the graphic editor window to correspond
to the text editor window.

Exit

This function allows work with the Separation Method to be
terminated with or without saving the method (Fig. 5.21).
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Flow

%B

Graphic Editor : Main meti

j Exit Without Save :
; Besume E_ti_i_ggiw i

1 0.0
:100.0

0.00 FLOW ; 100
0.00 CONC.B. .. . ~ .0.0 .
1.00 INJECT . 'EXTERNAL
3.00 LoaD . = - EXTERNAL
" 5.00 CONC_B . 0.0
. 25.00 CONC_B 30
- 26.00.CONC'B - 100
RuniControf Main Menu
Fig. 5.21. Pull-down menu Exit
. Exit With Save :
This function exits the Method Editor and returns to the File
Contents window. The Separation Method is saved under the
current file name. If the Method Editor has been entered from a
Result File this instruction will be inactive. To save an edited
method in a Result File, use the File, Save As function.
. Exit Without Save
This function exits the Method Editor and returns to the File
Contents window without saving the Separation Method.
. Resume Editor

Work with the Separation Method window can be resumed.
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5. Screens and menus

5.4. Run/Control

2500NG - Method Edllor

1 x‘ ded Help... f

Base :min Keys Help... - .
Time :0.0 80 - : i Help Index... - .
%B .:00 . . B S
Flow :100.C

60

" CONC_B _ 8.0" "
INJECT - "EXTERNAL
“LOAD . EXTERNAL
CONC_B . 0.0

30,

NN
CNHTWHO

ol

Run/Control Mam Menu

- Fig. 5.22. Pull-down menu Help

. Help for Help
This function describes how to use the Help command.

e  Extended Help
This function provides general information about the Method
Editor. More detailed information is given for the Chemistry,
Configuration and Main Method window when selected in the
dialogue box.

e  Keys Help
This function describes how to use the keyboard for specific
tasks in the Method Editor.

. Help index
This function contains a complete list of all instructions in the
Method Editor you can obtain help for.

5.4.1 Run/Control mtroductlon

Run/Control provides the environment for starting a run using a
specified Separation Method or for manual control of the system. In

_addition, a pause or a hold in the run can be made'and the run can-

be restarted or terminated completely Manual changes to the current
system parameters can also be made. ,

The Run/Control wmdow gives.a graphlc presentatlon of the
progress of the separation. The display can be configured to show
selected curves resulting from the separation. For example, the -
chromatogram and the conductivity signal can be displayed. It is-a
graphic environment with easy to use functions and commands to
control the run and'make changes to the Separation Method. A log
of the events which occur during the run is recorded in the Result
File.
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5. Screens and menus

<.21

5.4.2 Run/Control window

The Run/Control window is displayed by double-clicking on the
Run/Control card in the Method File Contents. Alternatively, for
manual runs, the Run/Control window can be activated by double-
clicking on the Run/Control icon.

SMART Manager Oveview
Cancel

I SHART Assistant |< - HAIN _HEKU L
Run .step | ll(ethodsl lResul tsI —| ngglgocé%gllgtt?n
a. T METHOD . . RESULT :
" . Peal
Sel n. 17 - Rug
g@ﬁ?jgp. . —f n/hontsg ]> > . iosR.tathadr]] -
-Edit method Run the SHART S_ystel - Evaluate result

Fig. 5.23. SMART Manager overview

The curve window in the Run/Control window displays the progress
and results of the run. The x-axis is scaled according to the elapsed
time or volume of the current Separation Method. The scale on the y-
axis refers to the result curves, such as the UV absorbance, the
conductivity signal or the system pressure. During a run, the y-axis
units can be changed by clicking to the left of the y-axis. The range of
the y-axis is as default automatically changed according to the
incoming data unless fixed scaling is selected in Curve window mode.
Events relating to fraction collection and sample injection may also
be displayed graphically.
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UV-M range 0.10 AU Inj pos Pressure 0.0 MPa
Time acc 0.0 min Flow l].'[l - -plimin- Met status End - - -
—U0V —Cond —Injeéction —fraction —Pressure
20008
| 0.0006
0.0004
0.0002
12.0000' e .
\1] 0.0 - 2.0 4,0 6.0 8.0
o ] - . Run - log . j .- .

R ” " RunfControt
View HOLD! P&USE! CONT! End Manual Config Notepad Exit Help

Fig. 5.24. Run/Control window

In the run data area above the graphic display, the current values for
up to 12 parameters, such as method status, accumulated time or
volume, UV absorbance, fraction tube, injection valve position and
flow rate can be displayed.

The lower area of the screen contains the Run Log where all events,
system warnings and errors are recorded. Both the events
programmed in the Separation Method and the changes made by the
operator during the run are recorded. During the run, the operator
can access Notepad and add further comments as required.

5.4.3 Run/Control pull-down menus
Run

Run is used to start a run according to the current Separation
Method. Before starting the run, the user is asked to specify the name
of the Result File where the results of the run are to be stored. The
six first letters from the current Method File name followed by two
figures is shown as default. The user can change to a new name with
a maximum of 8 characters. The user can also enter any comments
on the run.

Before the run starts, the system compares the actual current’
configuration of the system with the configuration specified in the
Separation Method. If these are incompatible, the run cannot statt - .

“anda" Conflguratlon warning" is given. Either the Method

Configuration or the system must be changed before the run can-
start. - :

When the run ends, SMART Systém is autorﬁatié:allly resettoa”
defined state. .

View

The data to be displayed graphically and numerically during the run
are selected (Fig. 5.25).
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Tin  Curve window data...

Run data... ln] pos Pressure 0.0 MPa
Flow D.U . pgifmin  Met status -End -

! Curve window mode... !

—U¥ —Cond —Imnjection -—Fraction —P’r_‘essure

0.0008
0.0006 !
{0.0004 '
10.0002

0.0000 e . d - . . -

u 0.0 2.0 -4.0 . B0 8.0 min"_|

. . . Run log ) ] -

Fig. 5.25. Pull-down menu View

Run data
This function allows the selection of the numerlcal data for

display above the graphic display. The variables can be selected
individually or in groups-as follows:

®  Standard - is a preset selection of parameters
®  Pump ON - includes all pump parameters
®  Pump OFF - excludes all pump parameters

®  Sep ON - includes all parameters relating to the
uSeparation Unit

®  Sep OFF - excludes all parameters relating to the
uSeparation Unit

®  Detector ON/OFF - includes all parameters relating to the
detector

The maximum number of parameters which can be displayed is 12.
These are chosen from the following list:
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Parameter Units Default
Method status on
Flow * w/min - on
Accum. time/volume min, mi on
Pressure MPa on
- Inj. valve position ‘on
UV-M I range AU, _on
Concentration B % B off
Conductivity % B off
Wavelength nm off
“ Wavelength 2 nm off
Wavelength 3 . nm off -
UV-absorbance - AU off
UV-absorbance 2 .. AU off
. UV-absorbance 3 . AU off .-
Averaging time B s - “off
Pump valve A position stop,1, 2, 3, 4 off
Pump valve B position 'stop, 1, 2,3, 4 off
Eluent volume cyl. A ul off
Eluent volume cyl. B | . | off .
Fraction tube no . off .
Temperature °C off
Fraction volume u off
Pressure limit MPa off
Column holder ’ off
Record chromatogram On/Off off

® Curve window data

This function allows the selection of curves and data for the
graphic display. The parameters can be chosen from the

following list:

Parameter Units
Flow wi/min
Concentration B programmed % B

UV absorbance AU
Conductivity % B
Pressure MPa
Temperature °C
Fraction marks Tube no

Injection marks

By clicking on an option button, the y-axis values for one curve
can be selected for display as default. The y-values of all other
curves selected can be displayed and toggled by clicking in the

left margin of the Run/Control window.

) Curve window mode -

Scaling-on the x- and y-axis can be selected for the wmdow

d1splay
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c.2r

D! PAUSE! M ; H
U\I M range [l 10 Al Inj pos .2 Pressure 0.0 MPa
- ) ’ .

gl/min  Met status  End

) Cuwe wmdow mode

Y-axis scale options ction —FPressure

- |
fUV absorbance scale Min Y

[ OAuto ®Fixed | 0.0000) = 0.0010) AU

r-Conductivity scale - -
H Fhir Fux
. L%

-X-axis mode

5.0 70 min_|

: O'_I‘otai ® Window Iengti\ 10.0{ units

Fig. 5.26. Curve window mode

Y-axis scale options
UV Absorbance Scale can be auto when it is set according
to the actual signals, or fixed, when the user enters the
minimum and maximum absorbance values. If pPeak
Monitor is used different scales can be selected for the
different wavelengths. The Conductivity Scale can be
similarly set.

X-axis mode
The x-axis can be either Total, where the curve is rescaled
during the run so that the complete curve is always
displayed, or Window, where the curve is not rescaled
but is displayed in a moving window similar to a chart
recorder. The current signal is always visible in scale.
When Window is selected, the user also enters the length
required.

HOLD

- When hold is activated the pump continues isocratically at the flow

rate and gradient composition of the current breakpoint. The

. chromatogram time/volume (accumulated) is updated but the method:

time is not updated. Hold is cancelled by clicking on CONT or END.

‘Note: ~ Hold status can also be initiated by a programmed

instruction in the Separatlon Method.

- PAUSE

This function pauses the run. The pump stops (flow rate zero).” "~
Accumulated.time and program time are not updated. Pause is
cancelled by clicking on CONT or END. The PAUSE function is not
available during manual operation. The uPeak Monitor lamp will not
be switched off during PAUSE.
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5. Screens and menus

CONT

This function continues a run which is in hold or paused at-current
time. .

END

This function ends the run: The results of the interrupted run (partial
run) can be saved when running a method and if Record
Chromatogram is on in manual :

At the end of a run, SMART System is automancally reset to a

v defmed state. The run cannot be contmued

) Manual : o
* This menu (Fig. S. 27) allows changes to be made to the values set in

the current Separation Method or functions to be set manually. The
change takes place and continues at the new value until the
parameter is changed again either manually or by a further
instruction in the Separation Method. The changes are valid only for
the current run and do not modlfy the Separation Method in any
way. All changes are recorded in the Run Log.

" In addition to changing the runnmg conditions, the column can be

installed using the Manual option.

Run!Control

UV-M range 0. 10 AU mjpos WA .
Time acc 0.0 min Flow Sep unit End

Detector

i — UV —Cond —TInjeéci Record chromatogram ‘R fie
i System wash...
] Column wash...
|0.l]l]08 Column Install...
l0.0006
0.0004
|
10.0002
0.0000
] 0.0 2.0 4.0 6.0 8.0
Run log

" Fig. 5.27. Pull-down menu Manual . .

s Pump :
This option-allows niew values to be set for the pump functions.
Conc B, Flow, Gradient, Wash, Fill, Empty and the Leakage
test can be 1n1t1ated (Fig. 5.28).
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5. Screens and menus

UV M range 0. 1I]
Time acc 0.0 ‘min Flow Sep unit

AU {nj pos

: FI ow..

Detector Gragienl... “

i gy T =—Cand “—Injéct Record chromatogram F \A_I'a§h... —
! System wash... Fill... . 1
! Column wash... Empty...
0.0008 Column Install... Leakage test...
|
0.0006
0.0004
i0.0002
0.0000 o . . - -

0.0 2.0 4.4 -6.0 8.0

Run log ]

Fig. 5.28. Pull-down menu Pump

Conc

Flow

B

The current concentration of eluent B is shown; a new
concentration can be entered.

The current flow rate is shown and a new value within
the available range can be entered.

Gradient

Wash

Fill

Empty

The current concentration of eluent B is displayed. Using
this function, the user can change to another
concentration which should be attained within a time
specified by the user.

This function is used for washing of pump cylinders A
and/or B. Both the inlet and the outlet port for the wash
liquid must be specified for both pump cylinders. This
function is used when the eluent is to be changed. The
system automatically calculates the compressibility factor
for the eluent after a completed wash procedure.

Pump cylinders A and/or B can be filled using an eluent
from inlet 1 (default) 2, 3 or 4. The current volume in
each cylinder is dlsplayed The filling flow rate can be

normal, 15:000-ul/min or low, 5 000 pul/min. Low is used |

with viscous liquids. To perform a manual pump fill

Pump cylinders A and/or B can be emptled and the
contents of the cylinders can be directed through outlets
1, 2, 3 or 4 (default). The current volume of eluent in the
cylinders is displayed. The flow rate for emptying can be
normal, 15 000 pl/min (10 ml cylinders), 30 000 pl/min

(20 ml cylinders), 75 000 pul/min (50 ml cylinders) or low,

5 000 pw/min (10 ml cylinders), 10 000 ul/min (20 ml
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5. Screens and menus

cylinders), 25 000 pl/min (50 m!l cylinders). Low is used
with viscous liquids. To perform a manual pump empty

. during a Separation method the run must be paused first.

Leakage test

Pump cylinders A and/or B can be tested for leaks as a
regular test of pump function. The inlet valve is
automatically switched to the closed position and the
cylinder is pressurised to a user defined pressure. If this
pressure cannot be maintained without adjustment of the

_piston position, a leakage has been detected and will be v
measured. If the piston position is maintained the test w1ll'_
‘'stop after 10 minutes.

 When an accurate reading of the leakage has been

obtained, the test will stop automatically and the leakége
in ul/mln is displayed for each cylinder tested. If the
colour of the background to the value is green, the

~ leakage is small and no action needs.to be taken. If the

background colour is yellow there is a small leakage that
may effect the result, if running at very low flow rate.
Repeat the leakage test and if the colour remains yellow
and you are using low flow rates, clean or replace the
piston seal, (see Section 6.4). However, if the background
colour is red, the leakage must be corrected by cleaning
or replacing the piston seal (see Section 6.4) or by

“remaking the titanium tubing connection between the
cylinder and the inlet valve (see Section 6.15).

The Break button on the Leakage Test window can be
used to stop the test at any time.

J Sep Unit :

Changes to functions relating to the pSeparation Unit
(Fig. 5.29).

Run View HOLD! PaUSe! CONT! End JSERIEIN Config Notepad Exit Help
Uy-Mrange 010 AU Inj pos Pum +| 0.0 MPa
Time acc ection valve ep End

Fractionation... R Detector EY
4 Frac stop! S | Record chromatogram "R fxe
i T l_.arge tube... ‘L S!s(em wash... T
. Goto tube... G | Column wash...
0.0008 Feed tube! T | Column Install...
Temp...
0.0006 Peak fractionation... P
0.0004
0.0002

In.0008 : : : -

i 1] 20 20 ] - X min
. Run log

Fig. 5.29. Pull-down menu Sep Unit
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5. Screens and menus

: Temp

Injection Valve
" The injection valve can be switched to the load, inject or waste
. position. '

For SMART Systems with an injection valve with an internal
sample loop, the valve positions for the internal loop can be set

- by using the load position for inject and the inject position for
load. The waste position is the same.

Fractionation
This function sets the parameters to control fractron collection.
~ For all programmed instructions, the delay volume is taken into
account: The following parameters can be set: -

- a) Fraction size :
~*+  This selects the requrred size of the fraction to be
-collected

b) Start at tube
- This function sets the tube number for the start of
fraction collection. To change the tube position during
fractionation the Go to tube function should be used.

c)  Needle position
This sets the position of the fraction collector delivery
arm to Up or Down. With the arm in the Up position the.
fractionation capillary will be just above the tube.
Complete drops can be collected. With the arm in the
Down position the fractionation capillary touches the
bottom of the tube, and a smaller quantity, or part of a
drop, can be collected. Fractions below 250 ul should be
collected with the arm in the Down position.

Frac stop
The fraction collector stops after the delay volume has passed.
The needle moves into the waste position.

Large Tube
Large fractions are diverted into tubes A, B, C or Z (Tube
Holder 48/8) after the delay volume has passed.

Go to tube
The fraction collector moves to the specified tube after taking
account of the delay volume.

Feed tube

The fraction collector feeds one tube after allowmg for the
delay volume

The current tern'perature in the uSeparation Unit is shown
together with the current target (set) temperature. Option

- buttons allow cooling to be switched on or off. When activated,

a new target temperature can be selected from the range”
ambient (maximum 30 °C) to +4 °C.

Note: Before activating coolmg, refer to Sectron 2 13
regarding the temperature of the cooling water
being circulated around the uSeparation Unit.

Peak fractionation
The Peak fractionation can be set On or OFF. The Peak
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5. Screens and menus

Fraction instruction can be used either to collect peaks in single
tubes or to divide peaks into smaller fractions. If only Peak
Fractionation is used, eluate between peaks will go to waste. To
collect the eluate between peaks the Fractionation function
must be programmed. In the Fractionation instruction the
needle Up or Down can also be selected.

The program takes account of the delay-vo'lume.

For a more detailed description of usmg the Peak Fractionation
function, see Section 4.7.

a).

Peak fraction size
This function defines the size of the fractlon to be
collected within the peak in ul. If the object is to collect

" many small fractions over a peak, the peak fraction size

should be smaller than the narrowest peak. If the ob]ect is
to collect peaks in a single tube, the peak fraction size
should be larger than the w1dest peak

Minimum peak width

‘For collection with peaks identified by level or slope, the

Minimum Peak Width is the minimum distance between
peak start and peak end. The programmed value should
be smaller than the narrowest peak..

" Level/Noise window

The programmed Noise window will protect from
accidental peak start and end detection caused by noise

Level/Peak start

A peak start is detected when the absorbance is above the
programmed peak start level. For the program to
recognise a peak start, the absorbance level must also be
above the lowest absorbance value since last peak plus
twice the noise window. '

Level/Peak end

A peak end is detected when the absorbance is below the
programmed peak end level. For the program to
recognise a peak end, the absorbance level must also be
below the highest absorbance value in the peak minus,
twice the noise window.

Level/Valley

When the Valley function is On, absorbance valleys can -
be detected above the Peak Start level. The fraction
collector will move to a new tube. The criteria for
identification of a valley is, that the absorbance level is 2 -

. % below the detected maximum absorbance level minus
the noise window, and that the absorbance ificreases-2 %

plus the noise window.

Slope/Peak start

" A peak start is detected- if the slope of the absorbance is

higher than the programmed value for more than 1/10 of
the programmed minimum peak width. :

Slope/Peak end
A peak end is detected when the slope of the absorbance
is steeper than -1.2 times the programmed value and
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5. Screens and menus

flatter than the programmed value for more than 1/10 of
the minimun peak width.

e)  Stop at : S
If activated, this fleld defines the end of fraction '
collection by peak detection. It does not effect ordmary
fraction collection if active.

J Detector
This menu (Fig. 5.30) has functions relating to the pPeak
Monitor. -

5 ) Run/Control
_____ un View | HOLD| PAUSE! " CONT! (ALY Manua Config Netepad Exit Help | ]
U¥-Mrange 0.10 °~ AU Inj pos | Pump. . +} 00 . MPa . O ]
" Timgacc ™ 0.0  min ° Flow Sep unit | - +! End ) )
o a 0 N
. Autozera ' Record chmma(ogxam h TN
1 Analog recolderoutput System wash...
- Column wash...
0.0008 Lamp control... )
1 -1 calibrate Column Install...
0.0006 7
0.0004
0.0002
L i
0.0000 i . — o I
U 0.0 2.0 4.0 5.0 8.0 i i
Run log 4
]
i
i
1
1
j
|
}

Fig. 5.30. Puli-down menu Detector 5

Wavelength

This function is used to set the wavelength(s), 190-600 nm, for
uPeak Monitor. One, two or three wavelengths can be
monitored simultaneously. For highest sensitivity, a single
wavelength should be used. T

N
s

Some eluents have a rapidly increasing absorbance at lower ‘ ]
wavelengths, e.g. methanol at 215 nm will change with 30 .
mAU per nm, which causes a higher noise level detecting at S
dual or triple wavelength. During detection with dual or triple
wavelength the rapid change in absorbance demands an exact
positioning of the grating when switching -between the different
wavelength positions. With the design in pPeak Monitor the
stepper motor can reposition the grating within 0.75 nm which

* means a wavelength reproducibility better than 0.05 nm. In .

- “case of the methanol at 215 nin this means a noise less than 1.5

- mAU. -

Detection at the'selected wavelength(s) will start at the L L
time/volume specified. When a wavelength change takes place == :
in a separation method, a New Chromatogram command will . ' j
be executed, so data from before and after the change will be
stored in separate chromatograms but in the same result file.

The primary wavelength is the wavelength used for peak
fractionation and may also be sent to the analogue recorder

AR e e A SR e o B
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output for analogue recording. This wavelength is included in
the ‘Regular Curves® diagram in the evaluation report. Curves
for all selected wavelengths can be printed afterwards in the
evaluation report using the ‘Free Choice Curves‘ option. =

The curves will automatically be given names consisting of the
eight last letters of the result file name, followed by an
underscore, the wavelength, the current chromatogram number
and a letter, A, B, or C, designating whether the chromatogram
is from the primary, second or third wavelength.

Example: MonoQ_12_254mhlA for primary wavelength
MonoQ12_254nm1B for second wavelengtll
: MoﬂleZ 254nm1C for third wavelength

If no wavelength instruction is programmed in the method the

monitor will use the previously set wavelength(s).

1f Record Chromatogram is actlvated it is not poss1ble to
change wavelength(s ) ‘

Autozero
This function is used to set the of the absorbance of the
wavelength(s) to a reference zero baseline at a specified
time/volume.

Analogue recorder output
This function is used to set the full scale absorbance
range for the analogue recorder output of the primary
wavelength. If the primary wavelength is changed during
the run, a downward mark will be made on the recorder
output

The Zero absorbarnce level can be sét to a percentage of
full scale, to make it possible to register the signal even if
the signal drifts below zero

To handle unexpectedly large signals, the signal to the
recorder is inverted (mirrored) when it reaches the upper
limit of the scale. Levels below the lower limit are
truncated.

Lamp control
The lamp can be manually switched On or Off. When
high sensitivity is required, it is reccommended to switch.
on the lamp to stabilize the detection system. It is not
possible to switch off the lamp when data from a manual
run or a Separation Method is displayed on the screen.

Calzbmte
* This function is used to start a wavelength callbratlon
~ Normally this is not necessary, sincé the monitor is
“automatically calibrated when the system is started. If the
" system has not been switched off for a long time a -
Wavelength not Calibrated warning might occur and the

Calibrate instruction can be activated. It is not possible to

use the Calibrate instruction during run.

Record chromatogram

This function turns on the Record Chromatogram function
when activated . This allows the results from a manual run to
be saved. After completing the manual run, Record

5:43

IR, AL v i) s

AR Lt 18 FML ML 5 L RSt



5. Screens and menus

T UvMrange 010 AU Imjpos .7 .

Chromatogram is activated a second time, then the user must
specify a Result File where the chromatogram is to be saved.
This function allows the data to be stored in a Result File when
no Separation Method is currently running.

System wash

This function allows a wash or partial wash of the system to be
initiated. The pump cylinder and inlets for the first and second
eluents can be selected. The wash can be either through the
injection valve to waste or through the Dummy Column and
flow cell to waste. The system wash takes a long time,
especially for larger pump cylinders. For quick washmg of the
system it is recommended to use the library methods '
SYSW10.MET, SYSW20.MET or SYSW§ 0 MET for the

,dlfferent cylmder sizes.

- Pre 0.0 . MPa
Time acc 0.0 min i End )
—U0Y¥ —Con) - ) . ’ ' e
O Wash through a Dummy column
: . @ wash through injector waste outlet
'0.0008
L ‘- First eluent oylinder —
0.0008 ®10203 04 oA ®B
0.0004 :
i ] Second eluent cplinder—
0.0002 #1203 04 ®& OB
4
0.0000
Al 0.0 2.0

Fig. 5.31. System Wash window

It is not possible to activate the system wash function while
running a Separation Method or recording the chromatogram
from a manual run.

Column wash.

This function initiates a column wash. First the ﬂow rate is
specified, then up to three eluents can be set. The duration
volumes of each eluent can be chosen. Each eluent (100 %) is

. pumped through the column in the specified order at the
specified flow rate. A- prewash can also be initiated to pmme the .

pump cylmder( ) before the run.
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5. Screens and menus

Run

- ' o Volume | i'ml N _

UV-M range 0.10
- Time acc 0.0

sy e With flow |
10- 2000
%u.unus Firsteluent - @10203 O4 cylinder
0.0006 Volume ml & T OA®B
0-0 ) prewash !
00']']4 L F— et e e e et
. X1 Second eluent ®1 O2 O3 O14 cylinder
0.0002 ] ®AOB

CONTl End Manual Contig

View HOLD! PAU

SEL ¢ tepad Exit Help

MPa

Column wash

| (X1 Third.eluent ‘®1020304  cylinder

[ ] prewash-

Volume Dml. OAOB :
S g-0 '

Fig. 5.32. Column Wash window

It is not possible to activate the column wash function while
running a Separation Method or recording the chromatogram
from a manual run.

Note: The user should follow the recommendations in the
Column Instructions before initiating a wash.

Column Install
This function allows the column to be installed or removed.

SRR -
i Yiew HOLD! PAUSE! (ONTY End Manua Config >
U-M range 0.10 AU Inj pos ? Pressure 0.9 MPa
Time acc 0.0 min Flow 0.8 imin Met status End
Remove Co
jessure

ERPC C2/C18, $C 2.1410 - -

The Separation Unit door must be closed before starting
Column Holder. Do not open the door until the Holder stops!

Column to install : pRPC C2/C18, PC 3.2/3
Current column  : [none]
Recommended pressure limit : MPa

Cutrent pressure limit 25.0 | MPa

Columns
Superose 6, PC 3.2/30
Superose 12, PC 3.2/30
Superdex 75, PC 3.2130
Fast Desalting, PC 3.2/10
ENRPC C2/C18, PC 3.2/3

Fig. 5.33. Column Install window

In the dialogue box the available columns are listed. If a
column is chosen from the list box the recommended pressure
limit will be displayed. The pressure limit can be changed in the
Current pressure limit edit box.
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5. Screens and menus

The pressure limit set will also be used when a Separation
Method is run, if the Column Set option was selected in the
method conflguratlon If a numerical value for the pressure was
entered in the method configuration, this value will be used
instead. For the uPeak Monitor the averaging time will also be
set according to the column installed, if the Column Set option
has been selected in the Method Edltor Configuration.

The column holder can then be moved up or down by clicking
on the UP or DOWN button respectively. This function cannot
be used when a Separation Method is running.

Conflg
SMART System has the ablllty to recognise some component parts of
the system and to read their current internal status. For example, the
system can automatically recognise the type of pump cylinders which -
are fitted. The system must also be informed of the current status of -
other components, but since the system is not able to recognise them, O
‘the operator has to enter their configuration manually. For example;
the mixer volume and type of fraction collector tube holder must be
entered manually. It is particularly important that the system is
_informed of the current operating parameters of the UV-M II-
Monitor; these must be entered by the user.

The Configuration entered in the method is the description of the
system and its components which are required to run that Separation
Method. This is entered in the Configuration window in the relevant
Separation Method. Before a run is started, the system makes an
automatic check to ensure that the actual current system
configuration is compatible with the configuration entered in the
Separation Method. This check ensures that the system can run the
method.

[ERU TR,
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Run/Control

o i
g_g_un View HOLD! PAUSE! CONT! End Manual [[TYEY N , i/ \,‘
U¥-M range 0. 10 AY Inj pos- (A System CO"“QU’a“D“ MPa T
Time acc™ 0.0 min Flow 0.0 User supplied configuration...
: Calibrate gradient monitor...
} ~—I¥ —Cond —Injection —Fraction —Pressure E
0.0008 £ :
[0.0005 i
K|
0.0004
0.0002
i
10.0000 :
B {[1K1] 2.0 4.0 6.0 : 8.0
- Run log - . .
%

Fig. 5.34. Pull-down menu Configuration

e  System configuration
This option shows the actual System Configuration. These !
values are automatically recognised by the system.
sS4k Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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e User supplied configuration

The user must supply this additional information about the

' syste_rn (Fig. 5735).

Run Vlew HOLDI PAU‘

UVMrange 0.10 . A

~Pump : PPrecision PUmp « -« - oo

~Separation Unit : uSeparatlon Unit -

Current bowl : Single row: 48-tubes
Cond range : IEX 0 - 0.3 M NaCl -

Mixer volume [l |

60}

| Loop volume [ i }

50

Delay volume [

12_

__(‘ON)'I"!. Evnd Manual anfig Nnil pmi Exnl Help

Inj pos 7 © Pressure 0.0 MPa

Detector UV-M Il momtor

@® 0.1

10

Range [AUFS] o 0.001

Tlme constant [s] ©0.1.®1.0 O10- Wavelength [nm].© 280 O 254 ® 214 , 214

00.002 ©0.005 0001 - O0.02 '00.0_5
002 ous O1l] o2.0

|

Fig. 5.35. User Supplied Configuration window

Fraction bowl
This specifies the type of tube holder fitted to the fraction
collector.

Conductivity range
This specifies the range for the calibration of the gradient
monitor. Four conductivity ranges are precalibrated. All
conductivity ranges can be recalibrated using the SMART
calibration option button or the Calibrate gradient
monitor instruction under the Config menu.

Mixer volume (ul)
This specifies the current volume of the mixer.

Loop volume (pl)
‘This speaﬁes the volume of the sample loop fitted to the
injection valve.

Delay volume (pl).
This is the dead volume of the system, from the detector
to the fraction collector. The exact volume is measured
for each system and stated in the Test Certificate enclosed

. with the SMART System. This value has to be entered in_
. the Delay volume edit box.

Detector range (AUFS) .
This should be the same as the absorbance range set on
the UV-M II detector.

Time constant (seconds)
This should be the same as the time constant set on the
rear panel of the UV-M II detector.
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5. Screens and menus

| Wavelength (nm)
This should be the same as the wavelength set on the
. UV-M I detector.

Note: It is important to ensure that the detector settings
are entered correctly.

. Conductivity calibration
This function allows calibration of the conductivity ranges.
Before activating the conductivity calibration the pump
cylinders must be filled with the right eluents and the Dummy
- column mstalled in the column holder.

A riew naine can be entered for the conduct-ivity range. ~

.Notepad

' Notepad allows the user to make notes durmg a run. Comments

entered are saved together with the Result Flle

LI Edlt _
This function allows the marked text to be edited, copied or
moved.

. Exit

This functlon exits from the notepad.

Exit

o Exit
This function exits from the Run/Control. If a Separation
Method has been run and a Result File been generated, a
dialogue box will appear with a choise to exit to the Method
File Contents or the Result File Contents. If no Result File has
been generated it exits to the File Contents window or Main
Menu depending on whether Run/Control was entered by
clicking on the icon or by selecting a method.

. Resume
This allows to resume the Run/Control window.

Help

e  Help for Help
This function describes how to use the Help command.

»  Extended Help
This function provides. general mformauon about the
Run/Control. More detailed 1nformat10n is given for each menu
~in Run/Control. - :

- e Keys Help

This function describes how to use the keyboard for specific
tasks in the Run/Co.ntro.l

. Help index
This function contains a complete list of all instructions in the’
Run/Control you can obtain help for.
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‘5.5 Evaluation

5.4.4 The Run Log

The Run Log in the lower area of the screen continuously records
details of all events in the run. Programmed events as well as manual
changes are recorded. System warnings and errors are recorded to
simplify trouble shooting.

The Run Log is saved in the Result File together with the Method -
and Chromatogram. Although it is possible to inspect the Run Log,
this documentation cannot be modified.

5.5. 1 Evaluatlon overwew

The results of a chromatographrc run can be evaluated in one of the

followmg ways:

® - by interactive graphic mampulatlon of the UV absorbance
- Ucurve

. by an automatic evaluatlon procedure

The two evaluation methods are closely related. As the user evaluates
the chromatogram manually using the interactive graphic display,
each step is recorded by the program. This record or log of the
evaluation forms the basis of the Evaluation Procedure which can be
saved and later recalled for the automatic processing of the results
from other runs.

5.5.2 Evaluation window

The Evaluation part of SMART Manager can be entered directly
from Run/Control if a Result File has been generated or by selecting
a Result File from the Main Menu and the Chromatogram card in

the File Contents window.

SMART Manager Overview ——I
Cancel
[ SHART Assistant |( HAIN _HE“U
Run step : rll,ethudsl .‘_Resu].tsl f]gggglgocéggllgton
METHOD RESUI.T
Selec un/Co 4 Ru.
g ggtto (—l B egﬁggl 4 4 EES ng

Edit method Run the SKART Systen . Evaluate result

Fig. 5.36. SMART Manager overview

For manual evaluation, the screen display for the chromatogram is
extremely flexible, with the operator able to choose a layout from
several different options (Fig. 5.37). The display selected can be
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5. Screens and menus

changed whenever necessary and can include other result curves for
reference and comparison. If the Chromatogram has been previously
evaluated and integration performed, the Peak Data Table is also
available.

N PEP Evaluatm T
F|Ie View Curves Integrate Report Exit Help

A: PEP_215nn2A B! PEP_ConcB2

=y

{010

) |.A'\.

RuniControl Main Menu

Fig. 5.37. Evaluation window

To simplify the process and to make the evaluation more precise, all
parts of the curve displayed on the screen can be enlarged. By
pressing and holding the left mouse button on a corner of the area to
be enlarged, the cursor changes to a pointing finger with a box
attached to it. By continuing to depress the mouse button while
moving the mouse, the box can be extended to completely surround

- the area to be enlarged. By releasing the mouse button, the area in

the box is fixed and magnified (zoomed). Once "zoomed", the curve
can be unzoomed by clicking on the Unzoom box in the top right of
the window.

The unit shown on the y-axis is changed by clicking on or to the left
of the y-axis.

- 5.5.3 Evaluation pull-down menus

File

The File pull-down menus (Flg 5. 38) are used to orgamse the Result
File. ‘
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5. Screens and menus

=
e
A

Prin

Ren

View Curves Integrate Report Exit Help

Save...
Save As...

Copy...
Delete...

Export...
Save Setup

_FEP_215nm24 B: PEP_ConcB2

t... T

ame...

+ , ‘ LA

Eval

uation Procedure... P |

' Copy To Clipboard...

0.04

" o2

Hun!Et;nlrpl Main Menu

Fig. 5.38. Puli-down menu File

Open

This function allows a curve or peak table to be opened and
transferred into a curve memory for display in the evaluation
window. The curve or peak table to be opened can be selected
from the current Result File, from another Result File belonging
to the current user or from another user's file.

A: PEP_215nm2% B: PEP_ConcB2

i8.08

ii0.04

it.02

’ Run!Cl;nllol Main Menu

] )
Gpen Curve

From Result File... open curves... and place in...
bs456263 PEP_Cond1 |A: PEP_215nm2A
bsa_04% PEP_Pressurel B: PEP_ConcB2
diff PEP_Flowl C: PEP_Cond2
mones19 PEP_ConcB1 D: Fractions
pep PEP 215nm1A E: PEP Pressure2
peptides PEP_280nm1C F:

rpcgrp86 PEP_254nm1B |G:

shiftl PEP_Cond2 {H:

shift2 PEP_215nm2A {l: PEP_Flow2
subtract PEP_280nm2C Ll:.lnjeclions

10.0 200 0.0 min]

-2

- Fig: 5_;39. Opeﬁ curve window
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Save -

This function is used to save curves or peak tables in the
current result file. The curves and peak tables can be selected in
the list box. A screen promptly warns if a curve or peak data of
that name already exists in the Result File.
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5. Screens and menus

Save As
This function saves the curves or peak tables from the

_evaluation under another Result File name entered by the user.

The result curves can be stored in the current Result File, in
another existing Result File or in a new Result File. If curves
and tables are saved in an existing result file they will be added
to the file contents.

Print
This function sends the currently displayed curve or peak data
to a printer. The user can specify the part of the screen window’

_to be printed and the printer parameters.

Copy

" "This allows | copymg ofa. Result File to a new or existing Result v

File. If copying to an existing fesult file, the old contents of the
file will not be available. A Result Flle can also be copled from
another user. .

Delete

“This alloWs a Result Flle to.be deleted Conﬁrmatlon must be

given. The current Result File and other users' files cannot be

deleted.

Rename

This allows a Result File to be renamed. The user selects the file
to be renamed from the list and then types in the new name.
The current Result File and other users' files cannot be
renamed.

Export

Information from SMART Manager can be exported to other
software, such as spreadsheet or graphic programs. Two
formats are available for the exported files, ASCII and WKS.

PER - Evaluation
il View Curves Integrate Report Exit Help

Open
Save...
Save As...
Print...
Copy...
Delete...
Rename...

Save Setup

#| PEP_215nm2A B: FEP_ConcB2 (\)

eak Table...

Evaluation Procedure... f . Method...

Copy To Clipboard...

Eval Proc...

0.04

0.02

\;_Lr

RuniControl " Main Menu

Eval Log...
Run Log...

Fig. 5.40. Pull-down menu Export

Export curve
Curves or part of curves can be exported. In the dialogue box
the curve to be exported, export format and where to export
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the curve is selected. The exported file is placed in the User

~Directory if a path name is not included in the file name.

To export a part of the-curve; the limits can be setin the edit
boxes under Cut Curve or by using the CUT GRAPHICALLY

~ option button. When Cut Graphically is selected a window

with the curve appears and the limits can be set with' vertical
drag bars on each side of the window.

At the bottom of the Export Curve dialogue box the number of
data samples to be exported can be set. If all data points are to
be exported the reduction factor should be set to 1. If high
resolution is not needed in the exported file, a higher reduction .
factor can be selected. The number of data samples in ‘the

" exported file w1ll be dlsplayed

~File formats: An exported ASCII file w1ll have two columns,

one containing retention time/volumes and one containing the

_corresponding cuive amplitudes. An'exported WKS file, which

" can be used by spreadsheet programs will contain the curve

. name in the top left cell (A1) and two columns of data. The B
‘column will contain the retention data, the C column will

contain the corresponding curve amplitudes, both starting on

- the row 2 in the spreadsheet.

Export Peak table

This function is used to export a peak table. In the dialogue
box the peak table to be exported, the export format and where
to export the peak table can be selected. The exported file is
placed in the User Directory if a path name is not included in
the file name.

File formats: An exported ASCII file will contain those columns
that have been specified using Peak window layout under the
menu View. An exported WKS file contains the whole peak
table independently of what is specified in Peak window layout.

Export Method

This function is used to export the current Separation Method.
In the dialogue box the part of the method, export format and
where to export the file can be selected. The exported file is
placed in the User Directory if a path name is not included in
the file name.

Export Eval Proc '

This function is used to export an Evaluatlon Procedure in the
current Result File. In the dialogue box the Evaluation.
Procedure, the export-format and where to export the file are
selected. The exported file is placed in the User Dlrectory if a

path name is'not mcluded in the flle name,
- Export Eval Log '

This function is-used to export the Evaluation log in the current
Result File. In the dialogue box the format and where to export

“the file are sélected. The exported file is placed in the User
.Directory if a path name is not'included in the file name.

Export Run Log

This function is used to export the Run Log in the current
Result File. In the dialogue box the export events (Occurrences,
Warnings and Errors), the export format and where to export

5-83
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5. Screens and menus

the file can be selected. The exported file is placed in the User
Directory if a path name is not included in the file name.

e - Save setup :
This function saves user specific settings as parts of the curve
window layout, the Peak Window Layout and the Specify
Report Contents.

o Evaluation Procedure
This function accesses the Evaluation Procedure. As default the
evaluation log is shown in the evaluation procedure window.
The Procedure is identified by a name and contains the
following functions: -

-File .. : :
-Neu/ clears the evaluatlon procedure wrndow and gives
- the possibility to enter a new procedure name.

Open loads an Evaluation Procedure selected from the
Method File belongmg to'the current user or from
another user's Method File.

Save saves the current Evaluatlon Procedure under a new
file name in an existing Method File.

Print prints the current contents in the evaluation
procedure window.

Open log opens the log of the current evaluation.

Export is used to export the contents of the evaluation
procedure window to an ASCII or WKS file. In the
dialogue box the format and where to export the file are
selected. The exported file is placed in the User Directory
if a path name is not included in the file name.

Rename And Delete is used to rename or delete

~ Evaluation procedures stored in the current Result or
Method file.

Run
This function runs the Evaluation Procedure on the
current Result File. A warning is given that running an
Evaluation Procedure will change data.

Exit
This function terminates the Evaluation Procedure
window.

. -Copy to clipboard

This function copies the currently displayed curves or peak data |

 to the clipboard. The user specifies which part of the wmdow
“to be copled :

" View:

The View pull-down menu is used to select the items and layout for
the screen display (Fig. 5.41)..
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PEP - Evaluation

File ¥ Curves Integrate Eeportlgxit' Help: )
¢o onte Snn24 B: PEP_ConcB2

| Window Layout.... - - L

; Curve Window Layout...

‘0.10 | Peak Window Layout...

Change Base To: mi

Flunl('..‘énhol Main Menu

Fig. 5.41. Pull-down menu View

J Select Window Contents '
This allows the user to select the curves and peak data to be
displayed in each screen window. For example, a selection can
be made from the signals saved in the current Result File. These
can be UV, conductivity, programmed % B, flow rate, fraction
marks, injection valve events, pressure and temperature. The
user can select up to eight curves from the list for display in the
window.

*  Window layout
This function allows selection of the layout of the windows on
the screen. Several options are displayed, including a single
curve window, two curve windows, three curve windows, one
curve displayed in one large and one small window, one curve
window together with a peak data window, two curve windows
and a peak data window, peak data window alone.
Alternatively, by choosing "free layout" the user can determine
the number of windows and the percentage of the screen to be
used by the different curves and peak data.

J Curve window layout
~ On both the x- and y-axis, the scaling can be either automatic
-(default) or fixed. In Automatic, SMART Manager sets the
scale according to the total run time or volume, and the y- axis
is scaled accordmg to the s1gnal in the curve.
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.

Flle Vlew Curves Inlegrate Report Exit Help

. BER:- Evaluation; -

Curve Wmdow Layout

Flun'lcentrel Main Menu

X-agis stale o -
| @ Auto O Fix

, @ Time O Volume

~Y-axis scale
“@®Aute . OFix

[ Use different line Iyﬁes
[ Numerical readout

[X] Draw eve-ly sample

"rMark peaks ———————— | - . N
3 Horizontal text ’ L’LJ -
@ Retention :O Number | M ot

300

Fig. 5.42. Curve window layout

"If Fixed is selected, another dialogue box is displayed where the

user enters the left and right limits for the x-axis and the
maximum and minimum values for each unit on the y-axis. If
UV-absorbance curves from several wavelengths are evaluated,
up to three different y-axis scales can be used. Any additional
curves will have the same scale as the first specified curve, at
the top of the dialogue box. Curves detected at the same
wavelength will always have the same scale. The scale is always
the same for all curve windows.

Different curves are displayed in different colours. In addition,
each curve can be displayed with a different line type.

The numerical readout box can be activated to give the X and
Y-magnitude at the current cursor position. The readout box
can also be activated by clicking on the xy-icon in the upper left
corner of the curve window. By clicking on the numerical read
out box in the curve window, the read out shifts between the
different curves on the screen.

- With the field marked Draw every sample activated, the curves

draw every data point sampled. This function gives better data
resolution, and ensures that the highest peak point is visible.

However, the curve is drawn more slowly when this functlon is -

activated.

The peaks identified for i 1ntegratlon can be indicated by e1ther
the retention time (default) or the peak number, and the text
can be written horizontally or vertically. -

Peak window layout -

This function selects the peak data colurnns to be hsted in the
peak table (Fig. 5.43). Data is only dvailable for ¢éither time or
volume depending on the currently used base.
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5. Screens and menus

Eile View Curves Integrate Report Exit Help

@ B ————

Peak Window Layo 1 )

Select peak table columns

Retention [lime base
Retention [volume base

D: Fractions F: RPPERKDD 21tnmld

TV

. . Ped.
No . Ret Peak st Height
(min) (m (mAU) . -
1 -13.81 -13 57.883
2 -13.37 . -13 59.904
3 -10.76 . . -11 30.167 ..
.4 11.28 . 11f - o 1,572
5 13.85 13§ - 17.738
6 -15.61 151 . J3.114.
) 1.782

7 __16.49 16 ey — w654

=B =5

RuniContro! - Main Menu

Fig. 5.43. Peak Window Layout

The user can select from the following information

Retention time base
- current retention time

Retention volume base
- current retention volume

Duration (time base)
- duration of the peak in minutes

Duration (volume base)
- duration of the peak in millilitres

Area (time base)
- peak area using time as the base

Area (volume base)
- peak area using volume as the base

Height

- height from the baseline to the peak maximum (Fig. 5.44)

|
|<.-_;__;- _.'..‘--.‘-'..'.__;:-----.-..-'

Fig. 5.44. Height from baseline to peak maximum
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5. Screens and menus

Left limit retention (time base)
- retention time at the peak start

Left limit retention (volume base)
_ - retention volume at the peak start

Right limit retention (tlme base)
- retention time at the peak end

nght limit retention (volume base)
- retention volume at the peak end

' Width at half helght (time base)
- width-in minutes at half he1ght

| Width at half helght (volume base)
- width i in millilitres at half he1ght (F1g 5.45 )

RN L U Y

e ol A T i

Fig. 5.45. Width at half height
Percent of total area (tifﬁe base)
- percentage of total area above the baseline (time)

Percent of total area (volume base)
- percentage of the total area above the baseline (volume)

Percent of total peak area (time base)
- percentage of total peak area which is integrated

Percent of total peak area (volume base)
- percentage of the total peak area which is integrated -

Type of peak limits
- -drop is selected for untesolved peaks; not drop selected for -
resolved peaks (Flg 5. 46)

5:58 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

L IR e il e e

b Ho e ¢ i e A e SALEREa - <. 1 AU



5. Screens and menus

Fig. 5.46; Type of peak limits: a) drop, b) notdrop

" Height at left limit
- helght in AU above the basehne at the peak start (Flg 5. 47) :

Fig. 5.47. Height at left limit

Height at right limit
- height in AU above the baseline at the peak end (Fig. 5.48)

Fig. 5.48. Height at right limit
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5. Screens and menus

Fraction tube i.d.

