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1 WARRANTY

BIO-LOGIC WARRANTS EACH INSTRUMENT IT MANUFACTURES TO BE FREE
FROM DEFECTS IN MATERIAL AND WORKMANSHIP UNDER NORMAL USE AND
SERVICE FOR THE PERIOD OF ONE YEAR FROM DATE OF PURCHASE. THIS
WARRENTY EXTENDSONLY TO THE ORIGINAL PURCHASER.

THIS WARRANTY SHALL NOT APRLY TO FUSES OR ANY PRODUCT OR PARTS
WHICH HAVE BEEN SUBJECT TO MISUSE, NEGLECT, ACCIDENT, OR ABNORMAL
CONDITIONS OF OPERATION.

IN THE EVENT OF FAILURE OF A PRODUCT COVERED BY THISWARRENTY, THE
PRODUCT MUST BE RETURNED TO AN AUTHORIZED SERVICE FACILITY FOR
REPAIR AND CALIBRATION AND TO VALIDATE THE WARRANTY.

THE WARRANTOR MAY, AT THEIR DISCRETION, REPLACE THE PRODCUT IN
PLACE OF REPAIR. WITH REGARD TO ANY INSTRUMENT RETURNED BECAUSE
OF DEFECT DURING THE WARRENTY PERIOD, ALL REPAIRS OR
REPLACEMENTS WILL BE MADE WITHOUT CHARGE. |IF THE FAULT HAS BEEN
CAUSED BY MISUSE, NEGLECT, ACCIDENT, OR ABNORMAL CONSITIONS OF
OPERATION, REPAIRS WILL BE BILL AT NORMAL COST. IN SUCH CASES, AN
ESTIMATE WILL BE SUBMITTED BEFORE WORK IS STARTED.

IN CASE ANY FAULT OCCURS:

NOTIFY BIO-LOGIC OR NEAREST SERVICE FACILITY, GIVING FULL DETAILS OF
THE DIFHCULTY, AND INCLUDE THE MODEL NUMBER, TYPE NUMBER, AND
SERIAL NUMBER. UPON RECEIPT OF THIS INFORMATION, SERVICE OR
SHIPANG INSTRUCTIONS WILL BE FORWARDED TO YOU.

" EXCEPTION : ARC LAMPS SOLD BY BIO-LOGIC ARE ONLY WARRENTIED FOR A PERIOD OF 3
MONTHS FROM DATE OF PURCHASE.
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INTRODUCTION AND SPECIFICATIONS

2.1 General Description

Each Bio-Logic stopped-flow module (SAM), consists of a medanical subsystem and a motor
power supdy (MPS.

There aretwo SAM configurations :

SFM-3 -

SFM-4 -

The medhanical sub-system consists of three machined syringes, one valve block with
3x3-way valves, with the posshility to include one or two mixers and one ageing loap.

The medhanical sub-system consists of four machined syringes, one valve block with 4x
3-way valves, with the posshility to include one to three mixers and one to two ageing

loops.

All SAM syringes, valves, dday lines and cuvettes are enclosed in a water jacket to allow
temperature regulation of the reactants containers. The syringe plungers of the SAM are driven by
stepping motors via ball screws.

211

2.1.2

2.1.3

THE MECHANICAL DESIGN

The mecdhanical part of the SFM module is carefully constructed. The parts in contact
with the sample and the buffers are all machined out of materials sleded for their inert
characteristics: stainless sed, Teflon, Kel-F, VITON, EPDM, PEEK and guertz.

Milli second dead time @n be achieved with the SRV due to the cmbined effeds of high-
performance ntrol of the stepping motors, and low dead volumes.

Ageing lines of various volumes can be used in the SAM. The ageing ling(s) of the
instrument can be replaced and seaured in a few minutes.

INTELLIGENT POWER SUPPLY

The high performance of the SFM and the high speal of the stepping motors can be
achieved only because of the quality of its power-supdy. The MPS unit contains
independent constant current power supgies for each syringe, all driven independently by
their own microprocessor.

The sequence of impulses to be sent to the stepping motors are stored in the memory of
each motor board. One main microprocessor board synchronizes all the power supgies,
and performs the @mmunication with the microcomputer via aserial interface

MICROCOMPUTER COMMANDS

The SAM modue is controlled by the MPS software program running on a PC or
compatible microcomputer under Windows 3.1x or Windows 95. Various menus and
windows permit the user to :

* know the volume of the solution contained in each syringe
o perform manual or automatic movement of the syringes

e create a sequence of reaction with complete cntrol of time and volume delivered by
the syringes

« saveor recll the sequences

e program the synchronization pulse used to trigger the acquisition system

2-9
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* |oad the data acquisition software: Bio-Kine.

More detail on the functions and use of the MPS program can be found in the MPS
Sdtware User’s Manud.

2.2 Modes of Operation

The SAM can be used in two main operating modes that are briefly described below. More detail
on the two modes of operation can be found in other sedions of this manual.

221

2.2.2

STOPPED-FLOW (SF) MODE (commercial reference SFM-X/S)

In this configuration the SAM isa full stopped-flow instrument with an optical olbservation
chamber.

This configuration is described in Figure 1. In this configuration the SFM has unique
features for a stopped-flow instrument.

SFM-3/S- Two a threesolutions can be mixed and injeded into the aivette and asingle
dday line an beinstalled (Figure 1 pand 1).

SFM-4/S - Two to four solutions can be mixed and injeded into the aivette and one to
two delay lines can beinstalled (Figure 1 pand 2).

The speal capability of the SAM instrument (3 or 4 syringes) with all its gringes running
gives adead time below 1 msin the observation cuvette.

QUENCHED-FLOW (QF) MODE (commercial reference SFM-X/Q)

In this configuration the SAM functions as a complete quench-flow instrument. This
configuration al ows for various modes of operation as described in the Figure 1.

SFM-3/Q - It can be used as a three syringe quench-flow instrument with one delay line,
two mixers and a diverting valve for waste and colled (Figure 1 pand 3).
Alternatively, an external flow line can be mnneded for dired injedion of the
mixture into a quenching solution. This mode may be used with or without an
additional delay line.

It can also be used in a simple 3 syringe mode and dired colledion of the
samplein a pipette or syringe.

In another mode, the mixture an be injeced onto afilter at the same time as
it is mixed with a flow of washing buffer.

SFM-4/Q - It can be used as a quench-flow instrument with 2 to three syringes, up to ane
dday line, either single or double mixing and a diverting valve for waste and
collea (pand 4). Alternatively, an external flow line @n be mnneded for
direa injedion of the mixture into a quenching solution.

Flash quenching with a photoreactive reagent is also a mode that can be easily
implemented with the SAM. Many other configurations are possble, and you
areinvited to inquire about their feasihilit y.

The ommercia reference SAVI-X/QS has al the mmponents for the two
applications. An SAM-X/S or a SAM-X/Q can easily be updated to SAM-X
1QS.

2-10
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Figure 1 — SFM M odes of Operation
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2.3 Specifications

The general spedfications of each SFM arelisted in Table 1 below.

Table 1 — SFM Spedfications

GENERAL SFM SPECIFICATIONS
3 (SFM-3) or 4 (SFM-4)

One stepping motor per syringe

(6400 steps per motor turn)

1to 3

25 to 1000 pl

Programmable trigger for data acquisition and
synchronization of accessories

500ul to syringe limit

30ml syringe - 28 pl
20ml syringe - 20 pl (standard syringe)
5ml syringe - 10 ul

30 ml syringe: 0.062 — 8 ml/s/syringe

(20 ml/s with acceleration)
20 ml syringe: 0.045 — 6 ml/s/syringe

(8 ml/s with acceleration)
5 ml syringe:  0.010 — 1.32 ml/s/syringe

(1.77 ml/s with acceleration)

1 ml/s (total flow rate through each mixer)

Continuously variable from 1/1 to 1/20 with single
dilution, >1/100 with double dilution

0.98 ms at 16 ml/s total flow rate with FC-08
cuvette

1.63 ms at 16mL/s total flow rate with minimal
volume delay line

PEEK (stainless steel or Kel/F on special order)

20ml standard syringes (5 and 30mL syringes are
also available)

30 ml syringe - 0.19 pl
20 ml syringe - 0.14 pl
5 ml syringe - 0.03 ul

adjustable from 1 ms to 9999 ms per phase

300 Watt, 110/220 Volt, 50/60 Hz

12 kg

2-12
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2.4 Principle of Operation

2.5

2.6

The syringes of the SAM are driven by independent stepping-motors. The stepping-motors are of
hybrid technology with 200 steps per revolution and 4 phases, each phase being powered by a
constant current suppy (2.9 A per phase). The power suppdy of each motor is microprocessor
controlled. A complex impulse sequence enables micro-positioning of the motor's rotor with an
acauracy equivalent to 1/32 of the mechanical step. This gives an effedive number of steps of 6400
per revolution, or a volume quantification of 0.14 pl per micro-step (U-step), when standard (20
ml) syringes are used.

With the damping produced by the rotor inertia, this results in an almost continuous, linear
movement of the syringe esen at very low flow rates.

The moators can be activated manually or automatically. The manual mode is mainly used to refill
or wash the syringes; the syringes can be driven independently and their speed adjusted using the
microcomputer with a very simple menu (seethe MPS Sdtware User’s Manud for more detail s).
The automatic modeis used for actual experiments.

The motor impulses are wmunted in the positive diredion (refilling), or negative diredion
(emptying), so that the mntents of each syringe an be @ntinuoudy displayed. Zero vdume
corresponds to the uppermast position of the syringe and referencing the zero vdume position can
be done using the keybaard of the microcomputer.

The movements of the syringes are cmpletely controlled by the microprocessor, which eiminates
the neal for a stop syringe. Thus, the stop artifact present in most conventional stopped-flow
systemsis absent in the SAM. The observation system can be synchronized with the syringe "start"
or "stop" by using the trigger pulses avail able on the front panel of the MPSunit.

The independent control of each syringe alows a high versatility of the injedion sequence It is
possdble to make an injedion of one syringe only, unegual filli ng of the syringes, variable ageing
times, variable mncentration , variable mixing ratios and other compli cated actions with only a few
keystrokes.

The reproducibility and regularity of the linear trandation of the syringes and the absence of
presaure artifact allow optical recording duing the drive sequence This feature greatly facilit ates
the determination of the initial phase of the reaction being monitored and makes the ejuipment
suitable for very acaurate, continuous flow experiments.

Description of the Mechanical Design

The observation chamber and the syringes of the SFM are mounted vertically. This allows easy
purging of bubbles, which are evacuated during refilli ng by a few up and down movements of the
drive syringe.

The syringes, valves, and observation chamber are very carefully thermoregulated. This
thermoregulation prevents the occurrence of temperature artifacts on a very wide temperature
range, and permitsrapid kinetic studies even at temperatures below 0°C.

The Delay Lines

The SFM instrument can be used with delay lines, permitting various reaction delays to be oltained
between the two (SAMI-3) or three(SHAM-4) mixers. The delay lines are machined into PEEK, Kdl-
F or stainless sed spacers (depending on the instrument). These spacers can be inserted between
the mixersto adjust the volume and ageing time of a reaction between the mixers. Seesedions 5.4
and 5.5 for full description of delay line installation and calculation of volumes. Replacement of
the delay linesis an easy operation which usually takes only a few minutes.

Déday lines of nominal volumes upto 1000pl are avail able.

Standard equipment of an SAM-X/S does not include ageing lines. SAM-X/Q and /QS versions are

2-13
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delivered with two sets of ageing lines up to 200 ul. Ageing lines of 500 pl and 1000pul can be
obtained as additional accesries.

To evaluate the ageing time of a reaction, the entire volume between two mixers has to be taken
into acoount. This volume includes the delay line plus the dead volumes (the volumes on the bath
sides of the delay line and the mixers). The ammplete description of the volumes are described in
sedion 5.5.
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GENERAL INSTRUCTIONS FOR INSTALLATION

This sdion of the manual contains information on the install ation and preliminary operation of all SFM
instruments. It is remommended that the ntents of this edion be read and understood before any
attempt is made to qperate the instrument. In case of difficulties please mntact Bio-Logic or its nearest
representative.

3.1 Operating Features

The general features of the MPS52 are shown below in Figure 2 and described in Table 2.

Figure 2 —MPS-52 Panels
Front Back
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Table 2 —MPS-52 Panel Descriptions

NAME FUNCTION

1 |LCD DISPLAY Used to display messages (selected syringe, auto mode...)

2 [ISYRINGE SELECTOR Selects the syringe for the manual control (5)

3 [TRIGGER INPUT Input for an external signal to trigger the drive sequence

4 |ISYNCHRO PULSE OUTPUT TTL Pulse output to trigger the recording system, or any
electronic device to be synchronized with the instrument

5 MANUAL MOVEMENT Manual control of the syringes

6 [MOTOR ON" INDICATOR

Lit when at least one of the motors, is activated

7 |START/STOP Initiates (or stops) the programmed sequence in the
automatic mode. The instrument may also be started and
stopped using the keyboard of the PC.

8 PROGRAM RESET Resets the MPS-52 instrument (does NOT reset syringe
values)

9 MAIN POWER FUSE 3 A for 220 V, or 6 A for 115V

10 |AC LINE CONNECTOR

11 MAIN POWER SWITCH

12  MOTOR POWER CONNECTOR Sends the power pulses to the stepping motors

13 |LOGIC CONNECTOR Connects the MPS-52 controller to the PC

14 MOTOR FUSES 5 A

15 HARD STOP (SF) BNC

CONNECTOR
3.2 AC Power and Connections

Before mnneding the SAM to the local AC line, verify that the setting of the instrument matches
the local line voltage. Prepare the SAM for operation by conneding the mechanical subsystem to
the MPS52 wit. Conned the MPS52 to the serial port of the microcomputer. Finally, plug the
MPS52into the appropriate AC line.

3.3

Temperature Regulation

The SAM module may be mnneded to a circulating temperature bath for temperature regulation.
The codant flows through two internal circuits: one around the injedion and reservoir syringe
ports and the other through the valve block and observation head.
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SECTION I

STOPPED-FLOW MODE (SFM-X/S)
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INSTALLATION OF THE OPTICAL SYSTEM

The Bio-Logic stopped-flow module should be used with a Bio-Logic Modular Optical System (MOS).
Each MOS has been designed to match our SFM instruments to oltain the highest performance possble
for any kinetic system. Install ation instructions for each MOS can be found in their respedive sedions of
the Bio-Logic Moduar Optical Systems User’s Manud.

However, the Bio-Logic stopped-flow module @n be adapted to any good quality optical system. Thisis
acoomplished using fiber optic light links (seeFigure 3 below) or through dired connedion of the SAM to
the optical system. Please wmntact Bio-Logic or it’s nearest representative to determine the best method of
conneding the SAM to your existing optical system.

Figure 3 —Connedion of an SFM to aher Optical Systems

Light-link in absorbance mode

Observation

/ Head
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5 INSTALLATION OF THE STOPPED-FLOW COMPONENTS

5.1

5.2

5.3

The Observation Head

The stopped-flow observation head (Figure ] ]
4) is installed on top of the SAM. The Figure 4 — Stopped-Flow Observation Head
observation head has four optical windows:
one window for illumination and three for
observation. This allows measurements of
absorbance, transmittance, circular
dichroism, single or double wavelength
fluorescence emisgon and light scattering or
fluorescence polarizaion without adding any
refleding or beam splitting elements. The
two windows at right angles to the incoming
light can be eguipped with lenses to increase
the dficiency of light detedion.

Mixer Installation and Replacement

Each SAM comes from the factory with mixersinstalled. The mixers arelocated in the syringe
block, between the syringe block and the observation head (SFM-400) and at the battom of the
observation head below the avette as sown in Figure 7 and Figure 8. Asin all stopped-flow
systems, the mixer is one of the most deli cate part of theinstrument. It isrecommended to chedk
the state of mixer regularly and aso when the SFM has been unused for a prolonged period of time.
Instructions for removal and replacement of the mixers are described in sedion (xxx).

Cuvette Installation

The observation cuvette is one of the most critical parts of al stopped-flow instruments. Indee, it
is extremely important to adapt the avette to the parameter being observed. For example, it would
be inappropriate to use the same avette for measuring a small absorbance dhange and for
measuring a fluorescence dange of a compound having a high absorbanceand producing strong
inner filter effeds. The SAM observation head can be equipped with a number of different cuvettes
adapted to avariety of situations. |f our standard cuvettes do not satisfy your spedfic experimental
requirements, we invite you to contact us about custom-made avettes.

Figure 6 shows the avettes presently available and their spedfications.. There are two general
styles of cuvettes:

FC (fluorescence avette) - FC type avettes have blackened edges to reduce light scattering in
fluorescence onfiguration. The FC-15 and FC-20 cuvettes are the
best choices for CD experiments in the far UV. Their large
aperture facilit ates low noise recording at these wavel engths.

TC (transmittance avette) - TC type avettes have been primarily designed for absorbance and
transmittance eperiments, however in the TC-xx/yyF models, bath
sides of the light path are transparent. These models of cuvettes
can also be used for fluorescence experiments using dil ute samples
and excitation with alaser or any other low divergencelight source
Cuvettes of the TC.xx/10 type have a 1x1 mm? cross ®dion and
cuvettes of the TC.xx/15 type have a 1.5x1.5 mm? cross dion.
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The two styles of cuvettes have different holders that are used to install them into the SFM
observation head. The assembly of the auvette with their respedive avette holdersis sown in
Figure 5.

Figure 5 — Cuvette Asembly
TC-Cuvettes FC-Cuvettes

Grooves
TC-100/xx

Cuvette

v
"
=

Note: "Be sure to align the grooves of the TC-Cuvette
holder pieces.

The SFM observation head has been designed so that the observation cuvettes can be exchanged
within a few minutes. Thisis often reaognized by our users as one of the many advantages of the
SHM systems. Removal and replacement of the avetteis siown in Figure 12.
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Figure 6 — SFM Cuvette Spedfications

CUVETTE OPTICAL SPECIFICATIONS™

Cuvette  Drawing Light path (mm) (a) Aperture (mm) (b) Main application
FC-08 I 0.8 - Fluorescence, light scattering
FC-15 I 15 - Fluorescence, light scattering,

high absorbance

FC-20 I 2.0 - CD, fluorescence
TC-50/10 Il 5 1.0 Absorbance, CD, fluorescence
TC-50/15 Il 5 15 Absorbance, CD, fluorescence

TC-100/10T 1" 10 1.0 Absorbance, CD
TC-100/10F v 10 1.0 Absorbance, CD, fluorescence

TC-100/15T 1" 10 1.5 Absorbance, CD
TC-100/15F v 10 1.5 Absorbance, CD, fluorescence

Notes: (1) All cuvettes are made of Suprasil (transparent from 185 to 2500 nm).

