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Warranty

The Gene Pulser || dectroporation system iswarranted againgt defectsin material sand workmanship for
1year. If any defects occur in theinstruments or accessories during thiswarranty period, Bio-Rad Laboratories
will repair or replace the defective partsat its discretion without charge. Thefollowing defects, however, are
specificaly excluded:

Defects caused by improper operation.

Repair or modification done by anyone other than Bio-Rad Laboratories or an authorized agent.
Damage caused by subgtituting aternative parts.

Use of fittings or spare parts supplied by anyone other than Bio-Rad Laboratories.

Damage caused by accident or misuse.

Damage caused by disaster.

Corrosion caused by improper solvent or ssmple.

N o g bk wdDpE

Thiswarranty does not gpply to partslisted below:
Fuses

For any inquiry or request for repair service, contact Bio-Rad L aboratories. Inform Bio-Rad of themode
and seria number of your instrument.

IMPORTANT: This Bio-Rad instrument is designed and certified to meet IEC 1010-1* safety
standards. Certified products are safe to use when operated in accordance with the instruction manual.
Thisinstrument should not be modified or atered in any way. Alteration of thisinstrument will:

Void the manufacturer’ swarranty
Void the |EC 1010-1 sefety certification
Create apotentia safety hazard

Bio-Rad Laboratoriesis not responsiblefor any injury or damage caused by the use of thisinstrument for
purposes other than those for which it isintended, or by modifications of the instrument not performed by
Bio-Rad L aboratories or an authorized agent.

*|EC 1010-1 isan internationally accepted electrical safety standard for laboratory instruments.
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Section 1
Introduction

This manua will familiarize you with the features and the operation of the Gene Pulser 11
apparatus with its accessory components, the Pulse Controller 11 or Pulse Controller PLUS
module and the Capacitance Extender 11 or Capacitance Extender PLUS module.

Section 2, Unpacking and System Installation, contains important safety information as
well as instructions on unpacking and connecting the Gene Pulser instrument to the Pulse
Controller 11 or Pulse Controller PLUS module and the Capacitance Extender 11 or Capacitance
Extender PLUS module for electroporation.

Use Section 3, Guide to Switches and Keypads, to learn about the controls and read-out
information that the Gene Pulser |1 apparatus provides with the Pulse Controller 11 or Pulse
Controller PLUS module and Capacitance Extender 11 or Capacitance Extender PLUS module.

In Section 4, Operation, you can examine basic set up and protocolsfor both prokaryotic and
eukaryotic electroporation.

1.1 Gene Pulser Il System Description

The new Gene Pulser || system* isacompletely redesigned electroporation system, which
offers improved performance, flexibility, sample protection, and safety. The Gene Pulser 11
system uses the Pulse Trac™ waveform delivery system to generate the most accurate expo-
nential decay pulses possiblefor optimal cell transformation within an electroporation cuvette.
The Pulse Trac delivery system accurately calculates the time constant of each pulse based on
what is actually delivered to the sample. The revolutionary Pulse Trac waveform delivery
System provides

»  Sample conductivity measurement integrated with pulse output for true waveform delivery
regardless of sample

» Internd calibration and circuit monitoring program for accurate pulse delivery throughout the
lifetime of the unit

*  Improved time constant accuracy
Other features of the new Gene Pulser 1l system include

»  Error freeassembly, since each module uses unique cable connectors, keyed tofit only inthe
proper orientation and location

* Automatic display of time constant after every pulse, to make it easier to record this essen-
tia pulse parameter

» Easer optimization of novel prokaryotic applications with awider range of high voltage
capacitors (1.0, 3.0, 10, 25, and 50 pF) in the Gene Pulser 11 unit

» Pinpointing of optimal field strengths, with voltage selection in 2 V increments for mam-
médian cdl eectroporation (low voltagerhigh capacitance) and operation a ahigher maximum
voltage (up to 500 V). In addition, voltage sdlectionin 10V incrementsfor bacterid (high volt-
age/low capacitance) electroporation

*  Increased control of high voltage pulsesused for bacteriaand yeast dectro-transformation with
thefive new resistorsin the Pulse Controller PLUS module

* United States Patent numbers 4,750,100; 4,910,149 and patents in application.