- number of fraction collection tube at peak start, maximum
and end.

Baseline height -

- height of the baseline at the peak maximum, peak start and
peak end (Fig. S. 49)

Fig. 5.49. Baseline height

Programmed gradient height

- programmed gradient output for a specific peak maximum,
start and end (Fig. 5.50)

Fig. 5.50. Programmed grédient height

Conductivity height

- conductivity curve output for a specific peak maximum, start
and end (F1g 5. 51)
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* . Fig. 5.51. Conductivity height

o Change base to mm/ml
" This function allows the user to select the base for i integration. -
This change can only be made before integration or before any
other curve operation. After integration or any other
calculation, the option disappears from the menu.

Curves

The Curves pull-down menu can be used before integration to handle
the curve data in a number of ways (Fig. 5.52). Curves resulting from
these processes are identified by new file names and can be displayed
in the specified window as Curves A - Q. In most cases, a further
window appears when the functions described below are activated.
The resulting curves are stored in a temporary curve memory. To
store the curves in the Result File, the function File, Save or Save As
must be used.

PEP - Evaluation .

| File View xR Integrate Report Exit Help
Add nm2A B: PEP_ConcB2
Subtract... -
Dyide... Ny

!0_1 i) Cut... :C
Copy/Rename... K

] Clear...

Create... 4

008 Shift... o
Smooth... H
Normalize...

0.06 Differentiate... D

' Fraction Histogram... 'F

Pool Fractions...

0.04 Create Histogram...
Undo

RunlControI Main Menu

Fig. 5.52. Pull-down menu Curves

e Add

This function adds two curves together to create a third curve
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5. Screens and menus

which is stored under a specified curve name. The operator can

~ either accept the default curve name or enter another. This

function can be used to obtain a view of how the results of a
run on a complex mixture might appear, if chromatograms
from less complex separations are added.

Subtract

This function subtracts one curve from another curve to create
a third curve which is stored under a specified curve name. The
operator can either accept the default curve name or enter

another. By subtracting the results of a blank gradient run from -

the results of a run with a sample, the intetference caused by
the gradient can be removed.

"~ How to subtract a baselme is descrlbed in Sectlon 48, 13

Divide

This function d1v1des one curve by another curve to create a
third curve which is stored under a spec1f1ed curve name. The -
operator can either accept the default curve name.or entér . -
another. This function can be used when mvestlgatmg the ratio
between two curves when studying peak purity and peak
identity. The user can enter threshold values for the curves to
be divided. If the amplitude of one of the curves is below the

“threshold the ratio is set to 1 in that point.

How to calculate absorbance ratios is described in Section
4.8.15.

Cut

This function allows part of a curve to be extracted from the
complete curve. This function can be used when studying a
small part of the curve or to remove any part of a curve which
is not required when comparing two curves. The part of the
curve cut out can be saved under another name, using the Save
As function.

When Cut is activated, the user can specify the cut position
either by positioning the left and right drag bars or by clicking
on the left and right x-position co-ordinates and typing in the
new value. Clicking on OK initiates the cut.

Copy/Rename

This function copies a curve from one curve memory to
another: The user specifies the curve names of the source and
destination curves or can accept the default destination curve
name. This function will not effect the curve names in the
stored result file.

" Clear

‘This function clears a curve from ' the curve memory, not from

- the Result File. The user spec1f1es the curve name to be

removed.

Create

This function allows a basehne to be created from points Wthh
are specified by pointing-and clicking with the mouse or by~
typing in the x- and y-values of each point. The inserted points
can be shown in a Points list box. The Create Curve window
(Fig. 5.53) also displays the x- and y-values at the current
position of the cursor.
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-

PN

o BER-Eealualion o oo e iR
File View Curves Inlegrate Report Exlt Help ) :
4: PEP_215nm24 B: PEP_ConcB2

. Create Curve
0.10 File Draw Curve Points Zoom! Exit! Help!

35.36 min 0.10000 AU

2.0 £ 13.36 -0.02000
%25.01 0.03000
0.06 15 f} :
|
fooa | o

4 g'!u 50 TLIAT) 10 FATAI i IEBTH_M'H;_ _ min

HUn!C;non Main Menu_ -

F)‘g. 5.53. Create Curve window

The foliowing pull-down menus are available;

File
Open Help Curve 1 opens a specified help curve to assist
the user when creating other curves. Help curves are
selected from the curves in the curve memory.

Open Help Curve 2 opens another specified help curve.
Clear Help Curve 1 clears the help curve 1.
Clear Help Curve 2 clears the help curve 2.

Set Axis Scale allows the user to type in the minimum and
maximum values required on the x- and y-axis. It is
important to have the correct values on both axis as the
default values can be high, which means that help curves
run at high sensitivity appears as a straight line if the y-
axis is not rescaled.

Save Created Curve saves the created curve. The user can
accept the default name or type in his own choice. This
function only stores the curve in the temporary curve
memory. To store the curve in the Result file, the
function File, Save must.be used. '

Close Window closes the Created Curve window. If the
. curve is not saved a Warmng is glven

Draw Curve -
-Draw Spline calculates and draws a spline curve bétween
the marked points. This is asmooth curve which may not
pass through all points.

Draw Through Points calculates and draws through the
marked points.

Clear Drawn Curve deletes the drawn curve.
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C.LA

Points

View Point List displays the box showing the list of all
~marked points in minutes or in millilitres.

~ Set Point sets a new point by displaying a box where the

x- and y-values (time or volume and amplitude) of each
‘point can be entered by the operator.

Delete Point deletes the point specified by the user. The
point to.be deleted is selected on the point list and.then
Delete point is selected. The time or volume and the

.. amplitude of the marked point is displayed for the user's

confirmation. Points can also-be deleted by double-
clicking on the point in the point list.

Delete Last Pomt deletes the last pomt entered

. Delete All Points deletes all points and the 1nterpolated

curve after conflrmatlon by the user.

Zoom

. Shift

This function moves and changes the specified curve in both the

Zoom changes the cursor to a pomtmg hand, Wthh can
be used to magnify a part of the curve. Place "the cursor in
the corner of the area to be magnified, and keep the
mouse button down. Mark the area to be magnified and
release the mouse button.

x- and y-directions, that is in the retention and the amplitude
scale. Shift retention and shift amplitude are used for moving
the curve, while multiply retention and multiply amplitude are
used to multiply the curve by the required factor. The shift
offset value and the multiplication factor is entered by the user.

A: PEP_215nm2A B:. PEP_ConcB2

0.10 Shift Amplitude
TIJ amplitude of... add effset... and store resultin...
:0.08
B PEP_ConcB2
iC: PEP_ "Cond2 P ‘G:
E PEP Pressure2 | +(0.25000 | AU = H:
0.06 1I: PEP_| Flow2 ‘ I ' l——————‘ I: PEP_Flow2"
{K: PEP_254nm2B . il Injections
L: PEP_280nm2C K: PEP_254nm2B
0.04 7% &
0.02 . ;
AMP_:SHIFT[A. F._ 0.250000 ) "
-10,0 0.0 10,0
RuniControl

Main Menu

Fig. 5.54. Shift amplitude window

Shift can be used when two curves are being compared on the
screen. A useful application for multiplication is to correct the
absorbance signal when the incorrect detector settings for the
UV-M II monitor, have been entered in the User Supplied
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_' Autoregresswe :

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Conflguratlon The Multiply amplitude can also be used to
make a mirror image of a curve, by multiplying the curve with
-1.

How to use Shlft Amplitude and Multiply Amphtude is
described in Section 4.8.12 and 4.8.14.

Smooth
This function smooths the spec1ﬁed curve with a filter selected
from Moving average, Autoregressive or Median.

Moving average : :
This is a simple way of filtering regular noise. The width
- in minutes is set to either light for a small width and light
*filtering or hard for a larger width and harder filtering. -
'~ The program calculates the average value of the s1gnal
_ W1th1n that time. :

“This is'a more eff1c1ent filter for regular noise. A filter -
constant value is set; the higher the constant the more
" efficient the flltermg

Median
This filters occasional noise such as air bubbles It should
not be used for periodic noise. A width which is more
than twice the width of the noise peak should be entered.
The program calculates a medium value of the signal
within that time.

Normalize 1
Normalize allows a specified curve to be normalized to another
curve when comparing the two curves. The scaling can be
changed in all directions manually or automatically using the
Normalize function.

[EURRY Y TR

The curve to be normalized is displayed within a frame which is
used for manual normalization. By clicking on an area within
the frame and keeping the mouse button depressed, the curve in
the frame can be moved to any position in the window. It is
then fixed in that position by releasing the mouse button. In
addition, the four sides of the frame can be used individually to
change the size of the curve. By passing the cursor over one side
of the frame, it changes to a double-headed arrow. By clicking
and keeping the mouse button depressed, the active side of the
frame can be moved to another position to re-size the curve. i

Thejfollowing pull-down menus are available: L
File

Open Help Curve opens a spec1f1ed help curve Wthh isto - ’[, -
be compared with the curve to be normalized. ' -

 Clear Help Curve clears the help curve.

Save Normalized Curve saves the normalized curve in a

temporary curve memory. The user can either accept the
default name or type in his own choice. To save the curve - |
in the Result File, the function File, Save must be used. :

Close Window closes the Normalize Curve window. If
the curve is not saved, a warning is given.

L.£LK
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Normalize
Highest peak normalizes the retention time of the
specified curve on the highest peak. The highest peak in
AU in the normalized curve is given the same retention
time as the highest peak in the help curve.

Move
' This function moves the specifie'd'curve in relationship to
the help curve. By clicking on Move, a hand cursor
~appears in the centre of the rectangle. The hand can be
moved to any position required and can then be flxed by
chckmg once agaln
Size
" This functlon allows the size of the spec1f1ed curve to, be ‘
' changed. '

J Differentiate s '
~This function calculates and shows, the derivative of the curve .
specified and stores the result in a temporary curve memory;
under the default curve name or a name entered by the user.
The 1st (default) and 2nd order derivative and the inverse
derivative can be calculated.

The inverse derivative is used to compare the amount of sample
resulting from different runs. The height of the curve is equal to
the accumulated area above zero. The inverse derivative is
equivalent to the mathematical integration of the-curve.

The 1st and 2nd order derivatives are used to study the peak
shoulders when searching for impurities.

The Differentiate function can also be used to determine the
slope limit for baseline calculation, see Section 4.8.7. It an also
be used to calculate the slope of peaks for Peak Fractionation
with slope’detection, see Section 4.7.2.

. Fraction histogram
This function automatically creates a bar diagram of the
specified curve with the bars starting and ending at the fraction
marks.

When using this function on the UV absorbance curve, the total
UV absorbance in each fraction is displayed. When used on the
conductivity curve, the salt concentration in each fraction can
be calculated.

o Pool fractions " o
This function allows v1suahsmg fractions that has been pooled
together. A new fraction mark curve is created. To visualise the
- effect of this on the absorbance, another fraction histogram can
“be'created using the new pooled fraction mark curve.

¢  Create histogram : ‘

- This function creates a histogram from any data entered by the
user within each fraction. It can be used to store and present
activity data together with the chromatogram. The fraction
mark record is selected and the Create /histogram window is
displayed. Points can be entered and the histogram calculated
using the Draw Curve function.

File
Open Help Curve 1 opens a specified help curve to assist

iy Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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the user when creating the histogram. Help curves are
selected from the curves already stored in the Result File.
Help curve 1 is fraction marks.

Open Help Curve 2 opens another specified help curve.
Help curve 2 is the UV curve.

Clear Help Curve 1 clears help curve 1.
Clear Help Curve 2 clears help curve 2.

Set Axis Scale allows the user to type in the minimum and
maximum values requlred on the x- and y-axes.

" Save Created sttogram saves the created hlstogram ina
.temporary curve memory. The user-can accept thé default
‘name or type in his own choice: To store the created

histogram in the Result Filé, the function Flle, Save must
be used. :

Close Window closes the Created Curve: wmdow If the -

CLII‘VC is not saved a warnlng lS glVCl’l

Draw curve

Draw Spline calculates and draws a spline curve between

the marked points. This is a smooth curve which does not -

pass through all points.

Draw Through Points calculates and draws through the
marked points.

Draw Histogram calculates and draws a histogram using
the marked points. :

Clear Drawn Curve deletes the drawn curve or
histogram.

Points

View Point List displays the box showing the list of all
marked points in minutes or in millilitres.

Set Point sets a new point by displaying a box where the
x- and y-values (time or volume, and amplitude) of each
point can be entered by the operator.

Delete Point deletes the point specified by the user. The
point to be deleted is selected on the point list followed
by Delete point. The time or volume and the amplitude of
the marked point are displayed for the user's
confirmation. Points ¢an also be deleted by double-
clicking on the point in the point list.

~ Delete Last Point deletes the last point marked"
Delete All Points deletes all points and the 1nterpolated

curve after confirmation by the user.

Set Actz,vzty_l’ozn__t sets a point. in each fraction. The poi'nt_ -

is entered numerically.

Zoom

This function allows any part of the Create Histogram
window to be enlarged. This allows the points marking
the new curve or histogram to be selected more
accurately. By clicking on Zoom, the cursor changes to a
pointing finger which is used to draw a box around the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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area to be enlarged. When the mouse button is released,
the area is magnified. After enlarging, clicking on
Unzoom returns the area to its original size.

e Undo :
This function cancels the last operation in the curve menu.
Integrate

The Integrate function performs the integration calculation according
to the parameters set by the user (Fig. 5.5 5), or with the settings
automatlcally gwen by the program.

PEP - Evaluatmn

! ew Cuwes [IMEHIGIEN Report Exit Help
] Calculate Baseline.. ]
i ) 7| Edit Baseline... E
. Peak Inieglale... : i
0.10 Reject Peaks... '
) Peak Window... .
" Negative Peaks... N
110.08 Clear Peak Table... '
Copy/Rename Peak Table...
l0.06
:0.04
:0.02 J JvJ
JRRINE
:0.00 /\/—'Iﬂlr A v
-10.0 0.0 10.0 20.0 30.0 min_i}
'-,:
RuniContiol Main Menu

Fig. 5.55. Integrate window

Calculate baseline

A baseline can be calculated for the specified UV absorbance
curve. The parameters used for the calculation are the shortest
baseline segment in minutes or millilitres and the noise window
in AU. Suitable values for all parameters are suggested by the
program.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Flle Vlew Curves Integrat(e\ Repon Exnt Help

5 PEP- Evaluauun

- Calculate baseline from... __ and store baseline in...
FA: PEP 215nm2A il
.PEP_ConcB2
PEP_Cond2
PEP_Pressure?2
i1: PEP_Flow?2

K: PEP_254nm2B
‘L PEP_280nm2C

PEP_Flow?2
1J: Injections
‘K: PEP_254nm2B

L EP_ 23l]nm2C .

F: §PEF'_21 Snm2A@A,BASE]

l’Pal t >

 Shortest baseline segment ' min -
. ] Noise window - 0.000438| AU

CALCULATE_BASELINE( A, F, 0.00044, 1.1200°
0.002157, 0.111359)

-] ]
BuniContiol Main Menu

Fig. 5.56. Calculate Baseline window

i’
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Further parameters can bé changed by clicking on the MORE
button.

Maximum baseline level is the highest acceptable absorbance
value for the baseline. The default value calculated by the
program can be accepted for most applications except when the
peaks are very wide and flat.

Slope limit is for the baseline the highest acceptable slope in
AU/min.

A search on the chromatogram identifies baseline points
according to the selected limits. The baseline is calculated as a
smooth curve through all the fixed baseline points.The
calculated baseline is stored in the curve memory. To store the
baseline in the Result File, the function File, Save must be used.

Fore a more detailed description of the baseline parameters,
please see Chapter 4, Section 4.8.7.

Edit baseline

The calculated baseline can be changed using the Edit Baseline
window. Baseline points can be deleted or added by chckmg on
the curve or by using the Points list box.
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A: PEP_215nn2A F: PEP_215nm24@A, BASE

1i0.04

10.02°

Hun![f;ntfol

___.__.._J— bl 1

- Edit Baseline
- File Baseline Points Zoom! Exit! Help!

: 1 29.07 min 0.03667 AU
10.10

: U
4 6.59 0.00029,
6.80 0.00034
0.00037
0.00044

0.00051.

-10.0 0.0 ]I]l]>

Main Menu

Fig. 5.57. Edit Baseline window

The following pull-down merius are available:

File

Open Help Curve 1 opens a help curve to assist the user
when creating other curves. Help curve 1 is as default the
UV curve from the Result File.

Open Help Curve 2 opens a second help curve. Help
curves are already stored in the current Result File. Help
curve 2 is as default the calculated baseline.

Clear Help Curve 1 clears help curve 1 from the screen.
Clear Help Curve 2 clears help curve 2 from the screen.

Set Axis Scale allows the user to specify the minimum and
maximum values for x- and y-axes.

Save Edited Baseline saves the baseline curve in the curve
memory at a selected position, under either the default
name or under a new name entered by the user.

Close Window closes the Modify Baseline' window

. Baseline

Draw Baseline calculates and draws the baseline curve.
This produces a smooth curve which may not pass

- through all the marked points.

Clear Baseline clears or deletes the newly drawn cutve.:

Points . . - o o -
. View Point List displays the box listing the values of all -

marked points.

Set Point sets new points by displaying a box where the
x- and y-values can be entered by the user. Points can
also be added by clicking directly at the desired position
on the screen.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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File View

Delete Point allows a point on the points list to be
_specified by the user and to be deleted. The point can be
,spec1f1ed either by highlighting on the list box or by

typing in. A point can also be deleted by double-clicking

on it in the point list.

Delete Last Point deletes the last entered point.

Delete All Points deletes all points and the mterpolated
curve after confirmation by the user.

Zoom '

This function allows any part of the newly created curve
to be enlarged By clicking on Zoom, the cursor changes
to-a pointing finger. The area to be enlarged is then .
identified by drawing a box around it while keeping the

- . mouse button depressed. When the mouse buttonis
‘released, the box is magnified. After enlarging; Unzoom

a.Leturns the curve to the original size.

Peak Integrate
This function performs integration on the curve specified by the -
operator. The user also specifies a name for the resulting peak
table.

:0.10

+0.08

10.04

10.00

R unlConhoI

XY | Integrate curve... and store resultin...

iB: PEP_ConcB2 {Peaktable-B:

iC: PEP_Cond2

:E: PEP_Pressure2

gF: PEP_215nm2A@A.BASE
1 PEP_Flow?2

@PEP 254nm28

A PEP_215nm2A
O Calculate

@® Use: F: PEP_215nm2A@A,BASE
i O Select other curve

J\ O Zero bhaseline

SUB(A. _, _])
==} PEAK_INTEGRATE{

B 5

Peaktable-D:

g
o
o
=
®
=
6]
m

: B —
Peaktable-A: {PEP_2150m2A@41

_........_.____.‘

_.A,0,000)

Fig. 5.58. Peak Integrate window .

The baselme is selected from the followmg options:

Calculate creates a new baseline usmg the same procedure asin -

the Calculate Baseline functlon

Use uses the latest baseline- created in the Calculate Baseline - -
function. -

Select other curve uses the curve already created using the
Calculate Baseline function or another curve, such as a curve
generated by a blank run. The curve of choise is selected from
the curve memory list box that appears after clicking OK in the
Peak integrate window.
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Zero baseline uses a straight line located at 0 absorbance units
as baseline.

After performing the integration, the curve is redrawn showing
the peaks identified by number or retention time in the peak

search as selected in View, Curve Window Layout. A Peak Data

‘Table is produced with. all items chosen in View, Peak Window
Layout. These include the peak number, retention time, left
limit, right limit, duration, area and he10ht listed for all peaks

1dent1f1ed

*. Reject.Peaks : '
This function sets the peak size limits for 1dent1f1cat10n by the
program during integration. The parameters are:

- Height is at least sets the minimum peak height in AU

- Width is at least sets- the mrmmum width at baseline of the peak
in minutes or mllhhtres

S g R

<77

RN TR TR T RGETT LI Hi
‘Aredq is at least sets the minimum area (AU x minutes or AU x

. millilitres) of the peak

Peak area is one of a number of t/ae la;gest sets the total
number of peaks to be identified

If integration has been performed prevrously, the Peak Integrate
window appears again so that integration can be performed
using the the reject peak limits. Peaks outside these size limits
are rejected and do not appear on the Peak Data Table.

*  Peak Window
This function selects a part of a curve on which peak
integration is to be performed.

i R
File View Curves [ntegrate Report Exit Help
A: PEP_215mnm2A F: PEP_215nm2A@A BASE

Set Peak Window
Right: 27.09333 min  OK!

0.08 | Left: 1.49333 min Cancel! H

0.10

0.00 ‘\_/—1—

T, 0.8 ]

. .
RuniControl *

Fig. 5.59. Peak window

In the Peak Window the curve is selected. The Set Peak
Window screen is displayed and the part of the curve to be
integrated is selected by using the drag bars or by typing in the
minimum and maximum values. This function can be used

when individual parts of the chromatogram are to be integrated
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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separately using different integration parameters. After setting
the part of the curve to be integrated, the Peak Integrate
window appears so that integration can be performed.

. Negative Peaks
With this function it is possible to select if negative peaks
should be accepted or not during integration.

Report

The Report function allows selected data to be sent to the printer,
plotter or screen display. The user selects the items to be included in
the report. . S . o :

PEP - Evaluation

i6.06

Generate Report...
Edit Notepad...
Ry SRR ISR TEIRT IR T WY LRIt S
-10.0 0.0 10,0 20.0 300 mjn..]
uniControl Main Menu

Fig. 5.60. Pull-down menu Report
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Specify Report Contents

This function selects the items to be included in the report
(Fig. 5.61). Sub items can be selected for each item. The
available sub items will appear in the right hand list box when
clicking on the Sub items option button.
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Flle Vlew Curves Integrate Repon Exn Help

.. PEP- Evaluation o i Rary

0.02

Juisishpben - Aainbitdd kR g

Run!Control Main Menu

A4: PEP_215nw2Ad F: PEP_215nm2A@®A3, BASE

' vSpecify Repaort Cuntents .

~Include in reponmwﬂ Sub nems o8 Chemistry E
lE Header Configuration
] Method Main Method
; Sub Methods
O Run Leg ;

lXI Regular curves

EI Free choice curves’
"} Evaluation Log

X Peak data

e = ‘
o —>

X 100 200 [ T |

n .- ERRRLIRE BT KT T RERID ST

Fig. 5.61. Specify Report Contents window

‘Items can include the following:

Header (default) including the sub items current user, run user,

current date and time, run date and time, report title, name of
Result File, Method name, frames and notepad

Method (default) including the sub items Chemistry,
Configuration, Main Method, Sub Methods

Run Log including the sub items occurrences, warnings and
errors

Regular curves (default) including the sub items
Chromatogram, gradient conductivity, programmed gradient,
fraction marks, baseline, programmed flow

Free choice curves, the curves of choise are selected from the
curve memory when generating a report

Evaluation Log
Peak data (default)

Generate report
This function sends the report to the printer, plotter or screen.

. The user can spec1fy a name or heading for the report. ‘There is -

an option to review the default items. It is possible to change

‘the default items using this option. The items that can be

reviewed and/or changed are regular curves and peak table

If the report is sent to the screen, the Report window i is
displayed. The'ménu headers are as follows: '

Next dlsplays the next Report wmdow, Ch'roma’fbgrarn‘ Peak
Data Table, Run Log, Method and Evaluation Log

Previous displays the previous Report window
Exit terminates the Report window

If the report is sent to a printer/plotter the printer properties
window will appear.
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Exit

Help

ipa st
L

Edit Notepad
This option accesses the notepad for editing comments to- be

included in the report. The Notepad is automatically saved w1th
the Result File.

Exit
This functlon terminates the evaluation and returns to the
Result File Contents screen. Conflrmatlon is requlred

Resume evaluation.

'ThlS functlon resumes to the evaluatlon process.

He.lp for Hel.,\m Lsbeeiie e ttege 0 adn oMbt T D ge srire Uhnggyebs

This functlon describes how to use the Help command
Extended Help

This function provides general information about Evaluation.
More detailed information is given for each menu in
Evaluation.

Keys Help
This function describes how to use the keyboard for specific
tasks in Evaluation.

Help index
This function contains a complete list of all instructions in the
Evaluation you can obtain help for.
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5.6 SMART 5.6.1 SMART Assistant overview

Assistant SMART Assistant is a knowledge and information base dedicated to
. . SMART System. It is designed to assist the user in finding the most
appropriate techniques, media and generating su1table methods to
‘reach the goal for the separatlon S

SMART Assistant asks the user about the separation goal and the
characteristics of the target protein and about the sample solution.
Then the user gets a suggestion on an appropriate separation
strategy. Different chromatographic techmques and combinations of
techniques are suggested and ranked in order of suitability. The user
_ selects a separation pathway and can then get suggestions on - .
appropriate chromatographic media. The user can get information on
why the SMART Assistant recommerids-or not recommends a' ' Q
technique or media and What characteristics the dlfferent medla and
columns have.

~When the user has decided whlch media and column to be used,

© SMART Assistant créates a Sepatatior Mettiod to be transfetred to’
SMART Manager where it can be run and/or edited. The user can Lo
also get advice on how to prepare the buffers needed and how to =~ ’
configure SMART System prior to run.

S A iR T g

If problems occur during the separation the user can ask SMART
Assistant for help to diagnose the problems and to obtain suggestions
how to proceed.

In Section 4.9.3 there is an example of a typical way to work with
SMART Assistant.

5.6.2 SMART Assistant screens

SMART Assistant is entered from the Main Menu, SMART Assistant
pull-down menu. When selecting Start Assistant the introductory

screen appears (Fig. 5.62). A new case is started either by clicking on
Go or by selecting FILE, NEW CASE from the menu. P

\gx SMART Assistant

File Edll Assistance View Run Step _Exit Fl=Help

Run.'Conllal tain Menu

Fig. 5.62. SMART Assistant introductory screen

5:76 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

B R LT P

FETCINTI



VAR
§

L)
T
R

5. Screens and menus
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Goal Selection Window

For each new case study, the operator enters the aim of the

separation in the Goal Selection Window (Fig..5.63). The Techmque

list box lists 8 options, each one relating to a different list of goals
found in the Goal list box. The selection in the technique list box

decides what goals can be obtained with the separation, it does not
influence the techniques the SMART Assistant will recommend as

suitable. The goals relating to each technique are listed below.

___Goal Selection
Technique " Goals related toz ALL

> 50 % pure Protein

{AC ! 1> 95 % pure Protein
MEX | i 1>99 % pure Protein
|C|EX

GF Charge characterization
§HIC Charge isoform separation
Concentrate sample

RPC
Conformer separation

COMBINE( | |> 85 % pure Protein - - - -

Change buffer for freeze dryin

Keep Protein Active

RuniControf Main Menu

Fig. 5.63. Goal Selection window
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5. Screens and menus

The table below shows all separation goals possible in SMART
Assistant and for which technique the selection is available.

" Available goals

Technique selection

>50 % pure protein
>85 % pure protein
>95 % pure protein
>99 % pure protein
Change buffer for freeze drying
Charge characterization
Charge isoform separation:
Concentrate sample
Conformer separation
- Fractionate and purify -
" Hydrophobicity characterization
"MW determlnatlon of target
" protein
Protein digest fractl_onatlon
Purity determination of target
protein

‘Removal of undigested protein’ -

Remove acidic contaminants
Remove basic contaminants
Remove dimers or polymers
Remove high MV proteins
Remove low MV proteins
Remove salt from sample
Size characterization

Abbreviations:
AC: affinity chromatograpy

ALL, COMBINED
ALL, COMBINED -
ALL, COMBINED
AtL, COMBINED
ALL, GF

ALL, AIEX, CIEX

ALL, AIEX, CIEX, RPC

ALL, AC, AIEX, GIEX, HIC, RPC

'ALL, HIC, RPC B
“ALL, AC, AIEX, CIEX, GF, HIC, RPC , C

ALL, HIC
ALL, GF

 .ALL AIEX CIEX, GF, HIC, RPC

ALL, AIEX, CIEX,GFRPC _ . .. o~ .
.ALL, AC AIEX, CIEX, GF, RPC B O

ALL, AIEX, CIEX

“ALL: AIEX, CIEX

ALL, GF

ALL, GF

ALL, GF :
ALL, GF, HIC, RPC
ALL, GF

AIEX: anion exchange chromatography
CIEX: cation exchange chromatography

GF: gel filtration

HIC: hydrophobic interaction chromatography
RPC: reversed phase chromatography

In addition, if the protein is to be kept active during the separation,
the KEEP PROTEIN ACTIVE box is selected.
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Protein Characteristics window

HEEY

= PP

RY Assistant - EXAM
=

Iewff_dlt gsswtéi{ce i’lew Run Step Eglt El—HéIp

_ Protein Characteristics

iological Properties

Protein

Ligand

iNOTKNOWN

~P-hysical & Chemical-Pro, ertie':;:." -
Mol. Weight (kDa) -ryarop A

; O High ®.A O L
Isoelectric Point . [j 'S werage Lo

Stability Propenrties -

hirity
CIy——

N .

pH stab. High

pHstab. Low

o]

'O Solubilizing
Detergent
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i %Saustab._nigh[w 40 | Needed.

Salt stab. Low (M} 6 |

" Fig. 5.64. Protein-Characteristics window - -

In this window, the user enters the protein and ligand (if known),
together with the following physical and chemical properties and
stability characteristics (Fig. 5.64):

molecular weight

isoelectric point

hydrophobicity (High, Average, Low)
pH stability high

pH stability low

salt stability high (M)

salt stability low (M)

need of solubilizing detergent

Note: If either the molecular weight or the isoelectric point of a
protein is not known, the field can be left blank.

c.70
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State of Sample window

In this window, the user defines the state of the sample (Fig. 5.65).

=, . : SMART As%lstﬂﬁt— & EP
File Edit Assistance View Run Step Exit Fl=Help

State of Sample

Volume {jl):
* | Total Protein Ai'l)ount (ng): .

Present Purity (36 (w/w] total Protein):

RuniControl Main Menu

Fig. 5.65. State of Sample window

The following information is entered:
o volume in pl
. total protein amount in ug

o present purity (% (w/w) total protein)

Listing of techniqueé

All available chromatography techniques are evaluated by the
program and are then listed in order of preference for the stated aim
of the study (Fig. 5.66). Those with a green border are recommended
for this application, those with a yellow border are acceptable while
those with a red border are unsuitable for use and should be avoided.
A box with a blue border indicates that an additional step can be
evaluated later.
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" SMART Assictant - EXAMPLE.PLN
File Edit Assistance View Run Step Exit Fl=Help

I Clarify ;UJ;~I AEX g~| Add: step(s)’

I Add_stepfs}

AT

" RuniControl Main Menu

Fig. 5.66. Listing of techniques

The user can obtain further information on each of these techniques
either by double-clicking on the technique to access the Actions on
the Box window (see below) or by using the menu headers, View or
Assistance (see Section 5.6.3).

Actions on the box

By double-clicking on the selected item in the list of techniques, the

" Actions on the Box" window is displayed (Fig. 5.67). This window"
is the main pathway for the interaction with SMART Assistant by the
user. The most commonly used action and information commands
are available in this window. The options become available when
they are relevant to the highlighted item.

Actions on the Box

info

RunJConllol Main Menu

Fig. 5.67. Actions on the Box window
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Suggest Technigue requests SMART Assistant to recommend a -
suitable technique which will accomplish the aim of the separation
and is used for the blue boxes for additional steps.

_ Suggest Medium requests SMART Assistant to recommend a medmm _

for use with the selected technique. If several media are available for
the highlighted technique, a window with these will appear. The
different media will have colour coding, (green, yellow or red), to
indicate the recommendation level. A media is selected by
highlightening it and selecting OK in the menu.

Diagnose requests SMART Assistant for the possible cause of and

- remedy for problems. which occurred during the run. This function

can be used after the run if the separation has been unsuccessful

Why/How requests SMART As31stant for. information on the reason n -

'why the highlighted technique. or. medium has been recommended.

Reasons for choosing the selected medium and a detailed description

_of the elution method is provided together with details of buffer

mixing. The disadvantages of the unsuitable techniques are also given .~ -{

Information requests SMART Assistant for inforration on the
~ highlighted technique or the medium. The complete specification of

the medium is given

Recommended medium

When a medium is selected, its suitability for the stated goal is shown
as an inner frame within the original border of the box. The same
colour coding is used as denotes the level of suitability of techniques.
A box of mixed colours will result where the recommendation level
of the technique is different from that of the medium.

5.6.3 SMART Assistant pull-down menus

The most commonly used commands are described in the section
above. This section will give a complete description of all available
commands in SMART Assistant.

File

The File pull-down menus are used to load save and print files
(Fig. 5.68).
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5. Screens and menus

S Edit Assistance View Run Step Exit Fl=Help

Open

Save
Save As...

Print

Exit +»

“{llo start a new case

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

..

H-unJEo'ntrol tain Menu

Fig. 5.68. Pull-down menu File

. New Case

A new case study for SMART Assistant is opened. If the
previous case has not been saved, a warning is given that this
information will be lost.

. Open
A previous case study which has already been saved can be
opened. The directory is specified in addition to the file name.

. Save
The current case study is saved under the current file name
specified by the user.

. Save As
The current case study can be saved under another file name
specified by the user.

. Print
The strategy on the screen can be printed.
. Exit
- Work with SMART Assistant is terininated and the screen”
returns to SMART Manager Main Menu.

Edit

_ »These pull-down menus comprise functions which relate to edltmg of . .-
" the recommended series of techniques. :

* . Select path .
~ This function removes all alternative paths, except the on
highlighted by the user. The final step or the preferred pathway
- must be highlighted prior to selection of this function.

e Rewind technique
The screen returns to a previous step in the pathway and all
steps following the highlighted step are deleted.
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5. Screens and menus

User Notes
A note pad is accessed where the user can record comments or
notes relevant to the current selected technique. This has

“standard editing facilities of cut, copy, paste, undo and select

all. Clicking on exit terminates Work with the notepad.
Comments made in the notepad are saved with the strategy
(Fig. 5.69).

HunJ‘C;ntrol Main Menu

Fig. 5.69. User notes

End Sample Result

The user can enter the result after the final step in the
separation, if it differs from the result received by SMART
Assistant. If the results from the preceding steps are less than
expected, this option has the effect of making SMART
Assistant add another step in the pathway.

RSN

Assistance

The Assistance pull-down menu provides help in various ways. This
option has a similar function to the "Actions on the Box" window.
The options become available when they are relevant to the

highlighted item. A technique or medium can be evaluated and

-presented and the cause of problems can be found.

Suggest technique

“This option requests SMART Assistant to recommend a
" suitable technique which will accomplish the aim of the

separation and is used for the blue boxes for addltlonal steps. .

Suggest medium - . -

Suggest Medium requests SMART Ass1stant to recommend a
medium for use with the selected technique. If several media are
available for the highlighted technique, a window with these-
will appear. The different media will have colour coding,
(green, yellow or red), to the recommendation level. A media is
selected by highlightening it and selecting OK in the menu.
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5. Screens and menus

. Diagnose
This option requests SMART Assistant for the possible cause of
and remedy for problems which occurred durmg the run. This
‘function can be used after the run if the separatlon has been
unsuccessful (Fig. 5.70).

File Edit Assistance View Run Step .
- _ b - - Diagnose

Negqative peaks
Spikes_in_the_chromatograr;
Ghost_peaks |
Baseline_drift
An_extra_peak
Perforimance_variability
Eaily_elution.
No_elution

More_than IBB_J)ercent re
Inepmduclble results

H‘unfESnlloI Main Menu

Fig. 5.70. Diagnose window

View

This pull-down menu accesses further details on the highlighted
option. Some functions in this option are similar to the "Action on
the Box" window.

J Why/How
Using this option, the user can request information on the
reason why the highlighted technique or medium has been
recommended. Reasons for choosing the selected medium and a
detailed description of the elution method is provided together
with details of buffer mixing. The disadvantages of the
unsuitable techniques are also given (Fig. 5.71).
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5. Screens and menus

Details:

Sample Volume (ul): 200

Protein (ug): . 10.0

Column; y Mono Q} PC 1.6/5

Flow Rate (ul/mln) 100 (Apply at 100) °

Solution A: 20. mif Trlethanolamlne.

pH 7.3 . .

Solutlon B: -20 0 mM Trlethanolamlne.
- pH 7.3 ' )

1.0 M NacCl
Gradlent. 0 50. ﬂ % in 20 min

-Manual Steps and Buﬁer Mlxmg )
* Install mizer chambers 30 + 30 Ml
* Install tube holder w. 48x0.5 ml sample

»Icnarify : ;H -

COPY INFO TQ CLIPBOARD!

g /Ad}l Step[g!?;

' {.e(dd_s,tep(s]

PRINT!

Egm

Fig. 5.71. Why/How window

COPY INFO TO CLIPBOARD!

Information

This option gives detailed 1nformat10n on the hlghhghted
technique or the medium. The complete specification of the
medium is given (Fig. 5.72). :

MONO Q

The Precision Column prepacked with Mono Q
is designed for fast, sensitive and
high-resolving anion erchange separations of
proteins, peptides, polynucleotides and
other biomolecules in the micropreparative
scale.

Mono Q (Quarternary amino ethyl) is a strong
. anion exchanger based con a beaded .
hydrophilic polymer.

ﬁono Q beads have a particle size of 10 2
0.5 pm. The aksence of fines gives the
packed column a large void volume (40/) -and

PRINT! EXIT!

F:g 5.72. Informatlon window

Status R - L

This option gives information on the current state of the sample
and, where applicable, on its expected state of purlty after the
marked step has been performed. :

Case data
This option gives information on the case study. This is the
information presented by the operator at the beginning of the

.4 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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5. Screens and menus

study. It includes the sample, its characteristics and type and
the aim of the study (Fig. S. 73)

Flle Edit ASS|slance View Run Slep Exit Fl1= Help

23
Clarify i) Buffer Exchang‘e MI Add step[h

_COPY INFO TO CLIPBOARD!

Protein

Class: . . Other .
Ligand: . NOTKNOWN
pl: . 6.8

pH Stability: - . 2 - 11
Salt Stab. (M): .0 - 4.0
Détergent requlred (Y/N) No
Molecule Weight (kDa): 43
Hydrophobicity: . Average
Sample

Volume (pl): 300
Total Protein (pg): 10
Target Protein (%) 10

PAUNT! EXITE e

Fig. 5.73. Case Data window

Summary

This option is only available in the menu during a multistep
separation. The function is used to get a list of all steps in the
selected pathway and to show the derived volume and total
amount of protein after each step.

Monochrome

This option configures the screen for a monochrome display.
Different line types are used instead of colour to indicate a
technique which is recommended (continuous line), acceptable
(broken line) or not recommended (dotted line). For steps not
yet defined, a dot-dash line is used.

Run step

This pull-down menu is the interface with SMART Manager for the
creation of a suitable Separation Method for each step in the
recommended pathway.

Transfer to SMART :
This option creates a Separation. Method for the marked step in
the recommended pathway. The Save SMART File window is
displayed on the screen. The user enters the name of the .

‘method. It is stored in. SMART Manager in the same way as

any other Separatlon Method.

The OPTIONS button gives the user a possibility to control the

content of the generated method, such as Purhp Wash before
method start and .an Automatic Evaluation at the end of the run
(Fig. 5.74). The user can also specify the pump cylinder size,
method base and which monitor to use. As default the option
configuration is the same as for the previously transferred
method except for pump cylinder size, which is as default the
size most suitable for the method.
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5. Screens and menus

I
e Edit Assistance Yiew Run Step Exit Fl=Help
el VYD
Transfer to SMART
~Pump Cylinder selection
. -Estimated consumption—
. Solutien

CIPump A Initial Wash : A B c
[Pump B Initial ¥Yash Elution [mI]' 15 05 B

{ Total volume {ml] 6.1 1.0

..... Duat Pump Application

(Xl Automatic Evaluation -
@ 10 mi G20 ml O50ml

}Methpd Base-
© Oml @® min . l

Name of method file: -
NY.MET.

FiunngnltoI Main Menu

Fig. 5.74. Transfer to SMART, Options window

The method is transferred to the File Contents window of
SMART Manager the method can be run or edited as any other
method in SMART Manager.

Help

This pull-down menu gives help with what to do next and with the
preparation of buffers for the run.

e  What to do now
This option offers relevant advice to the user on the next step in

the process of determining a satisfactory separation technique
(Fig. 5.75).

epls) _“2
SMART Assistant Help
ervices _(_J_ptidns Help
Multistep Plan

The result of a planning session is .
presented. You will see the name of the
plan in the top bar. This is thé name you
entered at the start of the session. If you -
exit with save, your plan will be saved

3| under that name. :

Below you will find explanations related
to: . '
General layout of the window
‘| Evaluation of techniques

View Why/How to see the explanations to
the recommendations E :
= Multiple explanations

View Case Data

RuniControl Main Menu View Information
View Status

3.2 o

Fig. 5.75. What to do now window
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5. Screens and menus

Buffer mlxmg

This option informs the user of how to prepare buffers for the
separation (Fig. 5.76). The components of the buffers and the
amounts to be used are glven

Salt conc (M]:

RuniContiol Main Menu

3.

Fig. 5.76. Buffer mixing window

About

This option gives a brief overview of the aim of the SMART
Assistant. It includes the copyright notice and the program
version number.
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5. Screens and menus

5:90

Appendix 5.1

| 'A'ppe.ndix for Library méthods

CONC.MET

FD_3210.MET
MQ_165.MET -
' MS.165.MET

NHSCOUPL.MET

is a method for concentration of large sample
volumes. The method is described in Method
Manual, Section 7.2

is a standard method for desalting on the
Fast Desalting PC 3.2/10 column

is.a standard separation. method for the
‘ -Mono QPC1. 6/5 column

isa standard separatlon method for the

Mono SPC1.6/5 column

'is a method for couplmg a llgand tothe

NHS-activated Superose® PC 3.2/2. The

- method is described in the Method Manual

NHS_322.MET
PS_165.MET

PUMPW10.MET
PUMPW20.MET
PUMPW 50.MET

R1852110.MET
R18_2110.MET

R18_323.MET

Artisan Technology Group - Quality Instrumentation ...

Section 8.5.2.

is a standard separation method for the
NHS-activated Superose PC 3.2/2 column

is a standard separation method for the
Phenyl Superose PC 1.6/5 column

is a method for a quicker wash than using
the MANUAL, PUMP WASH command, of
the 10 ml pump cylinders to be used for
example when changing between similar
eluents

is a method for a quicker wash than using
the MANUAL, PUMP WASH command, of
the 20 ml pump cylinders to be used for
example when changing between similar
eluents

is a method for a quicker wash than using
the MANUAL, PUMP WASH command, of
the 50 ml pump cylinders to be used for
example when changing between similar
eluents

is a standard method for the Sephasil C18
SC2. 1/10 column

is a standard separat1on method for the

~ HRPC C2/C18, SC 2. 1/10.column -

is a standard’ separation method for the
MURPC CZ/C18 PC 3.2/3

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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5. Screens and menus

R8S2110.MET
$12_3230.MET
S6_3230.MET

SYSW10.MET
SYSW20.MET

' SYSWSO0.MET.

UPEAKGRD.MET

UPEAKISO.MET

. X75_3230.MET

Artisan Technology Group - Quality Instrumentation ...
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is a standard separation method for the
Sephasil C8 SC 2.1/10 column

is.a standard separation method for the

Superose 12 PC 3.2/30 column

is a standard separation method for the

~ Superose 6 PC 3.2/30 column.

is a much quicker system wash for 10 ml
cylinders, than using the MANUAL,
SYSTEM WASH command- :

is 2 tuch quicker system wash for 20 ml .
cylinders; than using the MANUAL
SYSTEM WASH command - -

is a much qulcker systeim wash for 5 0 ml

o cylinders, than using the MANUAL,
o SYSTEM 'WASH command

s an example of a gradient separat1on
method using the yPeak Monitor functions

is an example of an isocratic separation
method using the uPeak Monitor

is a standard separation method for the
Superdex 75 PC 3.2/30 column

5:91
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5. Screens and menus

‘Appendix 5.2

Short key instructions for Smart Manager

Run/Control:
Ctrl key ’ Instruction
C Conc %B
~ F Flowrate . -
D Gratcfi_ent ’
7 - jInjééti.on'valv.e'
.S - Fracstop . -
L Large tube
G - Goto tube
T | Feed'f.ub‘e
P Peak fractionation
| R Record chromatogra.ni
\Y% Wavelengths
Z Autozero
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5. Screens and menus

Evaluation:

Ctrl key

' Instruction

T

P
S
L

e

,O’PU<Z_"K'I'JU=’T1U$N.7<'-Q'\:,_

Print

Evaluation procedure
Select window contents
Window layout

Add

" Subtract

Divide ™

'Cut chromatogram

Copy/rename

" Create curve

" Smooth

Differentiate

Fraction histogram
Calculate baseline
Edit baseline

Integrate

Negative peaks
Specify report contents
Report

Exit
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.. New maintenance procedures
- -for 10 ml pump cylinders -

The pump piston seal and the rinsing seal for 10 ml

- cylinders have been redesigned for pumps with serial

number 1460 or higher.