I Black Quartz E—=—— Transparent Quartz

"

(n (m () (V)

CUVETTE DEAD VOLUMES" AND DEAD TIMES®
With Berger Ball Mixer With High Density (HDS) Mixer

Cuvette Dead Volume (ul) Dead Time (ms) Dead Volume Dead Time (ms)

FC-08 15.6 1.6 30.4 3.0
FC-15 36.6 3.7 51.3 51
FC-20 59.3 5.9 74.1 7.6
TC-50/10 22.4 2.2 36.8 3.7
TC-50/15 40.1 4.0 54.6 55
TC-100/10T 30.2 3.0 45.0 4.5
TC-100/10F 30.2 3.0 45.0 4.5
TC-100/15T 46.8 4.7 61.5 6.2
TC-100/15F 46.8 4.7 61.5 6.2

Notes: (1) Dead volumes measured from mixing point to the center of the observation area.
(2) Dead times calculated at 10 ml/s flow rate. Dead time is inversely proportional to flow rate.
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5.4 Installation of the Mixer Blocks and Delay Lines
In stopped-flow mode, the syringes of the SAM can be used to perform many types of mixing
experiments. It isdifficult tolist al the posshiliti es here. Some are described bel ow:
1) Load severa reagents and mix them in different shots with the mntents of the last syringe.

2) Use syringes loaded with reagents and buffer to vary the mncentration of one or two reagents
and mix the result with the cntents of the last syringe.

3) Perform sequential mixing and delays between up to 3 reagents before they are mixed with
the cntent of the last syringe.

The observation head isinstalled on the SFM body differently depending on how many syringes are
present and the type of experiment performed.

SFM-3 - The observation head and delay line are installed as $own in Figure 7. The small est
delay line mmes dandard and install ed with the instrument

SFM-4 - The observation head and ddlay lines are installed as $own in Figure 8. The
observation head may be installed using the mixing blocks labeled 0-M1X-0, O-M | X-
DL, DL-MIX-0, DL-MIX-DL or no mixing block. The ingallation of the different
mixing blocksis described in Table 3.

Table 3 —SFM-4 Observation Head | nstall ation

MIXING BLOCK COMMENTS

0-M1X-0 Install ed with no additional delay lines.
0-MIX-DL Install ed with one delay li ne between the mixer block and the observation head
DL-MI1X-0 Install ed with one delay line between the SAM body and the mixer block.
DL-MIX-DL Install ed with delay lines on bath sides of the mixer block.
NONE Only adday lineisinstall ed between the SRV body and the observation head and the
SHM-4 functions as an SAM-3 (Figure 7). Syringe 3 is blocked by the delay line and
only syringes 1, 2, and 4 are useable. In this case, syringe 3 does not neeal to be fill ed.
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Figure 7 —SFM-3: Installation of Delay Lines

(@@

OBSERVATION HEAD =

SECOND MIXER
(M2)
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Figure 8 — SFM-4: Installation of Mixing Blocks and Delay Lines

OBSERVATION HEAD
THIRD MIXER (M3)

O e« @

HEAD SPACERS
DEEAY LINE TWO

/ (DL2)

MIXER BLOCK

| © © =0
MIXER BLOCK g1 v (M2)

‘ — DELAY LINE ONE
o Coll (DL1)
=]

FIRST MIXER
(M1)
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5.5 Flow Line and Intermixer Volumes

Figure 9 (SAM-3)and Figure 10 (SAVI-4) below indicate the volumes of SFM flow lines and delay
lines. Theamount of time a sampl e ages between two mixersis given by:

Ageing time between two mixers = (Intermixer volume)/(Flow rate through intermixer volume)

It should be noted that the volumes given in the table are the mechanical volumes. The
hydrodynamical volumes may vary dightly around these values. For predse measurement of
ageing times it is recmmended that the intermixer volumes be determined experimentally with
known reactions. One such experimental procedure for determining intermixer volumes is
described in the Quenched-Flow sedion of this manual.

Figure 9 —SFM-3/SFlow Line and Delay Line Volumes

SFM-3/S FLOW LINE VOLUMES
Line Number Flow Line Volume (ul)
103
41
155
156
7
Delay Line
22
188
Cuvette (Figure 6)

OO N[O |U|A|WIN|F

7
MIXER1 MIXER2
DELAY LINE .
RESERVOIR1 RESERVOIR2 RESERVOIR3
8
1 1 1
2
. A A . - » .

. ela o
40 °3(90 °4(140 ° 90 °6(500 ° 0]0,
Volume (ul) 19.43 35.83 92.39 144.28 192.6 498.68 | 1003.43

Intermixer Volume| 47.4 63.8 120.4 172.3 220.6 526.7 1031.4
Mlgs — M2gg (U.|)
Intermixer Volume| 43.1 59.5 124.6 168.0 216.3 522.4 1027.1
M1gs — M2hps (UI)

"Notes: Intermixer volumes are measured from the mixing point of one mixer to the mixing
point of the next mixer. BB indicates a Berger Ball mixer has been installed at the
position noted. HDS indicates a High Density mixer has been installed at that position.
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Figure 10— SFM-4/SFlow Line and Delay Line Volumes

SFM-4/S FLOW LINE VOLUMES
Line Number Flow Line Volume (ul)
103
41
155
156
7
Delay Line 1
9
165
7
Delay Line 2
22
188
Cuvette (Figure 6)

PR
QSEBlox~No|alswN ik

[EnY
w

13

CUVETTE

MIXER2
6 9 10
DELAY LINE 1

MIXER1 MIXER3

DELAY LINE 2

RESERVOIR1 RESERVOIR2 RESERVOIR3 RESERVOIR4
8 ’ 12
1 1 1 1
2 2
o o ) o
z z z z
¢ ¢ g ¢
1) 2] 1) %]
DELA AND R R VO
. ela fa
one ° ° 40 ° 90 °4(140 ° 90 °6(500 ° 00
Volume (ul) 0 19.43 | 35.83 | 92.39 | 144.28 192.6 | 498.68 | 1003.43
Intermixer 255 | 431 505 | 116.1 | 168.0 216.3 522.4 | 1027.1

Volume
M1lgg — M2gg (|J.|)

Intermixer 31.7| 474 63.8 120.4 172.3 220.6 526.7 1031.4
Volume
M2gs — M3gs (|J.|)

Intermixer 27.4 43.1 59.5 116.1 168.0 216.3 522.4 1027.1
Volume
M2gs — M3ps (|J.|)
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5.6 Liquid Outlet System

During the injedion phase, the liquid in the aivette @an reach linear velocities greater than 20
meters per seaond. At the flow stop, the liquid column has to be immohili zed in a fraction of a
Several different stop modes can be used to immohbilized the liquid column.
Depending on the stop mode this can result in overpresaure or underpresaure @nditions that are
potential sources of stop artifacts. Several stop modes that can be used with the SFM are describe

milli seoond.

in the foll owing sedions.

5.6.1

5.6.2

FREE-FLOW SYSTEM

In this mode the outlet of the observation head
is conneded to a waste tube and the outlet is
continuously open. This procedure may to be
used in case of presare sensitive organelles or
to avoid any presarre artifact on the avette
material (asfor some CD measurements).

To use this mode, the it tube (provided in the
standard equipment). is attached to the outlet of
the observation head (Figure 11). This tube has
a vent permitting the entry of air. Care should
be taken to break the liquid column as close as
possble to the observation head outlet. It is
remommended to conned the eit tube to a
larger PVC tube to do this and permit further
air entry. If these precautions are not taken,
and a long continuous tube is conneded to the
outlet, a long column of liquid will be pushed
during the flow. At the motor stop the inertia

of this liquid column will i nevitably generate underpresaure in the avette and lead to

artifacts from cavitation.

HARD-STOP SYSTEM

Figure 11— Exit Tube Installation

Exit Tube —a

To Waste
Tube

Observation

In this mode, the flow will be immohili zed
by a combination of two mechanisms: first,
from the stepping motors gop and seaond,
by a high speal eedrovalve (hard-stop; )
which closes the output of the SAM cuvette.
This hard-stop is actuated by the
progranmable power-supdy of the SHMV.
No owerpresare is developed in the
observation cuvette because
synchronization of the hard-stop with the
motor halt. Theresult is eimination of the
stop and overpresaure artifact giving high
quality stopped-flow traces with the lowest
dead times.

There are three operation modes of the
hard-stop that can be dosen in MPS
software (sedion 6.2).

The modes of operation are:

Figure 12—-Hard Stop Installation

To MPS

op \

_ ,To Waste
Tube

(e —

. Cuvette
Holder

Cuvette — W

Observation
Head
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1) Automatic mode: - between two shots the hard-stop is always closed

- During arun the hard-stop opens at the beginning of the flow and
then closes at a designated number of milli seands before the flow
stops.

2) Manua mode: the hard-stop is programmed to goen and close by the user.
3) None: Thevalveisaways open.
Theinstall ation of the hard-stop on the observation head is sown in Figure 12

5.6.3 EXIT IN A SYRINGE

In this method, a syringe is inserted into ] ) )
the SAV observation head outlet (Figure | Figure 13—Stop Syringe Installation
13).

The linear momentum of the liquid flowing
out of the auvette will be disdpated in the
liquid contained in the syringe. This
procedure gives clean stop signal, but .
requires that the user empty the stop Syringe

syringe from time to time. K

For the best results, it is recommended to
use high quality 10 to 20 ml glass gringes
with a Teflon piston (Hamilton-type).
Plastic syringes are too soft and do not give
good results. It is also recommended that
the syringe with be fill ed with about 1 ml
solution and all bubbles eiminated before
use.

Observation

d
//// Hea

5.7 Special Accessories

Several accessories are avail able to expand the functions of the SAM. Below are the descriptions of
the accessories and their functions. Custom accessories can also be designed and we invite you to
contact Bio-Logic or its nearest representatives to discussyour particular neals.

5.7.1 SMALL DRIVE SYRINGE

The SAM standard syringes (20 ml) have a large driving speel range. This allows each
syringe to be programmed for different spealds and can be used to make mixing ratios
different from 1:1. Ratios as high as 1:20 can be ohtained with the standard syringes.
Beyond ratios of 1:20 the results can be poor due to the extremely sow movement of the
syringe motor delivering the sample to be dil uted.

For operation with dil ution ratios higher than 1:20, we advise the use of a 5 ml syringe for
injeding the solution to be diluted. This enables the motor pushing the 5 ml syringe to
run at a faster and smocther rate. The spedfications of the 5 ml syringe are givein Table
1. Syringes of 5 ml can be ordered from Bio-Logic or its representatives.

Syringe disaseembly and reassmbly is discussed in the Technical Instructions sdion of
thismanual. We remmmend that the user be familiar with this sdion before attempting
syringe disaseembly and asembly.
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5.7.2 LARGE DRIVE SYRINGE

As described in the previous sdion, the standard 20ml have alarge driving speed range,
but are not ideal for al circumstances. At times, one may need a low dead time or high
flow rate from one or two syringes that is beyond the limits of the standard syringes (with
or without accderation). For these situations, a large 30 ml syringe may be used. The
spedfications of the 30 ml syringe are given in Table 1. Syringes of 30 ml can be ordered
from Bio-Logic or its representatives.

Syringe disassembly and reassmbly is discussed in the Technical Instructions sdion of
thismanual. We remmmend that the user be familiar with this sdion before attempting
syringe disaseembly and asembly.

5.7.3 HIGH DENSITY MIXER

Mixing solutions of different densities
offers a formidable dallenge for Figure 14 —HDS Mixer
stopped-flow instruments. In typical
protein folding/unfolding experiments,
heavy solutions of urea or guanidine
chloride are mixed with pure aqueous
buffers just before the aivette. The
result is an unavoidable @nvedion
reaching the observation cuvette 10 to
30 semnds after mixing. This
convedion creates a massve artifact
definitively ruining the kinetics being
recorded. The SAM module @n be
equipped with a spedaly designed
mixer (model HDS; Figure 14) that
includes an internal siphon-like frame
and alows blockage of convedion
created by density or temperature
differences. Using this mixer, stopped-
flow traces produced by mixing high density solutions with water can now be recorded
from thefirst milli seaond to several 100 se@nds.

Installation of the HDS mixer is identical to that of a standard (Berger Ball) mixer.
Instructions are provided in the Technical Sedion of this manual.
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5.7.4 OBSERVATION HEAD WITH SEPARATE COOLING

The standard observation head may be

replaced with an observation head that Figure 15— Observation Head
with  Separate Coding

has separate wding (Figure 15).

The separate wding feature permits a
temperature  regulation of  the
observation head in addition to that of
the main body of the instrument. This
may be used in cases where mixing of
the solution produces a temperature
change of the solution flowing into the
cuvette and extra coding is needed.
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6 SOFTWARE CONFIGURATION

The SAM is controlled by computer and it is ddlivered with the MPS software that is common to al Bio-
Logic rapid-kineticsinstruments. This sdion briefly describes the anfiguration the software. Please note
that the procedures and examples have been generalized and configuration choices sould be made based
upon the eguipment purchased and intended experiments. The user may refer to the MPS Sdtware User’s
Manud for more detail s about the MPSsoftware.

This sdions asaimes that the user has aready installed and started the MPS software on the host
microcomputer. For install ation instructions e tapters 2 and 3 of the MPS Sditware User’s Manud.

6.1 Device Configuration

The deviceto beinstall ed should be mnfigured according to the instrument purchased and mode
chosen for use. The device appropriate should be thosen in the « Config: Device ».window

avail able under the Config menu (Figure 16). Further information may be found in chapter 4.1 of
the MPS Sdtware User’s Manud.

] —
] SFM-2/5 & pSFM-20/5 Controller type Hard Stop

SFM-3/5 & SFM-300/5
SFM-3/0 & SFM-300/0 & MP5-51/MP5-52 {+ Auto.

Syringes SFM-4/5 & SFM-400/5 ~ Manual

Cuvette SFM-4/0 & SFM-400/0 - MP5-60 Manua

Delay Line > arMs -  Mone

Senial Part

Lirnits (1] 4 Cancel

Figure 16 — MPS Sftware: Device Configuration

6.2

6.3

Hard Stop Configuration

The hard stop is configured under the « Config: Device ».window shown in Figure 16. The hard
stop mode should be thosen asdesired. The different modes are described in sedion 5.6.2.

Syringe Configuration

Syringe mnfiguration is made in the « Config: Syringes » window avail able under the Config
menu (Figure 17). Seled the syringe volumes to indicate the nature of the syringes that have been
installed in each syringe position of the SAM using the menu in the « Config: Syringes » window
(Figure 17). Use the « Custom » button to enter syringe spedfications if you have a custom
syringe.

The SFM comes equipped with standard 20ml syringes and these are the default syringes install ed
in the MPS software.  Changes only neead to be made in the software when syringes of different
volumes (other than standard) have been installed in the SAVI.

'WARNING!: Incorrect syringe configuration will cause volume and flow rate alculationsto
beincorrect!

Further information about syringe @nfiguration can be found in chapter 4.2 of the MPS Sdtware
User’s Manud.
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Figure 17 -MPS Sftware: Syringe Configuration

Install Syringe
Syringe 1 Syringe 2 Syringe 3 Syringe 4
¥ol. : 20 ml ¥ol. : 20 ml Wol. : 20 ml Wol. : 20 ml

Diam. : 17 mm Diam. - 17 mm Diam. - 17 mm Diam. - 17 mm
Pitch : 4 mm Pitch : 4 mm Pitch : 4 mm Pitch : 4 mm

=0 wedoe 2

1 35 ml 22 mm / 4 mm for SFM-x
Device 80 ml 7 34 mm 7 4 mm for SFM-x
1.9ml 7 8 mm 7 4 mm or SFM-300 & 400
8 mi /17 mm / 4 mm for SFM-300 & 400

Syringes
Curvette

B.
10 ml # 20 mm 7 4 mm for SFM-300 & 400 (sdt)
1 4
2. 7
o 5 1
Delay Line 0l
4 1
8 1
i 7

.6 mm / 4 mm for pSFM-20

7.3 mm / 4 mm for pSFM-20

0.3 mm / 4 mm for p5FM-20

14.6 mm / 4 mm for pSFM-20 [sdt)

mm £ 0.8 mm for QFM-5 & SFM-5/C

0 mm / 8 mm for QFM-5 & SFM-5/C
414 mm / 8 mm for QFM-5 & SFM-5/C
35 mm / 0.8 mm for QFM-5 & SFM-5/C

Serial Port

Lirnits

OK | Cancel | Custom |

Cuvette Configuration

Cuvette onfiguration is madein the « Config: Cuvette » window avail able under the Config menu
(Figure 18). Seled the auvette acoording to the auvette you have installed in the SFM. The type of
cuvetteis chosen in the list shown in the « Config: Cuvette » window (Figure 18).

IWARNING!: Incorrect cuvette cnfiguration will cause dead time lculations to be
incorrect!

Further information about cuvette mnfiguration can be found in chapter 4.3 of the MPS Sdtware
User’s Manud.

Figure 18— MPS Sftware: Cuvette Configuration

I e oy

m Windows 7 FC-08
Device FC-20
Syringes > TC-50/10
r:l.l'-.-'F!”'F! TE-EI]” 5
= TC-100A10
Delay Line TC-100415
Serial Port
Lirnits (1] Cancel

Delay Line Configuration

Delay line @mnfiguration is made in the « Config: Delay Line » window avail able under the Config
menu (Figure 19). Seled the delay line(s) according to the delay line(s) you have installed in the
SHM. One or two delay lines must be onfigured depending on the type of deviceinstalled under
sedion 6.1. Each delay line is chosen from a pull-down menu in the « Config:Delay Line »
window (Figure 19).

IWARNING!: Incorrect delay line anfiguration will cause ageing time alculations to be
incorrect!
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Figure 19-MPS Sftware: Delay Line Configuration

_ Delay Lines E3 |

m Windows 7
. Delay Line 1 [pl]
Device
Syringes > N“ 0] 25.5 j|
Cuvette Delay Line 2 [pl]
Dielay Line |Nu (0) 31.7 j|
Serial Part
Limits 0K Cancel |

6.6 Serial Port Configuration

The serial port must be onfigured before the MPSand MPSsoftware an communicate. Serial
port configuration is made in the « Config: Serial Port » window avail able under the Config menu
(Figure 20). Seled the serial port used to conned the MPSand the microcomputer in sedion 3.2.