»  Expanded range of precision capacitors for reproducible mammaian cell electroporation;
25 uF-3,275 pF with the Capacitance Extender PLUS module or 25 1,075 pF with the
Capacitance Extender 11 module. Thispermitsgrester time constant reproducibility and flex-
ibility with dectronically cdibrated capacitorsin 25 pF increments. At any time, the Pulse
Trac circuitry can verify and calibrate these capacitors within £10% variation for the ulti-
mate in pulse reproducibility and precision.

»  Designed and certified to meet IEC 1010 sefety standards
* Entiresystemiscompletely protected from sample arcs, regardless of module or sample used

*  Expanded sefety, with charges automatically diverted safely to ground whenever the circuit
isinterrupted during pulse delivery.

The Gene Pulser |1 unit may be used with either of two new types of accessory modules. For
€lectroporation of bacteriaand yeast, use the Pulse Controller |1 or Pulse Controller PLUS mod-
ule. For dectroporation of mammalian cells and embryonic tissue, use the Capacitance Extender
Il or Capacitance Extender PLUS module.

Section 2
Unpacking and System Installation

Read this important information before you use the Gene Pulser 11 electroporation device
with the Pulse Controller 11 or Pulse Controller PLUS module and the Capacitance Extender |1
or Capacitance Extender PLUS module.

2.1 Safety
Thisinstrument isintended for laboratory use only.

Thisproduct conformstothe“ ClassA” standardsfor € ectromagnetic emissionsintended for
laboratory equipment applications. It is possible that emissions from this product may interfere
with some sensitive gppliances when placed nearby or in the same circuit asthose appliances. The
user should be aware of this potentia and take appropriate measures to avoid interference.

No part of the Gene Pulser | system should be used if obvious externa case damage has
occurred or the el ectronic displays are not functioning as described in the manual. Thisinstru-
ment is only to be used with the components provided (or their authorized additions or
replacements) including, but not limited to, supplied cables and shocking chamber. The operating
temperature range for the Gene Pulser || system and its associated componentsis 0-35 °C.

This Bio-Rad instrument is designed and certified to meet IEC 1010* safety standards.
There are no user serviceable parts within the unit. The operator should make no attempt to
open any case cover or defeat any safety interlock. Thisinstrument must not be altered or mod-
ified in any way. Alteration of thisinstrument will

e Void the manufacturer’ swarranty
e VoidthelEC 1010 safety certification
e Create apotentia safety hazard

Bio-Rad isnot responsible for any injury or damage caused by the use of thisinstrument for
purposes other than those for which it isintended or by modificeation of the instrument not per-
formed by Bio-Rad or an authorized agent.

*|EC 1010 is an internationally accepted electrical safety standard for laboratory instruments.
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2.2 Unpacking the System Components

Removeall packing material and connect components on aflat, dry surface near an appro-
priate electrical outlet.

The Gene Pulser |1 apparatus should arrive complete with the following components

1 GenePulser Il unit

1 GenePulser Il shocking chamber (clear plastic cover with attached red and black
cables, base with attached leads, and cuvette holder)

Cuvette rack
0.1 cm cuvettes
0.2 cm cuvettes

0.4 cm cuvettes

[ @ 2 BN 2 IR & 2 BN o)

Warranty card (please complete and return)

The Pulse Controller 11 or Pulse Controller PLUS accessory to the Gene Pulser 11 unit should
arrive complete with the following components

1 Pulse Controller 11 or Pulse Controller PLUS module (with integrated |eads)
1 Waranty card (please complete and return)

The Capacitance Extender |1 or Capacitance Extender PLUS accessory to the Gene Pulser
I1 unit should arrive complete with the following components
1 Capacitance Extender Il or Capacitance Extender PLUS module accessory (with
integrated |eads)
1 RS 232readout cable (25 pin)

1 Warranty card (please complete and return)

2.3 Setting Up the System
Setting Up the Gene Pulser Il Unit

To usethe Gene Pulser |1 unit with either the Pulse Controller |1 or Pulse Controller PLUS
and the Capacitance Extender |1 or Capacitance Extender PLUS, follow this procedure.

1. Veify Gene Pulser |1 unit voltage compatibility with local eectrical output by checking that
the red voltage switchesin the back of the unit arein the proper position (Figure 2.1).

« Unitsoperating inthe 110-120 V range must have the red voltage switches positioned so 115
V isvisible on both switches.

« Unitsoperaing in the 220-240 V range must have the red voltage switches positioned so 230
V isvisible on both switches.

2. Attach the power cord to the three pronged receptacle on the back of the Gene Pulser |1 unit
(Figure 2.1) and plug the unit into an appropriate electrica outlet or power strip.