Note: The design of the 20 and.50 ml cylinder is
unchanged and the instructions in the System

. Handbook are still valid.

The spare parts for the new 10 ml cyhnders have the ’
following Code Numbers:

Part Code No.

Sealing ring, 10 mm 18-1037-54
Rinsing seal (2/pack) 18-1037-55
O-ring, 13.1 x 1.6 mm 18-1001-59
Rinsing tubing 18-1037-56

Replacmg the pump plston seal and
rinsing seal

The lifetimes of the rinsing seal and the piston seal are
approximately the same and we recommend that you
change the rinsing seal when you change the piston

- seal. The rinsing seal can also be changed separately.

Wear on the piston seal can be indicated either by the
loss of system pressure or by the conductivity signal
being different from the programmed gradient. If
either of these faults occur, first check that all tubing

" connections are tight and not leaking. If no leakage is

found in the connections, run the leakage test on
cylinders A and B (see Section 6.3 in the System

Handbook). If there are indications that the piston seal

oon one of the cylinders is worn and leakmg, follow the
instructions below to replace it. ’

Wear on the rinsing seal or a damaged O-ringis
indicated by the : appearance of hqmd in the drnp tray

- -under the pump. -

Before disassembling the faulty pump cyhnder, ensure

- that you have the "spare parts spec1ﬁed above

available.

1. Remove the rinsing tublng and inlet-tubing from
the reservoirs.

2. Click on the CONTROL icon to activate the
Run/Control window. Click on MANUAL, PUMP,
- EMPTY and select Cylinder A or Cylinder B to
empty the pump cylmder that is leaking.

3. Disconnect the titanium tubing from the port or
the pump cylinder and from the connection on the
inlet valve,

56-1164-42

Edition AA

Artisan Technology Group - Quality Instrumentation ...

INSTRUCTIONS

Rinse reservoir

Rinsing tubing

Titanium tubing
| vaive to
cylinder

XA

Fig. 1. pPrecision Pump.

4. Unscrew and completely remove the cylinder -
retaining nut. To release the cylinder, push the lever
under the cylinder down and pull out the cylinder

" from the pump housing. -

'Fig. 2, Rem_dving the eylinder retain.ing nut.

Pharmacia

O Biotech
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5. To chang'e'the rinsing seal, ‘pull.it off from the back 9. Check that the plston piston seal and cylinder
of the cylinder. It has a tight fit, you will have to are clean. Carefully insert the piston into the
pull it ‘quite hard. Remove the rinsing tubing ftom - cylinder..

the rmsmg seal 10. Check the O-ring on the ptston for damage

before refitting the rlnsmg seal. Replace the -
‘O-ring if required. -

11. Put the rinsing tubing onto the tube sticking up
from the rinsing seal, Thread the tubing through
the hole in the rinsing seal.

Fig. 3. Removing the rinsing seal.

If only the rinsing seal needs replacing, continue with
step 10.

6. Carefully pull the piston out of the cylinder and Fig. 6. Fitting the rinsing tubing.

examine the piston seal for damage and dirt. If the . .
12. Refit the rinsing seal. Wet the O-ring and push
seal is only dirty, wipe it clean and refit the piston the rinsing seal onto the piston. As it has a tight

according to steps 9-17 below. fit you will have to push it hard.

7. To remove a damaged sealing ring, grip it firmly

with a pair of pliers and twist it off. 13. Refit the cylinder into the pump. Make sure that

the raised edge on the rinsing seal fits into the slot
in the pump housing.

Fig. 4. Remov’ ing the sealing’ nng

8. _Please use the supphed mounting rmg when

replacing the sealing rings. Place the mounting ring  Fjg, 7, Reﬂmng the cylinder.

. .on the table, Insert the sealtng ring with the spring_ . _
facmg the table. Push the piston into the sealing. = . 14 Push'the cylmdet assembly into posmon in the
ring. Remove the mounting ring. = - : ‘pump housmg : :

' 15. Refit the cylinder reta1mng nut tand t1ghten it
firmly.

16. Reconnect the titanium tubing betwéen the inlet
_ valve and the port on the pump cylinder. Replace
the rinse and inlet tubing into the reservoirs.

17." Click on the CONTROL icon to activate the
Run/Control window. Click on MANUAL,
-PUMP, WASH to wash out the pump. Perform
the leakage test agam to check that the fault has
been corrected.

Fig. 5. Replacing the sealing ring. O Pharmacia

Biotech
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6. SMART Systern maintenance

- 6.1

Artis
56-1161-

General
maintenance
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6. SMART System

malntenance

' SMART System comprises precision instruments Wthh w1ll give -

many years of trouble-free running providing that the following
recommendations-are observed. Instructions for maintenance and
running conditions for Precision Columns are glven in the individual
Column Instructions. - - e

Checklist for general maintenance

J Check that there is enough eluent in the reservoirs
J Always filter the eluents

. Clean On-line filter frit and prefilter frit regularly
J Rinse the system with water after using salt buffers
e Check the tubings for leakage

*  Always use piston rinse

J Wipe the instrument regularly with a damp cloth Let the
instrument dry completely before use.

Before the start of each run, always ensure that there is an adequate
supply of eluent in the reservoirs. Never allow the pPrecision Pump
to run dry since this will cause premature wear on the piston seals.

Always check that the solvent filters are covered by eluent in the
reservoirs. If air is accidentally drawn into the cylinders, it will be
detected by the automatic air detection check which is performed
after fllhng the cylmdels The pump will stop and a screen wammg
will be given. - .

... To protect all components of SMART System, it is essential that the .

liquids passing through the system are clean and pure. To prolong

the life of the column and to. prevent blockages, buffers should be” - - :

passed through a 0.22 um filter and samples should be free from

- particulate material.-Solvent filters should be renewed at regular

intervals. The frits in the uSeparatlon Unit On-line Filter and in the’

- Prefilter should be cleaned regularly in an ultrasonic bath to prevent
““blockage. It is particularly importarit to keép the Monitor UV M’

flow cell clean and free of particles.

If the system is to be left unused after using salt solutxons it is most
important to flush the system thoroughly with distilled water to
prevent the formation of crystals. Never allow the UV flow cell to
dry out if the eluent contains dissolved salts, proteins or other solutes
of low volatility. Install the Dummy Column and flush through the

entire system using the System Wash function in the Manual menu in
Run/Control.

Inspect SMART System visually. Perform the leakage test at legular
intervals (See Section 6.3). If leakages are found, first tighten the
connector further and if this fails to correct the problern, remake the
connection. Instructions are given in Section 6.22.

To prevent the accumulation of buffer salts in the pump and thus
prolong the life of the piston seal, it is recommended that the piston
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62 Cléaning the

- fluidic
pathways

6.3 Performing -

' the leakage
test

6:4

seal rinsing system is used at all times. Since the rinse liquid is drawn
in behind the piston as eluent is delivered from the pump and then

ﬂushed out again as the cylinder is refilled, the same volurne of hquld o

is'in constant use. Because of this, the rinsé'liquid must be changed”

_regularly; alternatively, 20 % ethanol can be used instead to prevent . |
bacterial growth. All'servicing should be entrusted to qualified -

personnel only. Please.contact your local Pharmacia Biotech
representative fore more service 1nformat10n

A system clean should be performed at regular monthly mtervals and

- when problems such as ghost peaks occur.

1. Prepare 2 M NaOH and place it in a vessel on top of the pump.

2. Remove the inlet tubings from the eluent buffer reservoirs and
place them in the 2 M NaOH. The outlet tubing from the inlet
valve should be placed in a waste container.

3. In Run/Control, click on MANUAL, PUMP, WASH. Choose to
wash both cylinders with the NaOH.

4. After washing the pump, fit the Dummy Column into the
-+ column connector and close the puSeparation Unit door. Install
the Dummy Column using the Column Install function in the
Manual pull down menu of Run/Control.

5. Click on MANUAL, PUMP FLOW, start a flow rate of 1000
w/min. Click on MANUAL, PUMP CONC B and set the.
concentration B to 50 %. Wash through the Dummy Column
until both cylinders are empty.

6. Place the inlet tubings into distilled water and repeat Step 3 and
Step S. After the wash, remove the Dummy Column.

If you are going to run at very high sensitivity repeat the
procedure above with water, isopropanol followed by water.

. This tests the p-ump'for leakage Tt should be used if the.sySt'em '

pressure drops and there are no indications of leakages from tubing -

h connections throughout the system. The test can also be used before
~a run as a regular test of pump function.

At the start of the test, the inlet valve is automaucally sw1tched to the -
~ closed position’ and the cylinder is pressurised to a user defined =~
* présstire. If this pressure cannot bé maintained for 10 minutes, a

leakage has been detected and will be measured.

1. Check that there is some liquid in the cylinder to be tested. If
not, click on MANUAL, PUMP, FILL and fill the cylinder'with
a small volume of eluent.

2 In the Run/Control window, click on PUMP, LEAKAGE TEST.

The Leakage Test window is displayed.

3. As default, both pump cylinders are tested as indicated by a
_cross in the check boxes. If you want to test only one cylinder,
cancel the selection of that cylinder.

4. Enter the pressure at which the cylinder is to be tested. Use a
value typical for the running conditions.

5. Click on START. The test may take up to 10 minutes if the
leakage is small.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www. art|santé1 com
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64 Changing

pump
cylinders
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When an accurate reading of the leakage has been obtained, the test
will stop automatically. The leakage in pl/min is displayed for each
cylinder tested. If the colour of the background to the value is green,

" the leakagg is smallanid o action needs t6 be taken. However, if the |

background colour is red, the leakage miust be corrected by cleaning
or replacmg the plston seal (see Section 6.5 or 6.6)-or by remaking

the titanium tubing connection between the cylmder and the inlet

valve (see Section 6.22).

If necessary, you can stop the test at any tlme by chcklng on the

Break button. -

If the leakage test still shows leakage, tested at different positions in
the cylinder and after replacing the sealing ring, leakage in the pump
valve can be suspected, see Section 6.8.

Three sizes of pump cylinder are available for the pPrecision Pump,
10, 20 and 50 ml. Each cylinder is supplied complete with the
cylinder support and rinsing tubing fitted.

1. Remove the rinse tubing and inlet tubing from the reservoirs.

— Rinse reservoir

~ Rinse tubing

— Titanium tubing. |
" valve to cylinder -

Fig. 61 uPremsnon Pump .

2. Click on the CONTROL icon to activate the Run/Control
window. Click on MANUAL, PUMP, EMPTY and select, to
empty the pump cylinders. '

o

Disconnect the titanium tubing from the port on the pump
cylinder and from the connection on the inlet valve.

4. Unscrew and completely remove the cylinder retaining nut. To
release the cylinder, push the lever under the cylinder down and
pull the cylinder out from the pump housing.

6:5



6. SMART System maintenance

Fig. 6.2. Removing the cylinder retaining nut

L | ' TS Reﬁeat Steps 3 and 4 to remove the other cylinder.

6.  Fit the new cylinders into the pump. For 10 ml cylinders make
sure that the raised edge on the rinsing seal fits into the slot in
the pump housing. For 20 and 50 ml cylinders, hold the rinsing
tubing in the locating channel along the side of the cylinder

: : . support and insert the cylinders into the pump housing,
P : (Fig. 6.3). When the end of the cylinder connects into-the
' stepper motor drive, the lever under the cylinder returns
automatically to the up position.

Fig. 6.3. Fitting the cylinder

7. With the rinsing tubing fitted in the slot, refit the cylinder
retaining nut and tighten it firmly (Fig. 6.4).

Artisan Technology G - lity | ion ... - i ’
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6. SMART System maintenance

6.5 Replacing the

pump piston
seal, rinsing
~sealand
tubing, 10 ml
cylinder

Fig. 6.4. Tightening the cylinder nut

8.  On each cylinder, re-connect the titanium tubing between the
inlet valve and the port on the pump cylinder. Replace the inlet
and rmsmg tubings into the reservoirs. :

9.  Click on MANUAL, PUMP WASH. Select cylinders A and B.

Choose the inlet and outlet ports. Click on OK to start the
pump wash.

" The lifetimes of the rinsing seal and the piston seal are approximately

the same and we recommend that you change the rinsing seal when
you change the piston seal. The rinsing seal can also be changed
separately. The rinsing tubing does not require to- be replaced as
frequently.

Wear on the piston seal can be indicated either by the loss of system
pressure or by the conductivity signal being different from the-

o prograinmed gradient. If either of these faults occur, first check that

all tubmg connections are tight and not leaking. If no leakage is

" found'in the connections, run the leakage test on cylmders Aand B -
- (see Section 6.3 ). If there are indications that the piston seal on one

of the cylmders is worn and leakmg, follow the 1nstruct10ns below to

_ replace it.

Wear-on the rmsmg seal of a damaged - rmg is 1nd1cated by the
appearance of liquid in the drip tray under the pump.

1.  Before disassembling the faulty pump cylinder, ensure that you
have the spare parts specified below available.
e  Sealing Ring, 10 mm, — '
' CodeNo. 18-1037-54 vPe L
" »  Rinsing seal (2/pack)
© CodeNo.18:1037-55 TRpeT -
o O-ring, 13.1 x 1.6 mm '
- Code No. 18-1001-59
J Rinsing tubing
Code No. 18-1037-56

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:7
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. To remove the cylinder from the pump, see Section 6.4 step 1-

4.

. To éhénge the rinsih.g 'sé'él, pull it off from the back of the _
- cylinder. It has a tight fit, you have to pull it quite hard. - -~ - -
. Remoye the rinsing tubing from the rinsing seal... :

Fig. 6.5. Removing the rinsing seal

If only the rinsing seal needs replacing, continue to step 10.

4,

Carefully pull the piston out of the cylinder and examine the
piston seal for damage and dirt. If the seal is only dirty, wipe it
clean and refit the piston according to step 7-15 below.

To remove a damaged sealing ring, grip it firmly with a pair of

~ pliers and twist it off. ' B

6.

- Fig. 6.6: Removing the sealing ring -

Place the new sealing ring on a table with the spring facin.g the

. table. Push the piston into the sealing ring.

Check that the piston, piston seal and cylinder are clean.
Carefully insert the piston into the cylinder.

Check the O-ring on the piston for damage before refitting the |
rinsing seal. Replace the O-ring if required.

Put the rinsing tubing onto the tube sticking up from the rinsing
seal. Thread the tubing through the hole in the rinsing seal.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6. SMART System maintenance

Fig. 6.7. Fitting the
rinsing tubing

10. Refit the rinsing seal. Wet the O-ring and push the rinsing sea
onto the piston. As it has a tight fit you have to push it hard.

1

11. Refit the cylinder into the pump. Make sure that the raised edge

on the rinsing seal fits into the slot in the pump housing.

A

Fig. 6.8. Reflttmg the cylmder

' 1_2. ,--'Push the cyllnder assembly into- pos1t10n in the pump housmg
-13.  Refit the cylinder refaining nut and tighten it firmly.

14. Recohnect the titanium tubing between the inlet valve and the
port on the pump cylinder. Replace the rinsing and inlet tubing

into the reservoirs.

15. Click on the CONTROL icon to activate the Run/Control
~ window. Click on MANUAL, PUMP, WASH to wash out the

- pump. Pefform the leakage test again to check that the fault has

been corrected.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOU.RCE | www.artisantg.com
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6. SMART System maintenance

6.6

Replacmg the  Wearon the piston séal can be indicated either by the loss of system -

. .pump pi sth . pressure or by the conductivity signal being different from the

- seal and . programmed gradlent If either of these faults occur, first check that -

all tubing connections in SMART, System are fully tightened and are

rinsing seal, not visibly leaking, If this.dges not correct the problem, run the

-20 and 50 ml - leakage test on cylinders A and B (see Section 6.3 for a descnptloﬁ of

6:10

cyllnders T the leakage test). If there aré indications that the piston seal on one.of
the cylinders could be faulty or worn, follow the steps below.

An indication of wear on the rinsing seal, or a damaged O-ring is the

appearance of liquid in the drip tray under the pump.

1.  Before disassembling the faulty pump cylinder, ensure that you

have the spare parts specified below available. The code
numbers of the appropriate sealing rings are given below.

e  Sealing Ring, 14 mm (20 ml cylinder)
Code No. 18-1001-47

e  Sealing Ring, 22 mm (50 ml cylinder)
Code No. 18-1001-66

e  Rinsing Seal, 10 mm (20 ml cylinder) -
Code No. 18-1001-51

. Rinsing Seal, 10 mm (50 ml cylinder)
Code No. 18-1001-51

It is also recommended that the followmg two O- rlngs are
replaced at the same time.

®  O-ring, 17.1 x 1.6 mm, (20 ml cylmder)
Code No. 18-1001-50-

. O-ring, 25.1 x 1.6 mm, {50 ml cylinder)
Code No. 18-1001-68

2. To remove the cyhnder from the pump see-section 6.4 step 1-4.

. 3. To remove the cylmder support from the back of the cyhnder,

" push outwards'and backwards on’ the two chps of the split ring .

of the chamber (Fig.'6. 9)

Fig. 6.9. Removing the cylinder support

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6. SMART System maintenance

Carefully pull the piston completely-out of the cylinder and
exarine the seal for damage and dirt (Fig. 6.10). If the seal is
only ditty, it should be wiped clean and refitted as descrlbed in-

. -Step 7 and 11-14.

Fig. 6.10. Removing the piston

5.

When the seal is damaged, remove it by holding the piston
firmly in an adjustable wrench and using a screwdriver to
loosen the titanium locking screw (Fig. 6.11).

Fig. 6.11. Removing the piston seal

.

Position the new seal so that the spring is visible from the end
of the piston (Fig. 6.11, inset) and then fit it onto the piston.
Secure it tightly with the titanium screw.

Wet the piston seal with distilled water and then carefully insert
the piston almost to the end of the cylinder. If necessary, gently
twist the piston at the same time as pushing it inwards.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:11
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seal
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Fig. 6.12. Removing the
cover plate and rinsing

. If only the sealing ring needs replacing proceed to step-10. -

Remove the cover plate from the ¢ylinder suppoft (Fig. 6.12).
Remove the rinsing seal by pushing it outwards from the inside

of the cylinder support. Examine the seal for wear and damage.
. Fit a new seal, ensuring that it is positioned with the spring .
- facing the inside of the cylinder support.- :

Refit the cylinder support cover plate (Fig. 6.13). Refit the
cylinder support onto the cylinder. While pushing the two parts
firmly together, twist the assembly slightly until the two clips

on the cylinder support split ring snap into position with a

click, indicating that thiéy have located into the groove on the
cylinder. '

Fig. 6.?3, Refitting the cover plate

10.

Refit the cylinder support. While pushing the two parts firmly
together, twist the assembly slightly until the two clips on the
cylinder support split ring snap into position with a click,
indicating that they have located into the groove on the
cylinder.

6:12 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

6 7 Replacmg the
 Rinsing
+ Tubing, 20

and50ml

- cylinders:

11,

Hold the rinsing tubing in the locating channel in the cylinder
support and refit the cylinder assembly into the pump housing

- (Fig. 6.14). When the end of the piston connects into the

steppér motor drive, the lever under the cylinder returns
automatically to the up position. -

Fig. 6.14. Refitting the cylinder

12.

13.

14.

With the rinsing tubing in the slot, refit the cylinder retaining
nut and tighten it firmly.

Reconnect the titanium tubing between the inlet valve and the
port on the pump cylinder. Replace the rinse tubings into the -
reservoirs.

Cllck on the CONTROL icon to activate the Run/Control
window. Click on MANUAL, PUMP, WASH to wash out the

. pump. Perform the leakage test again to check that the fault has

been corrected.

: __Before startlng to d1sassemble the pump cylinder, ensure. that Rlnsmg E

Tubing (Code No. 18-1001-70) is available as a spare part. Th1s is:

3.

supplled flanged and complete with the rubber cone..
2.

To remove the cylinder from the pump see ‘Section 6.4 step 1-4.

Remove the cover plate from the cylmder support.

~ Use forceps to remove the rubber cone which- secures the

rinsing tubing in position in the cylinder support (Fig. 6.15).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:13
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6. SMART System maintenance

Fig. 6.15. Removing the
cover plate, cone and
tubing

4. Remove the inlet filter from the other end of the tubing. To do
this, unscrew and separate the two pieces of the metal part. Pull
out the tubing.

Remove the cover plate from the tubing.

Fit the cover plate onto the new rinsing tubing. Fit the inlet
filter onto the other end.

Replace the rubber cone into the cylinder support.

8.  Refit the cover plate to the cylinder support (Fig. 6.16).

Fig. 6.16. Replacing the cover plate with locating channel indicated

9.  Hold the rinsing tubing in the locating channel in the cylinder
support and refit the cylinder assembly into the pump housing
(Fig. 6.17). When the end of the piston connects into the
stepper motor drive, the lever under the cylinder returns
automatically to the up position.

6:14 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

!l

Fig. 6.17. Refitting the pump cylinder

10.

11.

12.

With the rinsing tubing in the slot, refit the cylinder retaining
nut and tighten it firmly.

Reconnect the titanium tubing between the inlet valve and the
port on the pump cylinder. Replace the inlet tubing and the
rinsing tubing into the reservoirs.

Click on the CONTROL icon to activate the Run/Control
window. Click on MANUAL, PUMP, FILL and select to fill the
pump cylinder again. Choose the cylinder and the inlet port.

Wear on the interior plates of the valve can be indicated by the
conductivity signal showing a gradient with a curve, or "knee effect”
instead of a linear gradient. After many years of continuous use, it

should be expected that the channel plate on the mlet valve w111 be
worn and w1ll have to be replaced. -

. Note:

. A non-linear gradient can also be caused by a leaking

connection, a blockage in the pump outlet tubings, a
~ leaking and worn piston seal or a failure in the -

pressurisation system of the cylinders. The correctlon of
- these problems is described elsewhere . '

‘Before starting to disassemble the valve, ensure that there isa B L
Channel Plate (Code No. 18- 1017 69).available as a spare part. -

" Click on the CONTROL icon to activate the Run/Control

window. Click on MANUAL, PUMP, FILL and select to fill the
pump cylmder of the fau ty valve with 1 ml of buffer through
posmon 1. :

Note: This is the final software instruction which should
be sent to the inlet valve. Do not use SMART
Manager again while the valve is being
disassembled.

Remove the inlet tubing from the reservoirs. Disconnect the
inlet tubings connected to the valve to be disassembled.
Disconnect the titanium tubing from both the pump cylinder
and the inlet valve.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

it S Warmng The channel plate is coated i in Krytox a fluoro plast1c

4.  The valve position number is engraved on the surface of the
channel plate and it can be seen from above the valve. Check
that the valve is in posmon 1.

S, ; Usmg a3 mm Allen key, start to loosen each of the four Allen
: Screws in turn (F1g 6 18)

Fig. 6.18, Disassembling the inlet valve

6. Remove each screw in turn. Pull off the front part of the valve.
The channel plate can be seen on the outer part of the valve.
The switching plate with the channel aligned to-position 1 can
be seen on the inner part. If the switching plate is removed,
ensure that it is replaced in the same position

| 7. Remove the channel plate by levermg it out gently with a

. screwdriver (Fig. 6.19), Turn the new channel plate so that the -
circular channel is visible. Fit it over the locating pins, pushmg'

itin evenly. until it is seated correctly in posmon

grease to ensure smooth movement. Thls stibstance i is.
toxic and the operator is advised to wear protective.
gloves when handling the channel plates during this
procedure. Wash your hands after any accidental contact
with Krytox.

* Krytox™ is the registered trade mark of Du Pont

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Channel plate

Fig. 6.19. Removing the channel plate

8.  If necessary, hold the switching plate in position in the inner
part of the valve while refitting the outer part of the valve. Re-
tighten each of the four retaining screws in turn by a small
amount until they are fully tightened.

9.  Refit the titanium tubing between the valve and the pump
cylinder. Reconnect the inlet tubings to the valve. Ensure that
‘all connections are tight.

6.9 Servicing the  If the back pressure exceeds 0.8 MPa with a flow of water at
On-line Filter 2000 pl/min through the waste position in the injection valve, a
L - blockage in the On-line filter can be suspected. If tests indicate that
.. . the frit is blocked, follow the instructions below and change the. .
Y 117 =) o E P S SR PR . IR

.1. _ Before disassembling the filter housing, ensure that there is an. .
*- - On-line Filter (Code No. 18-1800-34) available as a spare part.
:..2." .Remove the seciiring clip from inside the pSeparation Unit and .
lift up the filter housing (Fig. 6.20). Remove the knurled screw.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:17
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Knurled screw

— Connector piece

Securing cup

Fig. 6.20. On-line Filter

3.  Remove the connector piece. Lift out the On-line Filter.

4.  The filter can either be cleaned in an ultrasonic bath and then
refitted or replaced with a new one. Refit the connector piece
and the knurled screw. Replace the filter housing and secure it
with the clip.

6.10 Changing the Four chamber inserts of different volume are available for the

6:18

mixer _ uMixer. These are 12 pl, 30 pl, 75 pl and 150 pl. In addition, a zero
chambers volume chamber bypass can be fitted. :

By using different mixer volumes for dlfferent ﬂow rates the mixing
of the two-eluents can'be combined optimally. The table in

~ Section 2.9 gives the recommended chamber size for use w1th

© different flow rates.” -

Note:: ~ Two 12 pl mixer chambers can not be fitted at the same

" time. If you use a 12 pl mixer: chamber please place itin ©

the bottom posmon

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6 11 Changmg the
sample.loop

1.

Fig. 6.21. uMixer

2.

Loosen and remove-the three Allen screws on the top of the
mixer (Fig. 6.21). Lift the upper part to access the mixer
chambers. - - o : e

Lift the upper part and remove the two mixer chambers,
together with their magnetic stirrers and the connecting piece.

Fit the new lower mixer chamber with its magnetic stirrer.
Place the connecting piece on top and then fit the upper mixer

. chamber with its magnetic stirrer.

Note: The zero volume chamber bypasses are fitted in
place of the two mixer chambers:

.- . Refit.and fully tighten the three Allen screws. © . . .,

. In the Main Menu, click on. the Run/Control icon to make L
- manual changes to SMART System. Click on CONFIG, USER - -

- SUPPLIED CONFIGURATION Enter the new mixer volume
~in the dlalogue box '

- Four sample -loops of different volume are supplied with SMART

System These are 10 pl, 20 pl, 50 pl and 100 pl.

1.

To avoid air entering the flow path the injection valve should
be turned to Waste position. In the Main Menu, click on the

" Run/Control icon. Click on MANUAL, SEP UNIT

INJECTION VALVE. Click on WASTE position. Click on OK.

Loosen the fingertighf screws secuiing the external loop to the
injection valve (Fig. 6.22). Remove the loop and store it for
future use.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:19
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Fig. 6.22. External loop
3.  Fit the new loop and secure the screws firmly with the fingers
and then with the wrench supplied.

4. Click on CONFIG, USER SUPPLIED CONFIGURATION.
Enter the new loop volume. Click on OK.

6.12 Replacerhent + The fill port will wear gradﬁally over several years of ase and will

6:20

of injection have to be replaced.

-valve fill ,port - Before attempting to replace the port, ensure that there is a Fill Port

~ (Code No. 18-1015-88) available as a spare part.
7 1.7 T6'rémove the port;turh the outer part anti-clockwise to
‘loosen it and then withdraw the port (Fig. 6.23), '

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

St

6.9 Replacement
of injection

S . valve internal - /
O - channel plate /-

. damaged. If this is not the casé\run eluent at high flow rate through

Se
NEW \N—-‘ \/AL\/E SEUHDMZ

Fill ports

iffjection valve. To confirm\the fault, set the injection valve in Load
position, disconnect the sam le loop and start the flow. If eluent is
coming out through the sample loop ports, the channel plate is

the valve, sw1tch1ng it between iyject and load posmon If you see a

- difference in the back pressure foy the two valve posmon, a damaged
' channel plate can'be suspected :

Warning: . The channel plate is co ted in Krytox a. fluoro plasnc
' . grease to ensure the smoyth movement. This substance is
‘toxi¢ and the operator is Advised to wear protective
" ‘gloves when handling the hannel plates during this
procedure. Wash your hands after any accidental contact
- with Krytox.

* Krytox™ is the registered trade mark of Du Pont

* Before disassembling the injection valve, engure that the Channel
Plate (Code No. 18-1015-87) is available as
_in case of damage occurring during this procedure, it is a wise

spare part. In addition,

precaution to have Tubing, valve to column,
(Code No. 18-1015-65) also available.

1.  When disassembling the injection valve, discgnnect the waste
channel tubing and carefully bend down the valve housing.
~ Care must be taken with the titanium tubing b&tween the valve
and the column. Do not remove the external loop unless it is
one of the larger loops and is inconvenient.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

2. Use a3 mm Allen key to loosen the two Alle

ocking screws in
hlle loosemng the

turiFig. 6.24). Contmue to hold the Valv
lockingscrews. ‘

\

G S i‘iﬂ N\
N\

damage the tubi g connection to the column

4.  Observe the alifnment of the channel plate. Use the $crew
supplied in th¢ spare part package to remove the chahnel plate.
~ Thread the s¢rew into one of the holes in the old cha nel plate
and pull ouf/'the channel plate o ’ :

) Note "/ Use protectlve gloves when handhng the channel °
/- plate since there is a thin:film of toxic Krytox

smeared over the outer surface.

. 5. Ensurefthat the new plate is kept clean and- free of scratches Fit

it in the same alignment.as the old plate. Tlghten the two.
alternately until a distinct stop. :

6.  Cardfully replace the outer part of the valve. Replace the two
Allgh screws and tighten each in turn. Finally, use the short end
of the Allen key to tighten the two screws extremely firmly.
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6.14 Changing the

Prefilter Frit

' 6.15 Fitting the
Column
Adaptor

_The prefilter should be disassembled regularly and cleaned in an

ultrasonic bath. The instructions below describe how to access the
fllter If tests indicate that the frit is blocked, it can be replaced. -

" 1."." Before dlsassemblmg the preﬁlter, ensure that there is a frit

available as'a spare part.

- e Prefilter Frit, 3.2 mm; |
Code No. 18 1800-77

e - DPrefilter Frit, 0.8 mm
Code No. 18-1800-78

2. Use the Column Install function in Manual in the Run/Control
window to drive the automatic column holder upwards away
from the column. The prefilter can then be removed by pulling
it downwards off the column fitting.

3.  Loosen and remove the upper connection (Fig. 6.25). Remove
the frit.

Upper connection

Connector piece

/ Frit

_Flg 6.25. Dlsassemblmg the Preﬂlter

4. The frit can either be cleaned in 'én ‘ultrasonic bath before

_ '.reﬁttmg or replaced w1th anew one.: Reflt the upper
- connection. S

5. Replace the prefilter on the end of the column fitting. Re mstall e

- the column of ch01ce

: Tlle- Column Adaptof is reéIuired when columns othe; than

uPrecision columns are to be used in SMART System.
Note: For safety reasons, it is important that the Column
' Adaptor is installed in the uSeparation Unit before fitting
the column into the Column Adaptor (Fig. 6.26). -

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:23
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6. SMART System maintenance

6:24

Fig. 6.26. Column Adapter

1.

The Column Adaptor is delivered complete with two lengths of
supporting rod. Select the most convenient length for the.

column you wish to install..

2.7 Assembleé the two énd pieces onito the 'snipp()rting rod.

If necessary, click on MANUAL, COLUMN INSTALL in ~

Run/Control. Highlight the short or the long adaptor and close |
* . the door of the pSeparation Unit. Chck on UP to drive the - o
- automatic column holder upwards to make space for the

Column Adaptor.

. Fit the Column Adaptor onto the column connector.

Fit the column sup’pOrf onto the top of the Column Adaptor to
hold it in position. Close the door of the pSeparation Unit.

In Run/Control, click on MANUAL, COLUMN INSTALL.

~ Highlight the short or long column adaptor. Click on DOWN.

Connect the column of your choice to the Column Adaptor.

. For FPLC columns, use the Umon M6 female to 1/16 inch

male.

The column pressure limit is not set. If necessary, change this,
in the COLUMN INSTALL dialogue box, to the appropriate
pressure limit for the column you have installed.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

6.16 uPeak .~ 6.16.1 Cleaning the flow cell ,
MO_nItOI’ . If unexplained baseline.noise, drift.or instability accur the flow cell
should be cleaned according to the procedure below:,
- 1. Install the dummy column i in the system.
2. Disconnect the gradient monitor from the flow cell Replace it
. with tubing. . '
3.~ Connéct a large sample loop, 500 ul to the injection valve. -
4.. Fill the wPrecision Pump with distilled water.
- 5. Fill the sample loop with a 10 % surface active detergent
- solution and pump approximately 300 pl through the flow cell
at low flow rate, about 50 pl/min. Stop the flow and leave the
detergent solution in the flow cell for 20 minutes. Start the flow
and pump out the remaining detergent solution through the
flow cell.
6.  Fill the sample loop with isopropanol or ethanol and pump
through at a flow rate of 20 pl/min.
7.

Rinse the loop and flow cell with 10 ml distilled water.

6.16.2 Changing the uPeak Monitor flow cell

If the flow cell needs to be replaced, follow the instructions below.

1.

Fig. 6.27. Removing the
front cover

Turn off the System Power Supply and disconnect the mains
cable.

Warning: The Peak Monitor contains high voltage
electronics. It is essential that the monitor is
switched off before any covers are removed from
the instrument.

To remove the front cover, insert a screwdriver under the front .
cover and pull down the black securing forks.on both sides.
Hold the lower end of the front cover and hook it off
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3. Remove the four screws on the front panel. Disconnect the
cable at the top of the monitor and remove the front panel.

4. Remove the side cover:.
1 Loosen the two screws holdlng the sxde cover.
| Turnit 25 degrees to the nght
3. Pull it off

Fig. 6.28. Removing the
side cover

5. Unscrew the screw on the front part of the fibre OpthS holder
with the 3 mm Allen key supplied. - :

: Flg 629 Removing
part of the fibre optics’
holder

6. Disconnect the optical fibre B from the flow cell splicer A.
* Disconnect fibre C from the detection unit D, (Fig 6.30). Pull
out the fibres from the grommet and then put on the protective
caps.

€6 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Fig. 6.30. Removing the optical fibres

7.  Disconnect the fractionation needle from the fraction arm (A in

Fig. 6.31).

8.  Disconnect the gradient monitor signal cable from the socket (B

in Fig. 6.31).

= —3 ‘“ A.
o] T 't&‘“:;:_ : {ﬂ:f\\s"“‘
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Fig. 6.31. Disconnection of fractionation needle and gradient monitor cable

9. Pull out the securing fork holding the flow cell and remove it.

6:27
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6. SMART System maintenance

6:28

Fig. 6.32. Removing the flow cell

10. Disconnect the gradient monitor and flow restrictor from the
outlet of the flow cell (C in Fig. 6.31).

11. Unpack the new flow cell and remove the red protective caps
from the inlet and outlet of the flow cell. Leave the black
protective caps on the end of the optical fibres.

Note: Handle the optical fibres carefully.

12. Pull out the black securing fork (B in Fig. 6.33) and place the
flow cell with the optical fibres in the holder inside the
WSeparation Unit. Before securing it make sure the left hand
fibre is placed behlnd the LED holder (A in F1g 6. 33) Push in

.. the securing fork. : :
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6. SMART System maintenance
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Fig. 6.33. Fastening the flow cell

13. Thread fibre B (Fig. 6.34) behind the column holder. Pull out
the grommet from the side of the pSeparation Unit and thread
the fibre through the upper hole in the grommet. Do not
remove the black protective caps from the fibre ends!

14. Thread fibre C (Fig. 6.34) through the lower hole in the
grommet. Put the grommet with the fibres back into the
uSeparation Unit.

Fig. 6.34. Location of fibres in pwSeparation Unit

15. Remove the protective cap from fibre B and from the flow cell
splicer. Connect fibre B (see Fig:s 6.34 & 6.35) to the flow cell
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6:30

splicer (A in Fig. 6.35). Insert it gently without letting the fibre .

end touch the sides of the splicer. Tighten the nut fingertight.

Warning: Do not at any time touch the tips of the optical

T " fibres with your fingers as this-can résult in poor
monitor performance If you accidentally have

. touched the fibre tip it can be w1ped w1th 30 %
isopropanol on lens paper. :

-16. . Remove the protective cap from fibre C and from the detection -

unit. Connect fibre C (in Fig:s 6.34 & 6.35) to the detection.

unit D.
A ¥ =
N 7 |
N . 1. O :
n Q :
N
. !
o —
]
==
\l & B
Flg 6.35. Connectlons of optlcal fibres.
o Note h It is 1mportant that the fibres are connected to the

correct inléts, otherwrse the specrflcatrons Wlll not

» _ be met.
17.. Replace the fibre Optics holder and fasten the Allen screw
18. Replace the side cover and make sure the slits at the back of the

cover fit into the pins at the back of the monitor. Secure the
~ side cover Wlth the screws. :
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6. SMART System maintenance
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Fig. 6.36. Replacing the
side cover

19.

20.

21.

Replace the front panel and the four screws. Make sure the
cable is not trapped between the monitor and the front panel.

Note: Do not overtighten the screws.

Hook the front cover onto the front panel and push up the
securing forks.

To reconnect the Gradient Monitor see Section 6.18.

6.16.3 Replacing the beam splitter

If a warning, Reference light path error, occurs the complete beam
splitter, Code No. 18-1029-15, must be replaced.

1.

Turn off the Systern Power Supply and disconnect the mains
cable. '

Warning: The Peak Monitor contains high voltage
electronics. It is essential that the monitor is
- switched off before any covers afe removed from -
. the instrument.

To remove the front cover, 1nsert a screwdrlver under the front
cover and pull down the black securing forks on both sides. -
Hold the lower end of the front cover and hook it off.

6:31
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Fig. 6.37. Removing the
front cover

3.

4.

Fig.: 6.38. ‘Removin‘g the

o .
O .

Remove the four screws on the front panel. Disconnect the
cable at the top and remove the front panel.

Remove the right side cover of the monitor;

1.  Unscrew the two screws holding the side cover.
2. Turn it 25 degrees to the right.

3. Pullitoff. =

side cover -

5. Disconnect the beam splitter reference fibre in the detector unit
B, = . . ,

6. Loosen the fibre from the clip A on the side of the _
monochromator by pushing in the plastic hook with a small
screwdriver. : :

7.  Disconnect the connector with the two fibres from the beam
splitter splicer C. . '

8.  Disconnect the beam splitter sample fibre from the flow cell

splicer D.

6:32 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Fig. 6.39. Replacement of beam splitter

9.

10.
11
12,

13,
14.

Remove the protective caps from the new beam splitter fibres.

Warning: Do not at any time touch the tips of the optical
fibres with your fingers as this can result in poor
- monitor performance. If you accidentally have
touched the fibre tip it can be wiped with 30 %
isopropanol on lens paper.

Connect the beam splitter sample fibre to the flow cell splicer

D.

‘Connéct the conpector with the two fibres to the beam splitter.

splicer C The beam splitter reference fibre should be upwards.

Form.a smgle gentle loop of the beam splitter reference fibre

_and connect the fibre end to the detector unit B.

Secute the fibre. loop in the chp Aon the monochromator

Replace the side cover and make sure the slits at the back of the
cover fit into the pins at the back of the monitor. Secure the
side cover with the screws.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6.17 Monitor
uv-m il

Fig. 6.40. Replacing the
side cover

15. Replace the front panel and the four screws. Make sure the
cable is not trapped between the monitor and the front panel.

Note: Do not overtighten the screws.

16. Hook the front cover onto the front panel and push up the
securing forks.

6.17.1 General maintenance for the flow cell

A clean flow cell is essential for the correct operation of the UV-M IL

Follow the recommendations in Section 6.1 regarding the eluents.

If the eluent contains dissolved salts, proteins or other solutes of low
volatility, ensure that the flow cell is never allowed to dry out. After
use, install the Dummy Column and flush through the entire system

using the System Wash function in the Manual menu in Run/Control.

Do not allow particles to enter the flow cell. The flow cell may be
inspécted for partlcles and air bubbles by.removing it from SMART

* . Systemn and examining the hght path through the window with a

magnifying glass.

- Instructions are glven below for the removal of the flow cell from the

system and for different cleaning procedures. Further details are

,glven in the Instructlon Manual supplied w1th the moditor. . = -

6. 17 2 Changing the flow cell
1. Switch off the Monitor UV-MII.

2. Use the Column Install function in Manual in Run/Conn ol to
. raise the automatic column holder. Remove the column from
the system and store as recommended in the Column .
Instructions.

~ 3. Remove the delivery needle from the fraction collector arm.

Disconnect the gradient monitor signal cable.

4. If necessary, remove the cable grommet and disconnect the
Optical Unit cables from the back panel of the UV-M Il
Control Unit. Pass the cable through the back panel of the
uSeparation Unit.

5. Pull out the securing fork and remove the Optical Unit
(Fig. 6.41). If the larger Zn lamp is fitted, loosen the column

6:34 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

connector and tilt the Optical Unit until it can be removed
‘easily from its support. T

Fig. 6.41. Disconnecting the Optical Unit

6. Usea 2.5 mm Allen key to remove the two screws holding the
main body of the gradient monitor to the underside of the
Optical Unit (Fig. 6.42). Use the wrench supplied to loosen an
remove the connector from the flow cell. . :

Fig. 6.42. Removing the
_ gradient monitor

7. Loosen and remove the column connector from the flow cell.
Loosen the locking screw and then pull the flow cell out of the
Optical Unit (Fig. 6.43).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 6:35
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Fig. 6.43. Removing the flow cell

8.  Insert the flow cell with its protective ring into the Optical Unit.
Secure it in position with the locking ring on the underside of
the Optical Unit (Fig. 6.44).

Fig. 6.44. Inserting the

flow cell

9. Fit the column connector into the flow cell and tighten it
slightly (Fig. 6.45)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Pannl



N

6. SMART System maintenance

Fig. 6.45. Fitting the column connector

1.

12.

13.

10.

Fig. 6.46. Fitting the
gradient monitor

Fit the upper connection piece of the gradient monitor to the

underside of the flow cell, and use the wrench supplied to
tighten it firmly (Fig. 6.46).

—{

Use the two Allen screws to connect the main body of the
gradient monitor to the connection piece on the underside of
the Optical Unit.

If the cables from the Optical Unit have been disconnected, pass
the cable out through the back panel of the pSeparation Unit.
Connect the lamp cable and the Optical Unit cable into the -
sockets marked LAMP and OPTICAL UNIT respectively on the
back panel of the UV-M II Control Unit. Replace the cable
grommet. ' ' ' '

Pull out the securing fork and fit the Optical Unit (Fig. 6.47). If
the larger Zn lamp is fitted, loosen the column connector and
tilt the Optical Unit until it can be fitted easily into its support.
Tighten the column connector firmly. '

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

Fig. 6.47. Fitting the Optical Unit

14. Refit the delivery needle into the fraction collector delivery arm
(Fig. 6.48). Reconnect the gradient monitor signal cable.

Lz =

Delivery heedle

! 7] SSOCCeSS,

i ' . )

) % S\ // BN EX ' : Oog
Signal _ S ==
cable

=

/ =T =
=

Fig. 6.48. Complet_ing the reassembly '

' 15_ . Ré—iriétail the >c.01ulmn. Switch on ‘t-he Monitor.UV-M I

»6.17".3 Removing ti'apped partiéles from the flow cell

1. Remove the flow cell from the Optical Unit as described in
Section 6.17.2.

2. Connect a syringe to the flow cell outlet and flush a clean
solution of ethanol in distilled water (50 % v/v) through the cell
in small quantities. Examine the cell from time to time to check
if the particles have been washed out.-

3. Rinse the cell with filtered distilled water (about 20 ml) and
then replace it in the Optical Unit.

4.  Reconnect the cell as described in Section 6.17.2.
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6.17.4 - Removing non-particulate contaminants

Most non-particulate contaminants e.g. denatured proteins, salts etc.
can be removed by flushing the cell with an appropriate solvent.

. Laboratory detergents of the type used to decontammate glassware

may also be used.

. Oily deposn:s, Whlch increase the tendency to trap air bubbles, can be

removed by rinsing the flow cell first with a non-polar solvent, such

as hexane; then with a polar solvent such as isopropanol and fmally

with distilled water or detergent.

Persistent contaminants may be removed by either of the following
cleaning procedures, depending on the nature of the contaminant.
Warming the cleaning medium to 40 °C may improve the result.

Cleaning with detergent:

1.  Remove the flow cell from the Optical Unit as described in
Section 6.17.2.

2. Fill the cell with a 10 % solution of RBS 25, Deconex or an
equivalent and let it stand for at least two hours.

3. Rinse the cell with distilled water, followed by ethanol/distilled
" water (50 % v/v) and finally distilled water. Use at least 20 ml -
of each liquid.

4.  Replace the cell in the Optical Unit as described in
Section 6.17.2.

Cleaning with chromic acid:

Warning: Chromic acid is extremely corrosive. Wear eye protection
when using it. Handle it with extreme care and treat any
spilling immediately with a large excess of water.

1. Prepare fresh chromic acid by adding concentrated sulphuric
"~ acid (100 ml) to a saturated. solution of sodium dlchrornate
(3.5 ml). . o .

" 3. “Remove the flow cell from the Optical Umt as descrlbed in

. Section 6 17.2.