Figure 20— MPS Sftware: Serial Port Configuration

Config 5enal Port |
" Senal Port

] O COM 1
m Windows R— ;

Swiinges —»> ) COM 3
Curvette O COM 4

Delay Line
Serial Port

[T Connect Device

(1] Cancel

6.7 System Limits Configuration

The system limits are @nfigured in the « Config:Limits » window avail able under the Config
menu (Figure 21). The « Config:Limits » window contains sveral sedionsfor configuration of
the hard stop valve lead time, accderation phases mode and overheating protedion. Each sedion
and options are described bel ow.
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Figure 21 -MPS Sftware: System Limits Configuration
Limits

Windows 7 Valve Lead [mz] 0
Device Acceleration Phazes
Sl (8 Automatic
Curvette
Delay Line O Manual oK
Serial Port
Limiitz [¥ Overheating Protection

Hard Stop Valve Lead Time: This sdion of the windows allows one to enter the number of
milli seconds before the flow stops that the hard stop starts closing. The default value is zero. The
lead time may be adjusted (from 0 — 5ms) to fine-tune the quality of the stop.

Accderation Phases Mode: This sdions of the windows allows sledion of the accderation
phases mode. Two modes are posshle: Automatic and manual. These modes are described in
detail in 7.7.

Overheating Protedion Chedbox: This chedbox alows the sdedion or desdleding of over
heating protedion. The MPSthat drives the SAM was designed to do fast experiments. To do this
the motors are powered up and ready to go during the entire driving sequence (this is also
necessary to ke syringes not used from moving backwards under the force of the back presare
generated by the other syringes) . It requires alot of energy to do this and the motor boards inside
the MPSgenerate heat. The instrument was not designed spedfically for driving sequences lasting
more than afew semnds. Because of this, sequences longer than a few seconds result in the motors
getting very hot and can posshbly burn them out. To avoid burning out the motors, the solution isto
alow the motor boards to cod before doing a subsequent shot. Overheating protedion forces the
MPS software to wait 2x the entire length of the driving sequencein between shots, ensuring that
the motor boards cod sufficiently and avoid burnout. The box is chedked by default and it is
strongly recommended that overheating protedion always be | eft enabled.
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7 INSTRUMENT OPERATION

7.1 Manual Syringe Control

The syringes of the SAM can be mntroll ed either manual or automatically. Automatic control of
the syringesis grictly used only for experiments. The manual control of the syringesis used for
initi ali zation, filli ng and emptying the syringes. The manual movement of the syringes can either
be made diredly from the MPSor though the MPSsoftware. Both methods are described in the
following sedions.

7.1.1

7.1.2

MPS

Syringe wntrol diredly from the MPSis _ _
made through the use of the buttons on front Figure 22—MPS Sringe Controls
panel of the MPS(Figure 22 and Figure 2).

The (+) and (-) buttons are used to seled the ’
syringeto be moved. The (up) and (down)
buttons are used to empty and fill the
syringesrespedively. The LCD pand at the
top of the cntrolswill display which syringe up

has been seleded and whether it isbeing
fill edl or emptied. <>

down

motor on__

SOFTWARE

Syringe ntrol  from the MPS software is made through the «Syringes
Command:L oad » window avail able under the Syringes Command menu (Figure 23).

The syringe to be moved is sleded by clicking on the @rresponding frame, or pressng
the <Left> or <Right> arrows keys on keyboard. The new sdeded syringe will be
surrounded with ared redangle (Figure 23).

Syringes are eamptied or filled using the EI EI EI and Iil buttons or with the <Up>
arrow, <PageUp>, <Down> arrow and <PageDown> keys on the keyboard. The EI

button and <Up> arrow move a syringe upwards by one dementary movement and theEI
button and <Down> arrow move a syringe downwards by one dementary movement. The

EI button and <PageUp> arrow move the piston upwards by 10x €l ementary movements
and the Iil button and <PageDown> move the piston downwards by 10x e ementary
movements.

The size of the dementary steps and syringe movement speed is controlled in the Manual

Spedal sedion of the « Syringes Command:L oad » window (Figure 23). TheEI and EI
buttons to change the manual speead. The display shows the speeal in flow rate based on
the syringe install ed and moved.
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Figure 23-MPS Sftware Syringe Contral
Syringes Command
Synnge Control [¥ in pl]
Syringe 1 Syringe 2 | [ Syringe 3

2 mf 2 mf 2 mf
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20000 20000 20000

Ef WERIRE

Manual Speed

KT

[n*5] 3 ml/z

[*¥ Up And Low Limits

IR
IR
IR

Reset All

Close

7.2 Syringe Initialization

The MPSthat controls the SAM foll ows the movements of the syringes  that the actual residual
volumes are displayed at al times in the MPS software « Syringes Command:L oad » window
(Figure 23). When the MPSis turned on and the software started, turned on, the syringe volume
counters ow I“Ref2T and haveto beinitialized (Figure 23).

The syringes are initialized by setting the syringes to their uppermost (empty) position and
resetting the syringes in the MPS software.  The syringes can be sdleded and moved to their
uppermost positions either diredly with the MPS (sedion 7.1.1) or through the MPS software
(sedion 7.1.2). Oncea syringe has reached its uppermost positi on, the syringe motor will oscill ate
and vibrate as it becomes out of phase with the driving puses. Thereis no danger to the SFM or
syringe motors when this ocaurs, but there is no reason to unnecessarily prolong this treatment
either.

The syringes can be reset individually by pushing the button for each syringe or al at once
by pushing the button in the software « Syringes Command: L oad » window (Figure 23).

ICAUTION!: Measurement of residual syringe volume is made by counting the logic pulses
from the controaller for each syringe. If, for any reason, a syringe is blocked during arun, the
pulses will not corre spond to the true volume delivered and the value displayed may bewmme
erroneous (e.g. in the @ase of incorrect positioning of a valve). In this case, it is advisable to
reinitializethe syringes.

If, by acddent, asyringeis returned to its uppermost position the syringe volume @unter will again
show [“HeF? and the syringe must be reinitialized. To avoid such acddents, the Up and Low
Limits chedbox may be dhedked. When this box is chedked, the MPS software will not allow the
syringes to be driven beyond their upper and lower limits. This also avoids accddentally pulli ng the
syringe plunger completely from the syringe and spilli ng solution onto the SFEM.
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IWARNING!: The Up and Low Limits only appliesto control of the syringe from within the
M PS software. These limits can be bypassed by manual control of the SFM directly from the
MPS.

Further information about the initialization of syringes can be found in the MPS Sdtware User’s
Manud (chapter 5).

Filling the Syringes

IWARNING!: Utmost care should be exercised during this operation. Normal operation of
the system requires that no bubbles are present in the injection syringes. Should this occur,
the buffer flow through the observation chamber will not be correctly controlled by the
plunger movement and artifacts may be observed. For best resultsit isrecommended that all
solutions be degassed and filtered beforefilling the SFM.

The syringes of the SAM can be enptied and filled manualy (sedion 7.1). The filling of the
syringes foll ows the steps below and shown in Figure 24.

1) Attach a syringe (disposable plastic syringes may be used) containing sample or buffer to a
syringe reservoir port on top of the SFM (Figure 24 Pandl 1).

2) Set the syringe valve handle to (R) and fill the syringe manually (sedion 7.1) while exerting a
dight presaure on the reservoir syringe (Figure 24 Panel 2 and Pand 3). The presarre eerted
on the reservoir syringe prevents any vacuum from occaurring in the reservoir syringe which
could result in bubble formation. It is suggested that 20ml syringes be filled using manual
speal 4in the MPSsoftware and 5ml syringes be fill ed using manual speed 3.

3) Eliminate any bubbles in the SFM syringe by driving the SAM syringe up and down several
timeswhileit is conneded to the reservoir syringe (Figure 24 Pand 4).

4) Turn the syringe valve handleto (C) (Figure 24 Panel 5)

5) Empty one or two elementary movements of the syringe(sedion 7.1) to definitively eiminate
any bubblesremaining in SFM and cuvette.

6) Repeat the above processfor the other syringes.

It is reammend that the syringes be fill ed in reverse numerical order to best remove bubbles from
the SAM and cuvette.

IIMPORTANT!: ALL SYRINGES MUST BE FILLED EVEN IF THEY WILL NOT BE
USED FOR AN EXPERIMENT! The valve handles of the unused syringes should be turned
to (R) after thefilling processis complete.

The Stopped-Flow-M odule is now ready for operation.
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Figure 24— SFM Syringe Filli ng Procedure

Panel 1 Panel 2 Panel 3

7.4 SFM Cleaning and Storage

After each day’s experiments the SAM should be deaned. A thorough cleaning of the SAM will
ensurethat it has along functional life and dminish any chance of sample mntamination for the
next user of theinstrument. The procedure below is the recommended dail y cleaning procedure to
be done before shutting off the instrument.

1) Remove and remaining samples or buffer from the syringes.

2) Wash the syringes and flow lines 2 — 3times with water. Thisis done by filli ng each syringe
with water to a volume at least equal to the sample volume used for experiments. With the
syringe valve handles st to (C), empty the syringes completely. Sincetheliquid will exit via
the auvette, it will wash the flow lines and cuvette as well as the syringes.

3) Wash the syringes and flow lines one time with 70 — 100% ethanol. Use the same procedure
asin step 2).

7-40

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




SFM-3/4 User’s Manual (ver 1.2)

4) Dry the syringes, flow lines and cuvette with a single wash of air. Use the same procedure as
in step 2). The syringes $ould be emptied in reverse numerical order so that all liquid is
pushed out of the syringes, flow lines and cuvette.

Set all syringe valve handles to (R) and move all syringes to their lowermost positions. The
syringe plungers should exit the SAM so that the plunger tips are ompletely visible. If thisis done
using the MPSsoftware it will be necessary to unched the Up and L ow Limits chedbox in the
software « Syringes Command: L oad » window (Figure 23). Note: Y ou may observe a few drops
of liquid that fall from the syringes when the syringe plungers are ompletely out of the SAM. This
isnormal as asmall amount of liquid is always trapped between the plunger tip and the syringe
barrel to make atight seal.

IIMPORTANT!: Do not forget this dep! The syringe plunger tips are made of Teflon.
Pulling the syringe plungers out of the SFM all ows the tips to expand each night and make a
tight seal during use, minimizing any chance of leaks.

5) Turnal syringe valve handlesto (C).
6) Turn off the MPS

7.5 Long-term Storage of the SFM
If the SAM is not to be used for a long period of time (more than several weeks), it should be
cleaned as abowe in sedion 7.4. If the SAM is conneded to a circulation temperature bath, the
temperature bath should be disconneded from the SAM and the SFAM drained completely of all
coding liquid. Afterwards, is recommended that the SFM codling circuits be flushed with ethanol
foll owed with air. The SFM is now ready to be stored.
7.6 Creating a Driving Sequence
Experiments are performed with the SFM through the use of a driving sequence A driving
sequence tells the SAM to automatically perform several functions such as moving the syringes,
activating the hard stop, and triggering deta ecquisition. Driving sequences are aeated in the MPS
Figure 25-MPS Sftware: Stopped Flow Program Window
Stopped Flow Program - ==
Phaze 1 |Phase 2 |Phase 3 |Phase 4 |Phase L] ?ﬁltianlges
time [mz] 20 100 Volumesz [pl)
Syr. 1 [ul) 100 100
Ser. 2 [pl] 100 100
Ser. 3 [pl] 100 100
Syr. 4 [pl] 100 100
Synchro 1 |DFf G ot OFf Off
Fhaze : 2/5 Taotal Yolume : 400 pl Tatal Flow Rate : 4.0 mlfs
Syringes contents Shots Drive Sequence Dead Time
Syiinge 1 |H20 Single 1(1:20) 78ms
Syringe 2 |H20 Multiple Ageing Time
Syiinge 2 |H20 DL1 | 128 ms
Syringe 4 |DCIP DLZ | 106 ms
Comments | Cloze |
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software in the « Stopped Flow Program » window avail able under the Sequence Files menu
(Figure 25).

A driving sequenceis entered in the program grid in the « Stopped Flow Program » window
(Figure 25). Each column of the grid represents a driving sequence phase. Each phase mntains
actions for the SAV to perform. A complete driving sequence may contain from 1 to 20 phases.
Although only 5 phases are shown initialy, additional phases may be inserted using the I nsert
Phase command under the Edit menu.

Figure 26 shows an expanded

view of the program grid. The Figure 26 — MPS Sftware: Program Grid
duration of aphaseisenteredin Phase1  |Phase 2

ms (1 — 9999mg/phase) on the time (ms] |20 100 Dfl‘aﬁ?:n
first line of the program grid. Syr 1 () | 100

Thevolumein pl delivered by Syringe Syr 2 (1) | 100

each of the syringes during a Volumes Syr. 3 () | 100

phaseis entered on the line next Syr 4 (ul) | 100 [,
to the appropriate syringe. The Synchro1  [On Off 7 Trigger
status of the synchronization

trigger isnoted on thelast line

of the program grid.

To enter the phase duration and syringe volumes delivered, click on the crresponding cdl or use
the keyboard arrows keys to navigate between cdls. The BACKSPACE key can be used for
corredion and the DEL key to clear avalue. The synchronization trigger istoggled on or off by
pressng “O” on the keyboard.

Seleded values entered in the program grid can be ait, copied and pasted using the Cut, Copy and
Paste functions avail able under the Edit menu. To perform a cut, copy, or paste operation, seled
the area of the grid desired by dragging the mouse with the left mouse button pushed in and then
choase the Cut, Copy or Paste functions desired under the Edit menu. The values will be stored
in the Windows cli pboard for the Cut and Copy functions. Vaueswill be pasted from the
Windows clipboard for the Paste function. If copy areaisbigger than paste area, the operation is
done only for values that can fit inside paste area.

ICAUTION!: Blank and non-numeric values entered in the program grid are considered as
zero values. A phase duration of Omswill cause the phase to be skipped in the exeaution of
the drive sequence.

The mntents of the syringes can be . ] .
entered in the Syringe Contents frame Figure 27 —-MPS Sftware: Syringes Contents

of the « Stopped Flow Program » Syringes contents

wi ndow (Figure 25and Figure 27). The Syringe 1 |H20

text is entered from the keyboard and .

the BACKSPACE and DEL keys can be il = |

used for corredions. Springe 3 |H20
. Synnge 4 |DCIP

IIMPORTANT!: Itis grongly

recommend that userstake advantage
of thisfeature of the MPS software to
keep track of the samplesloaded intothe SFM syringes.

Each time a program grid cdl valueis changed, information about the arrent syringe, current
phase and driving sequenceis updated displayed below and to theright of the grid (Figure 28).
Thisinformation indicates:

1) Current phase number and total number phasesin the driving sequence

2) Volume ddlivered by the airrrent syringe during the arrent phase or current phase total
volume (if an entire phaseis sleded).

3) Flow rate of the arrent syringe during the aurrent phase or current phase total flow rate (if an
entire phaseis sleded).
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4) Tota volume delivered by each syringe during the driving sequence

Figure 28— MPS Sftware: Driving Sequence Information

Phaze 1 Phasze 2 Phasze 3 |Fhase 4 |F"hase LiT ?j;rti:lges
time [mz] 20 100 Valumes [nl]
Sy 1 () | 100 100
Sy 2(u) | 100 11
Syr. 3 () | 100 100
Sy 4 (ul) | 100 | 10
Spnchroe 1 |On OfF OfF OFf OfF
Fhaze : 2/ Yalume - TUL pl Flow Hate : 1.0 mlfs

An indication of the Dead Time and Ageing Times for adriving sequenceare also displayed in the
« Stopped Flow Program » window (Figure 25 and Figure 29). The dead timeis calcul ated for
thelast valid phase, acoording to its flow rate and of the auvette dead volume (Figure 6). The dead
timeis calculated acoording to the equation show in Figure 29.

The ageing times are @l culated for the airrent phase seleded based upon the syringes flow rates,
delay linesingtall ed and intermixer volumes (Figure 9). The ageing times are alculated acocording
to the equations own in Figure 29.

Figure 29 -MPS Sftware: Dead/Ageing Times
Dead Time Dead Time = Total Flow Rate
.8 ms SFM-3:  Delay Line - i -
= . Ageing Time Total Flow RateS1+S2
Ageing Time
SFM-4: Delay Line1 _ ' -
DL1 12.8 ms Age|yng Time - Total Flow RateS1+S2
DL2 | 106 ms Delay Line 2 — ' -
Ageing Time Total Flow RateS1+S2

The MPSsoftware provides the posshility to repeat phases a
number of timesin virtually any order. Thisis accomplished
though a macro sequence entered in the Drive Sequence
frame of the « Stopped Flow Program » window (Figure
30). The macro sequence @n be alited to run asingle
phases or many phasesin a different order than present in
the program grid. The syntax of the macro is described in
detail i n the MPS Sdtware User’s Manud (chapter 6).

Figure 30—-MPS Sftware:
Drive Sequence Macro

Drive Sequence

1(1:20]

7.7 Acceleration Phases

With ordinary aqueous solutions, the SFM motors can drive the syringes up to a flow rate of 6 ml/s
for a 20 ml syringe, without accderation phase (Table 1). It ispossble to push solutions at faster
flow rates provided an accderation phase is added to the driving sequence As noted in sedion 6.7,
the MPS Sftware @an be @nfigured for two different accderation phases modes: automatic and
manual.
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ICAUTION!: Because amotor could stall even with the use of accderation phases, it is
strongly recommended that driving sequences using accderation phases be tested on
inexpensive solutions before using precious samples. Ideally, the driving sequences sould be
tested using solutions as close as posgble to those in the real experiment.

Automatic Mode:

In this mode, the MPSsoftware automatically calculates an accderation
phase for the driving sequencewhen a syringe flow rate exceals the nominal
maximum flow rate (Table 1 and Table 4). The accderation phase has a
duration of 5ms and accderates the syringe to ~83% of it’s nominal maximum
flow rate. Figure 31 shows and example. An automatic accderation phase
exampleis $rown in Figure 31. The MPSsoftware annot calculate an
accderation phase for phases that have a duration of 5Smsor less The MPS
program will request than alonger phase duration be used.