Power cord

receptacle

o@ Oo

CONTROLLER EXTENDER
HIGH-VOLTAGE

Fuses

(©]
(©]

Voltage
switches

Output jack receptacles for
Capacitance Extender Il (or PLUS) and ®
Pulse Controller Il (or PLUS) module VOLTAGE  SELECT

®

N\
o==10
oEmo

ImM-z-20 O+

25-pin Capacitance Extender Il
(or PLUS) port

Fig. 2.1. Rear panel of Gene Pulser Il unit. Voltage switches, cable ports, power cord, and output jack
receptacles.

3. Assamblethe shocking chamber by placing the clear plastic cover (end without cables) over
themid point of the base. Position the plastic cover so that base leadsinsert securely into the
cable receptacles on the plastic cover. Insert the cuvette dide into base (Figure 2.2).

Output jack leads

Cable receptacles

Base leads

Insert cuvette

Shocking chamber base

Cuvette slide

Fig. 2.2. Assembly of Gene Pulser Il unit shocking chamber.
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Connecting the Pulse Controller Il or Pulse Controller PLUS Accessory to
the Gene Pulser Il Unit

1. Placethe Pulse Contraller Il or (PLUS) module on top of or near the Gene Pulser |1 unit.

2. Insartthered/black leadsthat are permanently attached to the back of the Pulse Controller 11
(or Pulse Controller PLUS) into the gppropriately 1abel ed receptacie on the back of the Gene
Pulser 11 unit. Theleads are keyed so that they will insert only into the proper output jack in
the correct red/black orientation.

HIGH-VOLTAGE LEADS

ON GENE PULSER® Il REAR

CONNECT TO
PULSE CONTROLLER HV OUT

Output jack leads

Fig. 2.3. Rear view (back panel) of Pulse Controller Il (or PLUS ) module.

Pulse Controller Il
(or PLUS)

EBbER

Pulse Controller Il
(or PLUS) Output
jack leads

Fig. 2.4. Red/black leads (back panel) of Pulse Controller Il (or PLUS) module, inserted into back
panel of Gene Pulser Il unit.

3. Connect the leads from the shocking chamber to the output jacks on the front of the Pulse
Controller I (or PLUS) accessory module. The leads are keyed so that they will insert only
in the correct red/black orientation.



Connecting the Capacitance Extender Il or Capacitance Extender PLUS to
the Gene Pulser Il Unit

1. Placethe Capacitance Extender 1l (or PLUS) ontop of or near the Gene Pulser 11 unit. If the

Pulse Controller 11 (or PLUS) moduleisalso to be used, we recommend that you first place
the Pulse Controller 11 (or PLUS) module on top of the Gene Pulser 11 unit and then placethe
Capacitance Extender 11 (or PLUS) module atop the Pulse Controller module.

Insert the red/black leads that are permanently attached to the back of the Capacitance
Extender 11 (or PLUS) into the appropriately labeled receptacle on the back of the Gene
Pulser 11 unit. Theleads are keyed so that they will insert only into the proper output jack in
the correct red/black orientation.

Complete the connection of the Capacitance Extender 1l (or PLUS ) module to the Gene
Pulser 11 unit using the supplied RS 232 cable (25 pin). (Figure 2.5 and 2.6).

Make certain that the power switch is off on the Gene Pulser 11 unit.

Insert one end of cable (the end with 25 pinsinside) into the appropriate connecting port on
back pandl of Gene Pulser 11 unit. Secure cableto port with the two cable attachment screws-
finger tighten with a clockwise motion.

Attach the other end of the cable into the 25 pin receptacle on the back of the Capacitance
Extender |1 or Capacitance Extender PLUS unit. Secure cable to port with the two cable
attachment screws-finger tighten with a clockwise motion.

HIGH-VOLTAGE LEADS A Q

CAPACITANCEEXTENDER Y OUT DISCONNECT 25 PN CABLE FROM GENE PULSER lOR CAPACTANGE

EXTENDER BEFORE REMOVING CAPACITANCE EXTENDER HV OUT LEADS.

r——
CONNECT TO CAPACITANCE EXTENDER CONTROL ON GENE PULSER I REAR.
r——
O‘ ’O
A 25 pin Capacitance
Extender Il Port
Output jack leads
HIGH-VOLTAGE LEADS A
'CONNECT TO
'CAPACITANCE EXTENDER HV OUT
'ON GENE PULSER" Il REAR
r——,

Output jack leads
25 pin Capacitance
Extender PLUS Port

Fig. 2.5. Back panel of (A) Capacitance Extender Il or (B) Capacitance Extender PLUS module.