 3. “Connect a glass syrmge to the outlet of the cell and carefully

. draw chromic:acid. mto the céll.. Do not draw acid into. the
syrmge :

4. ‘Allow the ChI'OI‘IllC acid to remain in the cell for 10-20 minutes. .- - .

5. Remove the chromic acid carefully without splashing and then
rinse the cell with 100 ml distilled water, followed by 20 ml
ethanol/distilled water (50 % v/v) and fmally 20 ml dlstllled

- water.

6. Replace the cell in the Optical Unit as described in
Section 6.17.2.

6.17.5 Cleaning the filters

For optimal performance, it is essential that the interference filters are
clean and free of any particulate material. Do not touch the
interference filters. If the filters become contaminated with dust,
fingerprints or oil, proceed as described below or in the Instruction
Manual supplied with the Monitor UV-M 1L
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1. . Remove the Optical Unit from SMART System as described in
Section 6.17. 2.

2_. . Tfthe Zn lamp is fitted, remove the Zn lamp housmg Remove*
the fout screws in the filter housing and separate the fllter
_ housing from the Optical Unit. :

3. Carefully take the filter out of the housmg w1thout touching or

scratching the filter surface

4,  Use lens cleaning tlssue dipped in ethanol to clean the filter
surfaces gently.

5. Place the clean filter back into the filter wheel and reassemble
the filter housing in the Optical Unit.

6.  Replace the cell in the Optical Unit as described in Section
6.17.2.

6.17.6 Changing the UV-M Il Monitor lamp assembly

When delivered, the Optical Unit of Monitor UV-M 11 is fitted with
an Hg lamp for operation at 280 nm and 254 nm. A Zn lamp is
available for operation at 214 nm. Each type of lamp has its own
housing so that the lamp and housing is replaced when changing
from one type to another.

1. Switch off the mains power switch at the back of the UV-M II
Control Unit. Disconnect the lamp cable and the Optical Unit
. cable from the back panel.

2. Remove the cable grommet on the back of the puSeparation
Unit.

3. ° Remove the fractionation needle from the fraction collector
arm. Disconnect the Gradient Monitor signal cable.

4.  Pull out the secuting fork and remove the Optical Unit. If the -
 Znlamp is fitted, loosen the column connector and tilt the
- Optical Unit unitil it can be ‘temoved easily from'its support-
(Flg 6.49). . .

&, //
3)
/ ) —
7 e
/ T
-h
/ | \\\_

Fig. 6.49. Removing the Optical Unit with the Zn lamp
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10.
11.

12.

13,

- 14.

15.

Pull the cables through from the back of the uSeparatlon Unit.

On the end plate of the lamp housing, loosen and remove the
two securing screws. Remove the end plate: '

Slide the lamp houeihg off the Optical Unit Refit the end plate.

On the lamp housmg to be fitted, repeat Step 6 and remove the L

end plate.

-With the light aperture facmg the frlter, slide the lamp housing .

onto the guides on the Optical Unit. Depress the two pressure’
pads on the filter housing in sequence as the lamp housing is
being fitted.

Refit the end plate onto the lamp housing.

Slide the lamp housing firmly into position. There is a faint
click when the housing is positioned correctly. The mercury
lamp housing can click into two positions, one for 280 nm and
one for 254 nm. The zinc lamp housing has only one position.

Push the cables for Optical Unit and lamp through to the back
of the uSeparation Unit. Replace the cable grommet.

Refit the Optical Unit and push in the fork to secure it in
position.

Note: If the larger zinc lamp is fitted, loosen the column
connector before fitting the Optical Unit. Tighten
the column connector and then push in the fork.

Re-connect the lamp and Optical Unit cables to the back panel
of the UV-M II Control Unit. Switch on the UV-M IL

In Run/Control, click on CONFIG, USER SUPPLIED

"CONFIGURATION. In the Monitor UV-M II field, click on the

wavelength of the newly fitted lamp.

| --.817.7. Changlng a defective. Iamp

o 'The mercury lamp, the reflectlve surface used for 280 nm ‘and the’
- zinc lamp have approximate hfetlmes of 8 000 hours, 4 000 hours
-"and 2 000.hours respectlvely -

' Warning:* To'prevent injury to eyes ensure that the lamp cable is

_disconnected before changing a defective lamp. If the
" mercury lamp is broken make sure that all the mercury is
removed

Switch off the mains power on the monitor. Remove the

. Optical Unit from SMART System as described in
_Section 6.17.2.

- Remove the two screws on the lamp housing plate which is

attached to the lamp power cable.
Carefully pull the lamp out of the lamp housing.

Replace the defective lamp with the new lamp and insert the
assembly into the lamp housing. Secure the end plate again with
the two screws. Do not touch the lamp.

Replace the cell in the Optical Unit as described in
Section 6.17.2.
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6.18 Changihg the  Before removing the Gradient Monitor make sure you have a new
one available. C o . s

6:42

Gradient"
"~ Monitor

Gradient .Monitér/FloW Restrictor, pPeak Monitor
Code No. 18-1029-94

~ e®  Gradient Monitor/Flow ‘Restric‘to'f,' UV-M 1L

Code No. 18-1017-28

uPeak Monitor

1.

Remove the fractionation capillary from the fraction collector
arm. Disconnect the Gradient Monitor cable from the socket on
the left hand side of the Separation Unit. Unscrew the Gradient
Monitor from the pPeak Monitor flow cell.

Insert the short PEEK capillary supplied into the Gradient
Monitor inlet. Make sure it reaches the bottom, so that no dead
volume results.

Slide the plastic ferrule onto the capillary.

Carefully position the Gradient Monitor below the outlet of the
flow cell. Ensure that this alignment is straight. Then carefully
screw the Gradient Monitor into the flow cell. To make the
final tightening, hold the cover of the Gradient Monitor
housing and turn until the cover starts to slip. This will prevent
overtightening.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

vz’

B U L o Fig. 6.50. Installation of the Gradient Monitor

Tt s oo T

 Note: ~ If the Gradient Monitor is not well alignéd before it

is screwed in, the threads on the Gradient Monitor .

- inlet-may be damaged, resulting in poor sealing.
Connect the gradient monitor sig.n'al-'c_abllel to the ,S(').Cket-'v‘ - _
Connect the fractionation capillary-to the fraction collector = -

-Moni.torl UV-M II

1.

Remove the fractionation needle from the fraction collector
arm. Disconnect the Gradient Monitor signal cable from the
socket on the left hand side of the uSeparation Unit.

Use a 2.5 mm Allen key to remove the two screws holding the
main.body of the gradient monitor to the underside of the
Optical Unit.
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6.20 Adjustment of

6:44

fractionation
capillary

Fig. 6.51. Removing the
gradient monitor

3., Connect the new gradient monitor to the Optical Unit with the
Allen screws.

4.  Replace the fractionation needle. Push the tubing into the flow
restrictor while tightening the connector. Connect the gradient
monitor signal cable to the socket.

The position of the fractionation capillary in the collection tube must
be correctly set to ensure that precise fractions are collected,
especially in Wipe Mode. In Drop Mode, the needle is in the up
position and centrally aligned to the collection tube. In the Wipe
Mode, the needle is in the down position in contact with the inner
wall of the collection tube. Two adjustments are possible; the
sideways movement of the delivery arm and the height of the
fractlonatlon caplllary in the dehvery arm.

1L Loosen the fractionation caplllary and remove 1t from'the

o fractlonatlon arm.

C 2. | In Run/Control, chck on MANUAL PUMP FLOW Set the

ﬂow to 1 p.l/mm

.3, Click on MANUAL, SEP UNIT, FRACTIONATION Set the.

- fraction size to 1000 ttl/min. Set-the Needle position to down
Mark the check box Start at tube and confirm the settings. The
- fraction collector arm will move to the first tube.

4. Check the sideways adjustment of the capillary. It should be
positioned at the centte of the tube. To adjust it sideways
slightly loosen the delivery arm locking screw at the back of the

arm. Support the back of the arm while you adjust the position. -

Tighten the locking screw.

-S.  Put back the fractionation capillary into the fractionation.arm.

Adjust the height of the needle so it is located just above the
bottom of the tube.

6.  Check that the position of the capillary for waste collection is
correct. Click on MANUAL, SEP UNIT, FRAC STOP. Click on
OK and the needle moves over the waste collector.
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7. . Check the position of the capillary once more in the tube by
repeatmg step 2 and 3. Make further ad]ustments if necessary.

" 6.21 Procedure for - High back pressure can be the result of a bIockage somewhere in

locating a SMART System. The following procedure is a guide to identifying
blockage - - the position of the blockage in the system. For typ1cal back pressure
- " values at different flow rates, see Table 1. Table 2 gives typical back
pressure values at different system positions. Further instructions are "
‘given in the following section for the remaking of the tubing .
connections. '
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connections.

Procedure for locating a blockage

High back pressure in system,
see Table 6.1. -

Pump water at 2 ml/min
through-system with in- -
jection valve switched to
waste.

High
>0.7

Blockage either before valve or in
valve. Disconnect at mixer outlet and
start flow.

MPa

—— High I

Normal

>0.6
MPa

Run 0% B.

Blockage between
pump and mixer outlet.

High ——=—— Normal
>0.6
MPa

Reconnect at mixer
outlet, disconnect at
valve inlet.

Normal

Holder.

Blockage either in load or inject positions .
or after valve. Raise Automatic Column

>0.8
MPa

— High —J—Normal

|

Blockage in injection
valve. Run in inject and
load positions.

Install Dummy Column.

Set the p
5.0 MPa.

ressure limit to

|—- High =—dememe Normal —I

Blockage in eluent
A-line to mixer.
Clean the On-line
filter, Section 6.7. If
pressure is still
high, loosen each
connection on the
A-line in turn, work-
ing backwards from
mixer, until the
blockage is isolated.
See Section 6.15.
See Table 6.2 for
typical vaiues of
backpressure.

Blockage in B-line

line filter, Section
6.7. Confirm by
running 100% B.
Clean the On-line
filter, Section 6.7. If
pressure is still
high, loosen each
connection in turn
working backwards

blockage is isolat-
ed. See Section
6.15. See Table 6.2
for typical values of

to mixer. Clean On-

Blockage in tubing’

Replace tubing
(Section 6.15).

from mixer to valve.

Blockage within
valve. Call service
engineer.

from mixer, until the |

If high in load
alone, call service
engineer.

Try to clean, Sec-,

“|tion 6.2. If pressure

still is high, call
service engineer.

backpressure.

service engineer.

If high pressure in
inject alone,
change sample
loop (Section
4.6.3). If pressure
is still high, try to
clean the system,
Section 6.2. If pres-

service engineer.

If high pressure in
inject and load or in
load alone, call
service engineer.
Try to clean, Sec-
tion 6.2. If pressure
still is high, call

sure still high, calt

. High ——!
>1.6
o MPa’.

= Normal -|

High —I— Normal
. 08 . :
.. MPa .

]

—{ Blockage in flow

tor and/or Flow
Restrictor. Loosen

Blockage in flow

in6.12.

cell. Clean accord--
ing to instructions

Blockage in Gradi-
ent Monitor or Flow -

in Flow Restrictor
can be indicated by
a visible leakage
from hole in sur-
face. Replace Flow
Restrictor or Gradi-
ent Monitor.

Restrictor. Blockage |:

Gradient Monitor
and flow cell.

cell, Gradient Moni-

-| connection between

If no high pressure,
blackage in column
or prefilter. Check -
with prefilter and

.| dummy. I prefilter
OK, clean the col-
umn according to
recommendations in
the Column Instruc-

tions.

Chart f'orilocating a blockage
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. Table 1. Typical back pressure values in a complete SMART System

Back Pressure (bar)

‘Flowrate (ul/min). = - With prefilter Without prefilter
- oo T . es
100 o 8 . 75 |
400 _ . 10 ) 85
1000 - - - S 13 - 10
1500 . - 16 12
2000 , ' 197 ' " 14

Note: These are approximate values, it can diffef up to + 0.2 MPa on the higher.-
values because of difference in tubing inner diameter.

Table 2. Pressure table for trouble shooting high back pressure.

Eluent: H50 Flow rate: 2000 pul/min
System disconnected at Back pressure MPa
Pump valve outlet 0
On-line filter inlet 0.15
On-line filter outlet 0.2
Mixer inlet 0.35
Mixer outlet 0.4
Inj valve waste position 0.5
Inj valve load position 0.55
Inj valve inject (50 p! loop) 0.6
Restrictor outlet 1.4
Frac needle outlet 1.4

Note: These are approximate values, it can differ up to + 0.2 MPa on the higher
values because of difference in tubing inner diameter.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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6. SMART System maintenance

6.22 Remaking The.different types of tubing used in SMART System are illustrated in
f|UIdlC Figure 6.52.
connectlons '

Fig. 6.52. SMART® System fluidic pathways

A. Pump Inlet Tublng (Code No. 18-1800- 26)

- This tubing connects the- buffer reservoir to the: pump:inlet Valve for = - -
. eluent delivery. The ETFE tubing, o.d. 2.7 mm, i.d:*1.9 mm,is
.ﬂanged ready for connection to the inlet valve. The connector on the .
. valve is an M6 f1tt1ng The replacement: tubmg is supphed complete
. with a solvent filter. . o - _

To remake this connection, push the tubmg into the connector and
“tighten the hexagonal connector firmly, first with the flngers, then
with the black Wrench supplied.

B. Cylinder Tubing, T_i (Code_ No. 18-1012-23)

This titanium tubing connects the inlet valve to the pump cyhnder It
is supplied complete with fingertight connectors for connection to
both the valve and the cylinder.

To remake this connection, push the tubing into the connector and
hold it firmly in position while tightening the hexagonal connector.
Tighten until it is fingertight and then use a 1/4"-3/8" wrench to
tighten fully.

6:48 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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C. Pump Outlet Tubing, 2 x 0.7 m, (Code No, 18-1800-27) or
Pump Outlet Tubing, 2 x 0.5 m (Code No. 18- 1800 -29)

These two pieces of PEEK tubing to connect the pump ‘outlet the On- _
line Filters on the pSeparation Unit. Each piece is supphed complete

~ with fmgertlght connectors on both ends.

To remake this connection, push the tubing into the hexagonal’
connector. Hold it there firmly while tightening the connector first

X with the flngers then with the wrench supplied.

D. Tubing, mlet to mixer x 2 (Code No. 18-1 015 -31)

These two pleces of PEEK tubing connect the On hne Filters on the
uSeparation Unit with the mixer inlets. Each piece is supplied
complete with fingertight connectors on both ends.

To remake this connection, push the tubing into the hexagonal
connector. Hold it there firmly while tightening the connector first
with the fingers then with the wrench supplied.

E. Tubing, mixer to injection valve (Code No. 18-1015-64)

The titanium tubing connecting the mixer outlet to the injection valve
is supplied with a fingertight screw for connection to the mixer and a
titanium compression screw and ferrule for connection to the
injection valve.

To access the connector at the back of the injection valve, loosen the
two screws securing the clear plastic plate and remove the plate .
(Fig. 6.53). The compression screw at the back of the valve is now
accessible. Loosen the compression screw and remove the old tubing.

Fig. 6.53. Inlet connection on the injection valve

To fit the new tubing to the injection valve, push the tublng firmly
into the connector. Hold it in this position while tightening the
compression screw until fingertight. Finally, tighten with the wrench
supplied.

To remake the tubing connection on the mixer, push the tubing into
the hexagonal connector. Hold it there firmly while tightening the
connector first with the fingers then with the wrench supplied.

6:49



R T ——

et

6. SMART System maintenance

F. Tubing, injection valve to column (Code No. 18-1015-65)

This titanium tubing is supplied with titanium compression screws

- already fitted.to both ends of the tubing. The tubing is fragile and

" 6.23 Defrosting the

uSeparation -
Unit -

should therefore be handled with care while f1tt1ng

To remake this connection, push the tubing into the compression

- screw. Hold it there firmly while tightening the screw fn'st with the
_ fingers then with the wrench supplied.

G. Fractionation needle (Code No. 18-1017-26)

~ This spare part consists of the fractionation needle with PTFE tubing -

and a fingertight screw to connect to the flow restrictor. To replace
this tubing, release the needle from its supporting arm and loosen the
fingertight connector on the flow restrictor.

To make the connéction on the flow restrictor, push the tubing into
the hexagonal connector. Hold it there firmly while tightening the
connector first with the fingers then with the wrench supplied. Fit the
needle into the delivery arm and tighten the locking screw.

H. Fractionation capillary (Code No. 18-1000-18)

This spare part consists of five fused silica fractionation capillaries, a
fingertight screw to connect to the flow restrictor, two ferrules and
an adaptor to insert to the deliver arm.

To connect the capillary to the Gradient Monitor, hold the capillary
about 2 cm from the end and slide the compression screw and the
ferrule onto the capillary. Insert the capillary carefully into the
Gradient Monitor outlet, make sure it reaches the bottom, and fasten
the compression screw slightly. Hold the capillary aligned to the
bottom of the Gradient Monitor outlet and tighten the compression
screw firmly by finger force. Insert the fractionation capillary adaptor

. to the fraction collector arm if required. Insert the fractionation
‘capillary into the adaptor and secure it with the securmg screw Do
‘not overtlghten

I you are using the cooling function contmuously in SMART System .

and notice that the temperature can not be maintained at the set
value, it can be caused due to ice formation on the Peltier element.
This. can happen if the cooling is on constantly, and the humidity is .

" very high. To defrost the Peltier element, turn off the cooling for-

* about 30 minutes, or until the ice is melted. Make sure the waste
‘tubing at the side of the tSeparation Until is positioned in a waste

container or drain.
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7. Trouble-shooting guide

uPrécision_ Pump

7. Trouble- shootlng

gmde-

Symptom "

: qusible :caiise

Remiedy

" Flashing yellow light ‘

Pump stopped, yellow light
not flashing

| Leakage from drain outlet
" under he pump cylinder

Shadows or steaks in the:
rinse liquid -

System in pause because of a

fault

Screen message: “Valve
cannot find position”

Screen message: “Pressure
exceeded limit”

Screen message: “Cylinder
A/B is empty”

Screen message: “Air
detected in cylinder A/B”

Leakage from the rinsing seal.

Laking piston seal -

Check screen message as listed below

- Try setting the valve in another position

e.g. choose Manual, Pump Fill, Pos x. If
the valve still cannot find the correct
position, call Pharmacia Biotech service
engineer

Check pressure limit set against Column
Instructions and adjust if necessary
Follow blockage location guide, see
Maintenance, Section 6.15.

Perform p.ump fill; check if sufficient
eluent in reservoirs
Check that the inlet filter is covered by

the eluent and that there is sufficient
eluent in the reservoir

Damaged inlet tubing or bad connectlon
Check and replace

In Run/Control select MANUAL, PUMP
EMPTY followed by PUMP FILL

Replace rinsing seal (see Mamtenance,
Section 6.5)

Perform leakage test ( see Section:6.3)
If the seal is leaking, disassemble the -
cylinder, If the seal is dirty, wipe itand -

- reassemble the ;yﬁnden Perform the
* leakage test again and if it is still leaking,
replace the piston seal. See Mamtenance, ,

Sectlon 64 .
uSeparation Unit
Symptom Possible cause Remedy
Condensation inside the The doors are not shut or Keep doors shut
uSeparation Unit have been opened too often
High humiditv in the lab Move SMART System to an
air-conditioned room
Flashing yellow light on System in Pause because of a Check the message on screen
uSeparation Unit fault

Artisan Technology Group - Quality Instrumentation ..
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7. Trouble-shooting guide

When using the internal loop,
valve in waste position

LMixer
- Symptom Possible cause Remedy
© Mixer ﬁo‘t.foﬁétih'g, as.seenin’ No flow through system - . " The mixer only rotates when eluent isthe :
window under the mixer o D ~ being pumped through the systeni -
) Mijcer faulty . Call Pharmacia Biotech service engineer '
uinjection Valve
Symptom Possible cause Remedy .
Sample leaks out from behind The syringe is not in the Ensure that the syringe is pushed all the
injection needle correct position way into the fill port before loading the
sample
Blockage in the fill port Remove and check the fill port. Refit
according to Maintenance, Section 6.10
Blockage in the loop Switch the injection valve to the inject

position and flush the loop or replace it

Ensure that all samples are free of
particulate material

Turn valve to load position

The fill port is not tightened Insert the syringe needle into the fill port
correctly and tighten the fill port

Automatic Column Holder

Symptom Possible cause Remedy

Automatic Column Holder
does not move

Door notclosed .. - -

' _Faiulty.

Check that the door of the pSeparation
Unit is closed

) Ca.ll Pha_ml'lécia' Bi(')teéh. ser\(ice-‘engineer -

‘Flow Restrictor -

Symptom _ Possible cause Remedy .
"+ Leakage in Flow Resttictor - Blockage in fractionation Check by loosening it. Replace it if
' . ' needle . necessary - o -
Fault in Flow Restrictor - Replace the Flow Restrictor or call Pharmacia
SR Biotech service engineer - ' :
7-4 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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WFraction Collector

Symptom

Posstble cause

Remedy

" Fraction Collector cannot find

. Tube holder ﬁtted mcorrectly'

" Ensuire that the tube holder is correctly the

. programimed tube posmon fitted to the bowl
Tubes ﬁtted mcorrectly - Check that the caps on the small tubes
point inwards-
Fraction Collector Call Pharmacia Biotech-service engineer
o positioning fault . -
- Fractions outside the tubes Tube holder fitted incorrectly Check the fitting of the tube holder
Fractionation capillary not in - Check the adjustment of the capillary (see
correct position Maintanance, Section 6:20)
Incorrect tube holder chosen Check Run/Control User Supplied
in configuration Configuration
uPeak Monitor
Symptom Possible cause Remedy
Yellow LED (RUN) on panel Calibration takmg place at Wait until start up is finished
flashing start up ’ ’
, Fault in the system Check displayed error message on screen
Green LED (READY) on Communication throughout Shut down SMART Manager and restart
panel flashing the system interrupted or reboot the computer and system

Monitor UV-M II

Symptbm

Possible cause

Remedy |

. Panel keys do not function

. ~ Lamp on/off LED not illuminated:

' Lamp on/off LED flasting

Lamp orvoff LED on, no signal :

Autozero LED flashing )

Lamp plug connected or

disconnected with mairs

power on
Mains cable not connected

" No voltage at mains socket

Fl'.lee blown

Lah'1p cable not connected

" Power malfunction on lamp

-Control Unit not connected

to USeparation Unit
Wrong filter in use

“Wrong lamp or wrong lamp
posttion

Electronic tault

Unstable baseline

Optical Unit not connected
to Control Unit

Flow cell not installed

Disconnect the mains cable for a short time

Connect.mains cable

Check socket by using a lamp or other '

. electncal appliance N _
Replace fuse. If fuse blows agaln, ca]l

Pharmacia Biotech service englneer

immediately

Connect lamp cable -

Consult Pharmacia Biotech service engirieer.

- Check the connection. Ensure that the green

connector snaps into position

‘Change to the correct filter

Check that the correct lamp is mstalled
and in the correct position

Contact Pharmacia Biotech service engineer

See noisy and drif'ting‘baselirie', below

Connect Optical Unit

Install flow cell

Artisan Technology Group - Quality Instrumentation ..
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System Problems

Symptom Possible cause - Remedy
Noisy baseline . ‘Air in»ﬂo{zv._.cell,_' Install the Dummy Column and run .
e . : T - . ‘eluent throu,gh the flow cell at a high -
. flow rate. Remove the Dummy Column .
" and place a drop of water on. the flow cell .
to preverit air being introduced.
Degass the eluents -
Check that the Flow Restrictor gives ’
0.3 MPa back pressure with the Dummy
. . ... Column in the system : .
Flow cell not tightened firmly Tighten locking nut firmly
in position, UV-M II
Gradient Monitor and Flow Tighten (see Maintenance, Section 6.18)
Restrictor not tightened
Dirty flow cell Clean according to the instructions in
Maintenance, Section 6.16.1, 6.17.3 or
6.17.4
+ Dirty filteg, UV-M IT Clean the filter (see Maintenance Section
_ - 6.17.5)
Wrong lamp position, UV-M I Check that the lamp position and the
: wavelength setting are the same
Wrong filter, UV-M 1T Change to the correct filter
Aging lamp, UV-M II Change the lamp-according to the instruc-
o : tions in Maintenance, Section 6.17.7. -
Aging lamp, pPeak Monitor Call a Pharmacia Biotech service
representative ,
Wrong mixer volume Check recommendations in Section 2 9
Drifting baseline Lamp not warm enough, The lamp must be on for at least 1 hour
' UV—M I  before use, especially when operanng at
'  high sensitivity '
Detector not warm enough, . In the Run/Control Menu, use the
pPeak Monitor command MANUAL, DETECTOR, =
LAMP CONTROL to switch on the lamp
before running methods at high sensitivity.
. Let the lamp be on while equilibrating -
“ columns or editing methods
- Flow cell not completely tight, Tighten locking nut firmly
UVMII T
- Dirty flow cell Clean according to the instructions in
Maintenance, Section 6. 16 1, 6.17. 3 or
| 6.17.4 N
Gradient Momtor not flrmly Tighten the connection between the
tightened Gradient Monitor and the flow cell (see.
: Maintenance, Section.6.18)
Eluents A and B give Contaminated buffer compdnents. Use
different absorbance chemicals from another manufacturer or
use higher quality
Compensate for the absorbance difference by
adjusting eluents A and B to slightly different
pH (see Method Manual, Section 10)
7:6 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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7. Trouble-shooting guide

Symptom Possible cause

Remedy

Ghost peaks _

Low sensitivity

High back pressure

Back pressure too low

" "Air in eluents’

_ System dirty -

N 'Contammatlon in eluentsin
gradient techniques

Sample not dissolved in start

eluent

Dirty column,

Contamination between
internal and external loop

Insufficient mixing or mixer

'not functioning

Flow cell dirty

Increased viscosity of liquids -
due to the use of a lower

temperature

Use of eluent with high -

viscosity

Dirty column.

l.eaking Flow Restrictor _

Dirty sample loop

Blockage in the system

. Leakage in'the system

"Ensure eluents are degassed

" Follow program for system clean with .

2 M NaOH (see Section 6.2)

_". Seeﬁ Métho_d Manual, Section 10

‘Dissolve sample in eluent A

Clean the column accordmg to Column
Instructions

Flush through sample loop with both A
and B eluents

Ensure that the stop plug is in position in
the fill port that is not in use

Leave the pump running continuously at
a low flow rate at 100 % B when the
system is not in use

Check mixer operating,.

. Check recommended mixer volume.

Section 2.9

Follow instructions to clean flow cell (see
Maintenance, Section 6.16.1, 6.17.3 or
6.17.4)

Locate the block following the procedure

. in Maintenance, Section 6.21

An increased back pressure of up to 50 %
can be expected at 4 °C

"Lower the flow raté or change
“ buffer/solvent

Wash accordmg to Column Instructlons

Check for visible leaks or salt -
precipitation at all tubing connections.
Perform leakage test on the pump as

- descrlbed in Maintenance, Section 6.3

Using the Dummy Column, check that -
thé Flow Restrictor gives 0.3 MPa back -

- pressure. Replace Flow Restnctor if .

necessary-

Artisan Technology Group - Quality Instrumentation ..
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. Symptom.

‘Possible cause

Remedy

" Distorted gradient profile

Noisy gradient signal

Curve like a "knee" on
gradient signal

.Signal from Gradlent Momtor
out of range

Gradlent signal changes w1th

flow rate

Spikes on gradient

. Uneven fraction volumes

' Le_akage in system

Préssufisation- not used

MIXCL‘ wash functlon not
used

Mixing not optimal
Mixer not functioning
Conductivity signal out of

range
Compressibility
compensation not used

- Wrong mixer volume used

Mixer not functioning

Leaking piston seal

Pressure follow not used

" Mixer wash function not
used

* Leakage ini the cor_mectnons
before the mixer

selected

System temperature dlfferent'

~from.20°C

used

Sample not- dlssolved in
eluent A

-Contamination from sample
loop

. Leakage in the system

) Ineorrect eonductivity range

- Compressnblhty functlon not

' Check for visible leaks or’salt .

precipitation at all tubing connections.
Perform leakage test on pump as

- described in Maintenance, Section 6.3.

Select pressurisation in Separatlon
Method configuration :

Select Mixer Wash function under
USeparation Unit in-Separation Method

Wrong mixer volume used (see

- recommendations in Technical

description, Section 2.9)

Check that the mixer is rotating by
looking into the window under the mixer

Check the conductivity range is set
correctly.

Select compressibility compensation in
Separation Method configuration

See recommendations in Technical
description, Section 2.9

Check that the mixer is rotating by
looking into the window under the mixer

Perform leakage test on cylinders A and B
(see Maintenance Section 6. 32 If the seal
is leaking, disassemble the cylinder and
replace t e piston seal. See Maintenance,
Section 6.5 or 6.6

Select pressurisation in Separation
Method configuration

Select Mixer Wash function under
pSeparation Unit in Separatlon Method

- Check for leaks. Tlghten or remake the
.connections (see Mairitenance,
-Section 6.22.)°

' Check the range set

'Cahbrate the Gradient Monitor at the

oper atmg temper ature

Select compressibility compensation in
Separation Method configuration

Ensure that the sample is dissolved in
eluent A

Flush through sample loop using eluent A

Check for visible leaks or salt
precipitation at all tubing connections.
Perform leakage test on pump as.
described in Maintenance, Sectlon 6.3.

7:8
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Please reinstall column”

has been selected, but is not

applicable for the installed column.

-option or install another column.

71 Error and This table includes most error and warning messages that may occur
' ' durring normal use of SMART™ System. If a message that is not
Warnlng included in the. list is shown, or if the suggested action does not solve .
. messages . . the problem, make a note of the message, then call your Pharmacia.
- LKB service representative. For general trouble- shooting help, see -
section 7 of the System Handbook or section 6 of the uPeak Monitor
_ _ . User Manual '
No  Message “Possible Cause Remedy
6 “Hardware error: A/D. Faulty A/D converter. Call a Pharmacia Biotech service
converter” : ‘ répresentative.
758 “Pressure exceeded limic” 1. Blockage n column, filters * Check pressure limit, Locate.
" or system blockage accordlng to handbook
section 6.14.
2.  Pressure limit incorrect.
9 “Pump valve position not The valve position for filling Perform a fill operation for both
defined. Fill cylinder A and B, the pumps is not defined. pump cylinders.
then continue.”
10/11 “Cylinder A/B is empty” - Pump A/B should deliver Fill pump A/B.
) eluent, but there is no eluent - :
* leftin the cylinder.
12/13 “Valve A/B cannot find position” The position of valve A/B cannot 1.  Repeat the operation.
be defined, possibly due to a faulty 2.  Call a Pharmacia Biotech
valve. service representative.
16/17 “Fill operation pump cylmder Mechanical problem in pump. 1. Repeat the fill operation ata
A/B failed” : lower flow rate.
2. Call a Pharmacia Biotech service
representative.
18/19 “Empty operation pump Mechanical problem in pump. 1. Repeat the empty operation at a
cylinder A/B failed” lower flow rate.
2. Call a Pharmacia Biotech service
. . o . 7 representatlve '
. 102/-- “No module A/B-cylinder” ' . Pmﬁp cylinder A/B is rmssmg or - Check installation of pump cyhnden
103 e incorrectly installed. Handbook section 6.
104/ “Cylinder A/B : Undefined ID”. .- The pump could riot recognize - Check mstallatlon of pump cyhnder '
105 IR rhe]Dofthecyhnder. o '
“ 106/ . “Pressure A/B is not Calibrated” - The pressure sénsor of pump A/B" Call a Pharmac_:i_é Biotech service
107 . S . is not correctly calibrated. representative.
108/ “Leakage warning cylinder A/B”  Leakage was detected in pump . See section 6 of handbook.
109 . A/B. S " '
110/ “Air detected in cylinder A/B” 1. Thereis air in the the eluent 1. Check cluent bottle and tubes.
111 bottle or tubes, or the inlet ~ Tighten the inlet fittings
flttmgs are loose. 2. Check the valye channel plate.
2. The valve channel plate is 3. Removeairin cylinder by emptying
loose or worn. ’ it, then refilling. = :
112 “Fast pressurization is disabled.  The Fast préssurization option Deactivate the Fast pressurization

Artisan Technology Group - Quality Instrumentation ..
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No  Message Possible Cause Remedy .
113 “Pressure limit is exceeded - _ The set pressure limit was 1. Check the set pressure hmlt
o Check column ordeactivate |~ exceeded dunng fast 2. Check the in-line filters,
Fast pressurization” "% pressurization.. : prefilters; column and system for -
: : ' blockage. -
, 3. Deactivate Fast pressurlzauon
205 “'In'jector valve cannot find The valve is not funcﬁer)jng~ © - Reset the systern, then | repeat the
position” - properly. ' ‘operation.
231 “Automatic Column holder One or both column holder Call a Pharmacia Blotech serv1ce
position sensors indicate both sensors dirty or faulty. representanve
* press and free” : ’ o e
248  “Bowl does not move on Faulty bow! drive mechanism. Clean bowl and drive mechanism.
command” If this does not help, call a service
representative.
249  “Bowl cannot find demanded The bowl or capstan is dirty. Clean bowl and capstan.
position”
250  “Both fraction collector arm Dirty or faulty sensors for Call a Pharmacia Biotech service
end-sensors indicate active” fraction collector arm representative
: horizontal movement.
251  “Bowl cannot find “home” The tube holder is damaged, Check the tube holder for damages.
position” the magnet is missing or the Check the magnet.
magnetic sensor is faulty.
252 “No bowl installed” There is no bowl in the fraction ~ Check the installation of the bowl.
: collector, or the locking lever is
not in the up position.
253 “Needle did not reach the The fractionation needle could Check the mstallation of the
up position” _not reach the up position. fractionation capillary.
254 “Needle position sensor The needle position sensor is 1. Shut down both systern and
indicates both up and down dirty or faulty. computer. Take out the fraction
- position” - . bowl from the pSeparation Unit. ,
: Restart system and computer. Start’
SMART Manager. Thenputthe "
fraction bowl back after compléted
upstart. ' :
2, Call a Pharmacia Biotech semce
 representative - -
“Needle d1d not reach the'” The fracnonatlon needle could C_h_ec_k the msta.llatxpn of the "
" ‘waste posmon correctly” not reach the waste position. fractionation capillary.
256. “Needle did not reach the The fractionation needle could Check the installation of the .
" collection position” not move to the collection fractionation capillary.
' position. '
257 “Current tube position invalid A command was given to Insert a command to position the
for fractionation, insert Goto fractionate in a large tube fraction collector at a numbered tube
.tube” (A-Z) or'the waste position.
258 “Demanded tube number Thebowl or capstan is dirty. Clean bowl and capstan.
not found” » »
268 - “Hardware-error : A/D Faulty Separation unit circuit Call a Pharmacia Biotech service
converter” board. representative.
269 “Hardware error : A/D Faulty Separation unit circuit Call a Pharmacia Biotech service
converter timeout” board. representative.
7:10
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7. Trouble-shooting guide

"It is incorrectly positioned.”

not in the correct posmon over
the-tube.

- No.  Message Possible Cause Remedy

279  “Hardware error : EEPROM Fault_y Separation-unit CifClHt Call a Pharmacia Biotech service -

. read-errot” board. _ representative. .

290 “Conducqwty calibratior_l; ' ' Thereis aif in the buff_ers orin Make sure there is no air, leakage or

' high value, failed”" - .. the system, ora leakage or- - - blockage in the system, then try the
A - . blockage in the system. ;... s - calibration again. Also, ensure that the. -
S -~ .+ .content of the “high conductivity”
‘ o - cylinder is homogeneous. :
291 “Conductiizity calibration, - 1. Thereisair oraleakageor ~ Make sure there is no air in the system.
low value, failed” » blockage in the system. . Check the eluents and designation of
: . 2.. Both cylinders contain the. .. .. “low conductivity”, then try the

same buffer, or the bufferin  calibration again.
the cylinder designated 1
“low conductivity” actually
has a higher conductivity.

297- “The PC workload is too high”  The PC is handling too many Close other programs. If necessary, reset

299 operations at once. the PC.

305  “Injector valve out of position”  The switching mechanism is Position the injector valve using the
slightly loose. Manual, Sep Unit, Injection Valve

g : command. Then retry the original

. : operation.

306 “Fraction collector error” The fraction collector bowl did ~ Test the fraction collector using manual
not find the “home” position commands before running a method.
during startup. (Remember to start flow or set delay

. volume to zero.)
340 “RAM test indicates error” Faulty RAM circuit. Do not use the system. Call a Pharmacia
Biotech service representative.
341 “PROM test indicates error” Faulty PROM circuit. Do not use the system. Call a Pharmacia
B ' . ‘ - Biotech service represéntative.
342 “EEPROM test indicates error” »Fflulty EEPROM circuit. Do not use the system. Call a Pharmacia
. o . . : . Biotech service representative.
. 350 © “Hard to find tube position, The fraction collector fmds the . Clean the bowl and capstan.
- pleaseclean bowl and capstan® - correct position with difficulty, - - - L
since the bowl or drive -
_ S - .7 mechanism is dirty. L
352" “No bowl installed” “There is no bowl in the fraction - Check the installation of the bow.
e o "collecto:, orthelockmgleverls AR N
o not in the up position: g . _ _
© 353 “Frac configuration is not A conﬁgurauon of the fractlon Use the “Frac stop” or “End” command
allowed during fractionation” collector was attempted while to stop fractionation before
o ' fractionation was taking place. reconfiguring,
355  “Fill needle Lannot find the The fractionation needle could Fractionation will continue, but with the
" down posmon not reach the down position. needle in the up position. If the problem
; persists, call a Pharmacia Biotech service
_ _ representative.
356  *“The needle cannot go down. The fraction collector arm is Check that the arm movement is not

obsm ucted

Artisan Technology Group - Quality Instrumentation ..
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No  Message Possible Cause . Remedy
357. “Feed Tube is not valid. Use When the currenttube is A, B Use the Goto- Tube or Large Tube
- Goto Tube or Large Tube -orZ, the Feed Tube command' commands instead.
instead” canriot be used.
358 “Cooler/heater Temperature * The temperature'sensor is not 'Call a Pharmac1a Blotech service '
-+ - sensor errot”. funcu'onjng' properly . s representatlve At ;
359 “Temperature in Sep.un‘it E The ternperature in the ' Check the ambient temperature and the -
exceeds 40 °C” separation unit exceeded the temperature of the cooling water.
specification limit during the '
startup check. _
361 “The temperature in Sep Unit 1. The cooling water is not 1. Check the water temperaifur'e.
is not decreasing. Check cold enough 2. Defrost the cooling element by
cooling water.” 2. Ice has formed on the switching off cooling for 1-2 hours.
cooling element. 3. With a high ambient temperature,
3. Ambient temperature too you may have to accept a higher
high. temperature in the separation unit.
371  “Fractionation is stopped” 1. A programmed tube change 1. Avoid manual Large tube opera-
command was given when tions while fractionation is in,
the fraction collector was at a progress.
large tube. 2. Correct other error and continue
2. This message is also shown as fractionation,
a reminder that fractionation
was taking place if certain
‘ other errors occur.
379 “Hardware error : EEPROM, - Faulty EEPROM. Call a Pharmacia Biotech service
write error” representative.
383  “Close the door, cooling is on” The door to the pSeparation Unit ~ Close the uSeparation Unit door.
is open and cooling is on. : o L
384 “The column holder will not A Column Install operation was ~ Close the puSeparation Unit door, then
move, since the separation umt ~ attempted while the door to the  repeat the operation.
dooris open.” " “uSeparation Unit was open. : ' '
385 . “Column holder is not in press” ~ The attomatic column holderis- Check that the pSeparation Unit door is. ..
- not in press on the column. closed, then use the Column Install
S : .comma.nd to move the column holder :
L . g B _ downwards. :
1390, “High value of conductivity The calibration of the = . . Check the eIuents, then’ cahbrate again,
- rangeis near the upper limit.” conductivity monitor failed. . .
392 “The UV-M input is not The monitor input is not Call a Phai‘macfa Biotech service
calibrated.” calibrated. .representative.
393 “Conductivity calibration The cdnductivity'mo'nitor isnot  Calibrate the monitor.
parameters are incorrect. properly calibrated.
Recalibrate.” .
394  “Conductivity calibration The conductivity monitor isnot ~ Recalibrate the monitor or restore
parameters are incorrect. propetly ealibrated. The restored  another parameter set.
Recalibrate.” parameters are incorrect.
395 “Conductivity rnomtor is not The conductivity range is not ' Cahbrate the conductmty momtor
" calibrated” ' calibrated, or the calibration data  range. '
1s corrupted.
7:12
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411

PC and the instruments is not
functioning properly.

No.  Message - Possible Cause - Remedy
396  “No offset value for UV-MIL” - - UV-MII monitof iriput : Only occurs in service mode.
- B - incorrectly calibrated.
399 . “Demanded low level sep-unit . Update version numbers of Ca]l a Pharmac1a Blotech service »

: command is not lrnplemented” E different units do not match. ~ -representative: ‘

401 “Data chanel overflow i A high computing foad while" “““"m"'}i\“m % 'Jnm.rfmu“umv n ”“"“"“"““i%i'i nally
uControl Board. Data to be gathering data, which causes’ intensive tasks while gathering data if
stored OK however.” the real-time display of data you warit to be able to see the data on

not to be updated. The data - the screen correctly in real time.
~will be correctly: stored onthe - :
“disk. -
402  “Wavelength calibration failure”  The calibration procedure failed. 1.  Check the optical fibre connections
and repeat the operation.
2. Call a Pharmacia Biotech service
representative.
404  “Low light intensity” Both source and reference
light levels are too low.
1.  Fibre(s) not fitted. 1. Check the optical fibre
2. Lamp wornout. - - connections.
' 2. Call a Pharmacia BlOtCCh service
representative.
405  “Source light path error” Low source light level.
1.  Fibre(s) not fitted. 1. Check the optical fibre
2. Dirty flow cell (or strong connections.
absorbation in flow cell). 2. Clean flow cell.
3. Broken source fibre. 3. Replace flow cell:
406  “Reference light path error” Low reference light level. »
1.  The reference optical 1. Check the beam splitter reference
fibre(s) is not fitted. . . fibre connection.
2. Broken reference fibre. - . 2. Replace the beam sphtter
407  “Mode fibre error” No light from source or Call a Pharmacia Biotech service
o . reference channel representative.
408  “Lamp module failure” . Lamp. fajlure Call a Pharmacia Biotech service
L o ' _ representaﬂve :
409  “Too high source light level” Erroneous source fibre mstallatlon Check source fibre for correct
T - . . installation. -
410"~ “Too high referénce light level” - Erroneous reference ﬁbre . Check reference ﬁbre for correct
o L ©° . | installation. installation. -
" “Wavelength not calibrated” » Detector not calibrated. To calibrate pPeak Momtor, use the
: < S ' ' . following commands
- Manual
- -.  Detector
- Calibrate
501  “Method downloading esror”” Communication betweenthe  Reset the system.

Artisan Technology Group - Quality Instrumentation ..
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7. Trouble-shooting guide

7.2 . Error

Messages in

When the command. “Check and update graphs” is executed, the
instructions in the text editor are checked so that the method can be

Method ‘run in Run/Control. If the method contains errors; these must be -

Check ' ~corrected. Listed below are the different messages, what may have
caused the problem and suggestions on how to proceed The
messages are hsted in alphabetlcal order

“A flow rate of 0 m/min in
volume base will stop the
method.”

“A Sub Method‘cannot call
itself.”

“Called Evaluation Procedure
does not exist”

“Called Sub Method does not

exist”

“Call to Main Method not
possible”

“Comma not expected”

“END_LOOP is missing”

“Insert a GOTO_TUBE
instruction before the

FRACTION_SIZE

instruction.”

" . “Insfructions not in order” o

“Invalid character”

“Invalid parameter type”

“Invalid token”

- “LOOQOP s missing”

The volume-based method
includes an instruction to set

- the flow rate to 0. _
‘A Sub Method includes a Call |

command with its own name
as parameter.

There is no Evaluation
Procedure with this name in

the current Method File, or the

name is misspelled.
The called Sub Method either

is not in this Method File or its

name was misspelled.

The name of a Main Method
was included as parameter in a
Call command.

An unnecessary comma was
included in the parameter list.

" The method includes a LOOP

instruction, but no
corresponding END_LOOP
instruction.

There is no GOTO_TUBE
instruction, so the fraction
collector cannot be positioned
to start collectlng '

'_The instructions. are not listed
in the order of their ..
time/volume values.

An mstructlon or value
‘contains a character that is not
allowed. '

 The entered arameter is not

allowed for this instruction.
For example, a letter was
‘entered instead of a number.

1. The first line of the
: method does not include a .

tlme/volume value.

2. An instruction or
time/volume value was
misspelled.

The method includes an’.
END_LOOP instruction, but
no correspondmg LOOP
instruction.

In volume base, only use flow values
greater than zero. If zero flow is
necessary, make the method in time base.

Delete the instruction or change the name

in the parameter.

Check the name of the Evaluation
Procedure.

Check the Sub Method name.

Change the entered command.

Check the parameter list and remove the
comma.

Insert an END_LOOP instruction.

Insert a GOTO_TUBE command.

Rearrange the mstrucnons in the correct .
‘order. _

Check the instructions and values.

Check the pgrarrleters. ‘

Check the instruction and time/volume
value. .

Insert a. LOOP instruction.

7:14 Artisan Technology Group - Quality Instrumentation ..
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7. Trouble-shooting guide

Message

Possible cause

- Action

“Missing comma”

“Missing parameter”

“No FLOW mstructlo'ﬁ"at 0.0 "*"A voluine-based method miist™

- include a command for a flow

ml, which is necessary in
volume base.”