Table 4 — Accderation Phases

AUTOMATIC ACCELERATION PHASES

Syringe Size Nominal Maximum Flow Acceleration Phase
Rate
30 ml 8 ml/s Time bms
Volume  [1B4ul
20 ml 6 ml/s Time bms
Volume  [125ul
5ml 1.32 ml/s Time bms
Volume  [5.5ul

Figure 31-MPS Sftware: Automatic Accderation Phase Example

In the driving sequence below, all syringes are 20 ml.

PHASE 1 PHASE 2 TOTAL

VOLUME
20ms 50ms
Syringe 1
Syringe 2 400ul (8 ml/s) 400ul
Syringe 3 300l (6 ml/s) 300pl

Syringe 2 exceeals the nominal flow rate maximum of 6 ml/s.

The MPSsoftware @l culates an accderation phase as sow below.

TOTAL
VOLUME

PHASE 3

PHASE 1 PHASE 2

20ms 5ms 45ms
Syringe 1
Syringe 2 25ul (5 ml/s) | 360ul (8 ml/s) 385l
Syringe 3 30ul (6 ml/s) | 270ul (6 ml/s) 300pl
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IIMPORTANT!: Because flow rate is reduced during accderation phase, and that the total
time does not change, the total volume of the accderated syringe will be less than the total
volume of the original driving sequence (Figure 31). The MPS software does NOT update the
driving sequence on the screen to refled an accderation phase. It is therefore recommend
that the automatic mode of accderations phases be used only when the volume delivered is not
acritical factor in the experiments.

Manual Mode:  In this mode, the MPS software will not calculate an accderation phase. It is
|eft to the user to manually design a driving sequence including any necessary
accderation phases.

For more information about accderation phases, seethe MPS Sdtware User’s Manud (chapter 6).

Programmable Synchronization Pulses (Triggers)

The MPS can be programmed to deliver synchronization pulses (triggers). These pulses are TTL
puises (0 or 5 Volt) and ddivered from BNC connedors Synchro aut 1, Synchroout 1 and
Synchro aut 2 on the front panel of the MPS (Figure 2). Both Synchro aut 1 and Synchro out 2
are rising triggers (05 V). Synchroout 1 is the smply the inverse of Synchro cut 1 and is a
falling trigger (5-0V).

The triggers can be used to synchronize the SFM and data acquisition system or other instruments.
If the Bio-Kine software is being used for data coll edion, acquisition will start on the falling edge
of the synchronizing puse (i.e. at the end of the first active phase with a synchro set to "On"). The
triggers can also be used for synchronizing the SAM with other devices

The timing of the triggers with resped to the drive sequenceis programmed in the last ling(s) of
the program grid in the « Stopped Flow Program » window. The duration of the pulse will be
equal to the duration of the phase. Synchro aut 1 or Synchro aut 1 and 2 can be used depending
on the instrument configuration (sedion 5.6.2). If the hard stop is in Automatic mode, only
Synchro aut 1 is available. If the hard stop is in Manual mode, Synchro aut 1 is available and
Synchro aut 2 is used to control the hard stop. If the hard stop is not used (None), bath Synchro
out 1 and 2 are available.

Saving or Loading Driving Sequences

Driving seguence @n be saved as files on the hard drive ]
of the microcomputer. In this way, a series of driving | Figure 32 — MPS Sftware:
sequences for different experiments can be prepared in | Load/Save Driving Sequences

advance and subsequently |oaded as needed. ﬂ SFM-4/5 & SFM-400/5

Files are saved or loaded wsing the Save or Load | WEEREGAEENECE Edt Syringes Con
functions under the Sequence Files menu (Figure 32) Mew
Files are saved using filenames up to 8 characters in -
Cloze
length.
) ) ) ) o Save
More information about saving or loading driving Cove be
sequences can be found in the MPS Sdtware User’s =
Manud (chapter 6). Erint

1 CAMPSASAMPLESS.SF4

Exit
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Running in Automatic Mode

Once a driving sequence has been
entered or loaded, it is transferred to | Figure 33—MPS Sftware: Shots Frame and
the MPS by pushing the Single or Program Run Window

Multiple button in the Shots frame of Shote |
the «Stopped Flow Program »
window (Figure 25 and Figure 33). | — =
The MPSis now in automatic mode Multiple
and the «Program Run » window —
will be displayed (Figure 33).

The « rogram Run » window hows

the number of shots possble based the
| READY !!

Single

current volumes in the SAM syringes.
It also indicates whether the SFM is _
running a driving sequence or ready Number of shots - | 16 Exit |
for the next shot. A driving sequence
is exeauted by pushing the button

or the start-stop button on the front pand of the MPS (Figure 2). The button can be used to
terminate an experiment prematurely if necessry.

If the Single button was used to transfer the driving sequenceto the MPS only a single shot can be

made. The button must then be pushed to return to the « Stopped Flow Program »
window and the Single button must be pushed again to re-transfer the driving sequenceto the MPS
for a subsequent shat.

If the M ultiple button was used to transfer the driving sequenceto the MPS the button can be

used to exeaute shots until the « Program Run » window shows that O shots remain. The
button is then pushed to return to the « Stopped Flow Program » window.

IIMPORTANT!: Before running in automatic mode, verify that the syringe valve handles of
the syringe used in the driving sequenceare set to (C) and unused syringes <t to (R).

Data Acquisition Software

Data acquisition is generally made using the Bio-Kine software. The Bio-Kine software may be
loaded onto the same microcomputer as the MPS software.  The Bio-Kine software @an be started

from within the MPS software using the button. The button can also be used to switch to
the Bio-Kine program if it has already been started.

Data acquisition is triggered by a synchronizaion pulse from the MPS (see sedion 7.8). All
acquisition parameters need to be @nfigured corredly in the Bio-Kine software before data
acquisition can be performed. Please refer to the Bio-Kine for Windows Software Manual for
information on how to configure the data acquisition parameters.
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8 A SHORT STOPPED-FLOW PRIMER

This sdion describes the basics of the stopped-flow technique and provides ssme general advice about
how to design and perform stopped-flow experiments using the SAM. [t ishot meant to be an exhaustive
reference as there are many variations on the stopped-flow experiment too numerous to describe here.

8.1 General Principle of Stopped-Flow Experiments

The simplest stopped-flow experiment ocaursin two stages.

In the first stage, flow is initiated by two
plungers. The plungers force liquid Figure 34— A Simple Stopped-Flow
through a mixer and along a flow path Experiment

into an observation cuvette. The resulting
mixture ages as it travels along the flow
path and into the auvette. The amount of
ageing depends on the flow-rate of the
mixture and the volumes of the flow path
and cuvette. In thisfirst stage, the mixer,
flow path and cuvette are initially washed
by the onstantly refreshed mixture. This
continues until a steady-state @ndition
arises in which the age of the mixture is
completely linear with resped to the
distance along the flow path. Once the
steady-state @ndition is reached, any
particular point in the flow path
represents the mixture at particular age.
Furthermore, the age of the mixture in the A s
cuvette at the point of observation during
the shot is the theoretical dead-time (the
time before which observation of the mixture isimposshle).

CUVETTE

The semnd stage of the experiment begins when the flow is gopped. At this point, the mixturein
the auvette (and elsewhere) becomes dationary but continues to age. Observation of the mixturein
the avette after the stop, therefore, represents a timeourse of the reaction from the dead-time
onward.

Figure 34 shows a schematic

of a smple stopped-flow Figure 35— Stopped-Flow Experiment Timeaour se

experiment. In  the
experiment, reagents A and STAGE 1 SHOT STAGE 2 REACTION
B are pushed into a mixer . A I \/ |

where they react to form
product C. Reagent A has a
strong absorbance,  while
reagent B and product C do
not. Therefore, as the
reaction  proceals, the
absorbance of a mixture of A
and B should deaease, as A
is diminished. Figure 35
shows a cartoon of the
experiment over time. Note TIME
the two dstages of the
experiment as  described
abowe.

ABSORBANCE
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IIMPORTANT!: In every stopped-flow experiment enough liquid must be pushed to wash the
flow path and cuvette and achieve a steady-state condition. If thisis not done, all sample is
contaminated and the resulting signal trace does not represent the true timeoourse of the
reaction!

8.2 Design and Execution of Stopped-Flow Experiments

Experiments are designed using the MPS software to create a driving sequence  This is accompli shed
by filli ng-in elements of program grid as described in sedion 7.6.

Every experiment driving sequence will contain a phase that triggers the data acquisition and a phase
for the actual shot. A sample driving sequenceis iown in Figure 36. The sample driving sequence
shown utili zes only two phases. The first phase is used solely to trigger data acquisition at the end of
the phase, so that the signal during the shot may be observed. The second phase defines the shot.

Figure 36 — Example Driving Sequence

Stopped Flow Program - EXAMPLE 5F4
Phasze 1 |F"hase 2 |F"hase 3 |F"hase 4 |F"hase LT ?_l;rti:lges

time [ms] 20 60 Yolumes [pl]

Spr_ 1 [ul] 0

Syr. 2 [ul] 0

Spr_ 3 [ul]) 200 200

Spr_ 4 [ul] 200 200

Synchro1  |On ] OFf Off Off

Fhasze: 1/5 Total Yolurme - O pl Total Flove Rate : 0.0 molds

Syringes contents Shots Drive Sequence Dead Time
Syringe 1 Single 1(1:20) 2.3t
Syringe 2 |H20 Multiple Ageing Time
Syringe 3 [|Ascorbic Acid [Fast] DL1 0 ring
Syringe 4 |DCIP DL2 | Oms

Comments | Close |

A single phase may be used to bah trigger the data acquisition and define the shot. In such a case the
data acquisition will start after the shot has finished so the signal during the shot will not be observed.
It is recommended that data acquisition be triggered before the shot so that the achievement of the
steady state andition may be visually verified.

8.3 General Advice for Stopped-Flow Experiments

8.3.1 ACHIEVEMENT OF FASTEST DEAD-TIMES

The dead time of a stopped-flow experiment is defined as the time before which
observation of the mixture isimpossble. The dead time depends on a number of factors,
only some of which the researcher can control. Ideally, the dead-time depends only on the
flow rate of the mixture exiting last mixer and the volume of the between the last mixer
and the auwvette. Thus, as the flow rate is increased, the dead-time will deaease. In
additi on, as the volume between the last mixer and the avette volume deaeases, so does
the dead-time.
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Nevertheless an effedive stopped-flow experiment depends on a number of other inter-
related factors, such as adequate signal, complete washing of the avette, prevention of
cavitation and prudent use of valuable reagents. The relationships between these factors
requires careful consideration and experimentation. Compromises are often necessary to
achieve succesdul stopped-flow experiments. Some of the most common actions that can
be take to achieve fastest dead times, and their consequences, are shown in Table 5.

Table 5 —Common Actionsto Achieve Fastest Dead Times

Lower Dead Times Increase Flow Rate

stalled motors

cavitation

overuse of reagent

inadequate washing

Decrease Cuvette volume | loss of signal

8.3.2

8.3.3

8.3.4

WASHING

As mentioned in sedion 8.1, it is necessary to completely wash the flow path between the
last mixer and cuvette and the auvette itself during the shot. This ensures that the signal
observed after the shot is only of the recently mixed samples. To accomplish this,
sufficient volume of mixed samples needs to pass through the aivette during the shot.
This volume varies with flow rate, viscosity and composition of the sample. It is grongly
remmmended that tests be perform and adequate washing conditi ons found before starting
any series of experiments.

CAVITATION

Cavitation occurs when turbulence ceates regions of low enough presaure in aliquid that
a "cavity" is formed. This cavity fills with the liquid's vapor. These auvities coll apse
incompletely, leaving behind small bubbles of vapor which interfere with optical
observation methods. Asthe flow rate increases through a mixer, so does the likelihood of
cavitation. The probability of cavitation also increases with increasing viscosity for a
given flow rate. Degasding of solutions deaeases the probebility of cavitation by
eliminating gas and lowering the total vapor presaire avail able tofill the cvities.

SIGNAL AMPLITUDE

Signal amplitude is generally proportional to the path length of the aivette and the
concentration of signal-generating reagent. An increase in signal can then be
accomplished by an increase in cuvette path length or an increase in the @mncentration of
reagent. However, the researcher may be limited by practical concerns such as value of
sample, viscosity of sample, dead-times, inherent limitation of signal (such as inner-filter
effed) and sample predpitation. Aswith achievement of fastest dead times, compromises
may be necessary to achieve succesul a stopped-flow experiment. Table 6 shows me of
the most common actions that can be taken to improve signal amplitude, and their
Consequences.
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Table 6 — Common Actionsto Improve Signal Amplitude

overuse of reagent

Increase Cuvette Path Length increased dead time

Inadequate washing

Inner-filter effect (fluorescence)

Increase Signal overuse of reagent

Increased viscosity causing
cavitation

Increase Reagent Concentration

Increased viscosity causing
stalled motors

Increase viscosity causing
inadequate washing

8.3.5 FLOW RATE

The flow rate of the SAM islimited by the speed with which the stepping motors can push.
At the nominal flow rate limit of 6ml/s (20 ml syringes), al syringesin use and using the
small est cuvette, sub-milli second dead-times may be accomplished. However, solutions of
increased viscosity will |ower the obtainable syringe speead. Also, lower than room
temperatures often lower the obtainable syringe speed. The limitation to syringe speed
may sometimes be defeated by the use of accderation phases (sedion7.7), which allows
each syringe to come to an intermediate speal for a short time before jumping to the
higher spead. Experimental conditions sould always be tested before use on predous
samples.
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9 TEST REACTIONS

9.1

9.2

Reduction of 2,6-Dichlorophenolindophenol by Ascorbic Acid

A complete description of the reduction of 2,6-dichlorophenalindophenal (DCIP) by ascorbic acid
(AA) and its use @n be found in Tonomura et al, Analytical Biochemistry (1978), 84, 370-383.
DCIP has a strong absorbance at 524 nm, and reduction by ascorbic acid results in a nearly
complete dealoration. The second order reduction rate onstant is highly dependent on pH, and
varies from about 10*° M™s* at pH 2.0 to 10*®> M*s* at pH 8.0. If the mncentration of DCIP is
sufficiently smaller than AA, the reaction can be treated as a pseudo first-order reaction whose rate
constant will be direaly proportional to the AA concentration.

All these properties make this reaction a very useful tod for stopped-flow calibration. The fast
reaction at acid pH can be used measure the dead time of the SAM instrument. The slow reaction
at neutral pH dow reaction to chedk the quality of the stop, to evaluate the washing of the
observation cdl and to test the variable ratio mixing capabiliti es. The following sedions describe
the use of thisreaction for testing the and exploring its capabiliti es.

Evaluation of the Dead Time

The dead time of the SAV can be measured using bath the fast and dow reduction reactions of
DCIP. An example dead time evaluation is siown in this ®dion. Asdiscussd in sedion 8.3.1,
the dead time of a stopped-flow experiment depends on many factors besides smply the flow rate
and cuvette volume. The technique presented here may be adapted to evaluate the dead time under
many experimental conditi ons.

Experimental Conditions: Syringe 1, 2 or 3(20ml): 10mM Ascorbic Acid (pH 2 or 9)

Syringe 4 (20 ml): 0.5mM DCIP
Wave ength: 524nm
Cuvette: TC-50/10
Detedion method: Absorbance

Total Flow Rate (ml/s): 8 — H 9reaction, 16 — (H 2 reaction

The dealoration of DCIP was followed by measuring the absorbance at 524 nm during the
reaction. Equal volumes of the reagents were mixed to start the reaction (200 pl of each). Data
acquisition was made using Bio-Kine software and started before the shot. The resulting kinetic
traces of thereactions at pH 9.0 and pH 2.0 are shown in Figure 37.
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Figure 37 —Reduction of DCIP by Ascorbic Acid

-

pH=2.0
Observed absorbance
PH=9.0 change = 0.15
Total absorbance
Change = 0.23

Stop

Tirﬁe (s) Time (ms)

9 8 0.23 not determined

2 16 0.15 330

The dead time @n be @lculated according to:
Dead Time = 1/k * In(Ao/Acbs)

Wherek is the observed rate wnstant for the afirst-order (or pseudo first-order ) reaction, Aq isthe
total amplitude of the reaction and A, is the observed amplit ude of the reaction of interest.

The tso of the dow reaction at pH 9 is around 100 ms ensuring that 100 % of the reaction is
observed. This allows the amplitude of the reaction to be used as A, for evaluation of the dead
time. At the same time, smoath kinetics enable an easy detedion of any stop artifact. Using the
results of the analysis of the two reactions,

Dead Time = (1/330s?) * In(0.23.015 = 1.3 ms

This is very close to the theoretical dead time of 1.39ms calculated for a TC-50/10 cuvette and a
flow rate of 16 ml/s.

9-52

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



SFM-3/4 User’s Manual (ver 1.2)

9.3 Evaluation of Washing and the Quality of the Stop

Asmentioned in sedion 8.1, it is
necessary to completely wash the flow
path from the last mixer to the point
of observation in the avette. One
method of evaluating the volume
needed for washing the flow path is
presented in Figure 38. The reaction
was the dow reduction of DCIP with
ascorbic acid at pH 9. The same
experimental conditionsasin sedion
9.2 were used except that
transmittance was used instead of
absorbance Equal volumes of each
reactant were mixed. The data
acquisition was darted 100ms before
the shot to all ow clear observation of
the start of the shot.

The slow reaction also all ows the
examination of the data aound the
stop for any artifacts.

Theresultsindicate that there are no
stop artifacts present and that a
minimum of 200l per reactant is
neaded to completely wash the flow
path for this reaction.

Transmittance

Figure 38 — Washing and Quality of the Stop

Start

1 25 75 6
2 50 150 6
2 100 200 A
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9.4 Variable Ratio Mixing

The posshility to oltain variable mixing ratios by a simple programming of the instrument (i.e.
without changing the syringes) is one of the major advantages of the SFM instruments. The
microprocesor control of the stepping motors gives 6400 steps per revolution of the motor and
results in a smoath and quasi-continuous movement of the syringe over a very large range of flow
rates. A few example eperiments using the SFM to carry out variable ratio mixing are described

bel ow.

9.4.1 REDUCTION OF DCIP BY ASCORBIC ACID

Experimental Conditions:

Syringe1 (20ml):  20mM Ascorbic Acid , pH 9
Syringe 2 (20ml):  Buffer

Syringe4 (20ml):  100uM DCIP

Wave ength: 524nm

Cuvette: TC-50/10

Detedion method:  Transmittance

Acquisition was darted at the end of the stop. A series of experiments were performed in
which the @ncentration of ascorbic acid was varied from 0.8 mM to 10 mM. This was
acocomplished by programming the SAM to deliver a constant volume of DCIP ($4) and
varying volumes of ascorbic acid (S1) and buffer (S2). The total volume of each shot was
kept constant as was the volume of S1 + S2. The total flow rate was aso kept constant in
al experiments. Figure 39 shows the results of the experiments and the dil ution factor of
ascorbic acid is noted next to each curve.