“Parameter must be integer™

“Parameter must be Sub
Method name”

“Parameter value out of range”

“The entered parameter is not

" allowed for this instruction.”

“Time/Volume-value missing”

“Too many characters in

parameter”

“Too many loop instructions”

A corhma is missing in a list of
several parameters

There is no parameter for an.
instruction that requires it.

rate greater than zero at -
0.0 ml, or the method will
stop.

‘A parameter that should be an

integer included a decimal.

The parameter entered for a
Call command is not a Sub
Method name.

An entered parameter has a
value outside the allowed
range.

An entered parameter is
incorrect in the context of the
instruction.

The time/volume value is
missing in this instruction, or
the last parameter on the
previous line is missing.

There are more than 32
characters in the name of the
called Evaluation Procedure or

Sub Method.

The method includes more
than 10 loop instructions.

Separate the parameters in the list with .

© commas.

_ Insert the parameter.

il

ctfon at O 0 :mfw

CTRIR L el
Insert'a flow ins

Remove the decimal.

Check the entered name.
Check the parameters.
Check the parameters.

Check the time/volume value and the
parameters for the previous instruction.

Check the name.

Remove loop instructions.

_Warnmg and Informatlon Messages

~The followmg messages provide the user with information about the -
" method or system. It is possible to continue after the message has
been acknowledged and the method can be used in Run/Control

Message P0551ble cause Action’

: “No recalculation of the . The time/\rolume values in the
g method is done when shifting - method will not be
o base.” recalculated when changing
base.

The check df the method did

“Method is correct, no errors, .
not find any errors.

no warnings.”

“The hard disk is almost full.
Free disk space immediately to
, avoid operatmg system

P " problems.”

Immediately delete files on the fixed disk
or move them to diskettes. Do not
continue working with SMART Manager
until you have done this.

The operating system needs a

certain amount of free disk

space, and current space is
close to the limit.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 7:15
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8. Accessories
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uPrecrsmn Pump

8. Accessorles

- 8.1 Accessories

* _Name = .

~ Code No.

- 18-1800-26 - Inlet Tubing

. 18-1800-20 Cylinder Assembly, 10 ml

- 18-1800-21 Cylinder-Assembly, 20 mt
18-1800-22* Cylinder Assembly, 50 ml*
18-1800-27 . Pump Outlet Tubing, 0.7 m
18-1800-29 Pump-Outlet Tubing, 0.5 m
18-1800-31 Solvent Reservoir, 250 ml
18-1800-32 Solvent Reservoir, 500 ml

*Note: For correct functionality the system with 50 ml cylinders require uPrecision
Pump EPROM version 1.31 and SMART Manager version 1.4 or higher.

uSeparation Unit

18-1800-88

Code No. Name
18-1800-34 On-line Filter
18-1801-30 Mixer Chamber Bypass
18-1801-31 Mixer Chamber, 2x12 pl
18-1801-32 Mixer Chamber, 2x30 u!
18-1801-33 Mixer Chamber, 2x75 pl
18-1801-34 Mixer Chamber, 2x150 pl
18-1800-70 Sample Loop, 5 pl
18-1800-71 Sample Loop, 10 pl
18-1800-72 Sample Loop, 20 ul
18-1800-73 Sample Loop, 50 ul
18-1800-74 Sample Loop, 100 pl
18-1800-90 Sample Loop, 200 pl
18-1800-91 Sample Loop, 500 pl
18-5897:01 Sample Loops, 1 mland 2 ml
© 19-7585-01 ~ Superloop, 10ml
-19-7850-01 .- Superloop, 50 ml - -
18-3858-01 - Union, M6 Female/1/16” Male
. .18-1800-75 - Prefiler, 32 mm - - .

..18-1800-76 ~ - . Prefilter;., 0.8 mm . L ,
18-1800-77 - Prefilter Frit, 3.2 mm .
18:1800-78 Prefilter Frit, 0.8 mm J & P&r P

" 18-1800-80 " Column Connector, UV-M Il
18-1800-85 Dummy Column
18-1800-86 Blind Column
18-1029-14 MultiTemp Il Connector
18-1015-98 Cable 4 pole, (analogue recorder cable)
18-1800-87 Fingertight Connector, 0.02" 0.5 mm

Fingertight Connector,1/16" 1. 6 mm

Corteol Cord AT

. ig- ;’03?‘-‘2;

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Code No. Name

-18-1801-10 " Vial, 0.5 ml, (1000/pack)

-18-1801-11 * - - 'Vial; 24'mi, (100/pack)
18-1801-13 Vial, 1.5 mI 1000/pack)

- 18-1801-20- - 7 Tube Holder 48/8 'Mw o:5Sme.

+18-1801-21. .- - . Tube Holder 41/11 (Swt
18-1801-23: . Tube Holder60/8 .~ - 0-§#% ..
18-1801-40 Syringe, 10 pi
18-1801-41 . Syringe, 100
18-1801-42 Injection Needle, 0.7x50 mm
18-1801-53 Column Adaptor, FPLC, HPLC
18-101523 Adjustment Guide

uwPeak Monitor

Code No. Name

18-1800-41 Flow Cell, 10 mm

18-1800-42 Flow Cell, 3 mm
18-1029-94 Gradient Monitor/Flow Restrictor, (tPeak Monitor)
18-1000-18 Fractionation caplllary, pPeak Monitor
18-1031-73 - Ferrule

Artisan Technology Group - Quality Instrumentation ..
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8. Accessories

. 8.2 Spare parts - uPrecision Pump

 Code No. : . Name '~
- 10 ml-cylinder o )
18-1001-57 - - -Sealing Ring, 10 mm -
=~ 18-1001-59- - . - - - O-Ring, 13,1 x1.6:-mm
© 18-1001-61 . - ' RinsingSeal,8mm. - -
Or for pumps with serial number 1460 or higher
18-1037-54 ‘ Sealing Ring, 10 mm
18-1037-565 Rinsing seal :
18-1001-59 O-Ring, 13.1 x 1.6 mm
- 18-1037-56 . Rinsing tubing
{ 20 ml cylinder
B¢ 18-1001-47 Sealing Ring, 14 mm
18-1001-50 O-Ring, 17.1 x 1.6 mm
18-1001-51 Rinsing Seal, 10 mm
. 50 mi cylinder
(' } 18-1001-66 Sealing ring, 22 mm
- 18-1001-68 O-ring, 25.1 x 1.6 mm
18-1001-51 Rinsing Seal, 10 mm
18-1001-70 - Rinsing Tubing
18-1012-23 ‘ Cylinder Tubing, Ti
18-1800-26 Inlet tubing, complete
18-1800-27 Pump Outlet Tubing, 0.7 m
18-1800-29 Pump Outlet Tubing, 0.5 m
101769 Channel Plate.
wrepiacecl oy (&lit-ay
uSeparation Unit
Code No. : Name
18-1015-31 Tubing, inlet to mixer
18-1800-34 On-line Filter
_ : 18-1028-85 _ On-line Filter Housing
R : ‘ : 18-1015-64 - ) Tubing, mixer to valve
Q-' . ©t o 18-1015:65 . - - Tubing, valve'to column
\X ne-a4 - = 18-4045-87— - Channel Plate, |nject|on valve
new Style pbnefpu"( 18-1015-88 Fill Port
NNE T CaMES wk 18-1800-80 ' Column Connector uv-Mii
v - e ol s vouts” Pla K 15.1801-50 - Fraction Collector Bow -
Ty oo ' : . o 718-1017-28 . Fractionationt Needle (for 18- 1017-28) .
B o ) ' WS%PWM . Gradient Monitor and Flow Restrictor, UV-M ||
R ' ' 18-1012-07 ] - Flow Restrictor, complete (for 18- 1017-28) vy Mf\_

1Peak Monitor - 18-i86C-40

Code No. .  Name

18-1029-94 - ~ Gradient Monitor/Flow Restrictor, uPeak Monitor
18-1031-37 Flow Restrictor Il, complete (for18-1029-94)
18-1029-15 ‘ Beam Splitter

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 8.5
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9. Technical
speonflcatlons '-

o uPreclswn Pump

Flow rate range

Increments

~ Maximum pressure

Flow rate accuracy
10 ml cylinders
20 ml cylinders

50 ml cylinders

Repfoducibﬂity
10 ml cylinder

20 ml cylinder
50 ml cylinder
Pulsation |

Gradient accuracy.

.- pInjection Valve

Internal loop

Sample ,l_(')o'ps

Superloops

uMixer
No. of mixer chambers
Standard mixer chambers

Optional mixer chambers

10'- 2 000 ul/min |

1 pl/min

25 MPa for 10 and 20 ml cylinders 12.5

MPa for 50 ml cylinders

* 1 pl/min or + 2 % whichever is greater

+ 1.5 pl/min or £ 2 % whichever is
greater

+ 2.5 W/min or + 2 % whichever is
greater

+ 0.2 W/min or = 0.4 % whichever is

greater
+ 0.3 pl/min or + 0.4 % whichever is

. greater

+ 0.5 w/min or + 0.4 % whichever is
greater

< 3 % for-flow rate < 50 pwl/min
<2 % for flow rate > 50 pl/min

1 % for flow rate > 50 pl/min

5-1 % for flow rate 10-50 pl/min

0.75 ul

'5, 10, 20; 50, 100, 200, 500
.1wozmom'

10 ml and 50 ml -

2
2 x 30 pl
12, 75,150 pl

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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wPeak Monitor
Wavelength range

. "Light source

Spectra bandwidth

Wél\:lelen'gth'accuracy

- Wavelength reproducibility

Linearity at 280 nm
Wavelength switch time
(214-254-214)

Dynamic noise single
wavelength, 230 nm
Dynamic noise dual
wavelength, 230/254 nm
Static drift single
wavelength, 254 nm
Static drift dual
wavelength, 230/254 nm

Flow cell

'3 mm path length 0.7 pl volume
~ Signal output

Analogue recorder output

Monitor UV-M Il

~ Wavelengths

190 - 600 nm
Xenon flash lamp

- 4nm-

“+2nm

+0.5 nm

Deviation < 2 % up to 2 AU

< 500 msec

<4 x 10 AU typical

< 1.5 x 10* AU typical
<2x10*AU/°C
<2Xx 10"4 AU/hour
<3x10+* AU/ °C

< 3 x 10 AU/hour

10 mm path length 2 pl volume

Digital via MultiNet

© 1V full scale

Hg lamp: 254, 280 nm

- Znlamp: 214 nm.

Dynamic short term noise

Dynamic long term noise

. Dynamic drift.

Total volume '
Tluminated volume
Flow cell path length

Output ranges

Gradient Monitqr

Flow ce-_ll volume

<12x 10 AU
<8x105AU
<4x 1_64.AUﬂlouf.
10 il (including cell)
6.7 ul '

S mm

10.001-2 AU

1.5 ulﬁ

| ‘
Nyt



9. Technical specifications

uFraction Collector

Minimum fraction size - Sl

Maximum fraction size = . 1.5ml  °

Increments , -1 |J1 , . _
A.céul_',_acy" ) T ;+05ul :"._ SR E s
Tube h‘.olde:rs -- 48 positions for 0.5 ml tubes

60 positions for 0.5 ml tubes
41 positions for 1.5 ml tubes’

‘ Carry-over (wfpe mode)  <2%
. Cooling
% The pSeparation Unit can be cooled to +4 °C in 3 hours at an
! ambient temperature of +21 °C and a relative humidity of 40 %
when supplied with cooling water of +5 °C.
Operating environment
Ambient temperature 4 -40°C
Relative humidity 20-95%

Atmospheric pressure 84 - 106 kPa

System Power Supply

* Mains Voltage . 100 - 1207220 - 240 V~ (autorange)
Frequency 50-60Hz
Power 7 900 VA
O " EMC and Safety

"EMC " This product meets the reqmrement of the EMC Directive .~
_ , - . - 89/336/EEC through the harmonised standards EN 50081-2
' O R ~ © 7 (emission) and EN'50082-1 (1mmun1ty) R

Note: . ThlS is 2 class A product Ina domestlc
' environment this product may cause radio ‘
interference in which cases the user may be required
to take adequate actions.

- Note: The declaration of conformity is valid for the. .
' instrument when it is:

¢ used in laboratory locations.

_ - o used in the same state as it was delivered from Pharmacia.
i : ' ’ Biotech AB except for alterations described in the user
“manual.

o used as stand alone unit or connected to other CE
: labelled Pharmacia Biotech AB instruments or other
products as recommended.

56-1 141tissth Edationldge Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 9:5
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Safety This product meets the requirements of the Low Voltage .
Directive (LVD) 73/23/EEC through the harmomsed
standard EN 61010 1. :

"Com'p'ute'r requirements'

" The recommended computer conflguratlon requn:ement 1s

RAM mernory 12 MB

Fixed disk ~ more than100 MB

Disk drive : . 3.5

Operating system IBM OS/2 version 2.1
Processor 486 DX, 33 or 50 MHz
Math coprocessor Yes, included in 486
Adaptor and display VGA, colour
Printer/plotter As supported by OS/2

Serial mouse
 SMART Manager 1.41 has been tested on Compaq DESKPRO, 486/66i
Testing has shown that the use of math coprocessor is essential for

trouble-free operation of the software, not just to reduce the time
needed for calculation-intensive operations.

Specifications are subject to change without notice.
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1 Introduction to micropurification

1.1

1.3
“for-micro--

What is micro-
purification?

SMART
System for

- micropurifi-
- cation

Appllcatlons

preparative
chromato-

graphy
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1 Introduction to mlcro—
punﬂcanon

_Current blologlcal and medrcal research is belng focused on

biomolecules which are only available in extremely small quantities.
This has led to a rapid development of highly sensitive micromethods
for analysis and characterization of such biomolecules. To perform
relevant microstructural and microfunctional studies with these often
labile molecules requires an advanced purification technology.
Micropurification using preparative liquid chromatography of
biomolecules in the low microgram and nanogram range, has been
developed to meet these needs.

SMART® System is especially designed for sensitive manipulation
and recovery technology. It provides secure isolation of ng and pg
quantities of substances with preserved biological activity and opens
many new possibilities in separation and purification of biomolecules.

The key to high resolution and high recovery in micropurification is a
fully integrated "miniaturized" system. Small volume flow paths in
combination with small dimension columns minimize dead volumes,
unwanted dilution effects and non-specific adsorption; as a result,
sensitivity and recovery of sample are increased. Optimized
conditions allow peak detection of just one or a few ng, and the
collected fractions can be smaller than one drop (down to § ul).
Biocompatible materials, built-in cooling and chromatography media
ensure sample loss is minimized.

SMART System comprises instrumentation, small dimension columns -
(Precision Columns), controlling software (SMART Manager) and -
knowledge 1nformatron (SMART Assrstant) '

_ Micropreparative chromatography is ideally suited to purifying
_samples in which the biomolecule of interest is present in ng or ug

quantities. Application areas for micropreparative chromatography

" can be recogmzed by the characteristics of the blologrcal sample used

as the starting material.

One area covers purification of proteins or peptides present in extre-
mely low concentrations in tissue or in cell culture material. To use

~only conventional chromatography techniques would require initial |

sample volumes which are either impractical or impossible to handle,

~or (if less starting material is used) result in an extremely diluted puri-
fied sample. However, the combination of conventional chromato-

graphy techniques for initial purification, and final micropurification
with concomitant concentration is extremely powerful for this sample
category. A scheme using this approach for the purification of dihy-
drofolate reductase, an enzyme involved in folic acid metabolism,
from E.coli (wild type) 1s shown in ﬁgure 10.1. Figure 10.2 shows the
final micropurification step; using anion exchange with Mono Q®

PC 1.6/5, in which the enzyme was concentrated 20-fold (to 100 pl)
and produced a distinct UV peak which coincided with the activity.
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1 Introduction to micropurification

Supernat_antvfrom
lysed E. coli
(0.6 1 bacterial culture)

Initial purification with FPLC System
. Anion exchange. (Mono QHR 5/5)

Gel Filtration (HiLoad Superdex 75 pg 26/60)

Final purification with SMART System

Anion exchange (Mono Q PC 1.6/5)

Purified dihydrofolate reductase
(approx. 1 ug in 100 pl)

Fig. 10.1. A purification scheme for dihydrofolate reductase (DHFR) from E.coli
(wild type). The resuilt of the final micropurification step is shown in figure 10.2.
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1 Introduction to micropurification

Co/umn:' | Mono Q PC 1 6/5
Sample: Dihydrofolate reductase contalnlng fractions from gel .
, filtration with H|LoadTM SuperdexTM 75 prep grade 26/60
- o 2mly .
Flow rate: ~ . 100 pl/min
EluentA: - . 20 mM bis-tris, pH 6. 1 10 mM B- mercaptoethanol
- Eluent B: . Eluent A, 1 M NaCl :
Detection: © = UV-MII (280 nm), conductlwty and'a specific assay for
DHFR
Aszgonn R E : .. . XB
B0
0.060
60
DHEFR activity
0.040 m™
40
L
//
L1
- 0.020 LA
: rd PO
Pe
A H; i
0.0000% 1 5 10 15 19 .
0.0 10.0 20.0 30.0 40.0 Time (min)

Fig. 10.2. Micropurification and trace enrichment of dihydrofolate reductase
(DHFRY) from E.coli using Mono Q® PC 1.6/5.

The complete purification scheme is shown in figure 10.1. Purity was checked by
electrophoresis, and the |dentlty of DHFR was confirmed by N- termlnal sequence
determination.

Another application area covers the purification of proteins or
peptides which are available only in very small quantities. For these
samples, in which the molecule of interest'is not necessarily present at

- a low concentration, it is of utmost importance to-minimize losses

during the purification scheme, This sample category includes clinical
material and material from'individual experimental animals:
Examples of this application area are gel filtration of tear proteins
using only 0.75 pl of starting material (Fig. 10.3),-and reversed _phase
chromatography of components in human cerebrospinal fluid using |

720 pl of sample (Fig. 10.4).

For method development of a purlflcatlon scheme, SMART System is

an ideal alternative which decreases the consumption of sample and
eluents. If the purification method is to be scaled up to FPLC, this is

simplified by the scale factor of ten between Precision Columns

{SMART System) and HR columns (FPLC).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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1 Introduction to micropurification

Column:
Sample:

Eluent:

0..025-
0.020+
0.0154
0.010+

0.005+

0.000

. Flow rate:
- Detection:

Azgorm -

Superose 12 PC 3.2/30

Human tears, centrifuged (0.75. ul)

40 ul/min ) Lo

20 mM sodium phosphate, 0.5 M NaCl, pH 5.3

. UV-M It (280 nm)

I\

0

T T T

20 40 60 Time (min)

Fig. 10.3. Separation of components in human tears by gel filtration using
Superose® 12, PC 3.2/30. 30 pl of sample was centrifuged to remove particulate
material. The internal sample loop (0.75 pl) was used.

Column: uRPC C2/C18, PC 3.2/3

Sample: Human cerebrospinal fluid (20 pl)

Flow rate: 240 pl/min : o

Eluent A: 0.14 % TFA in water

Eluent B: 0.12 % TFA in 60 % acetonitrile

Detection: UV- M Il (214 nm) and conductivity
1 - Azsanm -

0.04-

0.02+

0.00

0 10 20 30 Time (min)

Fig. 10.4. Micropurification of components in human cerebrospinal fluid by
reversed phase chromatography using uRPC C2/C18, PC 3.2/3. 20 ul of clinical

sample was applied to the column, without any pretreatment. The major peak was -

electrophoretically identified as albumin. Other peaks were isolated for subsequent

, characterization by mass spectrometry and amino acid sequencing.,
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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1 Introduction to micropurification

1 4 - Detectlon

levels for
‘micro-

- strud'tui'él and

“micro-
functional
characteriza-
tion of
proteins and

| peptides.

A third application area includes separation of DNA. In this case, the
biomolecule of interest may be present in a small volume at a .
relatively high concentration. For instance; a restriction enzyme
digestion is usually performed in a volurrie smaller than 25 pl. In
order to avoid time consuming concentration steps, it is desirable to

- maintain. the nucleic acid in'a volume as small as possible after the
. chromatographic purification step. SMART System better fulfills this:
- requirement than.conventional chromatography systems. Some

examples 1llustrat1ng this application area are shown in Chapter 4.

The different strategies which involve micropreparative
chromatography in protein and peptide work are shown
schematically in figure 10.5. ’ -

— Biological sample

Conventional Preparative
chromatography electrophoresis

Ly Micropreparative
chromatography

Micro-structural and
-functional analysis

" Fig. 10.5. Schematic representation of.the role of mlcropreparatlve
~ chromatography i in protein and peptlde work.

Current mlcromethods for the charactenzatlon of protems and
peptides are generally compatible with micropurification on

SMART System, i.e. the sensitivity level is-often in the pico- and. -
' ranogrami range. Furthermore, an extremely powerful feature of .

miicropreparative chromatography is the'possibility to obtdin a very
high sample concentration.This often eliminates the need for separate .
concentration steps, with concomitant losses of material, before
subsequent analyses. Approximate detection limits for some
commonly used micromethods for protein and peptide

- charactérization are summarized in Table 1.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 9
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Table 1. Approximate detection hmlts for some mlcromethods for protein and

peptide characterization.

Radioimmunoassay

Analysis of biological activity:

Enzyme assay, radiolabelled substrate
Enzyme assay, fluorogenic substrate
Enzyme assay, chromogenic substrate
Binding assays

In vitro assays(growth factors, cytokines etc)

low pg range?

low pg range?®
pg range?
ng range?®
pg - ng range?
pg range?

Approx. detection limit- .- Ref.

* Purity analysis: ' .

SDS-PAGE, silver stalnlng _ - 0.3-05ng" 13
-Isoelectric focusing, silver staining-- 1-5ngl’ 13

Native electrophoresis, silver staining : 1-5ng! 13
.Chromatographic techniques, UV detection . 1-5ng!

‘Analysis of concentratioh or amount:

Amino acid analysis < 1 pmole/aa

UV absorption ng range

Structure analysis: .

Amino acid composition < 1 pmole/aa

Amino acid sequence(gas phase sequenator) pmole range

Mass spectrometry 50 pmole

SDS-PAGE, silver staining (MW estimate) 0.3-0.5ng 13

SDS-PAGE, autoradiography pg range

Analysis of immunoreactivity:

Enzyme-linked immunosorbent assay pg range?

Footnotes to Table 1

1 Detection limit. At least 10 times more material is required for purity determination.

2  Differs by one or more orders of magnitude for different experimental systems, depending on kinetic

and affinity characteristics.

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2 How to Optimize Sensitivity

2.1 Reducing the
peak volume

2 How to optimize
~sensitivity

" The sensitivity ofa chromatographlc system can be defined as the

ratio of the signal to the background noise for the peak obtained

after the application of a specified amount of material. The sensitivity.
is depenident on a' number of system and application related
parameters. Critical in-built system related parameters include dead
volumes, mixing capacity, pump pulsations and typé of detection. An
important parameter which is both system and application related is
the loss of sample due to non-specific adsorption before it reaches the
detector (further discussed in Chapter 3). This Chapter discusses
other parameters, which are crucial for UV-detection of ng quantities
of proteins.

The signal to noise ratio can be manipulated in order to increase the
sensitivity. If a reduced peak volume is obtained the signal is
increased (at a constant noise). Alternatively, the background noise
can be lowered through the choice and handling of eluents. The
signal to noise ratio can also be improved by selecting the optimal
detection wavelength.

Important factors which reduce peak volume and consequently
increase sensitivity are column diameter, gradient volume and flow
rate.

2.1.1  Column diameter

Narrow columns with high efficiency (i.e. a high number of
theoretical plates) are a.prerequisite for micropreparative

-, chromatography. A narrower column gives smaller peak volumes and__
-consequently hlgher sensmwty, prov1ded other factors in the system

are not hmltmg

.Flgure 10:6 compares Mono Q PC 1.6/5, dIameter 1.6 mm, Wlth

Mono Q HR 5/5, diameter S mm. Both columns have the same

~ length but the cross-sectional areas differ by a factor of 10. Also seé . T
figure 10.31 section 8.2, where the same companson has been'done .. . -
for SuperdeXTM 75. : o

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 11
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2 How to Optimize Sensitivity

Columns: - 1. Mono Q PC 1.6/5
: . 2. Mono QHR 5/5.
Sample: Creatine kinase (rabbit muscle) a-amylase (Bacnllus Subtllls
) S o-lactalbumin’(bovine milk), ovalbumin (hen eggwhite)
mixed in praportions 20:6:6:28. A total of 2.5 Hg in 50 pj.
Eluent A: 20 mM Tris-HCI, pH 8.1
. EluentB: .. 20 mM Tris-HCI, pH 8 1,03M NaCl
Gradient: "~ 0-100 % Bin20 min.” " '
Flow rate: - 100 i/min and 1 mi/min (linear flow rate 5 cm/mm)
Detection: ~ UV-M11(280.nm)
AZSOnm_
1
0.0034
0.0024
0.0014
UJV . 2
0.000-}
0 5 10 15 Volume (mi)

Fig. 10.6. Comparison of Mono Q® PC 1.6/5 with Mono Q® HR 5/5. The
chromatograms are compared on a volume basis.

-2.41 2 Gradlent volume

In gradient techmques a smaller gradlent volume' decreases the peak )

‘volumes. For the separation on Mono Q PC 1.6/5 the gradient

'volume was reduced from 2-ml to 0.5 ml. This decrease is achieved
. by reducing either the flow rate (Fig. 10.7) or the gradient time |

(Fig. 10.8): Reducing the flow rate-is more effective than decreasmg

the time since the sensmwty is increased 3.4 times- compared w1th 2.

tlmCS

12 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2 How to Optimize Sensitivity

Column: " Mono Q PC 1.6/5
Sample: . Creatine kinase. (rabbit muscle), o-amylase (Bacillus.
. ‘ Subtilis), a-lactalbumin (bovine milk), évalbumin (hen -
" éggwhite) mixed in-proportions 20:6:6:28. A total of
. _ 2.5ugin 50 pl. _
‘Eluent A:. . 20 mM Tris-HCI, pH 8.1 .~
| EluentB:-- 20 mM Tris-HCI, pH 8.1, 0. 3 M NaCI
| Leftcurve: - - Flow rate 25 u/min ’
Lower curve: Flow rate 100 ul/min
Gradient: 0-100 % B in 20 min .
Detection: UV:- M Ii (280 nm)
Asgonm
0.010 20;‘01 A .
10041
.005 ey
° = /o%//mh
0.0 0.5 1.'0 , 1.' 5 - Volume (mi)

Fig. 10.7. Increase in sensitivity on Mono Q® PC 1.6/5 by decreasmg the graduent
volume (lowered flow rate).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 13
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2 How to Optimize Sensitivity

2 2 Detectlon
wavelength -

Column: Mono Q PC 1.6/
. Sample: . Creatine kinase (rabbit muscie) o- amylase (Bacillus
: Subtilis), a-lactalbumin (bovine milk), ovalbumin (hen .. -
* eggwhite) mixed-in proportions 20:6:6:28. 2.5 ug total

— in 50 pl.

EluentA: - 20 mM Tris-HCI, pH 8.1 C

‘Eluent B: 20 mM Tris- HCI pH 8.1, 0. 3 M NaCl,
. Flow rate: - 100 u/min- -

Leftcurve: = . 0-100 % B in 5 min.

Lowercurve: - 0-100 % B in 20 min.

Detection: - UV- M 1l (280 nm)
Agsonm
0.010

Senen jmd'enf

0.008

0.006

JOm/ﬂjmde
0.004 :

0.002

a.0 0.5 1.0 1.5 Volume {ml)

Fig. 10.8. Increase in sensitivity on Mono Q® PC 1.6/5 by decreasing the gradient
volume (lowered gradient time).

2.1.3 Flow rate

For isocratic techmques a lower flow rate decreases the peak

‘volumes. This is illustrated in figure 10.34, sectioti 8.2, where

the same sample is separated at different flow rates on

' Superdex 75, PC 3.2/30.

The optimal detection wavelength is a function of detector noise;
“absorption. spectrum of the compound, and eluent disturbances. If
‘the background noise is too high at a wavelength with high

“absorption (e.g. 214 nm) it could be advantageous to change to one-

with lower absorption (e.g. 280 nm).

-2.2.1 - Detectornoise

The dynamic noise (determmed with flowing liquid through the cell)
for the UV-M 1I detector at three different wavelengths was estimated
after magnifying the signal :

214nm 2 x10-5 AU

254nm  Sx 106 AU

280 nm 2 x 10 AU

These results show that 254 nm gives the least detector noise. 214 nm
and 280 nm give a comparable noise.

14 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2 How to Optimize Sensitivity

222 Absorption spectrum of the compduhd

Proteins and peptides contammg aromatic amine acid residues

" exhibit broad absorption spectra. The absorption ratios of four

proteins were compared at dlfferent wavelengths:

Proteiri o 'A214nm/A 280nl‘n o Azao'nnJA"z'smlrh
"Creatine kinase .20 25
o-amylase 8.3 : 2.9
o-lactalbumin 10 2.2

Ovalbumin 25 25

The absorptivity at 280 nm is about 2.5 times that at 254 nm. With
respect to both absorptivity and detector noise the optimum detection
wavelength is 214 nm, which for these proteins give a sensitivity 8-25
times higher than at 280 nm (comparable noise) and 4-12 times
higher than at 254 nm.

2.2.3 Eluent disturbances

Using chemicals of the highest available pdrity for the preparation of
eluents for micropreparative chromatography is extremely important.

UV-curve disturbances from the eluent vary depending on buffer
salts, pH, additives, solvent and water quality, wavelength and
column type. Figure 10.9 shows a comparison of a salt gradient

(0 - 0.3 M NaCl) at three different wavelengths. The highest ghost

peak was obtained at 214 nm, the lowest wavelength of the three
compared, which generally gives the highest buffer disturbances. In

'some cases the pattern of disturbances is not reproducible even

though the same chemicals and conditions are used. Furthermore, the
presence of some common additives in buffers used for protein
purification (e.g. some detergents, high concentrations of urea,
reducing agents) precludes detection at 214 nm due to hlgh

" absotbance at this wavelength.’

"The detection wavelength should be selected after cons1derat10n of

these three factors. Thus it follows that for proteins and peptides
214 nm should be selected for optimal sensitivity, provided that the -
eluent dlsturbances can be handled (dlscussed below) :

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 15



2 How to Optimize Sensitivity

2.3 Handling of
baseline

| disturbances

Sample: . " 50 pl eluent A
EluentA: = 20 mM Tris-HCI, pH 8.1
EluentB: 20'mM Tris-HCI, pH 8.1, 0.3 M NaCl
Gradient: 0-100 % in 20 min:
Flow rate: 100 pl/min
- Detection: . UV-MIl.
o » ke’ .
0.030 B0.0
B60.0
0.020
M0, 0
0.010
20.0
.0

0.0 5.0 10.0 i5.0 20.0 min

Fig. 10.9. A comparison of eluent disturbances on baselines obtained at 214 nm,
254 nm and 280_ nm.

2.3.1 Ghost peaks

* Eluent impurities can be trapped on a precolumn connected between

the outlet of the pump which delivers eluent A, and the mixer. This
column should have the same binding characteristics as the column,
used for.the separation. The back pressure of the precolumn should
be negligible in comparison with that of the system, including the
column. The theoretical plate number of the column is not crltlcal

but a hlgh binding capac1ty is essentlal

202 Baseline drift

A drifting baseline dﬁri'ng' gradient elution in ion exchange

chromatography may be due to a difference in absorbance between

eluents A and B. The difference in ionic strength between eluents A
and B results in a slightly different ratio between the acid and base
form of the buffer. The acid and base forms of many common buffer
substances have different absorption properties at lower wavelengths,
and it is therefore possible to compensate for the drifting baseline by
a slight adjustment of pH in.one of the buffers. This is.illustrated in
figure 10.10 which shows the effect of having a pH difference
between eluents A and B in an anion exchange separation. To

* compensate for the drifting baseline a pH between 8.1 and 8.2

should have been chosen. This also demonstrates how important it is
to adjust the pH carefully since a small difference can have a
noticeable effect on baseline drift. The same tendency has been
observed for a series of buffers monitored at 214 nm and 280 nm,
but the effect is greater at 214 nm.
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A similar manipulation can correct a drifting baseline in reversed
phase chromatography, where the eluents can be balanced with

_regard to UV-absorbance by the addition of different amounts of - -
. TFA to eluent A and B. The exact amounts have to be titrated out;

typically eluent A (water) may contain 0.14% TFA and eluent B

" {60 % acetonitrile) 0.12 % TFA. A similar compensation can be

done when heptafluorobutyric acid is used as ion-pairing agent.’

- Note that the baseline drift can also be caused by a dlrty flow cell

window. Further 1nformat10n about buffers and eluents is found i in |
Chapter 5.

. Column: o Mono Q PC 1.6/5

Sample: 50 pl eluent A

Eluent A: 20 mM Tris-HCI, pH 8.1

Eluent B: 20 mM Tris-HC!, pH varying, 0.3 M NaCl
pHineluentB: 8.3;8.2;8.1;7.9.

Gradient: 0-100 % in 20 min.

Flow rate: 100 pl/min

Detection: UV-MIi (214 nm)

%B

Azt aom

0.020
80

60
0.000

40

0.020

20

. 0
0.0 5.0 - 10.0 15.0. 20.0 - 25.0 . 30.0 Time (mn)

Flg 10.10. Influence of pH differences between eluents-A and B on baseline drift

using Mono Q® PC 1.6/5. To compensate for the drlftlng baselme a pH between '

8.1 and 8 2 should have been chosen

2.3.3 - Other considerations

~ In addition to the above, the following points relating to baseline

problems with gradient techmques at high sensitivity may be

- considered:

1. A noisy signal"can be caused by parficles or an air bubble in the

flow cell, an incorrect position of the flow cell (i.e: it has not
been tightened properly), or an ageing lamp.

2. To control background noise blank runs should be routinely
performed, espec1ally when the system has not been used for a
while.

3. A minimal time delay between consecutive runs reduces
problems with ghost peaks.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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2 How to Optimize Sensitivity

2.4 Detection

18

limits

4. - Keeping the system in operation as often as possible (e.g. at.
10 pl/min over night, with 100 % B) reduces basehne problems,
» partlcularly those related to ghost peaks. - - .

'S." “When the system has not been used for a whlle or after change

_.“of column, it is recommended that eluent B is run through the
system (after preservatives, such:as 20 % ethanol, have been
washed out with a weak eluent) until the UV 51gnal is stable at
the selected sensitivity. Equlllbratlon with eluent A should then
be performed for a specified time. This should not be longer . .
than necessary since trace amounts of contaminants in eluent A
can be enriched on the column.

The detection limit of a chromatographic system can be defined as
the amount of injected substance needed to detect a peak twice as
high as the background noise. This limit varies for different
substances and different chromatography techniques. It is usually
lower for isocratic techniques owing to the discussion above.
Chromatograms in Chapter 8 show approximate detection levels for

SMART System /UV-M II where 5 ng o-amylase are monitored on
Mono Q PC 1.6/S, (Fig. 10.27); 900 pg nucleic acids are monitored
an the same column (Fig. 10.28), 5 ng Cytochrome C on

URPC C2/C18, PC 3.2/3 (Fig. 10.49) and 1 ng ovalbumin is
monitored on Superdex 75, PC 3.2/30 (Fig. 10.35). A detection level
on SMART System/uPeak Monitor is exemplified in Figure 10.50.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3 How to optimize recovery in protein and peptide purification

3.1 Recoveryin
SMART
System
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'3-. How to~optimize

“recovery in proteln
“and peptide
punﬂcahon

Obtalnlng a maximum amount of 1nformat10n from a minimal
amount of sample is of major concern for researchers involved in
microscale biochemistry. Successful microscale work requires
minimal losses of both mass and activity during purification and
other manipulations. As with sensitivity (Chapter 2) the recovery
obtained from a chromatography system is dependent on both system
and application related parameters.

System related parameters of SMART System that help maximize
recovery are biocompatible wetted surfaces and reduced surface area
exposed to the sample. Measurement of recovery in SMART System,
and points to consider in order to obtain a high recovery in protein
and peptide purification are discussed in this Chapter.

Mass recoveries in SMART System have been determined for
different chromatographic techniques, using on-line measurement of
UV absorbance and integration of peak area. On-line recovery
measurements were chosen since they are rapid, allow the use of
small sample volumes and are not affected by sample handling (in
contrast to more sensitive techniques, e.g. using radiolabelled or

fluorescent samples).

Recovery data for different gel medla or columns are often shown as ,
a linear plot of recovery against sample load. In such plots, linearity
indicates a high relative recovery over the whole sample loadlng
range tested, if it is assumed that the highest sample load gives
negligible losses. This is based on the assumption that the relative

.loss of sample decreases with amount. A more reliable alternative is
. - to estimate the recovery for the highest sample load experimentally.
- For SMART System, this was done with a blank run in which the
- sample passed through the system after the column had been replaced

by short capillary tubing. The UV area obtained for the blank run,
using a high sample load, was then used as a reference (i.e. 100 %
recovery) for subsequent measurements. In order to determine
recoveries for very small amounts, it was thus necessary to cover a
wide range of sample loadings (covering several orders of

magnitude). It should also be noted that a wide sample loading range -
is required to give reliable data, whereas a narrow range will most
likely give too high recoveries. Furthermore 1t is important to use'a
detection technique that is linear over the whole sample loading
range. :

Recovery data obtained in this way may be represented by a ) linear
plot of recovery versus sample load. A linear plot gives the
impression of high recoveries for even the lowest amounts applied,
since it is very difficult to distinguish between 70 and 90 % recovery
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3 How to optimize recovery in protein and peptide purification

3.2 Recovery of
mass

for sample loads that are far below 1% of the largest amounts. A
double logarithmic plot is an alternative, but is difficult to analyze

" unlessthe fecovery is 100" % throughout. A corivenient way. of
illustrating recovery that accurately gives the values-for low sample

loadings, is.to calculate the recovery for each experimental point by.
dividing the obtained, integrated UV area, by the theoretlcally
obtained value (calculated from the highest sample loading).
Recovery-data for SMART System (and Precision Columns) have

" been obtained in this way. The results (shown in Chapter 8, as plots

of % recovery versus sample load) indicate recoveries above 80 % at
the ng level for the proteins tested.

It is important to consider what the determined recovery actually
represents. The relative UV area gives information about the recovery
from the column. If a measurement without a column is used as a
reference, as described above, the recovery from the column relative
to the recovery from a short piece of tubing is obtained. For an
indication of the recovery over the whole chromatography system
(including injection syringe, sample loop, column, fraction collector)
a reinjection technique has been used. The collected peak was diluted
with the starting buffer, and reinjected. The peak area obtained was
then compared with the peak area for the first injection. These
"total" mass recovery data for Mono Q PC 1.6/5 and -
URPC C2/C18, PC 3.2/3 were 60-70 % and 80-90 % respectively
(Chapter 8).

The recovered amount of total protein in a purification procedure is
always below 100 %. Some of the losses are unavoidable, i.e.
physical loss of sample solution in tubes, syringes etc. Precipitation of
the molecule of interest, degradation of the sample, and non-specific
surface adsorption also commonly account for the losses. In
micropreparative work, particular attention must be paid to
adsorption problems. All surfaces in contact with the sample, i.e.
glass vessels, tubes, pipette tips, tubings in chromatographic systems,

. :¢hromatographic matrices, dialysis tubings, filters and membranes -
. are potential sites for interaction W1th the sample '

Losses due to'such interactions may be dramatic in mlcropurlflcatlon

with small sample loading. Normally these losses are less s1gn1f1cant
at high sample loadmgs where the proportlon of lost material is.

'small

3.21 Mininiizing non-specific adsorption l'csses :

The mechanisms by which biomolecules interact with different solid
surfaces are largely unknown. Both charged and hydrophobic sites

. may be involved. Different protems and peptides have different

tendencies to adsorbs; if the proteins and peptldes are hydrophobic
and/or basic they are often described as more "sticky". Below, a -
number of procedures or measures commonly employed to reduce

non-specific adsorption are described.

Presaturation

Presaturation of potential binding sites in tubes, glass vessels and
pipette tips can be done by incubation with a protein solution (e.g.
0.1 -1 % bovine serum albumin for 5-10 min, followed by extensive
washing with buffer). However, the introduction of a "foreign"

Artisan Technology Group - Quality Instrumentation .. Guaranteed | (888) 88-SOURCE | www.artisantg.com
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component may affect subsequent analyses, even highly purified
albumin preparations may contain traces of proteases, etc. When-
possible, it may be advantageous to presaturate surfaces with-a

:purified preparation of the molecule of interest.

- Introducnon of a competmg substance -

An excess of a substance which competes with sample molecules for
hydrophobic binding sites may dramatically increase recovery.
Polyethylene glycol (0.05 %), 1sopropanol (10 %) or low
concentrations of non-ionic detergent is often added to.
chromatographic buffers for this purpose. These compounds are also
used to prevent aggregation. Presaturation with these substances is
insufficient because of the reversibility of the binding, they should be
added to all solutions during a chromatographic separation.

If a detergent is used for this purpose, the concentration should be
well below its critical micelle concentration. Ideally, the detergent
should block the non-specific binding site without participating in
any other reaction (i.e. micelle formation or changes of protein

- structure). Only non-ionic detergents, of the highest available purity,

should be used. A recommended substance for this purpose is
Polysorbate 20 (e.g. Tween 20). Typically, concentrations of about
0.02 % are used, but concentrations as low as 0.005 % are effective.

By collecting fractions in tubes containing low concentrations of
detergent it is possible to increase recovery from the tube, if some
dilution can be accepted. :

Alternatively, the addition of a carrier protein (e.g. 0.1 % bovine
serum albumin) to buffers used in chromatography or to tubes in the
fraction collector can reduce non-specific adsorption by competition.
This is often employed when working with radioactive substances.
However, the carrier protein must not bind to the gel matrix since it
can dramatically reduce the available binding sites for the molecule of -

interest. Furthermore, the preserice of-a carrier protein affects the UV
’ curve and is also likely to interfere with subsequent analyses.

Surface material

" Silicone covered glassware has been used for several decades by

biochemists wishing to minimize surface adsorption to'reactive

" hydroxyl groups. Silicone reagents are available from several

manufacturess (for example Surfasil from Pierce). When basic
peptides are handled, plastic tubes made of polyethene (for example
Minisorp tubes from Nunc) are prefeued to those made of
polystyrene. :

M1n1m1z1ng surface area

Good general advice when dealmg with ' stlcky biomolecules is to
reduce the total surface area exposed to a sample ir a purification
scheme. Filtration, ultrafiltration, dialysis and lyophilization are
techniques frequently known to cause considerable loss due
to"harmful” surface contact. With SMART System and

Fast Desalting PC 3.2/10, a rapid and high recovery alternative to
microdialysis is available (see section 8.3). Furthermore, the sample
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can usually be obtained in a very small volume (typically 50-100 pl)
after chromatography with SMART System, even if the applied
sample volume is large, thus rendering further concentration steps
unnecessary {see Chapter 7). S :

3.2 2 Mmlmlzmg “physmal“ sample Ioss

Some ' phy51cal losses of sample are unavoidable in a purlflcatron

~ scheme, but measures can be taken to keep them as small as possible.

The importance of choosing tubes, syringes etc which exhibit
minimal adsorption was mentioned above. Care should also be taken
to choose such items from which an added volume can be
quantitatively removed (i.e. have minimal dead volumes). Tubes with
surfaces on which a drop rather than a film of liquid is formed are
preferable. Other important aspects in this context, such as the
preparation of small sample volumes for chromatography and points
related to injection, are dealt with in Chapter 6.

3.2.3 Minimizing losses due to insolubility

Poor solubility of some (usually hydrophobic) peptides in protein
digests is a common problem in peptide work. Such peptides can
frequently be dissolved in a small volume of concentrated formic
acid, or 6-8 M guanidine-hydrochloride, and then diluted to the
conditions for separation (usually reversed phase chromatography).

In general, proteins have the highest solubility and stability in
conditions resembling their natural environment. Therefore, when
chromatography conditions differ significantly from these, problems
may arise. For instance, the high salt concentrations.used in
hydrophobic interaction chromatography, may cause precipitation of
some sensitive proteins. In these cases, a lower salt concentration in
the start buffer, or an alternative purification technique, should be
considered. Solubility problems may also occur at extremely low
ionic strength. Other cenditions under which some proteins are

- prone to precipitation are at extremes of pH, or at a pH close to their-

isoelectric point. To perform the separation at another pH may. solve
these problems if they occur. The solubility of proteins as a function
of solvent components is presented in-a review written by Schein

. (28). .

" In protein purification it is usually of interest to have- high mass
_ recovery of the substance as well-as of its biological activity. This is
-also true of peptide purification (exceptions are peptlde mapping and

sequencing situations where only high mass recoveries are essentral)
Loss of activity when not accompanied by a loss of protein mass is
due to denaturation (i.e. loss of tertiary structure), proteolytic
degradation or inactivity owing to loss of cofactors, oxidation etc.

3.3.1  Minimizing loss of activity

Avoiding denaturation

Extremes of pH, high temperature, organic solvent, dilution and
other conditions known to affect protein tertiary structure should be
avoided when possible. If extremes of pH are necessary, for instance
during elution in affinity chromatography, fractions may be collected
in tubes to which a small volume of a neutralizing buffer has been

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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3 How to optimize recovery in protein and peptide purification

3. 4 Measurement
- of recovery in .
a purification
scheme
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added. Ultra-filtration and lyophilization frequently destroy. the
activity of labile proteins (in addition to causing mass losses), while

chromatographic techniques with a concentrating effect dre generally

much milder.- Also, extremely-dilute protein solutions often lose

- activity rapidly, hence it is beneficial to obtain the purified protem in
a concentrated form as qulckly as possrble :

Av01d1ng proteolytlc degradatlon

Common general precautions to limit the proteolytic degradatlon are
to work rapidly and at low temperature. It is recommended that the
cooling function in SMART System is used. In many laboratories
protease inhibitors are routinely added to all samples and all buffers
used in the early stages of a purification scheme. The presence of
proteases of different classes can be expected in complex biological
samples, hence inhibitors for all or several of the different classes
should be added. A suitable addition to a freshly prepared extract
and to the buffers used for initial purification is :

2 - 5 mM EDTA (for metalloproteinases), 0.5-1 mM freshly dissolved
phenylmethylsulfonyl fluoride, PMSF (for serine proteases, some
thiolproteases and carboxypeptldases) and 0.1 yM pepstatln A (for
some acid proteases) (29).

Avoiding inactivation

Many proteins can be inactivated because of specific effects on
particularly reactive amino acid residues. The catalytic site of an
enzyme, for example, contains amino acid residues which are
abnormally reactive and therefore susceptible to modification. Such
inactivation is difficult to avoid unless these particular properties are -
known. Equally difficult to avoid is inactivation due to loss of
cofactors during purification.

More generally, proteins that contain sulfhydryl groups (free -
cysteins) are often prone to oxidation which may lead to a'loss of -

" activity. This can be avoided by the addition of a m11d reducmg agent . |
(e & B—mercaptoethanol) to the buffers ' .

The recovery in-protein or péptide purlflcatron can, be estimated. by a . .

measurement that is proportional to the mass or the blologlcal
" activity of the'i interesting compound. Generally, mass recovery

. measurements give a quicker and safer estlmatlon

3.4.1 Measurement of mass recovery
Rechromatography and comparison of the integrated UV curves. ‘

This technique can be used to estimate the mass recovery (of any. uv _
absorbing substance) obtained in a smgle chromatographic step
prov1dmg the compound of interest gives a well resolved peak. The
material in this peak, or an aliquot of it, is then rechromatographed .
(after a blank run) under identical conditions. The percentage
recovery from the system is then estimated by dividing the peak area
obtained in rechromatography by that obtained in the first

separation. Integration is rapidly performed with SMART Manager.
The recovered amount of mass can be directly calculated if the
absorbance coefficient is known. If this coefficient is unknown, an
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estimate of protein mass recovery can be made.at 214 nm (1). Not
only are losses on the column accounted for in this technique, but

" also losses' which occur in-fraction collection and during injection’ of

the sample. Figure 10.11 shows how this technique was used to

~ determine recovery for an unknown component in cerebrospmal

fluld

A "short-cut” is to dlSanSC with the’ second (rechromatography)

step, and use the value of the integrated peak area in the first

- separation as an estimate of the recovered amount (1). In this case,
"however, losses between the UV monitor and the fraction collector

are not accounted for.

Column: uwRPC C2/C18, PC 3.2/3

Sample: 20 pl of human cerebrospinal fluid (upper curve) and
reinjection of the diluted peak (230 ul) marked by an arrow
(lower curve)

Eluent A: 0.14 % TFA in water

Eluent B: 0.12 % TFA in 60 % acetonitrile

Gradient: 0-100 % B in 20 min

Flow rate: 240 w/min

Detection: UV-M Il (214 nm)

Azt anm

0.040

0.030

0.020

0.010

0.0 5.0 10.0 ©15.0 20.0 . " 25.0  Tme (min)

Fig. 10.11. Determining recovery on 'uF!PC' C2/C18, PC 3.2/3, by réinjection and

* integration of peak area-of an unknown component in cerebrospinal fluid. The

‘upper curve shows’ chromatography of 20 pl of human cerebrospinal fluid. A 50.

- ‘sample loop was used. The peak marked with an arfow was collected in an 80 pi
" fraction (0.5'ml Sarstedt tube). This' material was'then transferred to a syringe. The"

tube was washed with 3 x 50 pul of eluent A. This liquid was also drawn-into the
syringe containing sample. The-contents of the syringe were then mixed after the
introduction of an air bubble (section 6.3}, and injected into a 500 il sample loop.
Conditions for chromatography were otherwise identical for the two sampies. A
blank run was performed between the two sample runs. The recovery after .
reinjection was 78 % , as determined by mtegratlon of peak areas usmg SMART
Manager,

With radiolabelled samples

Use of purified radiolabelled proteins or peptides is a straightforward
technique for establishing recovery (by mass) of a particular
component in a chromatographic step at very low sample loadings.
The eluted radioactivity is compared with that of the applied sample,
and the mass of the recovered amount can be directly obtained if the
specific activity of the sample is known. Any free radiolabel, if
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3 How to optimize recovery in protein and peptide purification

present, must be removed (for instance with Fast Desaltmg, ,
PC 3.2/ 10) before the experiment.

Other fechniqués for meaéuring total protein’ -

“Othet techniques suitable.for measuring total protein in low
© quantities, such-as amino acid analysis, can also be used for this .

purpose. ‘However, the sample is consumed during these techmques

3.4.2 Measurement of biological activity
Measurement of enzyme activity . .

Enzyme assays are often used for localizing activity in a
chromatogram. However, a quantitative comparison of the activity in
a purified fraction with that in a crude sample is often inaccurate.
The reasons for this may be the presence of activators or inhibitors in
the crude sample. A careful investigation of how different factors
affect the assay is usually required in order to obtain reliable
quantitative data.

Receptor activity

Problems with receptor (binding) assays are generally similar to those
with enzyme assays, i.e. quantitative data can often be obtained
without too much effort, but factors which interfere with the binding
have to be controlled to obtain quantitative results. The final step in
micropurification of a nicotinic acetylcholine receptor from chicken
brain, monitored by a binding assay, is shown in figure 10.12.
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Column: -~ Mono QPC 1.6/5 :
Sample: Pooled material from affinity chromatography, containing
" nicotiric acetylcholine receptors (1200 1) .
--Eluent A: . 20 mM bis-tris-HCI, pH 6.1, 1 mM benzamidine,
v . . 0.2 % Lubrol.
Eluent B: "Eluent A, 1 M NaCl
Flow rate:. 100 Lil/min (injection) and 50 pl/min (elutlon)
Detection: -+ UV-MII (280 nm) and receptor bmdlng actlvxty (bars)
’ Conductivity
Aggonm (relatlve units)
Pool -~ Receptor
) . binding
; - 80 (cpm)
0.10- ; r400
' - 60
X F40 200
0.05{ ; ]
- : ' - 20
N \Mﬁ—
0.00+ . : — e ] 0
0.0 10.0 20.0 30.0 40.0 Time (min)

Fig. 10.12. Final purification and concentration of purified nicotinic receptor from
chicken brain using Mono Q® PC 1.6/5. A micropurification scheme using SMART
System was developed for nicotinic acetylcholine receptor from optic lobes in a
single chicken brain in order to study subunit composition by electrophoresis. The
first purification step involved affinity chromatography with bungarotoxin
immobilized on NHS-activated Superose® PC 3.2/2 (Fig. 55, section 8.5). The
second, and final, purification step using anion exchange chromatography (above)
was performed in order to remove free nicotine from receptor protein (which
otherwise interfers with the assay), and to concentrate the sample before
electrophoresis. Receptor activity (bars) was medsured in an assay using, 125).

" labelled bungarotoxin. The electrophoretlc analysis, monitored by silver staining
{inset), was done with PhastSystemn™ " using PhastGel® 8-25 (reducing conditions).
- Left lane: Crude optic fobe extract (before affinity chromatography). Right lane:

Purified, pooled material from anion exchange chromatography. The two bands
correspond to subunits with approximate molecular weights of 56 K and 67 K.

: 'Immunoreactlv1ty

Immunoreactmty, L.e. the capac1ty to bind to antlbodles, does not
teflect the "true" activity of a protein. The presence of a functional
immunogenic epitope in a purificd molecule may not necessarily
mean that the region responsible for the biological activity is intact.
However, immunoassays, such as radioimmunoassays or enzyme-

linked immunosorbent assays are extremely useful for microwork (if

antibodies to the molecule of interest are available) since they are
sensitive and thus consume little material (Fig. 10.13). Problems

“experienced when determining quantative data for immunoreactivity
are similar to those when determining recovery for enzyme and

binding assays.
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' "»3.5'. ' -Maxim‘iz-in‘g

recovery
through a -

purification

scheme

Column: . uRPC 02/01 8, PC 3.2/3 '
. Sample: . . Partially purified CGRP-like |mmunoreactLV|ty, 50 ng (900 1))
Eluent A: - 0.04 % TFA/water
EluentB: . . 0.04 % TFA/60 % acetonitrile/water =~
Flow rate: 240 p/min
Detection: . Uv-Mit (214 nm) conductlwty and rad10|mmunoassay
: -(bars). o e
Aorarm o ' ' Conductivity
- 0.0254 . : SequS%?cé a.'}?.'ys\'f;;'\?a?m’ . 315 o (relative units)
vr? Pro Th'¥ AshVal- -Gly- :rgﬂ Ala-Pho -80
M+ H* ‘
2080.1 CGRP-IR
0.015- (pmol)
= 250 _40
- 125
0.000 — — ! . |
0 10 20 30 Time (min)

Fig. 10.13. Final micropurification step for calcitonin gene related peptide (CGRP)-
like immunoreactivity using uRPC C2/C18, PC 3.2/3. A purification scheme
developed for CGRP-like immunoreactivity used a combination of conventional
chromatography (using gel filiration, cation exchange and reversed phase . .
chromatography) and micropurification with SMART®System. Its aim was to
perform a structural characterization of the immunoreactivity. The final
micropurification step (above) was monitored by conductivity measurement (upper,
downward sloping curve) and UV (214 nm). Fractions of 100 pl were collected and
aliquots were analysed by a radioimmunoassay (bars). The fraction with the hlghest
activity was analysed by mass spectrometry and gas phase amino acid sequencing
(results shown in inset). The recovery of lmmunoreactlvaty was approxnmately 95 %

B (correspondlng to 48 ng)in the final purlflcatlon step

General guidelines for maximizing recovery in proteln and peptlde

. purification are similar, independent of scale. However, in

*micropurification loss of ug levels of protein are. unacceptable, while
-a similar loss may not even be noticed when working at a larger scale.
- Therefore, considerable attention has to Be paid to avoiding lossés in -

m1cropur1f1cat1on “Table 2 is essentially a summary of the suggestlons

- in this chapter. Considerations for sample pretreatment are dealt with

separately (Chapter 6).
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28

Table 2. Points to consider when maximizing recovery in mlcropurrfrcatron of

proteins and peptides.

“ee  Add proteaseinhibitors to crude biological extracts

e Work rapidly.
ee Workat4°C. -
s Use few steps.

e For protelns avoid extremes of pH hlgh temperature and organic solvents -

e Avoid extrerme dilutions of sample and extremely low salt concentrations.

s« ‘Minimize surface contact. For instance, if chromatographic resolution is good
collect one peak in one tube.

e Minimize the handling of fractions (pipettings, freezing, thawing, etc).

Avoid

Use instead

s Filtration of small sample volumes s Centrifugation

and/or diluted samples

*» Microdialysis

e Fast Desalting, PC 3.2/10

« Ultrafiltration and lyophilization s A chromatographic

concentrating technique
on a microcolumn
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4. Micropreparative chromatography in molecular biology

4.1

Introduction

4 -Micropreparative
- chromatography in
- molecular biology -

A requlrement of the modern biological laboratory is the p0531b111ty
to purify DNA from cells. Cell DNA may originate from bacterial,
plant or animal cells and is often required as the starting material for
different recombinant DNA technologies such as restriction enzyme
digestion, cloning and hybridizatién techniques, DNA sequencing
and polymerase chain reaction (PCR). A second type of bacterial
DNA often purified is plasmid DNA, which is mainly used as vectors
during construction of recombinant DNA molecules.

Irrespective of which type of DNA needs to be purified, the initial
steps after growth and harvesting of cells are generally as follows:

1.  Enzymatic, chemical or mechanical treatment (lysis) to disrupt -
" cell walls and membranes to release nucleic acids.

2. The resulting cell extract is then treated so that all cell
components except DNA are removed. This can include
protease treatment followed by phenol extraction to remove
proteins, and RNAase treatment to hydrolyze RNA

3. Concentration of the DNA containing solution.
The DNA may now be pure enough for some applications but
for others it has to be further purified. Methods for further
purlﬁcatlon of DNA include:

a) Densrty gradient centrlfugatlon which is a commonly
used method for obtaining pure plasmid DNA (27).

b)  Electrophoretic purification. This can be used for the
" isolation of a specific DNA fragment generated by - _
restriction enzyme digestion of‘a larger DNA molecule,
followed by electrophoretic separation in an agarose or
" polyacrylamide gel. It is also used for preparative
- purification of chemically synthesized ohgonucleotrdes on
- a denaturing polyacrylamide gel,

c) Chromatographlc separation with FPLC or HPLC Wthh

: has become an increasingly popular method. FPLC has
been used for purification of plasmid DNA (5, 17),
isolation of DNA fragments generated by restriction
enzyme cleavage (3, 34) and for purification of
oligonucleotides synthesized in Gene Assembler® (10)

As we will show in this Chapter most of the DNA separations on

FPLC can also be performed with SMART System. The separation
- range of SMART System: covers the practical range of sample for

molecular cloning, which is usually 0.5 - 10 ug.
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4. Micropreparative chromatography in molecular biology

4.2 Applications

in molecular

biology with -

- SMART
- System

4.21 Concentration of DNA

The researcher often has the DNA molecules in a large ‘volume and
needs to concentrate the sample. This concentration is usually
performeéd by ethanol or isopropanol precipitation in the presence of
salt (27), and is a convenient method when a microcentrifuge can be
used. However, if there are large volumes to be concentrated, the
process will be time- -consuming and the risk of losmg iaterial will be
apparent. A more convenient method is to use anion exchange
chromatography with Mono Q PC 1.6/5 as shown in figure 10.14a.
From the electrophoretic analysis in figure 10.14b, it can be shown
that the DNA content in a 4 ml solution was concentrated to 70 ul. It
should be noted that in contrast to standard DNA concéntration '
methods, a simultaneous purification of the nucleic acids is achieved
when SMART System is used for concentration purposes. This
feature could be very useful after enzymatic treatment of DNA where
the chromatographic concentration step also results in the removal of
the enzyme. Another use is the concentration of DNA fragments
eluted from electrophoresis gels. In addition to concentration,
contaminants, which can inhibit the action of certain DNA
modifying enzymes are removed from the electrophoresis gel.

Column: Mono Q PC 1.6/5.

Sample: 0.5 ng pBR322 digested with Eco Rl in a total volume of
4 ml.
Eluent A: 10 mM Tris-HCI pH 8.0, 1 mM EDTA (TE), 0.5 M NaCl.
Eluent B: TE pH 8.0, 1.0 M NaCl
Flow rate: 300 pl/min dunng sample loading, 100 pl/min during elution.
Gradient: 0-100 % B'in 10 min.
Fraction size: 10wl
Detection: Uv-M Il
Azsanm
0.080
. 0.050-
" 0.040 .
.0:020
.
0.000
0.0 5.0 10.0 15.0 20.0 . 25.0 Time (min)

Fig. 10.14a. Concentration of DNA on Mono Q® PC 1.6/5.
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Lanes: 1) Unconcentrated DNA; 2) Fraction 15; 3) Fraction 16; 4) Fraction 17; |
5) Fraction 18; 6) Fraction 19; 7) Fraction 20; 8) Fraction 21.

Electrophoresis w &pen‘ormed by using PhastSystem ™ Phastge|® gradient’
4-15 and.PhastGel™ native buffer strips. Prior to separatlon at 200 V for 60.Vh,{
the gel was prerun at 200 V for 80 Vh. 1 pl of each fractlon was Ioaded onto
the gel. Detectlon was by silver stalnmg

1 " 2 3 4 | 5 .m»é,,: 7 87.\

Fig. 10.14b. Electrophoretic analysis of fractions from 14a.

4.2.2 Separation of DNA fragments

" A-common demand in'a DNA laboratory is the need to purify an.

inserted DNA fragment from the cloning vector which is to be used

- in further subcloning experiments. This kind of fragment separation
 is illustrated in figure 10.15a where pBR 322 restricted with Eco RI -

and Sal T was separated on Mono Q PC 1.6/5. The enzymatic
treatment of the plasmid resulted in fragments of 651 bp and ,
3710 bp, where the smaller fragment represents the size of an insert

"~ and the larger one the cloning vector:The 651 bp fragment was:
“eluted from the column in less than 20 minutes and contained in

200 pl, which is a convenient volume for alcohol precipitation and
desalting in a mlcrocentrlfuge tube. The larger fragment was eluted
oft the column in about 30 minutes. As can be seen from the
electrophoretic analysis in figure 10.15b, there is no detectable cross
contamination between the two fragments as determined by silver
stalmng

By using this techniquie, it is possible to separate an inserted fragment
from its cloning vector in a preparative manner in less than
20 minutes and with a recovery exceeding 95 %. This can be
compared with preparative electrophoresis which is probably the
most commonly used method for fragment isolation. Preparative
electrophoresis involves separation of DNA fragments in an agarose
or polyacrylamide gel, visualization of DNA, isolation of the piece of
gel containing the desired fragment and then elution of the DNA
from the gel, which rarely results in a recovery exceeding 50 % (27).
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0.020

0.010

0.000 L}

~0.010

- ’;”,-
L1
L1
1 .

Eluent B: TE pH 8.0, 0.8 M NaCl
Gradient: .~ '55-85 % B in 30 min
. Flow rate; . 50 ui/min. ~
Fraction sizé: 50 ul
Detection: UV-M i
A254hm

‘Column: . MonoQPC1.6/5. °

Sample: 1.25 ug pBR322 digested with Eco Rl and Sal |
Sample volume: 25l I o
.Eluent A: TE pH 8.0, 0.65 M NaG

0.0

20

0

Time (min)

20

Fig. 10.15a. Separation of DNA fragments on Mono Q® PC 1.6/5.
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.Lanes: 1)'pBR322' digested with Eco Rl and SalI; 2) Fraction 10;.
3) Fraction 11; 4) Fraction 12; 5) Fraction 13; 6) Fraction 16-24.

123456

Fig. 10.15b. Electrophoretic analysis of fractions from 15a as described in the
legend to figure 10.14b. Separation was for 100 Vh at 200 V.

4.2.3 Purification of PCR products

The polymerase chain reaction (PCR) is a method used for specific
amplification of DNA sequences flanked by regions of known
sequence (26). Although it is a relatively new techniqué, PCR has
been used for several diagnostic purposes. Among these are genetic
identification of forensic samples (13)-and detection of pathogemc
organisms (22). In addition, PCR is also used for many tasks in
molecular cloning (27). lon exchange chromatography with
SMART™System is an alternative to:conventional purification.

- methods for PCR products by use of Mono Q PC 1.6/5 4s shown'in _ :

figure 10.16a.The size of the.amplified.product is 650 bp and it
contains the gene coding for dihydrofolate reductase of Escherichia
coli. After amplification, the mineral oil, which was layered on top of
the reaction mixture to prevent evaporation, was removed and the
contents in the tube (50 ul) was loaded directly onto the column. The
separation was performed at a flow rate of 200 ul/min which resulted
in a purified PCR ‘product in less than 10 minutes. The

electrophoretic analysis in figure 10.16b reveals that the main

product is well separated from primers, polymerase and BSA, which
was present in the reaction mixture to stabilize the polymerase. The
purified product was subsequently cloned-into an expression vector-
in order to overexpress dihydrofolate reductase (data not shown).
Because of its short processing time this kind of separation is suitable
not only for preparative use but also as an analytical tool to monitor
the formation of an amplified product directly after a PCR.
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Column:
Sample:

EluentA: -
Eluent B:
Gradient:

Flow rate:. -
Fraction size: ~
Detection:

A254nm

AT

5 10 | 15 |. 18-19

“Mono Q.PC 1.6/5

50 pl of.a PCR incubation mixture after 30 cycles of

. amplification

TE pH 8.0, 0.65 M NaCl-
TE pH 8.0, 0.9 M NaCl .
15-80 % Bin 10 min

.200 pl/min -
100

uv-MiIl-

34
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" Time {min)

Fig. 10.16a. Purification of a PCR product on Mono Q® PC 1.6/5.

5) Fraction 18; 6) _F_r_act_ipn_19.

123456

Lanes: 1) PCR mixture; 2) Fraction 2; 3) Fraction 3; 4) Fraction 17;

Fig. 10.16 b. Electrophoretic analysis of fractions from 16a. Conditions for

electrophoresis were as described in the legend to figure 10.14b with the exception

that PhastGel® 8-25 was used. Separation was for 50 Vh.
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4.2.4 Purification of plasmid DNA

_In order to purify, plasmid DNA it is necessary to grow the plasmid
-containing bacteérial strain, harvest the bacteria and lyse them, and

finally extract the plasmid from cell debris. If further pur1f1cat1on of

" the plasmid is needed, this is usually accomplished by centrifugation

to'equilibrium in cesium chloride gradients containing: ethidium-

bromide (27). However, this method is expensive, time-consuming
~ and involves use of the toxic chemical, ethidium bromide. Because of

these factors, several methods have been developed as alternatives to
density gradient centrifugation. Among these are ion exchange or gel

" filtration chromatography with FPLC® System which give highly

purified plasmid DNA (5, 17). These techniques can also be applied
to SMART System which is better suited for small to middle range
scale plasmid purification. Figures 10.17a and 10.18a are
chromatograms of alkaline lysates containing plasmids after
purification on Mono Q PC 1.6/5 and Superose 6 PC 3.2/30,
respectively. Figures 10.17b and 10.18b show electrophoretic
analysis on agarose gels of fractions from the chromatograms and the
results from restriction enzyme cleavage.

It must be emphasized that it is necessary to break down cellular
RNA prior to chromatographic separation in SMART™ System. This
can be achieved with RNAase treatment or as was done here, by
conducting the alkaline lysis step at 70 °C for 30 minutes.

The amount of plasmid DNA loaded onto each column (figures
10.17a and 10.18a) originated from a 1.5 mli culture of HB101
(pBR322). The yield of pure plasmid DNA was 2.5 pug and 3 pg for
Mono Q PC 1.6/§ and Superose 6 PC 3.2/30, respectively. The yield
of DNA obtained by using gel filtration is probably because this
technique does not separate open circular (oc) plasmid DNA from
covalently closed circular (ccc) plasmids. As can be seen from figure
10.17a, plasmid separation on Mono Q PC 1.6/5 separates oc from

.ccc DNA. The maximum loading capacities of these columns are-

between 50 pg and 60 ug as determined by earlier results. Thus it can .

be concluded that the practical separation limits for SMART System o

are from 1 ug to 60 pug of plasmld DNA...
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 Colurn: . Mono QPC 1:6/5. :

Sample: 25l of an alkaline extract prepared by a modified Bimboim
o and Daly extraction procedure (5) from a 1 5 ml culture of
S --HB101 (pBR322). :

Eluent A: 'TE pH 8.0, 0.5 M NaCl.
Eluent B: TE pH8.0, 1.0 M NaCl.
Gradient: .;50-100 % B in 15:min.
Flow rate: - 200p/min. "~ -
Fraction size: 200 pl and 50 pl.
~ Detection: CUV-MII
Assanm
B
80
0.15
60
0.10
0.05
20
X
1 14 N
11 ~—™—— ]
0.00 1| 2 3 5 i 10 15
0.0 5.0 10.0 Time (min)

40 - | -

Fig. 10.17a. Plasmid purification using Mono Q® PC 1.6/5. -

with: UV -light. -

Lanes. 1) Crude alkaline lysate; 2) Fractions 1-2; 3) Fractions 10-12; .
4) Fractions 14-18; 5) Fractions 14-18 digested with Hinc il, The gel was
stained with ethldlum bromide and nucleic amds were wsuallzed by |llum|nat|on

1 2 3 4 5

Fig. 10.17b. Electrophoretic analysis on 0.8 % agarose of fractions from 17a.
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~ Column: _ Superose 6, PC 3.2/30
Sample: . 25l of an alkaline extract prepared from a 1.5 mi culture of |
" . HB101 (pBR322) as described in the legend to flgure 10.5A.|.
* Eluent:- . '~ TE pH 8.0, 50 mM NaCl. : ;
Flow rate: 40 pi/min-during injection, 60 ul/mln during. elution.
Fraction size:” 60 Wl and 120 ul
Detection: ~ UV-MIi
Azsam_u
0.30
0.20
0.10
| gl \M\,\
0.00 sl 71 18] 14 13 &
0.0 10.0 20.0 30.0 40.0 Time (min)

Fig. 10.18a. Plasmid purification on Superose® 6, PC 3.2/30

Lanes: 1) Crude alkaline Iysate '2) Fr 5-6; 3) Fr 5- 6 dlgested with H/nc I; v
4) Fr 11-15.

1 2 3 4

Fig. 10.18b. Electrophoretic analysis on 0.8 % agarose of fractions from 18 a.

AN
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5.1 Choice of
eluent
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5. Preparation of eluents

In Chapter 2 it was stated that eluents were one of the crltlcal factors

in obtaining a good separatlon The intention of this chapter is to

-_give further guidance concerning eluents for m1cropur1f1cat10n ‘The .
- following points are of particular i importance.

It is important to choose an eluent in a pH range which is suitable for
the chosen technique and the substance to be purified. In addition,
when working at a high sensitivity setting it is necessary to check that

the chosen eluent gives minimal baseline disturbances. This is
particularly important when monitoring at 214 nm (as discussed in N

Chapter 2).

Other factors which influence the choice of eluent are the subsequent

analysis or purification technique. In some cases volatile buffer
systems may be preferable.

RS

Table 3 gives suggestions on eluent compounds to choose. These are
based on experience in our laboratories. Note that the quality of an
eluent salt/solution differs not only between suppliers but also

between batches from the same supplier.

Table 3. Buffers, salts, solvents etc. which have been used for micropurification

with SMART System.

Substance Grade Manufacturer
Acetonitrile LiChrosolv Merck
Acetonitrile HPLC Lab-Scan Ltd
Bis-tris p.a. _Sigma
Disodiumhydrogenphosphate . pa. . Riedel-de-Haen
Formic acid p.a. Merck
HEPES Sigma

. Heptafluorobutyric acid Sigma
Hydrochloric acid p.a. May and Baker Ltd
Litium chloride -p.a. - Merck :

- Lubrol PX . B Sigma

"MES - - R Sigma -
n-propanol - p.a. Fluka A.G."

~ Piperazine : Fluka A.G.
Potassnumphosphate p.a. ~ Merck
Sodium chloride - - ‘p.a. - ~May and Baker

" Sodium hydroxide .’ pa. " EKA Nobel

- Trifluofoacetic acid " - - Sequencer Rathburn -~

* Chemicals : :
Trifluoroacetic acid HPLC/S'pectro Pierce
Tris p.a. Merck
Tween 20

Footnote to table 3. The quality of the chosen eluent salt/solution should be HPLC.

grade or of a corresponding quality. p.a. = pro analysi.
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5.2 ‘Buffer -
preparation

5.3 Purity of the
buffer

The recommended concentration of a buffer is normally 20-50 mM.
However, when working at higher sensitivity settings it may be

" advisable to lower the concentration to 5210 mM to minimize

disturbances. It is even possible (but not generally recommended)to

-perform ion exchange separations in the presence of trace amounts of
- buffer (i.e. with buffer only added for pH adjustment), in order to

obtain a sample which can be directly applied to gas phase amino "

‘acid sequencing. However, a low buffer concentration increases the

risk of activity loss and change of chromatographic pattern owing to,
pH changes.

It is generally recommended that buffers are made from the non-salt
form of the buffer substance e.g. citric acid and not sodium citrate,
ammonia and not ammonium chloride. This is because titration of
the salt form of buffer substances results in a buffer with a higher
ionic strength; this is particularly important in ion exchange
techniques.

If the buffer includes salt or is used in a salt-gradient separation, the
pH should be corrected with an acid or a base so that the counter-ion
is the same as in the salt-gradient.

"As pointed out in Chapter 2, it is possrble to correct a sloping

baseline obtained with Tris buffer in anion exchange
chromatography by adjusting eluents A and B to different pH values.
Similarly, eluents with different concentrations of TFA can be used to
correct a sloping baseline in reversed phase chromatography.

Buffers should be passed through a 0.22 pum filter before use. An
organic solvent resistant filter is required if the buffer contains an
organic solvent. Degassing is advisable, but not always necessary. It
can be done by vacuum suction, "hehum bubbling" or ultrasound
treatment.

Air bubble formation occurs when an organic solvent is mixed with
water. To avoid the formation of bubbles-during RPC separations it
is recommended to use a diluted organic solvent as eluent B, for

instance 60 % acetonitrile. It can be prepared without degassmg by

. adding water on top of the organic solvent in a measuring cylinder.
* After a few minutes, when bubble formation has ended, the solution

is slowly mixed (after mixing-an ion- palrmg agent is added) and no

. 'addmonal degassmg is requlred

Fuither 1nformat10n on how to prepare buffers, 1nc1ud1ng rec1pes, are

. -found in SMART Assistant.

When Working at high sensitivity settings it is extremely important to
choose the right quality of buffer substances, salts, solvent and water’
to avoid unnecessary contamination. The components should be of
"HPLC grade" or similar, and the water should be Milli Q* or of a
corresponding quality. Always make fresh solutions to prevent = -
bacterial growth or other contaminants. Use clean vessels and other

_equipment. It is recommended that everythmg is rinsed with clean

water before use.

To check the purity of the buffer, perform a blank run and check that-
the baseline is stable. Preferably, the blank run should be repeated to
see if it ts reproducible. The blank run can be subtracted from the
chromatogram in the evaluation part of SMART Manager.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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If the buffer is not pure enough one can try to purify it by adding.
active carbon and keeping it on a magnetic stirrer for a few hours;
then filter it again, It is also possible to use a precolumn as described
in Chapter2. - -. . : - -

* Milli Qis a registered trademark of Millipore Corp. ~
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6. Preparation and loading of sample

6.1 Filtration
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6. Preparation and

~ loading of sample

' When Workmg in the ug-ng scale it is necessary to minimize sample

loss. One way is to avoid sample pretreatment, but this may raise
other problems. A turbid solution (which indicates sample
insolubility) should never be injected into the system. Applying dirty
substances increases the risk of clogged columns or tubings.
Therefore the sample may only be applied directly to the column if :

1.  the volume is very small and there is a risk of sample loss due
to the dead-volume of the filter. In these cases it is advisable
just to centrifuge the sample before application (10 000 g for
10 min).

2.  the sample is extremely diluted and there is a risk of sample loss
due to adsorption to the filter.

3. the sample has previously undergone one or more
~ chromatography steps, and is therefore estlmated to be pure
- enough without filtration.

In all other cases the sample should be passed through a

0.22 - 0.45 pm filter. If necessary, centrifuge the sample first

(10 000 x g for 10 min). Be sure to select a solvent resistant filter if
the sample is dissolved in an organic solvent.

Desalting and/or buffer exchange of small sample volumes (< 200 pl)
is ideally done with Fast Desalting, PC 3.2/10 and SMART System,
where the procedure is fully controlled by monitoring the UV
absorbance (sample compounds) and conductivity (salt). Further
information, see section 8.3.

" An alternative is NAP- .5, NAP-10 or PD-10 dlsposable columns o |

(Pharmacia LKB Brotechnology) where a buffer exchange of a crude

sample with concomitant clarltrcatlon can be rapldly performed

'_-'_Amount of sample loss durlng flltratlon depends on:

1. - Adsorptron to the fllter .
2. The fluid.retention (dead volume) of the frlter

: .Adsorptlon depends on the chémical composition of the filter, the. -

filter area and the type of compound to be filtered. Only filters with a
low binding capacity for proteins/peptides should be used. The filter
should be tested for protein adsorption before a precious sample is
filtered. The following procedure has been used in our laboratories:

200 pl of a standard protein (albumin or catalase), 20 pug/ml (= 4 ug),
is passed through the new filter. 100 pl of the filtered sample is then
run on pRPC C2/C18, PC 3.2/3 and the peak area evaluated. When

three types of filter, each with an approximate area of 0.1 cm? were
tested, sample loss due to adsorption was about one tenth of the
applied sample. This demonstrates that sample amounts less than a
few ug should not be filtered, whereas sample amounts larger than a

few pg can be passed through a filter with an area of about 0.1 cm?2.
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6. Preparation and loading of sample

- The fluid retention of the filter should also be known before a small _

volume of a precious sample is applied. This can be determined by

-weighing the filter before and after filtration with water. An effective
|- way of decreasmg volume loss in the filter is to fill the syringe with
air to form an air purge in front of the sample. Alternatively fill the

syringe with air after injection.and.push that through the filter.
Figure 10.19 shows how four filter types . differ with respect to fluid

' .retentlon, and the effect of an air purge in the syringe.

Fluid Retention when filtering with or -
without air purge

i 100 —
=
£ 80
§
o]
= 60 -
fg [0 Without air purge
= 40 - H  With air purge
20
oA

Millipore HV  Cameo  Acro LC 13 Nalgene
Filter

Fig. 10.19. Companson of four different filters with respect to fluid retention (dead
volume) -

Filters

1 Millipore Millex-HV4 (0.1 cm?).

2 MS! Cameo (0.1 cm?).

3 AcroLC13(1.3cm?).,

4 Nalgene (0.07 cm3).

All fitters had 0.45 pm pore size

" The effect of filling the syringe with some air before the Sanfplé is
. also shown, The dead volumes were determined by weighing the o
~ filters before and after filtration with water. Seven filters of each’ type

were tested (except Acro LC 13 where five filters were tested).

Another potential risk in filtration is contamination. Leakage of UV-
absorbing contaminants has been determined for different filtets. -
200 pl of 0.1 % TFA in Milli Q water was filtered and 100 ! of the

filtered solution was run 6n uRPC C2/C18, PC 3.2/3. This compared o
" with a blank gradient with a non-filtered solution run on the same

column. Most of the contaminants eluted at the beginning of the
gradient, but have not been identified. Figure 10.20 shows how four
fllter types differ in this respect. The same leakage was obtained
when water (neutral pH) was passed through one of the filters. To

" eliminate leaking substances from the filter rinse it with > 1 ml

Milli Q water before use. However, this rinsing can give a dilution
effect on a small sample volume.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



- e et g - -

6. Preparation and loading of sample

6.2

6.3

Microcentri-
fugation

Mixing small
volumes
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Millipore 'I\)Iillex - HV-4 .
Nalgene
Acro LC 13

Fig. 10.20. Companson of four different filters WIth respect to contamination,

100 pl of filtered.0.1 % TFA in MilliQ water was run on pnRPC C2/C18,PG 3.2/3 and .

compared with a blank gradlent with a non- flltered solutlon run on-the same -

~column.

-Sample volumes as small as 10-20 ul can be ce'ntrifugéd to remove:

particulate material. Cooling minimizes evaporation. The supernatant
can be recovered using the injection syringe for SMART System.

Mixing of small sample volumes with small volumes of eluént
tollowed by a quantitative recovery from plastic tubes is not an easy
task.This problem arises when equilibrating a small volume with a_
suitable buffer e.g. sample pretreatment before ion exchange -
chromatography. In all cases where small volumes have to be mixed
before chromatography, it is recommended that the mixing is
performed in the syringe used for injection into the chromatographlc
system. The two solutions to be mixed are drawn into the syringe,
followed by a small air bubble. The contents of the syringe are then

mixed by turning the syrmﬁ gmde -down 10-20 times.
888
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loading

44

A.sample is ready for injection into SMART System provided it is
free of particles and the sample does not exceed the capacity of the
" column (see Chapter 8). The maximum volume for a one-step -

- injection is 50 ml (for larger volumes-the 50 ml Superloop has to be
- refilled). Lo

To further. protect the column it is recommeénded to use Prefllter
0.8 mm or 3.2 mm (Code No. 18-1800-75 and 18-1800- 76)

Itis 1mportant to consider the following:

1.

Check that the sample loop and the fill port are tightly
connected to avoid leakage and drainage into the injection -
valve.

"Partial filling technique" for maximal recovery: Choose a loop
which has a volume larger than the sample. Partly fill the
syringe with buffer, then add the sample and finally more
buffer (to prevent possible sample loss in the storage tube/cup it
can be rinsed with the last buffer portion). This technique can
be used for all kinds of concentrating chromatography
techniques where sample dilution is not critical.

Use glass syringes of good quahty to minimize sample loss due
to adsorption.

Use a syringe with a volume larger than the sample loop (fill it
with a larger sample volume than the sample loop volume), to
avoid air bubbles in the system.

Do not switch the valve from inject back to load position until
eluent at least three times the volume of the sample loop has
passed through.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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7. Trace enrichment

7.1

Important
considera-
tions for trace
enrichment

7. Trace enrichment

Large volumes of hlghly diluted proteln and peptide solutions aré |

. commonly obtained after initial purification of b1010g1ca1 material
- with Standard Chromatography. These low concentrations are often.
.incompatible with subsequent: analyses and hlgh performance: -

purification steps. Furthermore, many proteins quickly lose activity if -
they are kept at a low concentration. To enrich trace amounts of-
protein by conventional techniques (e.g. ultrafiltration or
lyophilization) frequently results in poor recoveries (18). With: -
SMART System, efficient trace enrichment of proteins and peptides is
obtained through adsorption on microcolumns such as

Mono Q PC 1.6/5 and puRPC C2/€C18 PC 3.2/3. Volumes up to 50 ml
(applied with Superloop™) and containing pg levels of protein have
been concentrated in one step to a volume of 50 ul, i.e. a 1000 - fold
concentration, with high recoveries. In addition to effective
concentration, a high resolution purification is concomitantly
achieved if a gradient or a series of steps are used in elution of the
adsorbed material.

7.1.1 Binding strength

The sample volume/column volume ratio is very high in trace
enrichment. It is therefore essential that the molecule of interest is
bound sufficiently strongly to the column, this is illustrated in
figure 10.21. In quantitative terms, this means that for 50 ml of
sample on a 0.1 ml column, the molecule must not be eluted by 500
column volumes of eluent A (isocratic elution). The recovery of

- creatine kinase (Flg 10.21.) which elutes at low ionic strength, is

minimal if applied in 50 ml. In ion exchange chromatography a
stronger binding is achieved by an increase in pH (amon exchange)
ora decrease n. pH (catlon exchange) :
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. Column:- .Mono QPC 1.6/5
Sample: .. Creatine kinase (rabbit muscle), a-amylase (Baciilus
- . . Subtilis), a-lactalbumin. (bovine milk), ovalbumin (hen
- eggwhite) mixed.in proportlons 20.6:6:28. Total amount of -

- 25pg.
Sample volumes: 10 pl, 100 ul, 1-ml, 10 ml and 50 mI
Eluent A: - 20 mM Tris-HCI, pH 8.1
" EluentB: -~ ~- 20 mM Tris-HCI, pH 8.1, 0 3 M NaCl"
Flow rate: 100 pl/min
Gradient: 0-100 % B in 20 min.
Detection: UV- M Ii (280 nm) .

Agonm

0.04 10 pl
_ 100 pl

1 ml

10 ml

0.02-

5 10 15 Time (min)

Fig. 10.21. Application of different sample volumes on Mono Q® PC 1.6/5. Gradlent
elution. S

71 2 EIutlon mode

Elution with a gradlent results in‘ purlflcatlon of the substance to be
concentrated. This is shown in figure 10.21 (Mono Q PC 1.6/5) and ..
figure 10.42 (nRPC C2/C18 PC 3.2/3). Typ1ca1 peak volumies are

.. about 100 pl. As shown in figure 10.22, elution in a single step -
" results in even smaller peak volumes, about 50 pl on Mono Q PC

1.6/5, but there is no purification of the substance as everything is
eluted at the same time.

Step-wise elution is recommended for a small peak volume and high
degree of purification. If chosen, it is necessary to equilibrate the
mixer with elution buffer (with the injection valve in position wash)
immediately before each elution step, in order to get a sharp step.

The development of a step-wise elution is checked by the conductivity
monitor.

Note because of the large sample Volume traces of contaminants in
the buffer may be enriched on the column, ,
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7. Trace enrichment

7. 2 SMART
' Manager
‘method for
trace enrich-
ment

Column:’ Mono Q PC 1.6/5
Sample: Creatine kinase (rabbit muscle) oc-amylase (Bacillus
. " Subtilis), a-lactalbumin (bovine mllk) ovalbumin (hen
: eggwh;te) mlxed in'proportions 20:6:6:28. Total amount of

25ug.
a Samp/e volumes 10 yil; 100 pl, 1 ml, 10 mi and 50 mI
Eluent A: 20 mM Tris-HCI, pH8.1 . -
EluentB: ‘20'mM Tris-HCl,:pH 8.1,03 M NaCI
" Flow rate: ~100 w/min
Detection: . UV-MII (280.nm)
Ao ' | T e
0.15 80
60
0.10
40
0.05
20
50ul
0.00 J

128.0 128.0 130.0 13z2.0 Time (min)

Fig. 10.22. Application of 50 mi sample on Mono Q® PC 1 6/5. Elution in one step
after mixer equilibration. . , } .

Handling of the Superloop

'For handling of the Superloop, see SMART System handbook,

part 4.

The apphcatxon of 50 ml sample requires the flllmg of pump A f1ve
times (if the 10-ml pump cylinder:is used) durmg the run (as for the -

“method included in SMART.Assistarit) or use of both pumps, filling .-

and pressurizing one while the other is used for the application of
sample. The advantage of the second alternative is that- pressure
drops are avoided. This is also the type of application used in the
method below. The connection to the pump valves should be the

_ followmg
Pump A - ‘ Pump B
Buffer A - valve pos. 1 Buffer B - valve pos. 1
Waste - valve pos. 4 Waste - valve pos. 4

Buifer A - valve pos. 2

‘Buffer A should be connected to pump B during sample application.

This prevents buffer B from accidently entering the column before the
elution procedure is started.

The SMART Manager method for trace enrichment is shown in
figure 10.23.
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Main method )
0.00 PUMP_WASH A1, 4
0.00 PUMP_WASH "B,2,4
0.00 MIXER_WASH . 100
-0.00 FLOW 400. .
0.00.CONC_B - 100.
0.00.INJECT EXTERNAL
0.00 TUBE : A
0.00 CALL_SUB_METHOD: . - B_PUMP_FILL_A
0.00 CALL_SUB_ METHOD . - . A_PUMP_FILL_] B
0.00 TUBE o "B
0.60 CALL_SUB_METHOD . B_PUMP_FILL_A
0.00 CALL_SUB_METHOD A PUMP_FILL_B
0.00 TUBE
0.00 CALL_.SUB_METHOD B PUMP_FILL_A
0.00 CALL_SUB_METHOD A_PUMP_WASH_B
0.00 CALL_SUB_METHOD : GRADIENT_ELUTION
SUBMETHOD: A_PUMP_FILL_B
0.00 CONC_B 0
0.00 FILL B, 2, 10, 15000
8.50 CONC_B 0
9.00 CONC_B 100
SUBMETHOD: B_PUMP_FILL_A
0.00 CONC_B 100
0.00 FILL A, 1,10, 15000
8.50 CONC_B 100
9.00 CONC_B 0
SUBMETHOD: A_PUMP_WASH_B .
0.00 CONC_B 0
0.00 PUMP_WASH "B, 1,4 .
5.00 LOAD EXTERNAL
5.00 CONC_B 0
SUBMETHOD: GRADIENT_ELUTION
0.00 CONC_B 0
0.00 FILL A, 1,10, 15000
0.00 MIXER_WASH 0
0.00 NEW_CHROMATOGRAM
0.00 FLOW 100
0.20 NEEDLE_POSITION DOWN
0.20 GOTO_TUBE 1
0.20 FRACTION_ SIZE 50
0.20 CONC_B ‘ o
2.20 CONC_B 100
2.60 CONC_B 100
2.60 FRAC_STOP
2.60 CONC_B ) N ] 0
3.00 CONC_B ' o
_ SUBMETHOD: STEP_' WISE ELUTION
0.00 MIXER_WASH 100
0.00 MEW CHROMATOGRAM . )
0.00 CONC_B 100
0.00 FLOW : . 100-
0.00 NEEDLE_| POSITION o DOWN
0.00 GOTO_TUBE | . . _
0.00 FRACTION SlZE o R '25
0.50 CONC_B - ‘ . 100
0.50 CONC_B T 0
1.00 CONC-B o 0

Fig. 10.23. SMART Manager method for trace enrichment. -

Comments on figure 10.23:

The method is composed of a main part and five submethods. The programming is
made in volume mode. Submethod I: (A_ pump_Fill_ B), fills pump B during "
delivety of eluent A for sample application. The reverse is valid for submethod II:
(B_pump_Fill_A). Submethod lil: (A_pump_Wash_B), changes from eluent A to
eluent B in pump B while pump A is used for the application of the last part of the
sample. Submethods | and Il deliver 9 ml each and are used alternatively. ‘
Submethod Il must be used immediately before submethod Ili. For example, if 42
mi of sample is applied submethods | and Il are used (42/9=4.7) 4 times together.
Since submethod Il has to be used as the last one, submethod | has to start. Also
change the volume.in submethod Ill to 42 - (4 x 9)= 6 m). Submethod IV is used for
elution in a 2 mi gradient. Alternatively, if step-wise elution is preferred, use
submethod V (Step_Wise_Elution).Flow rates should be adjusted accordmg to the
type and condition of column.
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8.1 lon exchange
chromato- -
graphy

--8. Chromatography

techmques using
- SMART” System

This chapter mtroduces Precision Columns and the different
chromatography techniques represented using SMART System.