Figure 39 —DCIP Variable Ratio Mixing Experiments

e Increase

» Time (s)

Using the variable ratio mixing method, the mncentration of one reactant (ascorbic acid in
this case) can easily be varied whil e ancther reactant (DCIP) is kept constant.

The arvesin Figure 39 were analyzed using the Bio-Kine software to determine the rate
constants. The rate mnstants measured show a satisfactory linear relationship as a
function of ascorbic acid concentration (Figure 40).
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Figure 40-DCIP Variable Ratio Mixing: k vs. [AA]

12

1/4

1/6
L)

[
1 112

-
1/24
T T T T T T
2 4 6 8 1
[Ascorbic Acid] (mM)

Dilution factors of 1/50 or higher can be ohtained with the SFM. Figure 41 shows the results of
experiments where 1 mM DCIP in $4 was mixed with various volumes of buffer from S1. In this
case, there is no reaction but only dilution of the DCIP. The results indicate a satisfactory linear
relationship between the absorbance measured and the final concentration of DCIP calculated
acoording to the dil uted effed.

Figure 41— DCIP Dilution Experiments

2.5

2.0

1.0

0.5 -

Absorbance

0.1

0.050 | ]

0.028 T T T T T T T
1/81 1/41 1/21 1/11 1/5 1/3 1/2 1

Dilution Factor

9.4.2 ALCOHOL DEHYDROGENASE ACTIVITY

Experimental Conditions:

Buffer:  100mM Tris-Cl, 1 mM EDTA,5 ¢/l semicarbazyde-Cl and 25mM ethanol
Syringe1 (20ml):  Buffer

Syringe 2 (20ml):  Buffer + 1 mg/ml alcohol dehydrogenase (ADH)

Syringe4 (20ml): Buffer + 1 mM NAD

Wave ength: 340nm

Cuvette: TC-50/10

Detedion method:  Absorbance
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Experiments were performed in a manner similar to the variable mixing ratio mixing
experiments of DCIP in the previous ®dion. The volume and concentration of NAD ($4)
were kept constant the oncentration of ADH was varying by varying the volumes of buffer
(S1) and ADH (S2) in each experiment. Thetotal volume and flow rate of each shot was
kept constant. The dilution of ADH varied from 1/2 to /120 (0.5 to 0.083mg/ml final
ADH concentration). Theresults of the experiments are shown in Figure 42.

Figure 42— ADH Variable Ratio Mixing Experiments

Absorbance

Theinitial rate of each reaction in Figure 42 was measured and plotted as a function of the
dilution factor in Figure 43. Therates and dl ution factors are plotted on alog-log scale.
Figure 43 shows that there is reasonable alignment of the datato aline of a dope of 1.
Thisindicates alinear relationship between the initial rate and the dil ution factor.

Figure 43— ADH Variable Ratio Mixing: Rate vs. Dilution

0.1 —

Initial Rate (r elative scale )
|

0.01

T T T T T T

Final Dilution

The horizontal dashed linein Figure 43 corresponds to the remaining ADH activity after
washing the avette. To oltain thisline, the avette was washed with two shots
containing no ADH (only S1 and $4 were used) follow by a 1/2 dlution of ADH with
NAD (only S2 + $4). The mntaminating activity corresponds to a 1/1000if theinitial
ADH concentration. Further washing could reducethe mntaminating activity, but this
sets areasonable limit for the dil utions that can be obtained with the SFM.
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9.5 Mixing Solutions of Unequal Density and Viscosity

The SAM can be used to mix solution of unequal density and viscosity in addition to smple
agueous lutions. This stuation is commonly found when the kinetic of protein renaturation
(refolding) isto be measured.

Figure 44 shows the result of an experiment performed with cytochrome-c.

Experimental Conditions:

Buffer: 100mM NaCl, 20 mM MOPS pH 7.5

Syringe1 (20ml): Buffer

Syringe 2 (20ml):  Buffer

Syringe 3 (20ml): 50 uM cytochrome-cin 5.5 M guanidine-HCI, 20 mM MOPS pH 7.5
Wave ength: 290nm

Cuvette: FC-15

Detedion method:  Fluorescence (320 nm cutoff filter)

Temperature; 25°C

Cytochrome-c denatured in
5.5 M guanidine-HCI was Figure 44 — Cytochrome-c Renaturation
mixed with buffer in a1:10
ratio and theintrinsic
fluoresce of cytochrome-c
was observed. Thefinal
concentrations of
cytochrome-c and
gaunidine-HCl in the
cuvette were 5 uM and 550
mM respedively. At this
final concentration of
guanidine-HCI,
cytochrome-c shows rapid
renaturation as eenin

Fi gure 44, 0 100 200 300 400 500 500
Time (ms)

Fluorescence (arbitrary scale)

The airvein Figure 44 was
fitted with two exponentials and rate mnstants of 83s* and 9s®. The amplitudes of the
exponentials were 38% and 626 of the total transition respedively. Thefit is iown as a dotted
line under the experimental curve.

ICAUTION!  The mixing of solutions of unequal density and viscosity can result in
convedion artifacts!

Convedion artifacts are due to the dow rise of light buffer from the last mixer and subsequent
entry into the observation chamber after mixing. The entry of the light buffer is deteded by a
sudden and reproducible change in absorbance or fluorescence 10 to 100 sends (or more) after
the mixing. The eistenceof thisartifact and the time at which it is observed are dependent on the
relative densiti es and viscositi es of the mixture and of the light buffer.

In the above example with cytochrome-c, a large dilution ratio was used so that the final mixture
has a density not too different from that of the NaCl buffer. As a conseguence no convedion
artifact was visible when data acquisition was prolonged for more than 100 seands.

On the other hand, if a 1/1 mixing was used, the high concentration of guanidine in the avette
(2.75 M) would have resulted in the formation of a large gradient of density at the last mixer.
Under these @nditions, if no precautions are taken, rapid rise of NaCl buffer in the observation
cuvette @n be observed about 20 s after mixing.
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A method to completely eiminate the anvedion artifact has been proposed by Blond-Elguindi et
a. (1988 in their work referenced at the end of this manual. These authors used heavy water in
the light buffer for it to match the density of the mixturein the avette.

However, the best solution is to use the high density (HDS)mixer developed by Bio-Logic. This
mixer is described in detail in sedion 5.7.3.
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SECTION I11

QUENCHED-FLOW MODE (SFM-X/Q)
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10 INSTALLATION OF THE QUENCHED-FLOW COMPONENTS

10.1 Introduction

This sdion of the manual containsinstall ation instructions for the quenched-flow components of
the SAM. Pleaseread Sedion | of this manual before proceeding.

10.2 Installation of the Mixer Blocks and Delay Lines

In quenched-flow mode, the syringes of the SAM can be used to perform many types of mixing
experiments. It is difficult to list al the posshiliti es here. A few common types are described
bel ow:

1) Load several reagents, mix them and quench the reaction with the cntents of the last syringe.

2) Use syringes loaded with reagents and buffer to vary the @ncentration of one or two reagents,
mix and then quench the resulting mixing with the cntents of the last syringe.

3) Perform sequential mixing and delays between up to 3 reagents before they are mixed with the
content of the last syringe.

In al experiments, the final sample is recovered for
anaysis. All SAVI/Q instruments are shipped Figure 45— Exit Valve
standard with a quench exit valve (Figure 45) to
simplify sample wlledion.

Collect

The «it valve and delay line(s) are installed on the
SAM bady differently depending on how many
syringes are present and the type of experiment
performed.

SFM-3 - The «it valve and delay line are installed
as $own in Figure 46.

SFM-4- The it valve and dday ling(s) are
installed as $own in Figure 47. The «it
may be installed using the mixing blocks labeled 0-M1X-0, 0-MIX-DL, DL-MIX-O0,
DL-MIX-DL or no mixing block. The ingtallation of the different mixing blocks is
described in Table 7.

Table 7 —SFM-4 Exit Valve I nstall ation

MIXING BLOCK COMMENTS

0-M1X-0 Install ed with no additional delay lines.
0-MIX-DL Install ed with one delay li ne between the mixer block and the observation head
DL-MI1X-0 Install ed with one delay line between the SAM body and the mixer block.
DL-MIX-DL Install ed with delay lines on bath sides of the mixer block.
NONE Only adday lineisinstall ed between the SAM body and the it valve and the SFM-4
functions asan SFM-3 (Figure 46). Syringe 3 is blocked by the delay line and only
syringes 1, 2, and 4 are useable. In this case, syringe 3 does not need to befill ed.
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Figure 46 — SFM-3: Installation of Exit Valve and Delay Lines

EXIT VALVE

SECOND MIXER
(M2) \

HEAD SPACE
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Figure 47 — SFM-4: Installation of Exit Valve, Mixer Blocks and Delay Lines

EXIT VALVE
THIRD MIXER (M3)

HEAD SPACERS
DELAY LINE TWO
(DL2)

| |

@ - SECOND MIXER
MIXER BLOCK o (M2)
SECOND MIXER 0 . ) |
(M2) u

L =l (DL1)

MIXER BLOCK

DELAY LINE ONE

FIRST MIXER
(M1)
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10.3 Flow Line and Intermixer Volumes

Figure 48 (SAM-3) and Figure 49 (SAM-4) below indicate the volumes of SAM flow lines and delay
lines. Theamount of time a sampl e ages between two mixersis given by:

Ageing time between two mixers = (Intermixer volume)/(Flow rate through intermixer volume)

It should be noted that the volumes give in the table are the mechanical volumes. The
hydrodynamical volumes may vary dightly around these values. For predse measurement of
ageing times it is recmmended that the intermixer volumes be determined experimentally with
known reactions. One such experimental procedure for determining intermixer volumes is
described in the sedion 14.2 of this manual.

Figure 48 — SFM-3/Q Flow Line and Delay Line Volumes

SFM-3/Q FLOW LINE VOLUMES

Line Number Flow Line Volume (ul)

103

41

155

156

7
Delay Line

18

188

36

55

Blo|o|~N|o|o|s|w(N|e

Collect

I 10
EXIT VALVE Waste
6 9
7 .MIXER2

RESERVOIR2 RESERVOIR3

MIXER1
DELAY LINE

RESERVOIR1

SYRINGE 1
SYRINGE 2

—
©
> SYRINGE 3
S
y <
—

DELA AND R ®
Dela
40 °3(90) N°4(140) N°5(190) N° 6(500) N° 7(100
Volume (ul) 19.43 35.83 92.39 | 14428 | 192.6 | 498.68 | 1003.43

Intermixer Volume| 43.8 60.2 116.7 168.6 216.9 523.0 1027.8
Mlgs — M2gg (U.|)
Intermixer Volume| 39.5 55.9 112.4 164.3 212.6 518.7 1023.5
M1gs — M2hps (HI)

"Notes: Intermixer volumes are measured from the mixing point of one mixer to the mixing
point of the next mixer. BB indicates a Berger Ball mixer has been installed at the
position noted. HDS indicates a High Density mixer has been installed at that position.
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Figure 49— SFM-4/Q Flow Line and Delay Line Volumes

SFM-4/Q FLOW LINE VOLUMES

Line Number Flow Line Volume (ul)

1 103

2 41

3 155

4 156

5 7

6 Delay Line 1
7 9

8 165

9 7

10 Delay Line 2
11 18

12 188

13 36

14 55

Collect

MIXER2
MIXER1

DELAY LINE 1 DELAY LINE 2

RESERVOIR1

RESERVOIR2 RESERVOIR3 RESERVOIR4

1

2 2
DELA AND R R VO
. ela o
one © °2(40 °3(90 ° 4(140 © 90 ° 6(500 00
Volume (ul) 0 19.43 35.83 92.39 144.28 192.6 498.68 | 1003.43
Intermixer 25.5 43.1 59.5 116.1 168.0 216.3 522.4 1027.1
Volume
Mlgs — M2gg (U.|)
Intermixer 27.6 43.7 60.1 116.7 168.6 216.9 523.0 1027.7
Volume
M2gg — M3gs (U.|)
Intermixer 23.3 39.4 55.8 112.4 164.3 212.6 518.7 1023.4

Volume
M2gs — M3hps (ul)
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10.4 Sample Collection Methods

The result of a quenched-flow experiment can be recvered by two different methods: total liquid
colledion and partial liquid colledion . The method of choicewill depend on the experiment. The
two methods are described bel ow.

10.4.1TOTAL LIQUID COLLECTION

In this method all the liquid that exits the SAM during a quenched-flow experiment is
recvered. Thisincludesthe result of the quenched-flow experiment and any old reaction
mixture that remained in the SAVI before the start of the experiment. Two manners exist
to recver the total li quid from a quenched-flow experiment. These are describe in the
next two sedions.

104.1.1

10.4.1.2

Free-flow method

A tube is conneded to the
waste outlet of the it valve Figure 50 — External Tube Colledion
to recver the liquid exiting
the SAM (Figure 50). The
liguid may be geded into a
test tube or beaker for smple
colledion or for quenching
with an external solution. If
the latter method is used, the
tube acts as an additional
delay line whose volume @n
be adjusted by the user.

~~Connect to
Tube

ICAUTIONL!: If the volume mlleded is not substantially larger than the
flow line and tube volume, substantial contamination of samples by old
reacted solution may occur. It isrecommended to collea sample volumes
a minimum of 3-5x flow line + tube volumes (sedion 10.3). In addition, it
isrecommended to wash old solution out of the SFM and tube with buffer
between sample wlledions and perform test experiments to verify the
level of sample mntamination is minimal.

IWARNING!: The inner diameter of the tube mnneded to the waste
outlet should always be larger than that of the hole in the waste outlet. If
thisis not respeded, back presaure can build up inside the SFM during a
shot and cause the motorsto stall.

Pipette/syringe collection

A pipette or syringe is conneded to the colled outlet of the &it valve to
remver al the liquid exiting the SAM (Figure 51). This method allows
complete @lledion of a sample and isolates the mlleded sample from the
environment. It is recommended that a pipette be used for colledion rather
than a syringe. Undue back presaure from a colledion syringe plunger can
forceliquid to exit through the waste outlet instead of being coll ected.
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ICAUTIONL!: If the volume mlleded is not substantially larger than the
SFM flow line volume, contamination of samples by old reacted solution
may occur. It isrecommended to colled sample volumes a minimum of 3-
5% flow line volumes (sedion 10.3). In addition, it is recommended to
wash old solution out of the SFM and tube with buffer between sample
colledions and perform test experiments to verify the level of sample
contamination is minimal.

10.4.2PARTIAL LIQUID COLLECTION

This method is the most preferred method used for
guenched-flow experiments. It is dmilar to the Figure 51 — Pipette/Syringe
method in sedion 10.4.1.2 in that the sample is Coalledion
colleded in a pipette or syringe (Figure 51). It
differs from the total liquid colledion method
becuse only the portion of the liquid exiting the
SAM that corresponds to completely new,
uncontaminated sampleis colleded. The «it valve
is programmed. to divert contaminated sample to
waste so that only uncontaminated sample is
recmvered. Beause of this, even very small volumes
(10's of pl) of sample @n be wlleded and sample
ewnomy is high. The programming of the eit
valveisdescribed in sedion 12.6.

As discusd in the previous <dion, it is
recmmmended that a pipette be used for colledion o

rather than a syringe. Undue back presare from a
colledion syringe plunger can force liquid to exit
through the waste outlet instead of being coll eaed.

ICAUTION!:  The volume diverted to waste
should be a minimum of 3-5x the flow line
volumes (sedion 103) to ensure only
uncontaminated sample is colleded. Larger
volumes may be necessary and it is recommend that test experiments be performed to
optimizethe volume needed to minimize sample mntamination. .

10.5 Special Accessories

Several accessories are avail able to expand the functions of the SAM. Below are the descriptions of
the accessories and their functions. Custom accessories can also be designed and we invite you to
contact Bio-Logic or its nearest representatives to discussyour particular neals.

10.5.1 SMALL DRIVE SYRINGE

The SAM standard syringes (20 ml) have a large driving speel range. This allows each
syringe to be programmed for different speads and can be used to make mixing ratios
different from 1:1. Ratios as high as 1:20 can be ohtained with the standard syringes.
Beyond ratios of 1:20 the results can be poor due to the extremely ow movement of the
syringe motor delivering the sample to be dil uted.

For operation with dil ution ratios higher than 1:20, we advise the use of a 5 ml syringe for
injeding the solution to be diluted. This enables the motor pushing the 5 ml syringe to
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run at a faster and smocther rate. The spedfications of the 5 ml syringe are givein Table
1. Syringes of 5 ml can be ordered from Bio-Logic or its representatives.

Syringe disassembly and reassmbly is discussed in the Technical Instructions sdion of
thismanual. We remmmend that the user be familiar with this sdion before attempting
syringe disaseembly and asembly.

10.5.2LARGE DRIVE SYRINGE

As described in the previous sdion, the standard 20ml have alarge driving speed range,
but are not ideal for all circumstances. At times, one may need a low ageing time or high
flow rate from one or two syringes that is beyond the flow limits of the standard syringes
(with or without accderation). For these situations, a large 30 ml syringe may be used.
The spedfications of the 30 ml syringe are given in Table 1. Syringes of 30 ml can be
ordered from Bio-Logic or its representatives.

Syringe disaseembly and reassembly is discussed in the Technical Instructions sdion of
thismanual. We remmmend that the user be familiar with this sdion before attempting
syringe disasembly and asembly.

10.5.3HIGH DENSITY MIXER

Mixing solutions of different densities
offers a formidable dallenge for Figure 52 —-HDS Mixer
stopped-flow instruments. In typical
protein folding/unfolding experiments,
heavy solutions of urea or guanidine
chloride are mixed with pure aqueous
buffers. The result is an unavoidable
convedion 10 to 30 sewmnds after
mixing.  This convedion leads to
sample @ntamination for samples
stored in dday lines definitively
ruining the kinetic experiment. The
SAM module @n be eyuipped with a
spedally designed mixer (model HDS;
Figure 52) that includes an internd
siphon-like frame and all ows blockage
of convedion created by density or
temperature differences.  Using this
mixer, quenched-flow experiments
traces can be performed for time points from the first milli seaond to several 100 se@nds.