* Precision Columns have small dimensions and good chromatographic

performance, which improve separation results when working in the
ng-ug range. As the cross-sectional areas of the columns are reduced,
separated compounds become more concentrated and give smaller
peak volumes. When combined with SMART System, the columns
give high mass sensitivity. Recovery is improved by small gel bed
areas and chromatographic media with minimized non-specific
adsorption.

The benefits of using Precision Columns in SMART System is
exemphfled in figure 6 (Chapter 2), where a small amount of a

- protein mixture (2.5 pg) has been separated on Mono-Q, PC 1.6/5

(SMART System) and Mono Q, HR 5/5 (FPLC). The scale factor of
ten between Precision Columns (SMART System) and HR columns
(FPLC) makes it easy to scale a separation method using any
chromatographic technique represented in both systems. This is
illustrated for ion exchange (Fig. 10.24) and gel filtration

(Fig. 10.31).

Included in SMART Manager, the software controlling the system, is

" SMART Assistant. This is an information base designed to assist the

user in finding the most appropriate purification scheme, provided

“some information about the sample to be purified is available. It can

also create a proposed separation method automatically: If problems

occur, they may be solved by usmg this information base.

Before using the columns, carefully study the recommendatlons in the
column instructions. It is very important to follow these recommen- -

- dations carefully to secure a long column life with preserved quality.
" The column instructions are included in the column packagé and
should be filed in this system handbook. Further details about the

different chromatography techniques can be found in different-
printed material from Pharmacia LKB Blotechnology AB or in
chromatography textbooks (e.g. ref. 15).

8.1.1 Introduction

Ton exchange chromatography is a technique which separates
biomolecules according to differences in their overall surface charge
and charge distribution. It is highly selective and has a high capacity.

~ Resolution of sample components that differ by only one charge unit

is attainable. The technique can be used for both purification and
concentration.

In anion exchange chromatography, negatively charged groups on the
surfaces of biomolecules interact electrostatically with positively
charged groups covalently attached to an insoluble matrix. The
reverse is true for cation exchange chromatography.
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S0

The ion exchange columns available for SMART System are -
Mono Q PC 1.6/5, Mini Q PC 3.2/3, for anion exchange, and
Mono S PC 1.6/5, M1n1 SPC3.2/3 for catlon exchange.The gel
- matrixes are based on 10 im MonoBeads® and 3 um MiniBeads®
- respectively. Table 4 summarizes the properties of these columns. .

" Table 4. Properties of Mono Q® PC 1.6/5, Mini Q® PC 3. 2/3 and Mono s® PC

1.6/5, Mini S® PC 3.2/3. -

Column dimensions
Gel volume

Charged group

lonic capacity

Particle size
Molecular weight range
Practical loading range

Flow rate

pH stability

Operational pressure limit

Temperature range

1.6 x 50 mm (Mono Q, Mono S)
3.2 x 30 mm (Mini Q, Mini S)
0.10 ml (Mono Q, Mono S}
0.24 m! (Mini Q, Mini S}
-CHyN*(CHa)s

(Mono Q, Mini Q)

-CH;S03 (Mono S, Mini S)
0.27-0.37 mmol! Ci/mi gel
(Mono Q)

0.06-0.09 mmol Ci/ml gel
(Mini Q)

0.14-0.18 mmol K*/ml gel
(Mono S)

0.016-0.030 mmol K*/ml gel
(Mini S)

10£0.5 pm, 3 um

<107 (Mono Q, Mono S)

0.5 - 500 pg (Mono Q; Mono S)
0.5 - 200 pg (Mini Q, Mini S)
10 - 400 pl/min

(Mono Q, Mono S)

10 - 1 000 pl/min

(Mini Q, Mini S)

2 - 12 (Mono Q, Mono S)

3- 11 (Mini Q, Mini S)

5 MPa (50 bar, 750 psi)
{Mono Q, Mono S)

10 MPa (100 bar, 1500 psi)
(Mini Q, Mini S)

4-40 °C

N

In figure 10.24 the Mono Q columns have been compared in order tQ :
. demonstrate the scale’ by a factor of ten between Precision Columns

(SMART System) and HR Celumns (FPLC). One tenth'of the sample
“used in the separation on Mono Q HR 5/5 was applied to

Moto Q PC 1.6/5 at the same linear flow rate; the same UV-response
was achieved for both runs. The chromatograms are compared on -

~ volume basis.
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Column: © Mono Q® PC 1.8/5 (top)
_ ~ Mono Q® HR 5/5 (bottom)
Sample: .. 25 pug protein (top)
: 250 pg protein (bottom)-
Eluent A; . 20 mM Tris, pH 8.0
_Eluent B: . 20 mM Tris, pH 8.0, 0.3 M NaCl
Gradient: "-0-100'% B in-20 m_|n : o
Flow rate: - 100 pl/min’(top) -
1000 pi/min (bottom)
Detection: UV ‘M -
A280nm
0.04-
Mono Q®, PC 1.6/5
0.034
0.02-
0.01
0.00 ——
5 10 15 20 25
Time (min)
AZBOnm
0.04
0.03- Mono Q®, HR 5/5
0.02-
0.01-
0.00 =t

o

10 15 20 25
T Time {min)

Fig. 10.24. Comparison of Mono Q® HR 5/5 (FPLC®) and Mono Q® PC 1.6/5

(SMART® System)

- 8.4 2 Optlmlzmg the separatlon

Varying the sample volume

* The influence of the sample volume on \ the separatlon has been

evaluated. The same amount (mass) of four different proteins was -
applied on Morno Q PC 1.6/5 in different sample yolumes (varied

" between 10 ul and 50 ml). Figure 10.21 (section 7.1) shows that the

peak volume is independent of the sample volume. It demonstrates
that ion exchange chromatographiy is very effective for concentration
of highly diluted samples.

When the sample volume is large it is very important that the binding
between the sample and the gel matrix is strong enough, otherwise
the sample will be lost during sample application.

'Var.ying the sémple load

In figure 10.25 different amounts of proteins (varied between 250 ng
and 1.25 mg) was applied to Mono Q PC 1.6/S at a constant volume.
The results indicate that the resolution is not affected when the
sample amount is increased up to 25 pg. At the 250 ug level the
chromatographic pattern is changed for this protein mixture. When
1.25 mg sample is applied to the column the maximum binding

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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8. Chromatography techniques using SMART™ System

_capacity for this protein mixture is reached. Depending.on.the
amount of sample bound to the column and the binding strength of
the compounds these figures differ. The practical loading range (total

. sample mass) 0f 0.5 -500 ug presented in table 4 is therefore an .
approx1mate recommendatlon

e olppr e

¢ e

T

0.0005

A

0.04

L

'Mono Q PC 1.6/5 -

Column;

Sample: Creatine kinase (rabbit muscle), a-amylase (Bacillus

: Subtilis), o-lactalbumin (bovine mllk) ovalbumln (hen
- eggwhite) in proportions 10:3:3:14 - . '

Sample amount: 250 ng; 25 pg; 250 pug; 1.25 mg.

Eluent A: -20 mM Tris-HCI pH 8.1.

Eluent B: Eluent A, 0.3 M NaCl.

Flow rate: 100 ul/mln

Gradient: 0-100 % in 20 min.

Detection: Uv-M Il

AZSOnm

Fig. 10.25. Varying the sample load on Mono Q® PC 1.6/5.

To make the protein peak positions clearer a blank run has been performed at the

lowest amount of applied sample (250 ng). The maximum capacity for this protein

mixture is reached when 1.25 mg is applied (in this case a small amount of sample
is found in the flow-through peak).
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8. Chromatography techniques using SMART™ Systemn

Vafying the running conditions

Modificatioh of the chemiéal_conditidns {e'g. eluént composition)
should be attempted first when optimizing a separation. Furthe'r
information about this can be found in FPLC Ion Exchange and -
Chromatofocusmg (8) : :

‘Another important parameter when optimizing a- separatlon is the -
gradient shape. It can be modified for resolution and sensitivity by
changirig flow rate and gradient time (when programming in time
mode) or flow rate and gradient volume (when programming in
volume mode).

To optimize resolution it is most important to increase the gradient
time. Figure 10.26 shows the increase in resolution by changing the
gradient time from 10 to 40 minutes. This can be done either by
keeping the flow rate constant (increase the gradient volume from 1
to 4 ml) or by keeping the gradient volume constant (decrease the
flow rate from 100 to 25 ul/min).

The sensitivity is increased primarily by reducing the gradient
volume. This is done most effectively by reducing the flow rate (see
figures 7 and 8, Chapter 2).

In table § this discussion is summarized in terms of how to change
the program to optimize the separation according to sensitivity and
resolution. Both types of programming modes (time- or volume-
based) are illustrated. The optimal separation method will be a
compromise between resolution and sensitivity and will differ from
case to case.
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Column: Mone Q® PC 1.6/5
Sample: ,830 ng creatine kinase (rabbit muscle), 250 ng a-amylase ]
B ’ " (Bacillus Subtilis), 250 ng o-lactalbumin (bovme mllk) 1177
" ug ovalbumin (hen eggwhite).

- Eluent A: 20 mM Tris-HCI, pH 8.1
Eluent B: -Eluent A 03M NaCI
Upper -~
chromatogram: Reference
Flow rate: - 100 pl/min.

Gradient. - 0-100 % B in 10 min.
Middle .
chromatogram:  Constant gradient volume
Flow rate: = 25 pl/min.
Gradient: 0 - 100 % B in 40 min.
Lower
chromatogram:  Constant flow rate
Flow rate: 100 pi/min.
Gradient: 0 - 100 % B in 40 min.
Detection: UV-M it
AZBOnm N\
Reference

0.05+

A280nm .
Constant gradient volume
oss]
IIIllLI‘lJIII'I‘IlllllIlllllIIIIlILJ_I
A Co : 40 min
280nm . s
. _/ N Constant flow rate
0.025

rr s S R N T S T Y S T R S T Y S O SO MO UHOt S N ST S T ST S O SOV S S A S |

40 min

,,.w..
AN

Fig. 10.26. Improving resolution on Mono Q® PC 1.6/5 by increasing the gradieht
time.
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8. Chromatography techniques using SMART™ System

Table 5. A summary of how to change the program to optimize the separation.

Time base Volume base

. ‘Gradient Flow __Gr_adient ‘Flow .
 time _ rate volume rate
CHight. e+ .- 0 -
‘resolution” 2., + - N R 0
‘High 1. 0 - - -
sensitivity 2. - - 0 ' - 0

The left side of the table illustrates the changes if time mode is used while the right . -
side of the table illustrates the changes for volume mode. 0 = no change, - =
decrease, while + = increase.

8.1.3 Detection limit

The detection limit using Mono Q PC 1.6/5 is usually in the low ng
range. Figures 10.27 and 10.28 demonstrate the detection of § ng of

o-amylase at 280 nm and 900 pg of an oligonucleotide at 254 nm.

Column: - Mono QPC 1.6/5
Sample: Creatine kinase (rabbit muscle), a-amylase (Bacillus
Subtilis), a-lactalbumin (bovine milk), Ovalbumin (hen
eggwhite)
A total of 50, 100 and 250 ng in proportions 10:3:3:14.
Eluent A: 20 mM Tris-HCI pH 8.1.
Eluent B: Eluent A, 0.3 M NaCl.
Flow rate: 100 pl/min
Gradient: 0-100 % in 20 min.
Detection: . UV-M I} (280 nm)
A280nm
oocoto{ - 230 ﬂg-
e 501g "

000054

5 ng o-amylase

: : 0
0 5 C10: . 15 20 Time (min)

Fig. 10.27. Detection of 5 ng o-amylase on Mono Q® PC 1.6/5. Mono Q® HR 5/5
was connected in series with pump A for removal of impurities in the buffer.
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-Column: Mono Q lsC 1.6/5 :
Sample: . 900 pg oligonucleotide (35-mer), -
Eluent A: --0.5 M NaCl, 10 mM NaOH; pH 12
Eluent B; 0.8 M NaCl, 10 mM NaOH pH 12.-
- Flowrate: . 200 u/min . ‘
Gradient: - . 25-80 % in"10 min.
- Detection: - _ UV-M I1(254 nm) . -
Agsanm ‘ - V %B_ .
0.0006
70.0
0.0005
60.0
0.0004 |
50.0
0.0003
40.0
0.0002
30.0
0.0 5.0 10.0 Time (min}

Fig. 10.28. Detection of 900 pg of an OIigonucleotide on Mono Q® PC 1.6/5.

8.1.4 Recovery

Figure 10.29 shows a recovery -studyon Mono Q PC 1.6/S. Details
about the method is described in section 3.1 (Recovery in SMART
System). - _ . :

Flrst Jinjection:

Four different amounts of o-amylase (O 1;1; 10; and 100 ug) were
loaded on the column and eluted in a gradlent The peak area was
~ determined and compared to the area for the 100 ug 1n]ect10n whrch
. ~was considered to be 100 % recovery :

- Remlectron

Fractions were collected from the prevrous runs, and drluted with
eluent A. The dilution is done in order to decrease the ionic strength.

The diluted fractions were loaded on the column.The UV peak area’
for the reinjection was compared to the UV peak area for the frrst
injection.

Mg

e,

The results. from the first injection show that high mass recoveries are - -

obtained, 80-100 % even at the lowest loading tested (100 ng).

The recovery from the reinjection is lower (60-80 %). This is .
probably due to losses in the injection syringe, fraction tubes and
sample treatment.
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8. Chromatography techniques using SMART™ System

8.2 ._G.el 'ﬁ-lltratio‘r_g N

Column: *Mono QPC1.6/5 b ‘
Sample: 0.1, 1,10, and 100 pg of oc-amylase (Bacillus Subt|l|s)
Eluent A: " 20 mM Tris-HCI pH 8.1.
" -EluentB: -+ - Eluent A, 0.3 M NaCl.’
Flow rate: . 100 pl/min
Gradient. 0-100 % in 10 min
" Detection: .. UV- Ml (280 nm). o
Uppercurve: =~ Recovery calculated by comparmg the UV peak area for the
" different loadings with the UV area for 100 pg.
Lower curve:  Recovery for a reinjected sample calculated by comparing

the UV peak area with the UV area first achieved.

Recovery { % )
100

80
60
[
40
20 4 DO first injection
] 4 re-injection
0- r——p—t—r—rrrr] Y t—t—r—rrr T y—r—r—r—rrrr
0.1 1 10 100

Sample amount { pg )

Fig. 10.29. Recovery of a-amylase on Mono Q® PC 1.6/5.

8 21 Introductlon -

Gel flltratlon, or sizé exclus1on chromatography, separates the

‘molecules-on the basis of size or more correctly hydrodynamic radius,

which influences the ability of the molecules to enter the stationary

‘phase. Movement into the stationary phase is governéd by the

internal porosity of the gel matrix, wh1ch controls the selectivity.

Available gel filtration media packed in Precision Columns,

PC 3.2/30 are Superose 6, Superose 12, Superdex 75 and Superdex
200. (Also available is Fast Desalting, PC 3.2/10 which is presented
separately in section 8.3.) The selectivity of these three different gel
filtration media is demonstrated in the Kav plots in figure 10.30.
Superdex 75 gives an unsurpassed selectivity in the molecular weight
range 3 000 - 70 000, while Superose 12 has a broader separation
range of 1 000 - 300 000. Superose 6 is better suited to the

~separation of large biomolecules, such as nucleic acids, large proteins

or aggregates up to molecular welghts corresponding to 5 x 106. (All
the molecular weight ranges refer to globular proteins.)
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8. Chromatography techniques using SMART™ System

Eluent:50 mM Na-phosphate, 0,15 M NaCl

Sample for Superdex 75 Sample for Superose 12: . © . Sample for Superose 6: T
Protein . Mw Protein - " Mw - Protein o Mw
Blue Dextran 2 000 000 Blue Dextran 2 000 000 Thyroglobulin 1338 000
Thyroglobulin 669 000 Tyroglobulin- . 669 000 (dimer) - . - .-
- Ferritin 440 000 Ferritin 440 000 Thyroglobulin o -669 000 - -
Catalase ] 232 000 - Catalase - 232000 . - (monomer) - . '
Immunoglobutin 160000 = - . Immunoglobulln G- 160000  Ferritin o "440000
Aldolas 158 000 Aldoias 158 000 . Immunoglobulin G 160 000"
Albumin * 67 000 Albumin 67 000 Bovine serum albumin 67 000
"Ovalbumin 43 000 Ovalbumin 43 000 Chymotrypsinoegen-A 25000
B-lactoglobutin 35 000 B-lactoglobulin 35000 Ribonuclease A 13700
Chymotrypsinogen A 25 000 Chymotrypsinogen A 25 000 Aprotinin 6 500
Ribonuclease A . 13 700 Lysozym 23200
Cytochrome C 12 400 Ribonuclease A 13700
Aprotinin 6 500 Cytochrome C 12 400
Vitamin B, 1355 Vitamin B,, 1355
Cytidin 243 Cytidin 243
1,0 7
Kav ® Superose 12
o © Superdex 75
0,8 1 s
; O Superose6
) ° u
° o
0,6
o
) [
o * o
0,4
[ ]
% LA
. o ' °
0,2 1 -]
° .
o
. . : ) .
0,0 2t
. ,0 - YT Y T—Tryveny OO0y
102 10% 10* . 10° R U LA

Log Mw.

E . Flg 10.30. Kav plots for Superose® 8, Superose® 12 and SuperdexTM 75."

Superose 6 (13 um) and Superose 12 (10 um) are hlghly Cross- l1nked

58 Artisan Technology Group - Quality Instrumentation ..

(6 % and 12 %, , respectively) agarose based media, while

Superdex 75 (13 pm) and Superdex 200 (13 pm) are-a composite of
dextran and 12 % cross-linked agarose. Table 6 summarizes the

properties of these columns.
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Table 6. Properties of Superdex™ 75, PC 3.2/30, Superdex™ 200, PC 3.2/30, .
Superose® 12, PC 3.2/30 and Superose® 8, PC 3.2/30.

Coluimn dimensions ™~
Gel volume-

Base matrix

Particle size
Theoretical plates (N/m)

Optimal separation range
(Mw for globular proteins)

Exclusion limit

Practical loading range
Flow rate '
Sample volume
Recovery

pH stability

Operational pressure limit

Temperature range

3.2 x 300 mm’
2.4 ml
6 % cross-linked agarose

" "(Superose 6)
12 % cross-linked agarose
" (Superose 12)

dextran and 12 % cross- llnked
agarose (Superdex 75)

-dextran and 6 % cross-linked .

agarose (Superdex 200)
= 10 um (Superose 12)
=13 um (Superdex 75, Superose 6,
Superdex 200)
> 40 000/m (Superose 12)
> 30 000/m (Superdex 75,
Superose 6, Superdex 200)
5000 - 5 x 10° (Superose 6)
1 000 - 300 000 (Superose 12)
3 000 - 70 000 (Superdex 75)
10 000 - 600 000 (Superdex 200)
4 x 107 (Superose 6)
2 x 108 (Superose 12)
1%108 (GSuperdex 75)
1.3 x 10° (Superdex 200)
0.5-500 pug
10 - 100 pl/min
<50 ul
280 %
1-14
1.2 MPa (12 bar,180 psi),
(Superose 6)
2.4 MPa (24 bar,360 psi),
(Superose 12, Superdex 75)
1.5 MPa (15 bar, 217 psi ),
(Superdex 200)

-40°C

In flgure 10.31 Superdex™ 75 PC 3.2/30 (SMART’ System) and’
Superdex™ 75 HR 10/30 (FPLC) have been compared in order to
demonstrate the advantage with 4 narrow column for small sample

" amounts (in this case a total of 33.8 pg). Also see flgure 6, Chapter 2
" where the same comparlson has been done for Mono Q
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8. Chromatography techniques using SMART™ System

‘Columns : 1. Supérdéx 75 PC 3.2/30 (left curve)

. , . 2. Superdex 75 HR 10/30 (right curve)
Eluent. .50 mM Na- phosphate 0. 15 MNaCl, pH7.0 .
Sample: - "11gG - - 6.1ug Co

~ . ... . .20valbumin : 6.4 ug .
3 Chymotrypsinogen A. 2.9 ug
_ 4 Ribonuclease A - 8.9ug
5 Aprotinin - <. 84ug
6 Vitamin By, 0.7 ug
7 Cytidin 0.4 g
- . Total amount of sample. 33. 8 ug
Sample volume: 10 pl for PC 3.2/30
100 pl for HR 10/30
Flow raté 40 pl/min for PC 3.2/30
400 pl/min for HR 10/30
Detection: UV- M Il (280 nm)
AZBOnm
1.

0.10

0.08

0.06

0.04

0.02

_ 2,

0.0 N /L/\_/U\ A NN
0.0 5.0 15.0 20.0 Volume (ml}

Fig. 10.31. Comparison between SuperdexTM 75 HR 10/30 and

: SuperdexTM 75 PC 3. 2/30

8.2.2 Optimizing the separatlon

'. ,.VVarymg the sample volume S

Figure 10.32 shows the influence of the sample volume on the
separation. A smaller sample volume gives a smaller peak volume but
the difference between 0.75°ul and 25 plis not dramatic. The -

‘resolution for the 100 pl injection is poor but 1 may be sufficient for

some separations. For larger sample volumes it is preferable to use

-another chromatographic technique to concentrate the sample (see

Chapter 7) before the gel filtration step.
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8. Chromatography techniques using SMART™ System

Column: Superose 12 PC 3. 2/30
. Sample: . | IgG 11.2 ug
N BSA - © - - 25650 .
B-lactoglobulin - M.T7pg
Cytochrome C . 3.2ug _
Vitamin Byo ) 0.37ug
Cytidin - . 0379 7
Sample volumes 0.75 l, 25 pi, 50 uI or 100 pl. - '
Eluent: "~ 50 mM Na-phosphate, 0.15 M NaCl, pH 7.0
Flow rate: - 40 pl/min ‘
- Detection: UV- M i1 (280 nm)
AZBOnrr
0.05 1
100 ul
A
0.054°
50 pl
A
0.05 1
25 ul
N
0.054 S
' 0.75 pl

PO T T S s O O 0 s 2 W W I T T OO0 0 N0 O T N S OO O N 0 W T N T O

60 min

Fig. 10.32. Varying the.sample volume on Superose® 12, PC 3.2/30.

Varying the sample load

In figure 10.33 it is demonstrated how the separation is affected by
the. sample mass applied. The results show that > 1 mg total mass
give broader peaks and thus lower resolution.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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8. Chromatography techniques using SMART™ System

The upper limit for how much sample can be loaded onto the column.
is often limited by the viscosity or solubility of the sample as large

~sample Volumes can not be apphed on these columns

Column: * Superose 6, PC 3.2/30
Sample: Thyroglobulin
x . Ferritin = o
-Bovine Serum AIbumln :
Ribonuclease A
Glycy!-Tyrosin
0.05 mg, 0.5 mg, 1.0 mg, 1.5 mg in proportions
1:0.08:1.6:1:0.16
Sample volume: 10 pl
Eluent: 50 mM Na-phosphate 0.15 M NaCl, pH 7.0
Flow rate: 40 ul/min
Detection: UV-M Il (280 nm)
A280nm n
A
0.05
0.05 mg
A
0.5+
0.5 mg
1.04
1.0 mg
A
o - 1.5 mg’

Fig. 10.33. Varying the sample load on Superose® 6, PC 3.2/30.

Artisan Technology Group - Quality Instrumentation ..
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. Varying the flow rate

By lowering the flow rate smaller peak volumes are ach1eved for .
slowly diffusing proteins, but the séparation time is increased. There
is always a choice between getting excellent resolution with sharp
peaks or to have short separation times. Flgure 10 34 shows how the
flow rate affects the separatlon :

. . Column: Superdex 75, PC 3.2/30 .

e : : : 1 Sample: igG, 0.49 mg/ml -
Ovalbumin, 0.55 mg/ml
Chymotrypsinogen A, 0.25 mg/ml
Ribonuclease A, 0.69 mg/mli
Aprotinin, 0.52 mg/ml
Vitamin B1s, 0.05 mg/ml
Cytidin, 0.05 mg/ml

Sample volume: 10yl

I Eluent: 50 mM Na-phosphate, 0.15 M NaCl, pH 7.0
Flow rates: 10 pl/min, 40 pl/min, 100 pl/min.
Detection: UV- M Il (280 nm)

R

e

10 pl/min

e s oI

240 min

o T 40 pimin
o

I-IIIllllllllllllllllllllllllIll

" 100 uljmin

ST

Fig. 10.34. Varying the flow rate on Superdex™ 75, PC 3.2/30.
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8. Chromatography techniques using SMART™ System

8.2.3 Detection limit

The detection limit for proteins on Superose 6 PC 3. 2/30
Superose 12 PC 3.2/30 and Superdex 75 PC 3.2/30 is about 10 ng at
280 nm. At 214 nm the limit is about ten times lower. The detection

" of 1 ng ovalbumin on Superdex 75 PC 3. 2/30 at 214 nm is shown in

figure 10. 35

Column: ‘S-uperd_ex 75, PC 3.2/30
 Sample: 1 ng and 11 ng ovalbumin

Sample volume: 10 pl

Eluent: 50 mM Na-phosphate, 0.15 M NaCl, pH 7.0

Flow rate: 40 pbmin -

Detection: UV-M Il (214 nm)

Azt4nm 11 ng
0.008-
0.006
0.004 -
0.002
1ng
0.000 "% NV N it _,/\L Ry J
5 10 15 20 25 30 Time (min)

Fig. 10.35. Detection of 1 ng ovalbumin on Superdex™ 75, PC 3.2/30.

8 2.4 Recovery

‘Figure 10.36 shows a recovery study on Superdex 75, PC 3.2/30.
Details about the method used are described in sectior 3 1 (Recovery
in SMART System) - :

* Four different amounts of ovalbumin were loaded on the column and
eluted in a gradient. The peak areas were determined and compared”
".'to the area for the 11 [ig injection, which was considered to be -

100 % recovery (determined in a separate experiment).

Excellent mass recoveries have also been obtained with the
Superose 6, PC 3.2/30 and Superose 12, PC 3.2/30, even in the
nanogram range. The recovery for 250 ng ovalbumm using
Superdex 75, PC 3.2/30 is about 80 % , see figure 10.36. Note that
the volume of the gel filtration columns (2.4 ml) is rather big - -
compared to the other Precision Columns. To increase the recovery
some salt (e.g. 2 0.15 M NaCl) or detergent (e.g. 0.02 % Tween 20)
can be added to avoid aggregation or non-specific adsorption due to
ionic or hydrophobic interactions respectively.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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8. Chromatography techniques using SMART™ System

8.3 Fast
Desalting

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Column:. . Superdex 75 PC 3. 2/30
. Sample:. 0.25,0.5, 1.1, 0or 11 ug ovalbumm
Sample volume 10 -
Eluent: © 50mM Na-phosphate 0. 15 M NaCl pH 7.0
- Flow rate: 40 pi/min -
Detection: *. . LlV- M 1I'(280 nm)
" Recovery (%) 1
100
80
60
40
20
0.1 1 10

Sample amount (ug)

Fig. 10.36. Recovery of ovalbumin on Superdex™ 75, PC 3.2/30.

8.3.1 Introduction

Micropreparative sample handling frequently requires desalting or
buffer exchange of microgram quantities of proteins in small
volumes. SMART System offers a secure and rapid alternative to
microdialysis. Small amounts can be detected as the dlluthIl is’
relatively low. - : -

Fast Desalting, PC 3.2/ 10, packed Wlth Sephadex G25 Superfme,
highly selective cross- inked dextran, is excellent for group :
separations of low Mw molecules from high Mw molecules. It has an

" exclusion limit of 5000 (molecules above 5000 generally elute at the -
“void volume) : :

SMART system gives full control over what is occurmg in a group
separation. Elution of proteins and UV absorbing small molecules are

. traced by the UV monitor, while salts are monitored by the

conductivity detector. A desaltmg procedure is normally completed
within 2-3 minutes. The sample volume should be <200 pl. An
additional advantage to alternative desalting techniques is automatic
fraction collection.

The column can be used in a number of situations:
1. Desalting. -

2. Exchange of small molecules and/or i 1ons, for example buffer
exchange.

3. Removal of small molecules other than salt, e.g. removal of
excess reagent after labelling a macromolecule in order to
terminate a reaction.
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- Table 7 summarizes the properties-of Fast Desalting, PC 3.2/10. -

Table 7. Properties of Fast Desaltlng, PC 3.2/10.

Column dimensions ~ - . e 3:2x 100 mm -

Gel volume o 0.80ml )

Base matnx . : : dextran, - '
. - - Sephadex G-25, Superflne
' 'Partlcle size (wet beads) o ©15-70um

Exclusion limit (MW) h 5000

Flow rate . 10~ 900 pi/min

Sample volume - - . ) o <200l

~ pH stability 2-13

Operational pressure limit 1.2 MPa (12 bar, 180 psi)
Temperature range ’ 4-40°C

8.3.2 Optimizing the separation
Varying the sample volume

In figure 10.37 five different volumes were applied to the column.
Bovine serum albumin in phosphate buffer with 0.5 M NaCl was
desalted against an ammonium bicarbonate buffer. A "complete"
desalting is achieved for volumes up to 100 pl. For 200 ul, 98 % of :
the protein peak still contains 0.4 % of the salt, however this is
usually sufficient in most cases.

The relative dilution increases with decreasing sample volume.
Table 8 shows the dilution factor for 98 % of the peak area (flow
rate 600 pl/min).

Table 8. Relative dilution of different applied sample volumes. The dilution factor is
determined from the sample volume related to the eluted volume (98 % of the peak
area).

Sample volume Eluted volume (98% area) " Relative dilution
() (uh
... 200 356 o .18
100 183 , 1.8
- 50 ‘ 145 o 29
20000 . 128 . . 64
.10 . 121 o o 12

5 %9 . 20

_Comment to table 8. The. dilution is éonsxderable u'slng-small sémple volumes. Tﬁe possmlhty 16 use
- volatale solvents for oxample 0.1 % TFA or as in this case, an ammenlum bicarbonate buffer facmtates

olume reductlon if necessary

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Column: Fast Desaltlng, PC 3.2/10.

Sample: | . Bovine serum albumin, 0.5 mg/ml in 20 mM phosphate
: " buffer, pH 7.0, 0.5 M NaCl. ) .

Sample volume: 10 l; 20y, 50 ;100 1l and 200 .

Eluent: . . - .20 mM Ammonium blcarbonate pH 8.0.
.Flow rate: - 600 pl/min
. Detection; -~ . UV-M II (280 nm) and conouctlvnty
. AZBQnm
0.10
0.05
0.0 0.5 1.0 ] 1.5 o Time (min)

Fig. 10.37. Varying the sample volume on Fast Desalting, PC 3.2/10.

Varying the sample load

In figure 10.38 protein concentrations between.0.01 and 20 mg/ml
have been used together with the 50 pl loop, i.e. amounts between
250 ng and 1 mg. The fractionation pattern is independent of the
amount applied. Note that 250 ng-at 280 nm are easily detected.
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Azgonm
0.0008

0.0006

0.0004

0.0002

0.0000

250 ng

Column: Fast Desalting, PC 3. 2/10

Sample: . . 250 ng, 2.5 ug and 1 mg bovine serum albumin in 20 mM.
.-« . . phesphate buffer, pH 7 0,05 M NaCI . . )

Sample volume: 50l -

. -Eluent: . 20 mM Ammonium blcarbonate pH 8. O
. Flowrate: . 600 pl/min
Detection: -~ UV-MII (280 nm) and conductlwty
2.5 ug o 1 mg
A280nm ‘ - A280nm
0.0080 2.0
0.0080
1.5
0.004D
1.0
0.0020
0.5
o.oooo"‘»—-}

1.0

Time (min) 0.0 4.0 Time (min) 0.0 1.0 Time {min)

68

Fig. 10.38. Varying the sample load on Fast Desalting, PC 3.2/10.

'Varymg the flow rate
_ Flow rates between' 50 and 900 pw/min have been tested and the

result is shown in figure 10.39, which shows that the resolution is
increased when the flow rate is lowered. The volume of the protein
peak is independent of the flow rate which is not the case with the

" salt peak. This means that by reducing the flow rate the tesolution.
- bétween the protein peak and the salt peak is increased. (In this case

a reduction from 600 to 50 /min increases the distance between the
protein and salt by 70 pl.) However, the sample (volume 50 ul) is
fully separated from the salt at 600 ul/mm so a reduced flow rate is.
not meaningful. For a larger sample volume, it is worthwhile to
reduce the flow rate.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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8. Chromatography techniques using SMART™ System

Column: 'Fast Desalting, PC 3.2/10.
Sample ) 50.ul Bovine serum albumin (25 ug) in 20 mM phosphate .
. buffer,’pH 7.0, 0.5 M NaCl. . .
Eluent © "~ 20 mM Ammonium bicarbonate, pH 8 0
Flow rate: . 50 pl/min; 600 wl/min; 900 w/min. .
Detection: UV- M Il (280 nm) and conductivity.
Aogomn l '
0.10 N ’ h
0.08
0.06
0.04
0.02 " 100 ul
— : :
200 400 600 800 Volume (p:)

Fig. 10.39. Varying the flow rate on Fast Desalting, PC 3.2/10.

8.3.3 Desalting a reduction/alkylation mixture

. Prior to sequence analysis of proteins, disulfide bonds are cleaved by

reduction and alkylation under denaturating conditions. Excess low
molecular compounds must then be removed before analysis. In the
example below this was done by Fast Desaltmg PC.3.2/10in .

0.1 % TFA. |

" All components, were run separately at214 nm to énsure that all the
low molecular compounds can be separated from the protem/peptlde o

chains.

o Flgure 10.40 shows that 4 vmylpyndme, EDTA Trls, DTT and
- guanidine. hydrochloride are all separated from the protem o

Figure 10 41 shows the desalting of 50 ul mixture.

This example includes a range of different types of small molecules

- and salts. Buffers and 0.1 % TFA have been shown as eluents. Ionic

strengths below 0.02 should be avoided to eliminate ionic
interactions with the gel matrix.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Column: " Fast Desalting, PC 3.2/10
Sample: . 0.5 mg/ml bovine serum albumin; 1 % (vol/vol)
.. . 4-vinylpyridine; 6 M guanidine hydrochlonde
0.25 M Tris-HEI, pH 8.5; 0.5 mg/ml d|th|othre|tol
. 1 mMEDTA.
Sample volume: 50l
- Eluent: . - 0.1%TFA
Flow rate: -+ 600 w/min -
Detection: - Uv-M1l (214 nm)
Aztanm .
L-yiny foyraine.
3.0 -7 J”
2.0
1.0
\ooul
0.0 ——
0.0 0.5 1.0 1.5 2.0 2.5 Tme {min)
Fig. 10.40. The components in a reduction/alkylation mixture analysed separately -

on F

ast Desalting, PC 3.2/10.

Column: Fast Desalting, PC 3.2/10
Sample: 50 pl mixture containing: 0.5 mg/mt Bovine serum albumin;

1 % (vol/vol) 4-vinylpyridine; 6 M Guanidine hydrochloride;
0.25 M Tris-HClI, pH 8.5; 0.5 mg/ml dithiothreitol; .

: . 1 mM EDTA.
Eluent: 0.1 %TFA.
Flow rate: " 600 pl/min
Detection: uv--Mli (214 nm) and conduct|v1ty
Azi4nm BSA
3.0
2.0
1.0
00}
0.0 - 0.5 1.0 1.5 2.0 2.5 Time (min)
.Fig. 10.41. Desalting of a reductlon/alkylatlon mixture on Fast Desalting, PC

3.2/10.
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8.4 Reversed
phase.

chromato-

'. _graphyl

- 8.4.1 - Introduction -

Reversed phase chromatography (RPC) is an ext.remely selective

. technique which separates molecules on the basis of

hydrophobicity/polarity. It is similar to hydrophoblc interaction
chromatography (HIC), but RPC is usually more resolving. However,
RPC involves the use of organic solvents, aggressive ions (e.g.
trifluoroacetate) and a low pH which may lead to inactivation of
larger biomolecules. Traditionally, RPC is used as a powerful
analytical technique. For purification; RPC is most applicable for
smaller biomolecules, e.g. peptides. It can be used for purlflcatlon of
larger biomolecules, if recovery of activity 'and changes in three-
dimensional structure are of minor importance.

For SMART System, this technique is available with uRPC C2/C18,
Sephasil C8 and Sephasil C 18 media. Table 9 lists the columns
available. uRPC C2/C18 (3 um bead size) is packed in PC 3.2/3
(glass) and SC 2.1/10 (steel) columns. The two Sephasil™ media (C8
and C18, 5 um bead size) are also packed in the SC 2.1/10 column.
Choosing the correct column for a particular application is best done
by directly comparing their individual performance. However, for
very high resolution separations of complex protein digests,

URPC C2/C18 SC 2.1/10 is the recommended first choice.

Figure 10.42 shows a comparative study of selectivity differences
between Sephasil C8, Sephasil C18 and uRPC C2/C18. Note the
differences in retention time and elution pattern. Detailed lists of the
column properties are found in Tables 10 and 11.

Table 9. Precision Columns for reversed phase chromatography.

Column Column Bed
dimensions volume
WRPC C2/C18 PC 3.2/3 - 32mmid.x30mm - 0.24ml

wRPC C2/C18 SC 2.1/10
Sephasil™ C8 SC 2.1/10 2.1 mmid. x 100 mm 0.35 ml
SephasilC18-SC 2.110 - L . L

Table 10. Main properties of uRPC C2/C18 PC 3. 2/3 and p.F{PC C2/C18 SC 2. 1/1 0.

Cqumn dnmensmns S : 3.2 x 30 mm (PC 3.2/3)

. | : . 2.1 x 100 mm (SC 2.1/10) .
Gel.volume - , o : o0 0.24ml(PC 3.2/3) -
L - ST S 035m|(8021/10)
Base matrix = - ST Silica -

Alkyl chains - S -C2/C18

_Particle size : L - 3um
Pore size : . 120 A
Efficiency, theoretical . S
plates/meter (N/m) > 100 000* (SC 2.1/10)
Practical loading range ng - ug range
Recommended flow rate <1200 ui/min (PC 3.2/3)

Co : < 250 w/min (SC 2.1/10)

_.pH stability . 2-

Operational pressure limit 25 MPa (250 baf 3625 psi)
. _ SMART System, 35 MPa (350
bar 5000 psi) HPLC**

* Measured in a special test system.
**Only SC 2.1/10

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Table 11. Main properties of Sephasil C8 SC 2.1/10 and Sephasil C18 SC 2.1/10.

Column dimensions 2.1 mm x 100'mm
- :_ Gelvolume - ’ <o -, 03ml
. .Base matrix - .: ' : " SGilica .
Alky! chains Co : -~ -C8orC18. -
Particle size - .- . . B5pm
Pore size S g - 100-120 A
Efficiency, theoretical- e S
- ‘plates/meter (N/m) S : > 60 000
Practical loading range ng --ug range
Recommended flow rate’ . <250 w/min
pH stability 210"

Operational pressure limit - 25 MPa (250 bar, 3625 psi)
SMART System, 35 MPa (350

bar, 5000 psi) HPLC

* Avoid metal ions above pH 7.5.

8.4.2 Optimizing the separation
Varying the sample volume

The detection level is not related to sample volume, i.e. narrow peaks
are obtained even if the sample volume is large (Fig. 10.42).

Column: wRPC C2/C18, PC 3.2/3

Sample: Ribonuclease A (10 png), Cytochrome C (2.5 pg), Albumin
(10 ug), Catalase (10 ug)

Sample volumes: 100 wl (upper curve) and 10 mi (lower)

Eluent A: 0.1 % TFA
Eluent B: 0.1 % TFAin acetonitrile
Flow rate: 300 w/min
Gradient: 0-60 % B in 10 min
Detection: UV- M Il (280 nm)
AU ‘ ‘
0.15
100 pl’
0.10
0.05 ' 10 mi
0.00
0.0 : L 5.0

Fig. 10.42. Varying the sample volume using uRPC C2/C18, PC 3.2/3.

'Varying the sample load

Different amounts of proteins (at a constant volume) were applied to
uRPC C2/C18, PC 3.2/3. The results in figure 10.43 indicate that the
resolution is affected for 26 Jg protein mixture and at higher

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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loadings the effect is more pronounced. Note that at the highest level,
1.3 mg, the maximum binding capacity is still. not reached

- Column: - WRPCC2/C18, PC32/3
. Sample: - Ribonuclease A
: . Cytochrome C
. Bovine serum aIbumln
Catalase '
26 ug, 132 ng, 660 ug and 1.3 mg in proportlons 15 17:4: 17
Sample volume 50 ul
Eluent A: 0.1 % TFA in-water
Eluent B: 0.1% TFAin acetonitrile
Flowrate: - - 300 pl/min :
- Gradient: “0-60% Bin 15 min.
Detection: - UV-MII (280 nm)
Aggonm /N
0.04
26 ug
AZBOnm /\
0.2
132 pg
AZB(snm /\
10| .
660 pg .
. Avioom AN - o i
- 20
: . ]
5 10 15
: Time (min)

Fig. 10.43. Varying the sample load on pRPC C2/C18, PC 3.2/3.
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_ Varying the running conditions

When OptllelI’lg a separation (i.e. 1mprovmg resolution), the first

. thing to change is the gradient shape. A study.similar to.that for ien
exchange in section 8.1, has beén peiformed for this column to show' .~

how different flow rates, gradient volumes and gradlent times affect

. resolution and sensitivity.

The change in resolution when alterlng the gradlent time from 7.5 to
30 minutes is shown in figure 10.44. Keeping the gradient volume

" constant i.e. lowering the flow rate improves the resolution. Keeping

the flow rate constant i.e. increasing the gradient volume
correspondlngly increases the resolution further but at the expense of
sensitivity.

The sensitivity is optimized-by reducing the gradient volume.
Figure 10.45 illustrates this effect when the volume was reduced from
9 to 2.25 ml. Reducing the flow rate gives higher resolution.

Resolution can also be greatly improved by changing the organic
solvent or adding an ion-pairing agent. However, it is difficult to give
any general guidelines as the effect on the resolution has to be
determined empirically. The.improvement made by adding ion-
pairing agents, such as trifluoroacetic acid (TFA) or
heptafluorobutyric acid (HFBA) is due to:

(1) formation of hydrophobic complexes between the sample
molecules and the agent.

(2) a decrease in pH (below 4) which leads to ion suppression (and
hence an increase in hydrophobicity) of sample molecules.

Changing the organic solvent or the ion-pairing agent may improve
resolution dramatically, but the outcome is unpredictable:

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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8. Chromatography techniques using SMART™ System

_ Column: WRPG C2/C18 PC 3.2/3
; . Sample: -Ribonuclease A (20 ug) .
; : - . Gytochrome C (5 ug) - .
-‘Bovine serum albumin (20 ug) -
. ~ Catalase (20 png) .
© Sample volume: 10 . :
. Eluent A: 0.1 % TFAinwater .~ .
- EluentB: . 0.1 % TFA in acetonitrile
Upper : '
chromatogram: Reference
‘Flow rate: 300 w/min.
Gradient: 0-60 % B in 7.5 min (2.25 ml).
Middle v .
chromatogram:  Constant gradient volume
Flow rate: 75 w/min.
; Gradient: 0 - 60 % B in 30 min (2.25 ml).
Lower
chromatogram:  Constant flow rate
Flow rate: 300 pli/min.
, Gradient: 0- 60 % B in 30 min (9 ml).
Detection: UvV-MIl
B AZBDnm /\
i
Reference
% 0.15
:F
;[ 5 : Time (min)
A280nm /\
e . Constant gradient
g () - - ‘volume -~
- 0154
o .....Ti,me,(.mir.])
A280nm /\
Constant
: flow rate
0.05
| J | J
e ‘ 10 A 20 Time (min)

Fig. 10.44. Improving resolution on uRPC C2/C18 PC 3.2/3 by increasing gradient
time.
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8. Chromatography techniques using SMART™ System

Column: -
Sample:

Eluent A:

" Eluent B:..

Upper =
chromatogram:
Flow rate: '
- Gradient:
Middle .
chromatogram:
Flow rate:
Gradient:
Lower
chromatogram:
Flow rate:
Gradient:
Detection:

/]
AZEOnm

0.15-

‘Bovine serum albumin (20 pg)
Catalase (20 ug) -

" WRPC C2/C18 PC 3.2/3

Ribonuclease A (20 pug) .
Cytochrome C (5 ng)

0.1 % TFA in water

0.4 % TFA in acétonitrile. -

- Reference

300 pl/min
0 - 60 % B in 30 min (9 ml).

Constant flow rate -

300 pl/min

0-60 % B in 7.5 min (2.25 ml).
Lower flow rate

75 w/min

0- 100 % B in 30 min (2.25 ml)
UV-MIL

Reference

AN

Azeonm ..

015

Constant flow rate

Volume (ml)

..... P W WL T

A 280n¢

* 0.154

..................

Volume (mh - |

|

Volume (ml)

" gradient volume. Each scale division is 1 min.