Installation of the HDS mixer is identical to that of a standard (Berger Ball) mixer.
Instructions are provided in the Technical Sedion of this manual.
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10.5.4 DIRECT EXIT ATTACHMENT

Short ageing times can be achieved and
sample eonomy improved in the freeflow Figure 53 —Direct Exit
method of sample wlledion (sedion 10.4.1.1) Attachment

by minimizing the volume from the last mixer
tothe «it tube. This can be acoomplished by
replacing Delay Line 2 or the it valve with a
dired exit attachment (Figure 53). This
attachment all ows the it tube to be
conneded as close as posshble to the last
mixer. Further detailsand pricing may be
obtained from Bio-Logic or its nearest
representative.
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11 SOFTWARE CONFIGURATION

The SAM is controlled by computer and it is ddlivered with the MPS software that is common to al Bio-
Logic rapid-kinetics instruments. This sdion briefly describes the nfiguration the software. Pleas note
that the procedures and examples have been generalized and configuration choices sould be made based
upon the eguipment purchased and intended experiments. The user may refer to the MPS Sdtware User’s
Manud for more detail s about the MPSsoftware.

This sdions asaimes that the user has aready installed and started the MPS software on the host
microcomputer. For install ation instructions e thapters 2 and 3 of the MPS Sdiware User’s Manud.

11.1 Device Configuration

The deviceto heinstall ed should be mnfigured according to the instrument purchased and mode
chosen for use. The device appropriate should be thosen in the « Config: Device ».window

avail able under the Config menu (Figure 54). Further information may be found in chapter 4.1 of
the MPS Sdtware User’s Manud.

Figure 54 —MPS Sftware: Device Configuration

Config Device Ed |

SFM-2/5 & pSFM-20/5 Controller type
SFM-3/5 & 5FM-300/5

L : SFM-3/0 & SFW-300/Q + MP5-51/MP5-52

Suringes SFM-4/5 & SFM-400/5

CLvette —»> " MPS-60

= . OFM-5

Delay Line SFM-5/C

Senial Part

Lirnits oK Cancel

11.2 Syringe Configuration

Syringe mnfiguration is made in the « Config:Syringes » window avail able under the Config
menu (Figure 55). Sdled the syringe volumes to indicate the nature of the syringes that have been
installed in each syringe position of the SAM using the menu in the « Config: Syringes » window
(Figure 55). Use the « Custom » button to enter syringe spedfications if you have a custom
syringe.

The SFM comes equipped with standard 20ml syringes and these are the default syringes install ed
in the MPS software.  Changes only neead to be made in the software when syringes of different
volumes (other than standard) have been installed in the SAVI.

'WARNING!: Incorrect syringe configuration will cause volume and flow rate alculationsto
beincorrect!

Further information about syringe @nfiguration can be found in chapter 4.2 of the MPS Sdtware
User’s Manud.
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Figure 55-MPS Sftware: Syringe Configuration

Install Syringe
| Syringe 1 Syringe 2 Syringe 3 Syringe 4
ol. : 20 ml ol. : 20 ml ol. : 20 ml ol. : 20 ml
Diam. : 17 mm Diam. - 17 mm Diam. - 17 mm Diam. - 17 mm
Pitch : 4 mm Pitch : 4 mm Pitch : 4 mm Pitch : 4 mm

= vicove 2

1 35 ml 22 mm / 4 mm for SFM-x
Device 80 ml 7 34 mm 7 4 mm for SFM-x

— 1.9ml 78 mm 7 4 mm for SFM-300 & AD0

Suringes 6.8 ml 717 mm / 4 mm for SFM-300 & 400

= —> D ml 7 20 mm / 4 mm for SFM-300 & 400 (sdt)
746 mm 7 A mm for iSFM_20

Cuvette 7.3 mm / 4 mm for gSFM-20

. 0.3 mm 7 4 mm for pSFM-20

Delay Line 1

m / 0.8 mm for QFM-5 & SFM-5/C
O mm / 8 mm for QFM-5 & SFM-5/C
414 mm / 8 mm for QFM-5 & SFM-5/C
35 mm / 0.8 mm for QFM-5 & SFM-5/C

FTEET TR
>
ER
et

Serial Port

Lirnits

OK | Cancel | Custon |

11.3 Delay Line Configuration

Delay line @mnfiguration is made in the « Config: Delay Line » window avail able under the Config
menu (Figure 56). Seled the delay line(s) according to the delay line(s) you have installed in the
SHM. One or two delay lines must be onfigured depending on the type of deviceinstalled under
sedion 111. Each dday line is chosen from a pull-down menu in the « Config:Delay Line »
window (Figure 55).

IWARNING!: Incorrect delay line anfiguration will cause ageing time alculations to be
incorrect!

Figure 56 — M PS Sftware: Delay Line Configuration

_ Delay Lines E4 |

Wind ?
mli;ivic_em S Delay Line 1 [pl]
5 o255 34|

Swringes
Cuvette - Delay Line 2 [pl]

Delay Line [No (0)31.7 =]
Serial Part
Lirnitz

(1] 4 Cancel |

11.4 Serial Port Configuration

The serial port must be onfigured before the MPSand MPSsoftware an communicate. Serial
port configuration is made in the « Config: Serial Port » window avail able under the Config menu
(Figure 57). Seled the serial port used to conned the MPSand the microcomputer in sedion 3.2.
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Figure 57 —MPS Sftware: Serial Port Configuration

Config 5enal Port E3 |

" Senal Port

] O COM 1
m Windows R— ;

: ® COM 2
Device
Swringes —»> C/COM 3
Eu'\"EttE D COM 4

Delay Line
Serial Port

Lirnitz [T Connect Device

(1] Cancel

11.5 System Limits Configuration

The system limits are @nfigured in the « Config:Limits » window avail able under the Config
menu (Figure 58). The « Config:Limits » window contains several sedions for configuration of
the hard stop valve lead time, accderation phases mode and overheating protedion. Each sedion
and options are described bel ow.

Figure 58 - M PS Sftware: System Limits Configuration

Limits

Config R el e s

Device Acceleration Phazes

Syinges - (8 Automatic

Curvette 0K

Delay Line (' Hanual —

Serial Port

Limiitz [¥ Overheating Protection

Exit Valve Lead Time: This sdion of the windows alows one to enter the number of
milli seands before the flow stops that the &it valve starts to switch from waste to colled mode.
The default valueis zero. Thelead time may be adjusted (from O — 5ms) to fine-tune the quality of
the transiti on.

Accderation Phases Mode: This sdions of the windows allows sledion of the accderation
phases mode. Two modes are posshle: Automatic and manual. These modes are described in
detail in sedion 12.8.

Overheating Protedion Chedbox: This chedkbox alows the sdedion or desdeding of over
heating protedion. The MPSthat drives the SAM was designed to do fast experiments. To do this
the motors are powered up and ready to go during the entire driving sequence (this is also
necessary to ke syringes not used from moving backwards under the force of the back presare
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generated by the other syringes) . It requires alot of energy to do this and the motor boards inside
the MPSgenerate heat. The instrument was not designed spedfically for driving sequences lasting
more than afew semnds. Because of this, sequences longer than a few seconds result in the motors
getting very hot and can posshbly burn them out. To avoid burning out the motors, the solution isto
alow the motor boards to cod before doing a subsequent shot. Overheating protedion forces the
MPS software to wait 2x the entire length of the driving sequencein between shots, ensuring that
the motor boards cod sufficiently and avoid burnout. The box is chedked by default and it is
strongly recmmended that overheating protedion always be | eft enabled.

11-74

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



SFM-3/4 User’s Manual (ver 1.2)

12 INSTRUMENT OPERATION
12.1 Manual Syringe Control

The syringes of the SAM can be mntroll ed either manual or automatically. Automatic control of
the syringesis grictly used only for experiments. The manual control of the syringesis used for
initi ali zation, filli ng and emptying the syringes. The manual movement of the syringes can either
be made diredly from the MPSor though the MPSsoftware. Both methods are described in the
following sedions.

12.1.1 MPS

Syringe wntrol diredly from the MPSis _ _
made through the use of the buttons on front Figure 59—-MPS Sringe Controls
panel of the MPS(Figure 59 and Figure 2).

The (+) and (-) buttons are used to seled the ’
syringeto be moved. The (up) and (down)
buttons are used to empty and fill the
syringesrespedively. The LCD pand at the
top of the cntrolswill display which syringe up

has been seleded and whether it isbeing
fill edl or emptied. <>

down

motor on__

12.1.2 SOFTWARE

Syringe ntrol  from the MPS software is made through the «Syringes
Command:L oad » window avail able under the Syringes Command menu (Figure 60).

The syringe to be moved is sleded by clicking on the arresponding frame, or pressng
the <Left> or <Right> arrows keys on keyboard. The new sdeded syringe will be
surrounded with ared redangle (Figure 60).

Syringes are eamptied or filled using the EI EI EI and Iil buttons or with the <Up>
arrow, <PageUp>, <Down> arrow and <PageDown> keys on the keyboard. The EI

button and <Up> arrow move a syringe upwards by one dementary movement and theEI
button and <Down> arrow move a syringe downwards by one dementary movement. The

EI button and <PageUp> arrow move the piston upwards by 10x €l ementary movements
and the Iil button and <PageDown> move the piston downwards by 10x e ementary
movements.

The size of the dementary steps and syringe movement speed is controlled in the Manual

Spedal sedion of the « Syringes Command:L oad » window (Figure 60). TheEI and EI
buttons to change the manual spead. The display shows the speeal in flow rate based on
the syringe install ed and moved.
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Figure 60 —-MPS Sftware Syringe Contral
Syringes Command
Synnge Control [¥ in pl]
Syringe 1 Syringe 2 | [ Syringe 3

2 mf 2 mf 2 mf

| Beset | | Beset | | Beset |
Ref ? Ref ? Ref ?
20000 20000 20000

Ef WERIRE

Manual Speed

KT

[n*5] 3 ml/z

[*¥ Up And Low Limits

IR
IR
IR

Reset All

Close

12.2 Syringe Initialization

The MPSthat controls the SAM foll ows the movements of the syringes  that the actual residual
volumes are displayed at al times in the MPS software « Syringes Command:L oad » window
(Figure 60). When the MPSis turned on and the software started, turned on, the syringe volume
counters $ow ["Ref2 and have to ke initialized (Figure 60).

The syringes are initialized by setting the syringes to their uppermost (empty) position and
resetting the syringes in the MPS software.  The syringes can be sdleded and moved to their
uppermost positions either diredly with the MPS (sedion 12.1.1) or through the MPS software
(sedion 12.1.2). Once a syringe has reached its uppermost position, the syringe motor will
oscill ate and vibrate as it beaomes out of phase with the driving puses. Thereis no danger to the
SHAM or syringe motors when this ocaurs, but there is no reason to unnecessarily prolong this
treatment either.

The syringes can be reset individually by pushing the button for each syringe or al at once
by pushing the button in the software « Syringes Command: L oad » window (Figure 60).

ICAUTION!: Measurement of residual syringe volume is made by counting the logic pulses
from the controaller for each syringe. If, for any reason, a syringe is blocked during arun, the
pulses will not corre spond to the true volume delivered and the value displayed may bewmme
erroneous (e.g. in the @ase of incorrect positioning of a valve). In this case, it is advisable to
reinitializethe syringes.

If, by acddent, asyringeis returned to its uppermost position the syringe volume @unter will again
show [“HeF? and the syringe must be reinitialized. To avoid such acddents, the Up and Low
Limits chedbox may be dhedked. When this box is chedked, the MPS software will not allow the
syringes to be driven beyond their upper and lower limits. This also avoids accddentally pulli ng the
syringe plunger completely from the syringe and spilli ng solution onto the SFEM.
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IWARNING!: The Up and Low Limits only appliesto control of the syringe from within the
M PS software. These limits can be bypassed by manual control of the SFM directly from the
MPS.

Further information about the initialization of syringes can be found in the MPS Sdtware User’s
Manud (chapter 5).

12.3 Filling the Syringes

IWARNING!: Utmost care should be exercised during this operation. Normal operation of
the system requires that no bubbles are present in the injection syringes. Should this occur,
the buffer flow through the SFM will not be correctly controlled by the plunger movement
and artifacts may be observed. For best results it is recommended that all solutions be
degassed and filtered before filling the SFM.

The syringes of the SAM can be emptied and filled manually (sedion 12.1). The filling of the
syringes foll ows the steps below and shown in Figure 61.

1) Attach a syringe (disposable plastic syringes may be used) containing sample or buffer to a
syringe reservoir port on top of the SFM (Figure 61 Pandl 1).

2) Set the syringe valve handle to (R) and fill the syringe manually (sedion 12.1) while exerting
a dight presare on the reservoir syringe (Figure 61 Pandl 2 and Pand 3). The presare
exerted on the reservoir syringe prevents any vacuum from occurring in the reservoir syringe
which could result in bubbe formation. It is uggested that 20ml syringes be filled using
manual spead 4in the MPSsoftware and 5ml syringes befill ed using manual speed 3.

3) Eliminate any bubbles in the SFM syringe by driving the SAM syringe up and down several
timeswhileit is conneded to the reservoir syringe (Figure 61 Pand 4).

4) Turn the syringe valve handleto (C) (Figure 61 Panel 5).

5) Empty one or two e ementary movements of the syringe(sedion 12.1) to definitively eiminate
any bubblesremaining in SFM and cuvette.

6) Repeat the above processfor the other syringes.

It is reammend that the syringes be fill ed in reverse numerical order to best remove bubbles from
the SAM.

IIMPORTANT!: ALL SYRINGES MUST BE FILLED EVEN IF THEY WILL NOT BE
USED FOR AN EXPERIMENT! The valve handles of the unused syringes should be turned
to (R) after thefilling processis complete.

The SFM isnow ready for operation.
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Figure 61— SFM Syringe Filli ng Procedure

Panel 1 Panel 2 Panel 3

12.4 SFM Cleaning and Storage

After each day’s experiments the SAM should be deaned. A thorough cleaning of the SAM will
ensurethat it has along functional life and dminish any chance of sample mntamination for the
next user of theinstrument. The procedure below is the recommended dail y cleaning procedure to
be done before shutting off the instrument.

1) Remove and remaining samples or buffer from the syringes.

2) Wash the syringes and flow lines 2 — 3times with water. Thisis done by filli ng each syringe
with water to a volume at least equal to the sample volume used for experiments. With the
syringe valve handles st to (C), empty the syringes completely. Sincetheliquid will exit via
the «it valve, it will wash the flow lines and exit valve aswell asthe syringes.

3) Wash the syringes and flow lines one time with 70 — 100% ethanol. Use the same procedure
asin step 2).
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4) Dry the syringes, flow lines and cuvette with a single wash of air. Use the same procedure as
in step 2). The syringes $ould be emptied in reverse numerical order so that all liquid is
pushed out of the syringes, flow lines and exit valve.

Set all syringe valve handles to (R) and move all syringes to their lowermost positions. The
syringe plungers should exit the SAM so that the plunger tips are ompletely visible. If thisis
done using the MPSsoftware it will be necessary to unched the Up and L ow Limits
chedkbox in the software « Syringes Command: L oad » window (Figure 60). Note: You may
observe afew drops of liquid that fall from the syringes when the syringe plungers are
completely out of the SAM. Thisisnormal asasmall amount of liquid is always trapped
between the plunger tip and the syringe barrel to make atight seal.

IIMPORTANT!: Do not forget this gep! The syringe plunger tips are made of Teflon.
Pulling the syringe plungers out of the SFM each night allows the tips to expand and
make a tight seal during use, minimizing any chance of leaks.

5) Turnal syringe valve handlesto (C).
6) Turn off the MPS

Long-term Storage of the SFM

If the SAM is not to be used for a long period of time (more than several weeks), it should be
cleaned as abowe in sedion 12.4. If the SAV is conneded to a circulation temperature bath, the
temperature bath should be disconneded from the SAM and the SFAM drained completely of all
coding liquid. Afterwards, it is reeommended that the SAM coding circuits be flushed with
ethanol foll owed with air. The SAM is nhow ready to be stored.

Creating a Driving Sequence

Experiments are performed with the SFM through the use of a driving sequence A driving
sequencetell sthe SAM to automatically perform several functions sich as moving the syringes and
activating the it valve. Driving sequences are aeated in the MPS software in the « Quenched

Figure 62 - MPS Sftware: Quenched Flow Program Window

Quenched Flow Program - EXAMPLE GF4
Phasze 1 |F"hase 2 |F"hase 3 |F"hase 4 |F"hase LT ?_l;rti:lges
time [ms] 20 20 20 Yolumes [pl]
Spr_ 1 [ul] 0
Syr. 2 [ul] 100 100 200
Syr. 3 [ul) 100 100 200
Syr_ 4 [ul] 100 100 200
Yalve Waste Waste Waste Waste Waste
Synchro 1  |OFf oFf OFf OFf OFf
Phaze : 3/5 Total Yolume - 300 pl Toatal Flave Rate : 15,0 ml's
Syringes contents Shots Drive Sequence | [ Ageing Time
- DL1 5.1 ms
Syri 1 |Buff Single 1(1:20] -
yr!nge uffer DL2 | 3 8ms
Syringe 2 (DHPA Multiple
Syringe 3 |MaOH
Syringe 4 |HCI
Comments | Close |
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Flow Program » window avail able under the Sequence Files menu (Figure 62).

A driving sequenceis entered in the program grid in the « Quenched Flow Program » window
(Figure 62). Each column of the grid represents a driving sequence phase. Each phase mntains
actions for the SAV to perform. A complete driving sequence may contain from 1 to 20 phases.
Although only 5 phases are shown initialy, additional phases may be inserted using the I nsert
Phase command under the Edit menu.

Figure 63 shows an expanded

view of the program grid. The Figure 63—-MPS Sftware: Program Grid
duration of aphaseisentered in Phase1  |Phase2 |

ms (1 — 9999mg/phase) on the time [ms) |20 20 pohase
first line of the program grid. Spr 1) |

Thevolumein pl delivered by Syringe Syr. 2(ul) | 100

each of the syringes during a volumes Syr 3 (ul) | 100

phaseis entered on the line next Syr 4 (ul) 100

to the appropriate syringe. The Valve Waste Collect Sosition
position of the it valveis st Synchio 1 |Off oft

near the battom of the program

grid.

To enter the phase duration and syringe volumes delivered, click on the crresponding cdl or use
the keyboard arrows keys to navigate between cdls. The BACKSPACE key can be used for
corredion and the DEL key to clear avalue. The position of the it valveis st by pressng “W”
for Wasteand “C” for Colled on the keybaard.

Seleded values entered in the program grid can be ait, copied and pasted using the Cut, Copy and
Paste functions avail able under the Edit menu. To perform a cut, copy, or paste operation, seled
the area of the grid desired by dragging the mouse with the left mouse button pushed in and then
choase the Cut, Copy or Paste functions desired under the Edit menu. The values will be stored
in the Windows cli pboard for the Cut and Copy functions. Vaueswill be pasted from the
Windows clipboard for the Paste function. If copy areaisbigger than paste area, the operation is
done only for values that can fit inside paste area.

ICAUTION!: Blank and non-numeric values entered in the program grid are considered as
zero values. A phase duration of Oms will cause the phase to be skipped in the exeaution of
the drive sequence.

The mntents of the syringes can be

entered in the Syringe Contents frame Figure 64 —-MPS Sftware: Syringes Contents

of the « Quenched Flow Program » Syninges contents

wi ndow (Figure 62 and Figure 64). The Syringe 1 |H20

text is entered from the keyboard and Serinos 2 |H20

the BACKSPACE and DEL keys can be ynnge

used for corredions. Springe 3 |H20
. Syringe 4 |DCIP

IIMPORTANT!: Itis grongly

recommend that userstake advantage
of thisfeature of the MPS software to
keep track of the samplesloaded intothe SFM syringes.

Each time a program grid cdl valueis changed, information about the arrent syringe, current
phase and driving sequenceis updated displayed below and to theright of the grid (Figure 65).
Thisinformation indicates:

1) Current phase number and total number phasesin the driving sequence

2) Volume ddlivered by the airrrent syringe during the aurrent phase or current phase total
volume (if an entire phaseis sleded).

3) Flow rate of the arrent syringe during the aurrent phase or current phase total flow rate (if an
entire phaseis sleded).

4) Tota volume delivered by each syringe during the driving sequence
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Figure 65—-MPS Sftware: Driving Sequencelnformation

Phaze 1 Phaze 2 Phaze 3 |Phaxe 4 |Fhase 5 ?’; 't':lges
himc [mz] 20 20 20 Yolumesz [pl]
Syr. 1 [l 0
Spr. 2 [(u) | 100 100 200
Sy 3 | 100 100 200 o
Spr. 4 [ul] | 100 100 200
Yalve W aste Waste Collect ‘Waste W aste
e off TR or or
Phage : 3/5 Total alurne ; 300 p) Total Flow Rate : 15,0 ml's

\ | | | [

An indication of the Ageing Times for a driving sequenceare also displayed in the « Quenched
Flow Program » window (Figure 62 and Figure 66).

The ageing times are @l culated for the airrent phase seleded based upon the syringes flow rates,
delay linesingtalled and intermixer volumes (Figure 48 and Figure 49). The ageing times are
calculated according to the equations $own in Figure 66.

Figure 66 — M PS Sftware: Ageing Times

= . SFM-3: Delay Line  _ Intermixer Volume M1-M2
Ageing Time Ageing Time Total Flow RateS1+S2
DL1 5.1 ms .
- SFM-4: Delay Line 1 _ Intermixer Volume M1-M2
DL2 28 ms Ageing Time Total Flow RateS1+S2
Delay Line 2 _ Intermixer Volume M1-M2
Ageing Time Total Flow RateS1+S2

The MPSsoftware provides the posshility to repeat phases a
number of timesin virtually any order. Thisisaccomplished Figure 67 —MPS Sftware:
though a macro sequence entered in the Drive Sequence Drive Sequence Macro
frame of the « Quenched Flow Program » window (Figure
67). The macro sequence @n be alited to run asingle
phases or many phasesin a different order than present in 1(1:20)
the program grid. The syntax of the macro is described in
detail i n the MPS Sdtware User’s Manud (chapter 6).

Drive Sequence

12.7 Incubation Period

An incubation period between two flow phases can be programmed by simply entering a phase
duration for the phase and zero for all the syringe volumes.

12.8 Acceleration Phases

With ordinary aqueous slutions, the SAM motors can drive the syringes up to a flow rate of 6 ml/s
for a 20 ml syringe, without accderation phase (Table 1). It ispossble to push solutions at faster
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flow rates provided an accderation phase is added to the driving sequence Asnoted in sedion
115, the MPS Sftware @an be mnfigured for two different accderation phases modes. automatic

and manual.

ICAUTION!: Because amotor could stall even with the use of accderation phases, it is
strongly recommended that driving sequences using accderation phases be tested on
inexpensive solutions before using precious samples. Ideally, the driving sequences sould be
tested using solutions as close as posgble to those in the real experiment.

Automatic Mode:

In this mode, the MPSsoftware automatically calculates an accderation
phase for the driving sequencewhen a syringe flow rate exceels the nominal
maximum flow rate (Table 1 and Table 8). The accderation phase has a
duration of 5ms and accderates the syringe to ~83% of it’s nominal maximum
flow rate. An automatic accderation phase exampleis sown in Figure 31.
The MPSsoftware annot calculate an accderation phase for phases that have
aduration of 5Smsor less The MPSprogram will request than alonger phase
duration be used.

Table 8 — Accderation Phases
AUTOMATIC ACCELERATION PHASES

Syringe Size Nominal Maximum Flow Acceleration Phase
Rate
30 ml 8 ml/s Time bms
Volume  [1B4ul
20 ml 6 ml/s Time bms
Volume  [125ul
5ml 1.32 ml/s Time bms
Volume  [5.5ul

Figure 68 —MPS Sftware: Automatic Accretion Phase Example

In the driving sequence below, all syringes are 20 ml.

TOTAL
VOLUME

PHASE 1 PHASE 2

20ms 50ms
Syringe 1
Syringe 2 400ul (8 ml/s) 400ul
Syringe 3 300l (6 ml/s) 300pl

Syringe 2 exceeals the nominal flow rate maximum of 6 ml/s.

The MPSsoftware @l culates an accderation phase as sow below.

TOTAL
VOLUME

PHASE 1 PHASE 2 PHASE 3

20ms 5ms 45ms
Syringe 1
Syringe 2 25ul (5 ml/s) | 360ul (8 ml/s) 385l
Syringe 3 30ul (6 ml/s) | 270ul (6 ml/s) 300pl
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IIMPORTANT!: Because flow rate is reduced during accderation phase, and that the total
time does not change, the total volume of the accderated syringe will be less than the total
volume of the original driving sequence (Figure 68). The MPS software does NOT update the
driving sequence on the screen to refled an accderation phase. It is therefore recommend
that the automatic mode of accderations phases be used only when the volume delivered is not
acritical factor in the experiments.

Manual Mode:  In this mode, the MPS software will not calculate an accderation phase. It is
|eft to the user to manually design a driving sequence including any necessary
accderation phases.

For more information about accderation phases, seethe MPS Sdtware User’s Manud (chapter 6).
12.9 Programmable Synchronization Pulses (Triggers)

The MPS can be programmed to deliver synchronization pulses (triggers). These pulses are TTL
puises (0 or 5 Volt) and ddivered from BNC connedors Synchro aut 1, Synchroout 1 and
Synchro aut 2 on the front panel of the MPS (Figure 2). Both Synchro aut 1 and Synchro out 2
are rising triggers (05 V). Synchroout 1 is the smply the inverse of Synchro cut 1 and is a
falling trigger (5-0V).

Thetriggers can be used to synchronize the SAM and other instruments.

The timing of the triggers with resped to the drive sequenceis programmed in the last ling(s) of
the program grid in the « Quenched Flow Program » window (Figure 62). The duration of the
pulse will be equal to the duration of the phase. In quenched-flow mode, only Synchro aut 1 is
available for programming.

12.10 Saving or Loading Driving Sequences

Driving seguence @n be saved as files on the hard drive ]
of the microcomputer. In this way, a series of driving | Figure 69 — MPS Sftware:
sequences for different experiments can be prepared in | Load/Save Driving Sequences

advance and subsequently |oaded as needed. ﬂ SFM-4/5 & SFM-400/5

Files are saved or loaded using the Save or Load | MEGEEEREEIECEY Edit Svinges Con
functions under the Sequence Files menu (Figure 69) Hew
Files are saved using filenames up to 8 characters in -
length. ~Jeez

Save

More information about saving or loading driving
sequences can be found in the MPS Sdtware User’s
Manud (chapter 6). Erint

1 CAMPSASAMPLESS.SF4

Savebs ...

Exit

12.11  Running in Automatic Mode

Once a driving sequence has been entered or loaded, it is transferred to the MPS by pushing the
Single or M ultiple button in the Shots frame of the « Quenched Flow Program » window (Figure
62 and Figure 70). The MPSis now in automatic mode and the « Program Run » window will be
displayed (Figure 70).
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The « Program Run » window shows the number of shots possble based the arrrent volumes in
the SAM syringes. It also indicates whether the SAM isrunning a driving sequence or ready for the
next shot. A driving sequence is exeated
by pushing the button or the start-stop

button on the front pand of theM PS(F|gUre Figure 70-—MPS Sftware: Shots Frame and

2). The [ button can be used to terminate Program Run Window
an experiment prematurely if necessary. Shots
If the Single button was used to transfer the Single

driving sequence to the MPS only a single

shot can be made. The button must
then be pushed to return to the « Quenched
Flow Program » window and the Single
button must be pushed again to re-transfer
the driving sequence to the MPS for a |
subsequent shot. :

If the Multiple button was used to transfer Number of shots : | 16 | Exit

the driving sequence to the MPS the
button can be used to exeaute shots until the
«Program Run» window shows that O

shots remain. The button is then pushed to return to the « Quenched Flow Program »
window.

Multiple

READY 11

IIMPORTANT!: Before running in automatic mode, verify that the syringe valve handles of
the syringe used in the driving sequenceare set to (C) and unused syringes %t to (R).

12-84

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



SFM-3/4 User’s Manual (ver 1.2)

13 A SHORT QUENCHED-FLOW PRIMER

This sdion describes the basics of the quenched-flow technique and provides ssme general advice about
how to design and perform quenched-flow experiments using the SFM. It isnot meant to be an
exhaustive reference as there are many variations on the quenched-flow experiment too numerous to
describe here. We invite the user to explore the references li sted below to learn more about rapid mixing
and the quenched-flow technique:

Barman, T.E. and Gutfreund, H. (1964, in Rapid Mixing and Sampling Tedniques in
Biochemistry. (Ed. B. Chance R.H. Eisenhardt, Q.H. Gibson and K.K. Lonberg-Holm, Eds.).
Academic Press London, pp. 339-344.

Gutfreund, H. (1969, Methods in Enzymology, 16, 229-249.
Barman, T.E. and Travers, F., Methods of Biochemical Analysis (1985, Val. 31, 1-59.

13.1 General Principle of Quenched-Flow Experiments

The simplest quenched-flow experiment consists of threestages. mix, age and quench. Complex
experiments may involve more stages, but for example purposes only athreestage experiment is
discussed here.

Figure 71 shows a schematic of a quenched-flow experiment. Thereaction consideredisA +B -
C, where the reaction can be stopped at any time by the additi on of quencher, Q.

Mix: In thefirst stage, flow is
initi ated by two plungers. Figure 71 — Quenched-Flow Experiment
The plungers forcethe Scheme
reactants A and B through a
mixer where they are mixed A+B C
and the reaction initi ated and -
starts to produceC. VALVE Waste

Collect

DELAY LINE

Age: In the semnd stage, the MIXERL
plungers push the sample
(reaction mixture) through a
delay line to the seaond
mixer. The sample ages
(reacts) asit travels through
the delay line until it reaches A B Q
the semnd mixer whereit is

q LH]Chw L A Il A IL A ]
STAGE 1 STAGE 2 STAGE 3

MIXER2

Quench: Asthe sample passes through
the seaond mixer it is mixed
with the quencher Q which stops thereaction. The resulting solution is then coll eded
for analysis of the quantity of C produced duing the experiment.

The age of the sample (t.) is the total time between the start of the reaction in and the moment it
isquenched. The agewill depend on thetotal flow rate through the delay line and the intermixer
volume as described in sedion 10.3. It can also depend on the duration of a pausein the flow that
all ows the sample to age for long times (seesedion 13.2.1.2). A quenched-flow study will consist
of numerous experiments where t, is varied for each experiment. At the end of the study, a
kinetic trace @n be mnstructed by plotting tae vs. the results of each sample analysis.
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13.2 Design and Execution of Quenched-Flow Experiments

Experiments are designed wsing the MPS software to create a driving sequence  This is
accompli shed by filli ng-in elements of program grid as described in sedion 12.6.

The number of phases contained in an experiment driving sequence and the function of each phase
will depend on the processheing examined, the ageing method and the sample @ll edion method.
The sedions below describe the diff erent methods to age and coll ed the sample with the SFM.

IIMPORTANT!: The experiment stagesintroduced in the previous ®dion are simply a
conceptual image. It isessential to separate the idea of experiment stages from that of driving
sequence phases. Although a quenched-flow experiment may have many stages, it isposshble
that multiple stages occur at the sametime or that an entire experiment can be exeauted in a
single driving sequence phase.

13.2.1 AGEING METHODS

Samples can be aged with the SAM using two different methods: the continuous flow method or
theinterrupted flow method.

13.2.1.1 Continuous flow method

In the continuous flow method, sample flow is continuous from the start of the
reaction through sample @lledion. The sample age is dependent only on the
intermixer volume and the total flow rate through the intermixer volume. In
this case:

tage = (Intermixer volume)/(Flow rate thr ough intermixer volume)

The sample age @n then be adjusted by changing the intermixer volume or
the flow rate through the intermixer volume. The intermixer volumeis
modified by introducing delay lines of different volumes (sedion 10.2). The
flow rate through the intermixer volume is modified by changing the flow rate
of the syringes in the MPSsoftware (sedion 12.6). The use of stepping
motorsin the SAM allows alarge range of syringe flow ratesto be
programmed and many t.g values achieved with minimal change of delay
lines. In addition, unlike pneumatic based systems, the flow rates are
independent of viscosity and temperature.

An example driving sequence using the cntinuous flow method is $own in
Figure 72. It should be noted that the experiment is performed only in Phase
2 of the driving sequence This phase encompasses al stages (mixing, ageing
and quenching) of the of experiment. No delay lineisused. Theintermixer
volume for mixers 2 and 3isthen 27.6 ul (Figure 49) and the total flow
through the intermixer volumeis 6 ml/s which indicates:

tage= 276l = 46ms
6mL/s

The mntinuous flow method is generally used to study reactions from 1 to
~100ms. It is generaly the most emnomic ageing method with resped to
sample @mnsumption within thistime range.
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Figure 72 — Example Continuous Flow Experiment

Quenched Flow Program - EXAMPLE OF4
Phase 1 |Phase 2 |Phase 3 |Phase 4 |Phase 5 ?ﬂrlianlges
time [ms) 20 50 Volumes [pl]
Syr. 1 () 0
Spr. 2 [pl) 150 150
Spr. 3 [p) 150 150
Syr. 4 [pl]) 150
Valve W aste Collect Collect Waste Waste
Synchro 1 |OF Off off off 1]
Phaze : 2/5 Wolurne : 150 pl Flow Rate : 3.0 ml's
Syringes contents Shots Drive Sequence Ageing Time
. DL1
Syringe 1 Single 1(1:20) bL2 ig s
Swiinge 2 |DNPA Multiple =
Swyringe 3 (NaOH
Syringe 4 |(HCI
Comments ‘ Close |

13.2.1.2 Interrupted flow method

In the interrupted flow method, the sample istransiently stored in the
intermixer volume for a programmed incubation period before being mixed
with the quencher. Under these mnditionst,,e depends on the intermixer
volume, the total flow rate as the sample enters the intermixer volume, the
total flow rate as the sample &its the intermixer volume and the incubation
period of the samplein the intermixer volume.

tage = thiow * Tpause
where,

thow = Intermixer volume

Flow rate through intermixer volume

toause = Timesampleistransiently stored in the intermixer volume

Aswith the mntinuous flow method, the intermixer volume and flow rates can
be modified by introducing dfferent delay lines and modifying syringe flow
rates in the MPSsoftware.

IIMPORTANT!: To dbtain uniform ageing of the sample, the flow rate of
the sample entering the delay line must always equal the flow rate of the
sample eiting the delay line!

An example driving sequence using the interrupted flow method is siown in
Figure 73. The experiment isperformed in Phases2 — 4 |n phase 2 the
reactants are mixed and the intermixer volume fill ed with sample. In Phase 3
the sampleis allowed to age for 300ms. In phase 4 the sampleis pushed out
of the intermixer volume, quenched and colleded. No ddlay lineisused. The
intermixer volume for mixers 2 and 3isthen 27.6 pul (Figure 49) and the total
flow through the intermixer volume upon sample entry and exit is 6 ml/s
which indicates:
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(tfl ow)

tage= 276 + 300ms

6mL/s

(tpause)

304.6 ms

Figure 73— Example Interrupted Flow Experiment
Quenched Flow Program - =.*
Phase 1 |Phase 2 |Phase 3 |Phase 4 |Phase L] ?ﬁllianlges
time [msz] 20 50 300 20 Yolumes [pl)
Syr. 1 [ul) 0
Spr. 2 [ul) 150 60 210
Spr. 3 [ul) 150 60 210
Sypr. 4 [pl) 60 E0
Valve Waste Waste Waste "iwaste
Synchro 1 |OFF off off off 1]
Fhaze : 4/5 Total Yolume : 180 pl Total Flow Rate : 9.0 mil/s
Syringes contents Shots Drive Sequence Ageing Time
. DL1 a5
Syringe 1 |Buffer Single 10:20) B s -
Syringe 2 |[DNPA Multiple el
Syringe 3 |NaOH
Syringe 4
Comments | Close ‘

It isimportant to note that not al the sasmple @n be remvered from the
intermixer volume without contamination. Thisis because unwanted mixing
ocaurs at each end of the intermixer volume by diffusion during the incubation
period. The fraction of the sample that remains uncontaminated must be
determined experimentall y and an example procedure is provided in sedion
14.4.

The interrupted flow method all ows ssmplesto be aged for several 10's of ms
to several seconds or longer. It generally uses more sample than the
continuous flow method. Thisis dueto the fact that only a portion of
uncontaminated sample @an be recvered and sometimes necesstates multiple
repetiti ons of the same experiment to achieve sufficient sample volume for
analysis.