Fig. 10.45. Improving-sensitivity on uRPC.C2/C18, PC 3.2/3 by reducing the

Figure 10.46 shows an optimized separation on uRPC C2/C18,

PC 3.2/3 in which an extract from rat brain is separated. More than

50 different peaks of low molecular weight material are visible.
Structurally similar peptides are often well resolved in RPC.
Figure 10.47 shows baseline separation of several closely related

76
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fragments of vasopressin, a nonapeptide involved in kidney function
and blood pressure regulation.

“Colurin: - WRPC C2/C18'PC 3.2/3
- - Sample: Pituitary material from a smgle rat brain, 100 ul
" Eluent A: 0.8 mM heptafluorobutyric acid (HFBA) in water

Eluent B: 0.72.mM HFBA in 30 % acetonitrile and 70 % water

Gradient: . 0-209% B over 16 min. followed by 20 - 100 % B’ over

22 min

Flow rate: 240 p/min

Detection: UV-MII (214 nm) and RIA .

A214nm ) )

' o AVP
18 (pg/ml)
0.05- | -500
0.04 400
0.03 - ~300
0.024 || ' | 200
0.014 J -100
0.00 T T T
0 10 20 - 30 40 Time (min)

" Fig. 10.46. Separation of components in rat pituitary using pRPC C2/C18 PC 3.2/3,
and analysis of vasopressin immunoreactivity by a radicimmunoassay.
A rat pituitary extract (lyophilized, and dissolved in eluent A) was applied to the
column, and 240 pl fractions were collected and analysed by a radicimmunoassay
(bars) using antibodies-directed against intact vasopressin. The material inthe
activity peaks (marked 4-9, 3-9, 1-9) was identified according to the elution posmon
- of synthetic vasopressm peptldes (Fig. 10. 45)
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8. Chromatography techniques using SMART™ System

Column:
Sample:
Eluent A:

" Eluent B:
Gradient:

. Flow rate:

- Detection: .

0.008+
0.006

0.0044

0.002

0.000+

uRPC C2/C18 PC 3.2/3 .
Synthetic AVP and AVP fragmenits, 50 ng of each in 25 ul
0.8 mM heptafluorobutyric acid (HFBA) in water

0.72 mM HFBA in.30 % agcetonitrile and 70 % water -

0 - 20 % B over 16 min. followed by 20 - 100 % over 22 min-
-240 pl/min :

- UV-M Il (214 nm) and conductivity

Conductivity
(retative units)
Lao
160

40

20

Y ; , 0
20 30 40 Time (min)

Fig. 10.47. Separation of synthetic vasopressin and closely related vasopressin
peptides, using ptRPC C2/C18 PC 3.2/3. 50 ng of each peptide was applied. The
peptides are numbered with reference to intact vasopressin (1-3). The elution
position for each peptide was determined in separate experiments.

8.4.3 Detection limit

The deétection limit for proteins and peptides with }LRP"C C2/C18,
- PC 3.2/3 is in the low ng range at 280 nm, as shown in figure 10. 48
“and figure 10.49, where 20 ng insulin-and § ng Cytochrome C -

- respectively have been detected. Figure 10.50 shows a high sensitivity

detection of insulin (down to 0.2 ng) with uRPC C2/C18 SC 2. 1/10
: and SMART System/uPeak Momtor '

78
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8. Chromatography techniques using SMART™ System

Column:
Sample:
. Eluent A;
. Eluent B: -
~ Gradient: "’
- Flow rate:

Detection;..-.

0.0004 4

uRPC C2/C18 PC 3.2/3

20 ng (3.5 pmole) | |nsuI|n in 10 pl
0.1 % TFA
0.1 % TFA in-acetonitrile
0-100 % B in 20 min

300 wl/min

.UV- M1 (280 nm)

A260nm
20 ng _insull’n

0.0002 - WJ

Tyt

T
2 6 10 Tin?e (min)

Fig. 10.48. Determination of the detection limit for insulin at 280 nm using

nRPC C2/C18 PC 3.2/3.
Column: uRPC C2/C18 PC 3.2/3
Sample: 160 ng or 80 ng Catalase,BSA,Cytochrome C and
Ribonuclease A in proportions 15:17:4:17

Eluent A: . 0.1 % TFA )
Eluent B: 0.1 % TFA in acetonitrile
Gradient: 20-60 % B in 4 min
Flow rate: 300 pl/min
Detection: - UV-M Il (280'nm) --

Az

0.0006 | . '

| o.0004
0.0002

0.0000

5 ng Cytochrome C-

0.

Time (min)

Fig. 10.49. Determination of the detection limit for Cytochrome C at 280 nm using
uRPC C2/C18 PC 3.2/3. The lower curve is a blank run.
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8. Chromatography techniques using SMART™ System

Column: uRPC C2/C18 SC 2.1/10
~ Sample: ~Insulin, 1 ng/ui in 25 % eluent B
_Sample volumes: = 2pl, 1, 0.5 1,02
Eluent A: 0.051.% TFA in MilliQ water
_ Eluent B: 0.050 % TFA in 60 % acetonitrile
* Gradient; - .25 % B for 10 min, '
S - . 25-80 % B for 16.5 min,
, o 80 % B for 15 min
" Flow rate:- B0 wW/min
Detection: uPeak Monitor, 214 nm
Comment: The chromatograms have been subtracted with a blank
AU 2ng
0.0060
ing
0.0040
MWW
0.0020
WWW&MW
0.0000
15.0 20.0 250 30.0 min

‘8 4, 4 Recovery

Fig. 10.50. High sensitivi

ity detection of insuiin (down to 0.2 ng).

- 'Flgure 10.51 shows a recovery study on pRPC C2/C18 PC 3.2/3.
Details of the method are descrrbed in section 3.1 (Recovery in

) SMART System)

First 1n]ect10n

- Four different amounts (0 1; 1 10 and 100 p,g) of Cytochrome C was

loaded on the colum

determined and compared with the area for the 100 pug injection. The
recovery was calculated from the assumption that 100 % recovery is -

achieved for 100 pg

Reinjection:

n and eluted in a gradient. The peak area was

injection.

* Fractions were collected from the previous runs and diluted with

eluent A. The dilution was performed to decrease the concentration

of organic solvent. The diluted fractions were loaded on the

column.The UV peak area for the reinjection was compared with that

of the UV peak area

The results from the first injection show that high mass recoveries are

obtained, 80-100 %

for the first injection.

, even at the lowest loading tested (100 ng).

Recovery from the reinjection is lower. This is probably because of

losses in the injection syringe, fraction tubes, and sample treatment.
80 Artisan Technology Group - Quality Instrumentation ..
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8. Chromatography techniques using SMART™ System

Column: uRPC C2/C18 PC 3.2/3
Sample: . . 0.1,1,10, and 100 ug of Cytochrome C
EluentA: . - 0.1% TFAin water
EluentB: . =~ . 0.1 % TFA in acetonitrile
-Flow rate:~ .- 300 pl/min
Gradient: 0-60 % in 10 min
-Detection: .~ UV-MII (280 nm) ' :
Upper curve: Recovery calculated by comparlng the uv. peak area for the
different loadings with the UV area for 100 ug.
‘Lower curve:’ Recovery for a reinjected sample calculated by comparing

the UV peak area with the first achieved area.

Recovery { % ) ' S o
-}
100 a8
[
L4
80 » ’
1
60
40
8 first injection
® re-injection
20
0 — T v v T v —r 1
0.1 1 10 100

Sample amount { pg )
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Fig. 10.51. Recovery of Cytochrome C on pRPC C2/C18 PC 3.2/3.

A recovery of 78 % of an unknown compbnent from cerebrbspinel
fluid was determined by rechromatography (see Fig. 11, section 3.4).:
A 95 % recovery of immunoreactivity, at a sample loadlng of '

_ approx1mately 50 ng, was obtained in final purification of CGRP

(Fig. 13, SCCthIl 3.4.)

" The amount of recovered blologlcal act1v1ty of 1 protems in RPC 1s
- largely dependent-on the degree which the three-dimensional -

structure is changed by the eluents. When a high recovery of activity

is essential and RPC is used in the purification scheme, it is preferable
- to perform initial experiments in which the blologlcal activity in-

presence of the eluents 1s checked.

8.4.5 Inverse gradient RPC

Removal of SDS, stain and gel components from microquantities of
protein after electrophoresis and electroelution is a difficult task. This
separation, which is particularly important for obtaining proteins of
a sufficient purity for gas phase sequencing, can be performed by
inverse gradient RPC. This technique utilizes the ability of proteins to
interact strongly with certain silica-based reversed-phase packings at
very high organic solvent concentrations (30). Contaminants such as
SDS, Coomassie Blue and gel-related products pass straight through
the column at the high concentrations of organic solvents used for
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~ adsorption (31). Elution is achieved by introducing a gradient of

decreasmg organlc solvent COHCCI’ItI‘athH contammg an ion- palrmg

agent (usually TFA).

Figure 10.52 shows an inverse gradlent RPC experlment with
URPC C2/C18, PC 3.2/3 in which 3 ug of Cytochrome C-was used as-

.a model substance Detectlon at 280 nm was chosen 'since the.

presence of TFA in eluent B only gives a steeply rising baseline at low
Wavelengths To use the same column for both "standard" RPC and
inverse gradient RPC may give rise to contamination problems; it is
recommended to have dedlcated columns for inverse gradlent RPC

Column: uRPC C2/C18 PC 3.2/3

Sample: Cytochrome C, 3 ug (450 ul)
Eluent A: 95 % n-propanol
Eluent B: 50 % n-propanol, 0.4% TFA
Flow rate: 100 pl/min
Gradient: 0-100 % B in 5 min
Detection: UV- M Il (280 nm)
A280nm
0.06-
0.03-
Gradient
start
5 - 10 Time
S . (mln) T

Fig. 10.52. Inverse gradient RPC of Cytochrome C on uRPC C2/C18 PC 3.2/3. 10

-ul of Cytochrome C (3 ng), followed by 440 pul of eluent A, was-drawn into a 500 ul -

syringe. The contents of the syringe were mixed after the introduction of an air
bubble (see Chapter 6). The gradient start is marked by an arrow.

8.5.1 Introduction

Affinity chromatography is a highly specific technique which
separates biomolecules according to differences in molecular
recognition. The basic principle is that a biospecific ligand is
covalently attached to a chromatographic matrix. The immobilized
ligand has a unique affinity for the substance of interest, and after

binding to the ligand the substance can be selectively desorbed after
the unbound material has been washed away:

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Examples of biological interactions used in affinity chromatography
are: o ' :

" Enzyme -~ . Substrate analogue 1nh1b1tor cofactor
' Anti_Body_ ' Antlgen
Lectin -° - . Polysaccharide, glycoprotem, cell surface
o e - receptor - ‘
Nucleic acid Complementary base sequence, hlStOIlC, o
' -~ nucleic acid polymerase, binding protein
Hormone, vitamin Receptor, carrier protein
Sugar Lectin, enzyme or other sugar binding
protein

Protein A, Protein G Polyclonal and monoclonal IgG antibodies

In the Precision Column range affinity chromatography is available
with NHS-activated Superose, PC 3.2/2, which is designed for fast
and easy coupling of an optional affinity ligand. Table 12
summarizes the properties of this column.

- Table 12: Properties of NHS-activated Superose®, PC 3.2/2.

Column dimensions : : 3.2x20 mm

Gel volume 0.16 mi

Activated group N-hydroxysuccinimide (NHS)

NHS-concentration 30 umol/mi gel

Particle size =13 um

Molecular welght range <2 x108

Flow rate** 10-400 wi/min

Sample volume** Not critical

pH-stability* 2-10

Operational pressure limit 1.5 MPa (15 bar, 215 psi)
- Running temperature ' 4-40°C -

*

The stability of the adsorbent prepared from NHS-activated Superose is limited
by the stability of the chosen Iigand

> Factors such as recommended maximum flow rate and sample volume depend
-on the kmetlcs of the affinity system.

.8.5.2 Couplmg of Ilgand

- The chemlcal structure of the active group on NHS actlvated
_Superose is shown in figure 10. 53. A suitable affinity ligand should .

have chemical properties that allow easy immobilization to a matrix.
Free, primary amino groups on the ligand are required for coupling.

-Furthermore the ligand should possess functional groups for

coupling which are non-essential for the interaction which is being
used for affinity chromatography, i.e. the binding to the substance
being purified should not be adversely affected by immobilization.
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Fig. 10.53. The active group, N-hydroxysuccinimide, on
NHS-activated Superose®, PC 3.2/2. Primary amino groups form an amide bond
with the spacer.

The affinity pair in affinity chromatography should possess the
following characteristics:

(1) The ligand must be able to form reversible complexes with the
substance to be isolated or separated.

(2) The specificity must be appropriate for the planned application.

(3) The complex constant should be high enough for the formation
of stable complexes or to give sufficient retardation in the
chromatographic procedure.

(4) It should be easy to dissociate the complex by a simple change
in the medium, and without irreversibly affecting the ligand or
the substance to be isolated.

A recommended amount of coupling ligand is 0.5 -2 mgin a
concentration of 3 - 5 mg/ml. However, for very small ligands it may
be necessary to increase this amount (e.g. for coupling L-lysine the
recommended quantity is 24 mg in a concentration of 150 mg/ml).

A coupling procedure to NHS-activated Superose, PC 3.2/2 takes -

~ - “about 3 h at room temperature. Briefly, the ligand to be coupled in

200 pl of a buffer (which contains no primary amines) is injected -

" onto the column. The flow is then stopped for about 1 h to allow _
time for complete coupling, Deactivation of the gel and washing: of R

the column is then performed

A suggested method for the couphng ofa llgand to - '
NHS-activated Superose, PC 3. 2/3 is found in figure 10.54, and also

_ in SMART Assistant.
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Ligand: . " 200 pl of a protein solution (approx. 3 mg/ml), in an amine- '
i ) free buffer.
Eluent 1A: . 1'mM HCI
" Eluent 1B - 0.2 M NaHCO3; 0.5 M Nacl, pH 8.3 -
Buffer 2A: 0.5 M ethanol amine, 0.5 M NaCl, pH 8. 3
'BufferZB' ' O 1M NaAc 0.5 M NaCl, pH 4.0.

R Main method xxxx’ o T
{WASHING THE PUMP}

"0.00 PUMP_WASH ' A 1, 4

0.00 PUMP_WASH . "B, 1, 4 {WITH 41 mM HCl AND}
SR : {COUPLING BUFFER}

0.00 MIXER_WASH 0

0.00 FLOW 160 {WASHING COLUMNY

0.00 CONC_B 0.0 {WITH 10 COL VOLUMES}

’ {1 mM HC1}

10.00 MIXER_WASH 100

10.00 FLOW 100.00

10.00 CONC_B 0.0

10.00 CONC_B 100.0

10.10 INJECT EXTERNAL {INJECTION OF THE LIGAND}
10.10 GOTO_TUBE 1

12.00 FLOW 0.00 {STABGNANT COUPLING FOR 1 h}

15.00 PUMP_WASH A 2 4 {WASHING THE PUMP WITH }
15.00 PUMP_WASH B, 2 4 {DEACTIVATING BUFFERS}
15.00 MIXER_WASH 0

72.00 CONC_B 100.0
72.00 CONC_B 0.0
72.00 FLOW 80 {5 COLUMN VOLUMES A}
72.00 TUBE A © {COLLECTING EXCESS OF}
{L IGAND}
82.00 CONC_B 0.0
82.00 CONC_B’ 100.0 {5 COLUMN- VOLUMES B}
92.00 CONC_B 100.0
. 92.00 CONC_B . 0.0 {5 COLUMN VOLUMES A}
102.00 FLOW ' 0.00 '~ {LET IT STAND FOR 1 h}
163.00 CONC_B:* - - * 0.0~ - e
162.00 CONCB -~ - = 100.0 - {5 COLUMN VOLUMES B}
162.00 FLOW .. " 80.00 s K
172.00 CONCB - . . [100.0 . ' - o
172.00 CONCB .. .27 0.0 . ... {5°COLUMN VOLUMES A}
182.00 CONC_B MO ST -
182:00 CONC_B . . 100.0 {5 COLUMN VOLUMES B}
192.00 CONC_B T 100.0

Fig. 10.54. Suggested programming of a coupling method for NHS-activated,
Superose®, PC 3.2/2 (also available in SMART Assistant). The column should be
equilibrated with a storage buffer suitable for the ligand, immediately after coupling.

8.5. 3 Capacny

A different coupling yield can be expected for different proteins,
depending on the solubility and size of the protein and the amount of
primary amino groups available for coupling. The amount of coupled
protein A (a small and soluble protein) and collagen (a "difficult’
protein; large, viscous, difficult to dlssolve) to NHS-activated
Superose, PC 3.2/2 was determined by amino acid analysis of the gel.
The results are presented in table 13.
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.. Table 13. Coupling to NHS- actlvated Superose®, PC 3 2/2.200 ul of both proteln

solutions (3 mg/ml) were applied.

" Protein : o . Amount é:oupled to the column
Collagen (300 K)" . : : " 15 pg (=0.1 mg/ml gel)
Protein A(42K)- - : : 260 ug (=1.6 mg/ml gel)

The dlfference in amounts of collagen and protein A coupled to the T

gel probably depends on the extreme size of collagen (a rod-shaped,
300 K protein). A smaller protein will easily penetrate into the beads
of Superose 12 and have a larger surface area available for coupling.

Up to milligram quantities of proteins can be expected to bind to
NHS-activated Superose, PC 3.2/2 when non-extreme proteins have
been immobilized on the column. As shown in figure 10.55, the
maximum binding capacity for IgG on a column containing
immobilized protein A was 1.45 mg IgG (=9 mg IgG/ml gel).

Column: Protein A coupled to NHS-activated Superose, PC 3.2/2.
Sample: 1.7 ml human IgG (14.6 mg/ml); saturated column.
Eiuent A: 0.25 M glycine, 0.07 M NaCl, pH 7.0.
Eluent B: 0.1 M glycine, pH 3.0.
Flow rate: 60 p/min -
Detection: UV- M 11 (280 nm)
A280nm XxB
a0
-2.0
60 )
1.5
40
1.0
20
0.5 '
o

100 . Time (min) _

' Fig. 10.55. Capacity détermination of human 1gG on protein A coupléd to ’
-NHS-activated Sup’erose® PC 3.2/2. The maximum binding capacity was 1.45 mg; "~
" determined by passing an excess of IgG through the column and then measunng

the amount of bound IgG, after elution.

8.5.4 Elution of bound substance

The interaction between ligand and bound substance is often due to a
combination of electrostatic, hydrophobic and hydrogen bonds.
Considération of the relative importance of these three types of bond
as well as substance stability will be of help in choosing suitable
elution conditions. Step-wise elution is commonly used in affinity
chromatography. However, when a complex biological sample has
been applied to an affinity column, it is often necessary to elute non-
specifically bound material in a separate step, before the substance of
interest is eluted (see figure 10.56 and 10.57).
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8. Chromatography techniques using SMART™ System

Column: Buhgarotexin immobilized on NH-S'-aeti\./ated Superose-
PC 3.2/2.
Sample: Chicken optic lobe extract (300 ul, equwalent to one optlc-
e " lobe), desalted - L
Eluent A: 50 mM sodium phosphate, pH 7. 5 1 mM PMSF
. o -~ 1 mM behzamidine, 0.2 % Lubrol PX
_EluentB: . EluentA, 1.0 M NaCl
- Eluent C:- " Eluent A, 0,1 mM nicotine
Flow rate: . 10 pl/min (durifig injection)
- Incubation with buffer C for 30 min (flow rate O) 25 p.l/mm
_ (during elution) ‘ .
Temp.: +4°C (controlled by the system)
Detection: - UV-MII-
A280nm
0.08-
0.06
' : Pool
Buffer B Buffer A BufferC —_—
0.04-
0.02
-
0.00{ - N
0 50 100 150 Time (min)

Flg 10.56. Micropurification of nicotinic acetylcholine receptors from chicken brain
using bungarotoxin immobilized on NHS-activated Superose®, PC 3.2/2. ,
*' /A micropurification scheme for nicotinic adetylcholine receptor from optic lobes in a
single chicken brain was developed using SMART System, in order to study
subunit compasition by electrophoresis. After a concentratmg anion exchange step”
‘ (Fig. 10.12) receptor activity was measured in an assay using 125/-labelied
. bungarotoxin, and subunit structure was studied electrophoretlcally
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8. Chromatography techniques using SMART™ Systemn

Column: Collagen type 1.immobilized on. .NHS—acti\)ated Superose,
PC 3.2/2
Sample: " 200 pl extract contalnmg |ntegr|n collagen receptors from
- 125).|abelled human foreskin fibroblasts -
Eluent A: 10 mM Tris-HCI, 1 mM MnCIQ, 0.1 % Triton X-100, pH 7.4.
-Eluent B: Eluent A, 50 mM NaCl
" Eluent.C: 10 mM Tris-HCI, 10 mM EDTA, 0.1 % Tnton X-1 00 pH 7 4.
Flow rates: 40 pi/min (0 - 1.6 ml)-
K 160 pi/min (1.6 - 5.3 mI)
Detection: Fractions analysed in a gamma counter
Temperature: + 6 °C (controlled by the system)) '
cpm
10 000
o
uffgr A lBuffer B IBuffer Cc v
FR.2
FR. 1 SN
v
5 000 -
START FR.1 FR2 FR3
MAT.
Collagen receptor
0 )
0. 1 2 3 - 4 5 6
mi

. Fig. 10.57. Micropurification of 125|-|abelled integrin collagen receptors using

~collagen immobilized on NHS-activated Superose, PC 3.2/2.
_ . Integrin collagen receptors were purified from surface-labelled human. flbroblasts L
The receptors were-specifically eluted with EDTA (eluent C), after non-specifically
bound material had been washed away with salt. Purity analysis and identification -

was done by autoradlography (inset) after SDS/PAGE with PhastSystem

Frequently used elution conditions are:

1L pH change (usually a decrease see flgure 10.55). To obtam a

high recovery of biological activity it is sometimes important.te
neutralize the fractions as soon as possible after elution. This is -
most easily done by pipetting a small volume of neutralizing
buffer in each fraction collector tube in advance.

SN U VR N SCR

‘Increase in the ionic strength (e.g. 1-3'M NaCl)
Chaotropic salts (e.g. 1-3 M KSCN, or KI)
Urea.or guanidine hydrochloride (4-6 M)

20-40 % ethylene-glycol |
Detergent (e.g. 1% Tween)

Chelating agents (e.g. 10 mM EDTA, Fig. 10.57)

Specific elution by competitive binding of the eluting agent to

either the ligand or the protein (Fig. 10.56)
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8. Chromatography techniques using SMART™ System

8 6 Hydrophoblc

interaction -

' chromato-
graphy

86.1 Introduction
Hydrophoblc interaction chromatography (HIC) separates

" biomolecules according to differences in their hydrophobicity. As

most biomolecules are hydrophobic to some degree, this techmque
has a broad application range. Adsorbents for reversed phase
chromatography (RPC) also contain hydrophobic liganids; but the
mechanism on molecular level differs from HIC. RPC can be
regarded as a continuous hydrophobic phase whereas the ligands on .
an HIC adsorbent are interacting individually with the solutes. As a
result, labile globular proteins very often denature when applied to
an RPC-column, while the recovery of protein activity from a
separation using hydrophobic interaction chromatography is
generally high.

For SMART System the technique is available with Phenyl Superose
PC 1.6/5. Table 13 summarizes the properties of this column.

Table 14. Properties of Phenyl Superose®, PC 1.6/5

Column dimensions

1.6 mm x 50 mm

Gel volume 0.10ml

Hydrophobic ligahd R=0

Particle size ) . =13 um

Molecular weight range ‘<2x108

Maximum protein/peptide capacity 2-3mg

Practical loading range 0.5-1500 ug

Flow rate 10-100 pl/min
pH-stability 2-13

Operational pressure limit 1.5 MPa (15 bar, 215 psi)

Temperature interval 4-40 °C

8.6.2 0pt|m|zmg the separatlon

‘Sample preparation

In hydrophobrc interaction chromatography samples.are applied at a -
- high ionic strength (i.e. under conditions at which hydrophobic =~
- interaction are promoted) The most convenient way te prepare the -

sample is usually to mix it with an equal volume of a strong salt -

. solution (e.g. 3 M (NH4)2504 ).'If small volumes are used, mixing in -
the injection syringe is recommended (Chapter 6). Since hlgh

concentrations of ammonium sulphate often.cause precipitation of -

- proteins the sample should be checked v1sually before belng loaded
" on the column.

Fluents

Two factors of great importance for HIC are the type and
concentration of salt used and additives which change the polarity of

“the solvent. The influence of different salts on hydrophobic

interaction follows the Hofmeister (lyotropic) series presented in
figure 10.58. Salts that promote hydrophobic interaction most are to
the left in the series. The anions to the right are called chaotropic.

The salts that increase the surface tension most that give the strongest
hydrophobic interaction. There are also other factors which influence
the hydrophobic interaction, such as protein hydration and specific
interactions between the protein and the salt ions. NapSO4, NaCl-
and especially (NH4)2SO4 are the most utilized salts in HIC.
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S S

" Anions: PO,3, SO,42% CH3COO", CI, Br,NOg, CIO, I, SCN-
_Cations: NHy *, Rb*, K*, Na*, Cs* Li*, Mg?+ Ca?* Ba2+

Fig. 10.58. Hofmelster series. Salts that promote hydrophoblc lnteractlon the most
“are to the leftin the series.

' ':Elutlon whether performed stepwise or with a gradlent can
generally be achieved in three different ways:

1. " Changing the salt concentration: The elution of solutes, in
order of increasing hydrophobicity, is accomplished by
decreasing the salt concentration. This is the most commonly
used method. In figures 10.59 and 10.60 this is the elution
method used.

2.  Addition of a polarity decreasing agent, like ethylene glycol
(< 80 %) or isopropanol (lower concentrations). The addition
can be made after the removal of salt or at the same time.

3. Adding detergents. Detergents work as displacers of the
proteins. They have been used mainly for purification of
membrane proteins.

Column: Phenyl Superose, PC 1.6/5
Sample: 134 pl partially purified recombinant HIV reverse
transcriptase, 66 ul 3 M (NH4)2SO4 (2 pg total protein)
Eluent A: 0.5 M (NH4)2S04, 10 mM Tris-HCI, pH 8.0
Eluent B: 20 mM Tris-HC!, pH 8.0
Flow rate: . 100 pl/min
Gradient: 0-100 % B in 8 min.
Detection: Uv- M il (280 nm)
A2g0 nm .
0.104 (r%?:ﬂf’v‘ﬂ!'.%)

L100

0.05-
. HIV reverse 50
transcriptase ’
+0
0.00 T

0 5 1IO Time (min)

Fig. 10.59. Microscale method development for a recombinant HIV reverse
transcriptase using Phenyl Superose®,PC 1.6/5.
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863 Detection limit
- The detectlon limit using Phenyl Superose PC 1. 6/5 is usually in the

low ng range. Flgure 10.60 shows thc detectlon of ng quantltles of
standard proteins. -

I

‘Column: Phenyl Superose PC 1. 65
Sample: 10 pl of 1. Cytochrome C (20 ng resp. 100 ng)
. o : : 2. Myoglobin (20 ng resp. 100 ng)
3. Ribonuclease A (40 ng resp. 200 ng)
4. Lysozyme (20 ng resp. 100 ng),
- 5. Chymotrypsinogen A (20 ng resp. 100 ng) -
Eluent A: 2.0 M (NH4)2S04, 0.1 M K-phosphate, pH 7.0
Eluent B: 0.1 M K-phosphate, pH 7.0
Gradient: 15 - 100 % B in 30 min.
Flow rate: 50 pl/min
Detection: UV- M II (280 nm) and conductivity
. Aszganm xB
{ 0.0040 ]
80
i
¥ 0.0035
£ ' =)
» 0.0030
‘ 40
g T _ 0.0025
' 20
0.0020
0.0015 . 0.
v 5.0 . 10.0 15.0 20.0 25.0 30.0 35.0 Time {min)
Q _ o . _ - . Fig. 10.60. Detection limit for proteins on Phenyl Superose®, PC 1.6/5 '
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9. uPeak Monitor and RPC for peptide mapping and amino acid sequence analysis

9.1

Introduction

9.2 Multi-

92

wavelength
function
(LPeak

- Monitor)

9 uPeak Monitor and
~RPC for peptlde o
- mapping and amlno
—acid sequence |
analysis

Mapping peptides and purifying samples for peptide/protein sequence
analysis requires high resolution chromatography to achieve good
results. When the amount of sample available is in the pg-ng range, a
chromatography system and columns optimized for small scale
separations is also necessary. SMART™ System and Precision
Columns fulfil both requirements and are therefore well-suited for
mapping and purification work at this scale.

This Chapter describes how SMART System works within this
application area. pPeak Monitor and an expanded range of Precision
Columns for reversed phase chromatography (RPC) open new
possibilities.

Calculating the ratio between two chromatogram curves of different
wavelengths prov1des valuable information that helps identify peaks
and assess their purity. The amino acid content of peptide fragments
can be predicted and particular peptides can be identified in a
mixture.

' .9.2.1 lllustration of the multi-v'\iavelengt'h-function

Flgures 10.61-10.64 show an example which 1llustrates how to Work 3

with this functlon
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!
ke - OIVIDEO1_210nmiA ———.DIVIDED1_2Sanm1B
! " .
0.040
0.020
0.000 T —
-0.020
¥
-0.040
’% 0.0 . . . . 5.0 6.0 min
Fig. 10.61. Original chromatograms, 210 and 254 nm. When detecting at two
wavelengths which are characteristic for the compound, the result could look as in
* this figure.
. 210nm 254nm
au
b
0.040
E
0.030
X - : . ' . _' - { o010 S i
] O . ' ‘ | "o.000 . A . - - - e N
= - : . . 0.0 . . 1.0 To2.0. 3.0 . 4.0 . . -850 - .3"0_ . min
Fig. 10.62. Chromatograms after baseline subtraction: To get a useful ratio both
-.chromatograms should have baselines close to 0 AU. This can be achieved by
baseline subtraction. To create baselines use Integrate-Calculate baseline and, if
’ necessary, Integrate-Edit baseline in Evaluation, or choose a chromatogram from a
blank run as baseline. Then use Curves-Subtract to-subtract the baselines from the
b :

chromatograms. The result should appear as in this figure.
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] (L s

210nm@8C. DIV

15,0

10.0

50 Jl f‘ i /
Y
[ 1.0 2.0 3.0 .

0. 4.0 5,0 6.0 min

Fig. 10.63. Ratio between chromatograms from 210 and 254 nm (Threshold values
set to 0.0005 AU for both curves.) When ‘chromatograms with zero baseline have
been achieved use Curve-Divide, including threshold values. Division will take
place only when both absorbances are higher than their chosen threshold values.
When one or both of the absorbances are lower the ratio is set to 1. (This is also
valid for negative absorbances. High negative values are divided but for low
negative values the ratios are set to 1.) This is done to avoid large fluctuations in
ratios which are achieved at divisions between values close to zero. To get a
cleaner picture the function Curves-Smooth should be used (Fig. 10.64).

210nmeD, SMTH

0.0 3.0 . 4.0 5.0 6.0 min

Fig. 10.64. Smoothed ratio curve (Median filter with 0.11 minutes width). The
resulting ratio can then be used for peak identification. Because of differences in
UV absorption spectra, different compounds have different ratios between
absorbances at different wavelengths. As can be seen in Fig. 10.64 the five main
compounds in the chromatogram have big differences in ratio values, ranging
between 2 and 20. This could be used for identification during method
development, for example, when compounds change elution order. Examining the
absorbance ratios can reveal where the different compounds elute.

The ratio can also be used to check peak purity. If the ratio is constant throughout a
peak, the peak is probably pure and vice versa. The ratios shown in this figure
indicate that only the peak at 4.5 minutes is pure.
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9.2.2 Identification of peptides by absorbance ratio -
calculations

'Example 1

The molar absorbances of aromatic amino acids at dlfferent
wavelengths form the basis for thlS calculatlon Table 1S lists these
: absorbances : :

. TabIe 15 Molar absorbances (A) of aromatlc amino acnds at 254 nm and 280 nm
anid the 254 nm/280 nm absorbance ratio (18).

A254 A280 A254/A280
Tp 3000 5000 : 0.60
Tyr 300 1200 0.25
Phe 180 0
Phe+Tyr 480 1200 0.40

Figure 10.65 shows a sample composed of five different peptides
with known amino acid sequences separated on uRPC C2/C18 SC
2.1/10. To find out in which order the peptides eluted, different
absorbance ratios were calculated. In addition to the A254/A280
ratio, A215/A254 and A215/A280 ratios were calculated. Since the
peptide bond contributes to the absorbance at 215 nm but not at
254 nm or 280 nm, these latter ratios provide information on the
peptide’s length verses its content of aromatic amino acid residues.

Column: WRPC C2/C18 SC 2.1/10
Sample. A Gly-Tyr (25 pg) B Val-Tyr-Val (100 pug) C Tyr-Gly-Gly-
Phe-Met = Met-enkephalin (100 ug) D Asp-Arg-Val-Tyr-lle-
His-Pro-Phe = Angiotensin Il (100 ng) E Tyr-Gly-Gly-Phe-
Leu = Leu-enkephalin (100 ug) -
Sample volume: 20 )
Eluent A: 0.1 % TFA in water
Eiuent B: 0.085 % TFA in acetonitrile
Flow rate: 200 pl/min
Gradient: - - 0-50 % B for 10 min
Detection: pPeak Monitor, 215 nm, 254 nm, 280 nm
AU‘, . — - -
4
. ‘3
0.40 .
0.30
: 1
0.20
0.10
VAN ~ /\ ~ N_254 nm
0.00
/\ A/\\ AN/ \_280nm
6.0 7.0 8.0 9.0 10.0 ‘m!n

Fig. 10.65. Identification of peptides in a BSA digest by ratio calculations.
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Table 16. Absorbance (A) ratios obtained from Fig. 10.66.

Peak A215/A254 A215/A280 A254/A280
1 23 . . 58 - . 0.25
2. 28 . - 69. . 0.25.
3 3 - . 120 .0.38
4 .61 R 21 .- 035
-5 < R T & I 037

Table 16 shows that peak 1 and 2 have a A254/A280 ratio = 0.25, .
indicating that they have one Tyr residue each (see Table 15). This-
corresponds to the di-peptides and tri-peptides in the mixture. Peak 1
has slightly lower A215/A254 and A215/A280 ratios compared to
peak 2 indicating a shorter peptide length. Peak 1 should therefore
correspond to the dipeptide (Gly-Tyr) and peak 2 to the tripeptide
(Val-Tyr-Val).

Phe contributes significantly to the 254 nm absorbance so peptides
containing both Tyr and Phe residues should have A254/A280 ratios
around 0.4 (see Table 15). Table 16 shows that peaks 3, 4 and 5
have ratios of about 0.4, indicating a Tyr-Phe content of all three
peptides.

Peak 4 has A215/A254 and A215/A280 ratios which are significantly
greater than those of peaks 3 and 5 and should therefore correspond
to the longest peptide in the mixture, which is angiotensin II. On the
other hand, peaks 3 and S, which have almost equal A215/A254 and
A215/A280 ratios, should correspond to the two enkephalins in the
mixture. However, it is not possible to distinguish between these
since they only differ in the non-aromatic amino acid residues (Leu’

and Met).

Example 2

Figure 10.66a shows chromatography runs of two purified peptides
(A and B).derived from bovine serum albumin (BSA). By multiple
wavelength monitoring and ratio calculations, these peptides were-
identified in an enzymatic digest of BSA separated under the.same -
conditions (Figure 10.66 b). The BSA was pyridyl-ethylated as
described in (18) before being digested with Lys-C endopeptidase.

~ Tablé 17 shows the absorbance ratios and retention times of the two
- peptides. The data strongly indicate that the two peptides. A and B-
.are identical with the fragments eluted in peaks 13 and 17.

' TabIe 17. Absorbance (A) ratios and retention tlmes of peptides A and B. and

fragments corresponding to peaks 13 and 17 of the BSA digest shown in,
Figures 10.68 a) and b) respectively.

A215/ A215/ A254/ - Ret.time

A254 A280 A280 (min)
Peptde A 5 13 25 65.4
Peptide B 17 8 0.46 71.9
Peak 13 5 - 15 -~ 3.0 64.4
Peak 17 18 8.9 0.49 _ 70.7

Comment to Table 17: The retention times of peptides A and B are slightly greater
than those corresponding to the material in peaks 13 and 17. This is a frequent
phenomenon which is presumably due to the solvent capacity of peptides in a
mixture normally generating shorter retention times than when eluted separately.
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9.2.3 Checking the purity of a peak -

Ratios can be used to check the purity of a peak. If a peak is pure,
the absorbance spectra are. the same over the whole peak and
therefore the ratios should stay constant. Figure 10.67 a) shows a

- simulated example of that. The Figure shows chromatograms from -
two different wavelengths from a separation of two components. For

componeént A the ratio between A 270.nm and A 255 nm is 3 and for

component B the ratio is 2.

Column:
Sample:

Eluent A:
Eluent B:

Flow rate:

Gradient:
Detector:

Ay
0.020

Sephasil C18 SC 2.1/10

0.010

0.900

-0.010 -a.010
234 nm 0.025 AUFS

a) Purified peptides (A and B) from a BSA digest

b) Pyridyl-ethylated BSA digested with Lys C
endopeptidase, 70 pmol in 10 ul

0.065% TFA + 1.5% B in water

0.05% TFA in acetonitrile

100 w/min

0% B for 6 min, 0-41% B for 219 min, 41% B for 10 min
pPeak Monitor, 215 nm, 254 nm, 280 nm

b)

au

0.030
0.020

6.010

215 nm 0.05 AUFS

5

254 nm
0.0
AUFS
-0.020
-0.020 280 nm 0.025 AUFS . i - y 200 m

AUFS

80.0

80.0 100.0 120.0  min . 60 0 80.0 100.0 L1200 A0
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Fig. 10.66.aand b identification of peptides in a BSA digest by ratio calculations _

a) " Separated peaks
. AU

09
.08
07
06
05
04 4
03
0.2 |
ot

e Arg

Ratio A,z em/Aoss am

Time units

Flg 10.67a. Slmulated chromatogram of two components with dlfferences in their
absorbance spectra.
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9.3 Peak

fractionation

b) Co-eluting peaks

AU | . ' - 7 Ratio .
LI A8 . : 3
09 4 ' -
|08
o7t -
08"
0.5’
04 1
03
02
0.1

Ratio ‘A‘m aod Azs om

Time units

Fig. 10.67b. Simulated chromatogram of two co-eluting components with differing
absorbance spectra and a small difference in retention time.

If the two components co-eluted (the small difference in retention
times not showing), the corresponding chromatogram and ratios
would appear as in Figure 67 b) The ratio calculation shows that at
the beginning of the peak the ratio is 3, indicating that this part
contains pure component A, while in the end the ratio is 2, mdlcatmg
pure component B. In the mlddle of the peak where the ratio is
changing there is a mixture of A and B.

9.3.1 Fractionation of a BSA digest

Micropreparative chromatography of complex samples that generate
many peaks requlres high precision fractlon collection to obtain pure

fractions.

A BSA digest, corresponding to 140 pmol of protein was separated

~on MRPC C2/C18 SC 2.1/10. Peaks were collected using the

automatic peak fractionation function of SMART System.

Figure 10.68 (upper chromatogram) shows this separation. The
middle chromatogram shows an enlarged section with the fractions
numbered. Fractions 22, 24 and 26 were re-injected after dilition
with two volumes of 0.1 % TFA in water and eluted from the

" column with the same gradient as when eluting the BSA digest. The

resulting chromatogiams are shown in the lower part of
Figure 10.68. Single peaks were collected from fractions 24 and 26

" and the material analysed for amino acid sequence. The single peaks

prove that the collection of fractions from the digest has faithfully
maintained the resolution of the separation on the column.

When performing automatic peak fractionation, it is not necessary
that the sample has been run previously, although this does help -

when setting peak volumes and peak start and end values. (See

conditions for Fig. 10.68) These values can be set and changed
during a separation to improve the fractionation. Fractionation can
be controlled manually at any time by using the manual FEED TUBE
command in SMART Manager. (Figure 10.69).
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9. uPeak Monitor and RPC for peptide mapping and amino acid sequence analysis

Column: LRPC C2/C18 SC 2.1/10 .
Sample: . Pyridyl-ethylated BSA dlgested with Lys C endopeptldase
. ’ C 140 pmolin 20 wl -
- Eluent A: . 0.065% TFA in water -
EluentB: . 0.08% TFAin acetonitrile
Flow rate: - 100 w/min . - ' _
Gradient:, .0% B for 6 min, 1-41% B for 160 min, 41% B for 14 m|n
" Detection: - nPeak Monitor, 215 nm
Peak volume: <25ul -
.Peak start: 12 mAU/min
" Peak end: 10 mAU/min

Result of sequence analysis:
Fraction 24, Phe-Gly-Glu-Arg-Ala-Leu-Lys
Fraction 26, Ser-Glu-ile-Ala-His-Arg-Phe-Lys

AU

0.040

9.020

0.000 [ {L

AY

0.040

0.0320

0.020
.. 0.010
0.000

-0,010 |
7810
. 40,0 -

Fig. 10.68. 140 pmol BSA digest separated on uRPC C2/C18 SC 2.1/10 using
automatic peak fractionation.
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100

| '9.4 -Amino acid

sequence

- analysis -

The quality of sequencing results is often limited by.the sample
purity. SMART System, in combination with Precision Columns,

" - makes high resolution separations with high recovery and pure
- fractions possible. In the. followmg example, pure material for-
sequencing was obtamed in a single step, despite the large number of .
: fragments .

" Bovine serum albumm was pyrldylethylated to label Cys res1dues as’

described in (25) and digested with Lys-C endopeptidase.

Pyridylethylated BSA digest corresponding to 70 pmol was separated.

Manual peak fractionation was performed using the manual FEED
TUBE command of SMART Manager to collect material eluted with

‘the peaks (Fig. 10.69). Material corresponding to peak 23 and peak

54 was chosen for amino acid sequence analysis.

The amino acid sequence of the material eluted with peak 23 was
determined to be Ala-Phe-Asp-Glu-Lys, a sequence explaining the
high A254/A280 absorbance ratio of the fragment. Furthermore, the
analysis of the material corresponding to peak 54 confirmed its Tyr
and pyridylethylated Cys content (as suggested by the relatively high
absorbance at A254nm and the A254/A280 ratio of 2.5). The amino
acid sequences of both fragments are found within the BSA molecule
(23).

Beyond the sensitivity limits of amino acid sequence analysis

Modern protein sequencing technology permits sequence data to be
obtained at 5-10 pmol levels (32). When using micropurification to
prepare material for sequencing, the factor that limits lower level is
no longer the chromatography equipment (see Fig. 10.50, where 34
fmole insulin has been detected) but rather the nature of the peptlde
itself or the amino acid sequencer.

In gas phase sequence analysis, a hydrophobic peptide tends to wash
off the resin after each cycle of the analysis. Despite this difficulty,

confirmation of the N-terminal sequence of 10. pmol - -casomorphin- |
8, a hydrophobic octapeptide which had been purified using. SMART - . .
.System, was possible (Fig. 10.70). However, 4 pmol of the peptide,. . -

which also gave a significant UV signal at 214 nm, was beyond the:
hmlts of sequence analy81s :
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9. uPeak Monitor and RPC for peptide mapping and amino acid sequence analysis

Column: . WRPC C2/C18 SC 2.1/10

Sample:, . Pyridyl-ethylated BSA digested W|th Lys-C endopeptldase
. ) 70 pmoi in 10 pl
. Eluent A: " 0.065 % TFA in water
. EluentB: ~  0.05%TFAin acetonitrile
Flowrate: . 100 p/min . ' ’
Gradient: 0 % B for 6 min, 1-41 % B for 160 1 min, 41 % B for 14 min -
Detection: uPeak Monitor, 215 nm, 254 nm, 280 nm

Result of sequence analysis:
Peak 23 = Ala-Phe-Asp-Glu-Lys )
Peak 54 = Asp-Asp-Pro-His- AIa -Cys-Tyr-Ser-Thr-Val- Phe-
Asp-Lys

AU

0.020

| I

0.000

-0.010

-0.020
3

TN N

AU

0.020
0.010 I ¢

-0.010

=
f .

—— 3
ra
= _
[en

aZIn10 (hal
70.0 80.0 min

Y ; ,
e R .
42 b1 J@EJ 26 aLa .30 35 bHl! 4

Fig. 10.69. Amino acid sequence analysis after a one-step purification of a BSA
digest (70 pmol) on pRPC C2/C18 SC 2.1/10.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com 101



SO N

B T

9. uPeak Monitor and RPC for peptide mapping and amino acid sequence analysis

102

Column: ~ WRPC C2/C18 PC 3.2/3
Sample: . 10 pmol of - casomorphm -8
. Eluent A: 0.1 % TFA.
. Eluent B . 0.09% TFAn 70 % acetonitrile
Detection: UV-MII,-214 nm
A Analysns of fr. 19: .
N-terminal sequence: Tyr-Pro-Phe
FAB-MS: . 96220
0.0040
0.0030 50
H /
! l T
d .
' 1] |
0.0020 | It 40
~ ' : k/n .5
e e A VY
1 M\
L~
0.0010 |4+ 20
" bl
rd ’
] l
0.0000 l0is1112i13 516117 15_1{42_12121_&2@ 4 m_b 0

5.0 20.0 25.0 . min

Flg 10.70.-Micropurification and desaltlng of B casomorphln on
uRPC 02/018 PC3.2/3.- - .
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