13.2.2 COLLECTION METHODS

Sedion 10.4 described how sample @n be recvered from a quenched-flow experiment
with the SAM. The sedions bel ow describe how sample @lledion isincorporated into a

driving sequence

13.2.2.1 Total liquid collection

If thetotal liquid coll ecion method is chosen for sample remvery the exit

valve position is st constant throughout the experiment. The «it valve
should be set to Waste if the freeflow method isused and Colled if

pipette/syringe wlledionisu
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In general, total liquid colledion will be used only with the mntinuous flow
ageing method (sedion 13.2.1.1) and when large volumes (> 1 ml) of sample
neel to be wlleded and contamination from previoudy reacted sample an be
negleded. In such situations, al stages (mix, age and quench) of the
experiments will occur in asingle phase as siown in Figure 72

Partial liquid collection

Sample clledion in experiments using the partial liquid colledion method is
divided into two parts. purge and colled.

Purge:  Reactants are mixed, aged and the reaction quenched, but the exit
valveis st to Waste and the iting liquid is not recovered.. The
purge serves to evacuate al old reaction mixture from the SRV,
wash the flow lines freeof any contamination and fill the flow lines

with new, uncontaminated sample.

Cdled: The «it valveis st to Colled and new, uncontaminated sampleis

pushed from the SAM into a pipette or syringe.

The partial liquid colledion method can be used with either the cntinuous or
interrupted flow ageing method (sedion 13.2.1). Example driving sequences
using the partial liquid coll edion method with continuous flow ageing and
interrupted flow ageing are shown in Figure 74 and Figure 75 respedively.

Figure 74 —Partial Liquid Colledion with Continuous Flow Ageing
PURGE COLLECT
Quenched Flow Program - ==
Phase 1 |Phase 2 |Phase 3 |Phase 4 |Phase 5 ?zllianlges
Lo ls) B £ LEN— Volumes (ul)
Syr. 1 [ul) 0
Sy, 2 [ul) 105 45 150
Ser. 3 [ul] 105 45 150
Ser 4 [ul] 105 45 150
Yalve 'Waste Waste Collect Wazte Wazte
Synchro 1 |OFf off off off off
Phase : 3/5 Total Yolume : 135 pl Tatal Flow Rate : 9.0 mlds
Syrninges contents Shots Drive Sequence Ageing Time
. DL1 8.5
Syringe 1 [Buffer Single 101:20) e
Springe 2 |DNFA Multiple =
Syringe 3 |(MaOH
Syringe 4
Comments ‘ Close ‘
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Figure 75—Partial Liquid Colledion with Interrupted Flow Ageing
PURGE COLLECT

v v

Quenched Flow Program - ==
Phaze 1 |Phase 2 |Phase 3 |Phase 4 |Phase 5 ?zrtiar;ges
time [ms) 20 LI 300 30 20 Volumes [pl]
Syr. 1 [l 0
Spr. 2 [u) 150 90 60 300
Ser. 3 [ul) 150 90 60 300
Syr_ 4 [pl) 90 Bq 150
Valve 'Waste Waste Waste ‘Waste Collect
Synchro 1  |OFf Off 1]{ off Off
Fhaze : 545 Yolume : B0 pl Flow Rate : 3.0 mil/s
Syringes contents Shots Drive Sequence Ageing Time
. DL1 a5
Springe 1 |Buffer Single 1(1:20) b2 o ms
Syringe 2 |DNPA Multiple L
Syringe 3 |(MaOH
Syringe 4
Comments ‘ Close ‘

IIMPORTANT!: Theflow rate of the sample during the purge and
colled steps must be equivalent! If the flow rate during the two stepsis
different the sample wlleaded will not have a uniform age.

ICAUTIONL! As noted in sedion 10.4.2, the purge volume should be a
minimum of 3-5x the flow line volumes (sedion 10.3) to ensure only
uncontaminated sample is collecded. Larger volumes may be necessary
and it is recommend that test experiments be performed to gotimize the
volume neaded to minimize sample mntamination. An example procedure
to determine the purge volume needed is provided in sedion 14.3.

13.3 General Advice for Quenched-Flow Experiments

13.3.1 SYSTEM SPECIFICATIONS

To achieve succesdul results from quenched-flow experiments and optimal performance
of the SRV, it isimperative that the spedfications of the SFM and its components be
respeded at al times. The spedficationsare providein Table 1. . It isrecommend that
each experiment driving sequence be examined carefully for compliancewith the SAV
spedfications before exeadtion.

13.3.2 TEST EXPERIMENTS

It is grongly recommend that al driving sequences be tested with non-predous samples.
Although such tests may be time-consuming, they maximize experiment successby
ensuring that amajority of miscal culations and mistakes will be found and avoi ded.
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13.3.3 MINIMIZING SAMPLE CONTAMINATION

The acauracy and predsion of quenched-flow experiments depend on quality of the sample
colled from the SAM. Sample @mntamination can be minimized by optimizing the volume
needed to wash all contamination from the SFM flow lines during a given experiment.
Thisis best achieved by performing test experiments gmilar to that described in sedion
14.3 and adapting them as close as posshle to true experimental conditi ons (temperature,
viscosity, etc. . ).

13.3.4 MINIMIZING REACTANT CONSUMPTION

In someinstances it is desired to minimize the cnsumption of one or two reactantsin a
guenched-flow experiment (e.g. aprotein in low suppy or radioactively labeled DNA).
Some suggestions to do so are provided below.

13.3.4.1 Choosing the best ageing method

Asmentioned in sedions 13.2.1.1 and 13.2.1.2, the cntinuous flow and
interrupted flow ageing methods work best for ageing times of 1- ~100ms and
~100msto several sends respedively. These ranges are meant to be
guidelines and not strict requirements. 1t is worthwhil e to explore the

appli cation of both ageing methods to the design of an experiment to see
which method best economizes the use of reactants. An example situation
with a double dil ution experiment is srown in Figure 76.

13.3.4.2 Moving sample with non-precious components

When using the partial liquid coll edion method, a non-predous component
(e.g. buffer) may be used to push the sample during the @lled step. An
example of thisis $own in interrupted flow step of Figure 76. To minimize
sample @ntamination, such movement of the sample should only be done if
the flow line volume is much large than the volume to be @lleded.
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Figure 76 — Ageing Methods Comparison Example

In this example, a double-dil ution experiment is performed where the sample from the first dil ution is aged
before for atime, Ta, before the second dil ution/quench.

Si: Protein
S2: Labd
S3: Quencher

Delay lines used are noted below.

For a Ta= 100ms, bath the mntinuous and interrupted flow ageing methods are evaluated for sample
ewnomy.

Continuous Flow

This method uses a 90u! delay line (intermixer volume of 116.7)

Time (ms) 308 Total Volume Used (ul)
S1 (Protein) 60 60
S2 (Labdl) 300 300
S3 (Quencher) 1800 1800

Using this driving sequence Ta= (1167u)/(1.169ml/s) = 100ms (99.8 ms)

Interrupted Flow

In thismethod a 17ul delay lineis used (intermixer volume of 43.8ul)

Time (ms) 110 40 30 Total Volume Used (ul)
S1 (Protein) 20 - - 20 3x lessthan continuous
flow method
S2 (Labdl) 100 - 33 140 2.1x lessthan continuous
flow method
S3 (Quencher) - - 165 200 9x lessthan continuous
flow method

In the first phase, the flow between the two mixersis 1.1 ml/s ageing the sample atotal of 40 ms. The
seand phase incubates the sample for 20ms. Thethird phase mixes the samplein the intermixer volume
with S3. NOTE: The sampleis pushed out of the intermixer volume using ONLY buffer and with a flow
rate EQUAL to the flow rate the sample entered the intermixer volume. In this fashion the sample is aged
the same entering and exiti ng the intermixer volume. Upon exiting the intermixer volume, the sampleis
aged 40ms. Thetotal ageing of the sampleis 100ms.

In this example the interrupted flow method is the more sample eonomic ageing method.
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14 TEST REACTIONS
14.1 Alkaline Hydrolysis of 2,4-Dinitrophenyl Acetate (DNPA)

A complete description of the alkaline hydrolysis of 2,4-dinitrophenyl acetate (DNPA) can be found
in: Gutfreund, H. (1969, Methods in Enzymology, 16, 229-249,

DNPA can be hydrolyzed by OH to 2,4- ]
dinitrophenol (DNP). At 20°C the Figure 77 — DNPA/DNP Absorbance Spedra
reaction has a seamnd order rate @mnstant
in water of 56 M's®. Conditions can
easily be set to make the @mncentration
of OH" sufficiently larger than that of
DNPA so that the reaction occurs under
pseudo first-order conditions with an
apparent rate onstant, Kqpp, of 56 s* x
[OH] (NOTE: The[OHT] isthe
concentration of OH" after mixing with
DNPA). Thereaction can be quenched
at any time by additi on of excessacid
and the amount of DNP produced
determined by absorbanceat 325nm.
Figure 77 shows the absorbance
spedrum of DNPA and DNP under
various conditions of pH. It can be see 0 ‘ ‘ = ‘
that the absorbance spedrum of DNP 250 300 350 400 450
changes with pH, but thereisa clear Wavelength (nm)

isobestic point at 325nm.

These properties make the alkaline hydrolysis of DNPA a useful tod for the testing of a quenched-
flow instrument. The reaction can also be foll owed by the stopped-flow technique, omitting the
acid quench.

DNPA +HCI

immm——— DNP pH 7.0
,,,,, DNP + HCI 2mM
DNP + HCI 100mM

Absorbance

Experimental Conditions. Syringel: Water
Syringe 2: 1 mM DNPA, 1%(v/v) DMSO, 2 mM HCl
Syringe 3: 1M NaOH
Syringe 4: 2M HCI
Delay Line1l: 17ul
Deay Line2 190ul

Sample Preparation: Make 1 ml of 2700mM DNPA in fresh DM SO (22.6 mg DNPA/mI
DMSO; The solution may turn dightly yellow asthe DNPA
disolves. Asthe solution ages, the yellow color will i ntensify. For
best results, it isrecommended to use the freshest possble DMSO
and prepare new samples each day.).

1) Preparea2 M HCI solution by mixing 8.3 ml concentrated HCI
with 50 ml of water.

2) Prepareal M NaOH solution by dissolving 2gof NaOH in 50
ml of water.

3) Prepare the working DNPA solution by mixing
49.45 ml water
50l 2 M HCI
500l 200mM DNPA in DMSO
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Driving Sequence Various ageing times for the reaction achieved by varying the intermixer
volume (M2-M3) and the flow rate through the intermixer volume. The
general format of the driving sequenceis srown below and the delay lines and
flow rates used are given in Table 9.

PHASE 1 2 3
Time (ms) 20 T T
S1: Water - -
S2: DNPA 300 300
S3: NaOH 300 300
S4: HCI 300 300
Exit Valve: Waste Waste | Colled

Table 9 — DNPA Experiment Parameters

T (ms) INTERMIXER toge (MS)
VOLUME (M2-M3)
FLOW RATE (ml/s)
50 12 18
100 6 35
150 4 53
200 3 71
300 2 106
450 1.333 159
600 1 212
1000 0.6 353

IIMPORTANT!: Thisreaction isvery sensitive to contamination! The experiments must be
performed from smallest t.g to the largest (least to most DNP produced) so that
contamination of subsequent shotsiskept to a minimum.

Threeshots were performed for each te. Thefirst shot was discarded and the second and third
shots kept for analysis. A tge = 0 ms sample was prepared by hand by mixing 30Qul of the DNPA
solution with 300l of water and 300l of 2 M HCI. A tye = o sample was prepared by hand by
mixing 30Qul of the DNPA solution with 300l of 1 M NaOH and 300pl of 2 M HCI

The absorbance of DNP at 325 nm was measured for each ageing time. The absorbancewas
measured for 50Qul of each sample mixed with 50Qul of water in a 1cm path length cuvette. The
results were plotted against the ageing times as dwown in Figure 78. The apparent first-order rate
congtant determined from Figure 78is 28 s* which yields a second order rate onstant of 56 M™s*
for afinal [OH] of 0.5 M.
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Figure 78 — DNPA Experiment Results
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This experiment was done entirely using the antinuous flow ageing method. Theinterrupted flow
ageing method could also have been used for the longer time points, with the same results.

14.2 Calculation of Hydrodynamic Volumes from Kinetic Data

Asindicated in sedion 10.3, the volumes supdied in this manual are the mechanical volumes.
The hydrodynamical volumes may vary dightly around these values and in some instances it may
be necessary to determine the hydrodynamic intermixer volumes. The results of the DNPA
experiment in the previous sdion can be used to determine the hydrodynamical intermixer
volumes. A procedure for determining the hydrodynamical volume of Delay Line 2 is provided
bel ow.

1) Using the datafrom the DNPA experiment in the previous sdion, calculate the fraction of
reaction complete (Y) for each ageing time according to the equation:

Y = A(t) - A0)
A(») - A (0)

where A(t) is the absorbance at 325nm at ageing timet, A(0) is the absorbance at t,e = 0 and
A(e) isthe absorbanceat tae = .

2) UsingY from step 1) abowve and the pseudo first-order rate mnstant measured, calculate the
actual ageing time Ta for each point from:

Ta = 1000x  In(C(0)) - In(C(1)
k
= 1000 x  In(0.5) — In(0.5 x (1-Y))
k
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where C(0) is the DNPA concentration at t,,= 0 (0.5 mM for the experiment in the previous
sedion), C(t) isthe DNPA concentration at timet and kisin s*. The unitsof Taarems,

3) Thehydrodynamical intermixer volume (M2-M3) can then be @l culated from
Volume = F
Ta

where F isthetotal flow through the intermixer volumein pl/s. Sincethe hydrodynamical
intermixer volume @an be @lculated for each Ta, the mean and standard deviation of the
volume @n easily be determined.

14.3 Washing Efficiency

To oltain the best results from quenched-flow experiments, it is necessary to minimize sample
contamination. The most common source of sample mntamination isinefficient washing of old,
reacted sample from the flow lines and intermixer volumes before sample mlledion. The simplest
method of determining the volume needed to efficiently wash (or purge) the flow lines and
intermixer volumesisto carry out multiple experiments with increasing purge volumes until there
are no differencesin experimental results. In many casesthisisimpractical dueto the ost or
avail abilit y of one or more experimental components.

The procedure below usesthe DNPA experiment (14.1) to provide an example of how to determine
the volume neeaded to efficiently wash (or purge) the flow lines and intermixer volumes using
inexpensive and readily avail able materials. In this example, the needed volume for intermixer
volume M2-M3 isdetermined. The procedure @n be adapted as nealed to various experimental
conditi ons and systems.

Experimental Conditions. Syringel: Water
Syringe 2: 1 mM DNPA, 1%(v/v) DMSO, 2 mM HCl
Syringe 3: 1M NaOH
Syringe 4: 2M HCI
Delay Linel: VariableO
Delay Line2 Variable

Driving Sequence:

PHASE 1 2 3 4
Time (ms) 20 T 0 30
S1: Water - -
S2: DNPA \Y 60
S3: NaOH \Y 60
S4: HCI \Y 60
Exit Valve: Waste Waste | Waste | Colled

WhereV isvaried from 0 in small i ncrements until the resultsindicate cmplete washing on the
intermixer volume. T isvaried so that the total flow ratein phase 2 is equal to that in phase 4.

14-96

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



SFM-3/4 User’s Manual (ver 1.2)

The results of an experiment performed
with no ddlay linesingtalled is s1own in Figure 79 — Washing Efficiency
Figure 79. It should be remembered that LOS v=inifiny
the purge volume is the volume flowing

into intermixer volume M2-M3 and equal
toS2+ S3(2x V). It can be dearly seen
that the reaction products coll eded after
using a purge volume of zero are
completely contaminated by the old
reaction mixture that remained in the
instrument before sample wlledion. The
resultsin Figure 79 indicate that a
minimum purge volume of 25-30ul is

necessry to wash most of theold reaction | [ — — — — — =0
from the intermixer volume.

0.57

Absorbance (325nm)

Volume of Purge (ul)

14.4 Recovery of Uncontaminated Material in Intermixer Volume

In the interrupted mode, the reaction mixtureistransiently stored in the intermixer volume.
During thisincubation period, unwanted mixing occurs at bath ends of the intermixer volume so
that only afraction of the mixture cntained therein can be remvered. The experiment described
below isintended to give an estimate of the uncontaminated fraction that can be recmvered. The
procedure provided in the experiment can easily be adapted to various incubation times and
experimental conditions.

Experimental Conditions. Syringel: Water
Syringe 2: 1 mM DNPA, 1%(v/v) DMSO, 2 mM HCl
Syringe 3: 1M NaOH
Syringe 4: 2M HCI
Delay Linel: 17l
Delay Line2 190l

Drivin uence
PHASE 1 2 3 4 5 (§] 7

Time (ms) 20 50 50 3000 0 T 20
S1: Water - - - - - - -
S2: DNPA - 150 - - - \ 30
S3: NaOH - 150 - - - \ 30
S4: HCI - - 150 - - \ 30
Exit Valve: Waste Waste | Waste | Waste | Waste | Waste | Colled

14-97

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



SFM-3/4 User’s Manual (ver 1.2)

WhereV isvaried from 0 in small i ncrements until ~2x the intermixer volume. T isvaried so that
the total flow ratein Phase 6 isequal to that in Phase 7.

This experiment is designed to test intermixer volume M2-M3. In Phase 2, DNPA and NaOH are
pushed through the delay line and then to waste. The seand phase is used to wash the last mixer
with HCI. The reaction mixture is then allowed to age for several seconds in the delay line (Phase
4). Phase 6 corresponds to the purge of the delay line, the solution being pushed and evacuated to
waste. The purge volume is again equal to S2+S3 (2 x V). After the purge, 60ul of the reaction
mixtureis colleded and measured.

The results of this test are shown as a
function of purge volumein Figure 80. | Figure 80 — Remvery of Uncontaminated M aterial
Due to the long ageing time in Phase
4, the solution colleded in the last 1.0 (= infnity
phase should correspond to the full st T
reaction (t = ). Contamination on
the leading edge of the liquid column
contained in the delay line is observed
when the volume of the purge is zero.

Absorbance (325nm)

Contamination on the trailing edge is e
observed for overly large purge

volumes, when the fresh reactants S k=0
pushing the liquid column are

colleded. .

These results in Figure 80 shows that, 0 120 240 360

for a delay line of 190ul (2169ul Purge Volume (ul)

nominal volume), the first 20 to 30ul
and the last 30to 40ul are cntaminated and should be discarded.
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