25 pin Capacitance — El
Extender Il (or PLUS) Port

Capacitance Extender Il
(or PLUS) Output jack leads

Fig. 2.6. Red/black leads and the 25 pin RS232 cable of the Capacitance Extender Il (or PLUS) mod-
ule (back panel) connected to the appropriate output jacks and port on the back panel of the Gene
Pulser Il unit.

4. When using the Capacitance Extender |1 (or PLUS) module, connect the leads from the
shocking chamber to the output jacks on the front of the Gene Pulser 11 unit. The leads are
keyed so that they will insert only in the correct red/black orientation.

Section 3
Guide to Switches and Keypads
Before operating the Gene Pulser |1 system with either the Pulse Controller 11 (or PLUS) or

the Capacitance Extender |1 (or PLUS) accessory, it is hel pful to understand the display infor-
mation, switches, and keypad controls for these devices.



3.1 Gene Pulser Il Unit Control Panel

2 11 3
BIORAD GENE PULSER® Il
1
- R
PULSE / \
= -5 —
-
iy RGP gy v mee o oo .
s
CAP. (uF) RESISTANCE
.
OUTPUT
1 4 6 7 8 5 12
9 10

Fig. 3.1. The control panel of the Gene Pulser Il apparatus. Front panel identification of switches and

keypads for the Gene Pulser Il unit.
illuminated.

1. POWER

Function

Note that the keypad(s) are active when the light(s) above them are

Result/Display

Turns unit on and off

With the power on, the system initializesin the Set Volts
mode (the light above SET VOLTSwill be illuminated).

® ©

2. PULSE e
Function Result/Display
Pressing both Pulsebuttons  Capacitor selected is charged with set voltage, and CHgQ

continuoudly activates the

Pulse Trac system to deliver
the set voltage to the cuvette
viathe selected capacitor(s).

If the two Measure Cap. key-
pads are selected, pressing
both the Pulse buttons contin-
uoudly activates the Pulse
Trac system to measure the
selected capacitor.

is displayed.

Pulseis delivered to cuvette as tone soundsand PLS is
displayed.

Release the pulse buttons are after the tone sounds. The
time constant of the pulseis then automatically displayed.

The Pulse Trac system is activated to measure the actual
storage capacity of selected capacitor. No energy isdeliv-
ered to the sample cuvette. (Y ou can verify this, asthetime
constant for this Pulse mode is 0.00). See Measure Cap.
key description below.



\
3. CAPACITANCE (uF) rotary switch ‘ m

Function

Result/Display

LOW CAP. (2,500 V max.).
Positions 1.0, 3.0, 10, 25, or
50 pF select the specific high
voltage/low value capacitor
inside the Gene Pulser 11 unit.

HIGH CAP. (500 V max.)
position activates low voltage
circuitry for use of higher
value capacitorsin
Capacitance Extender I1 or
PLUS accessory module.

SET
VOLTS (kV)

Selecting any of the Low Cap. capacitors (used with the
Pulse Controller 1l (or PLUS) module—high voltage)
alowsthe Set Volts adjustment to range from 0.2 to
25kV in10V (0.01 kV) increments.

Selecting the High Cap. position on rotary Capacitance
switch activates the Capacitance Extender 11 (or PLUS)
module and allows the Set Volts adjustment to range from
0.050 to 0.500 kV (50 to 500 V) with 2V (0.002 kV)
increments.

RAISE LOWER

4. SET VOLTS % then 5. RAISE LOWER E i ;

Function

Result/Display

Pressing SET VOLTS
activates the Raise and Lower
keypads that are used to adjust
the desired voltage to be deliv-
ered to the sample cuvette.

To Set voltsfor High
voltage/low capacitance
Pulse Trac waveforms (using
Pulse Controller Il or PLUS
module).

* The Set Voltsdisplay isin kilovalts.

High voltage/low capacitance Pulse Trac wavefor ms:

* The 3 digit LED display reads 0.00 when any of the
Low Cap. (1, 3, 10, 25, or 50 yF) capacitors are selected
for usein ddlivering high voltage.

The Set Volts adjustment ranges from 0.2to 2.5kV, in 10
volt (0.01 kV) increments when any of these high voltage
capacitors are selected.

* Pre-set high voltage settings used with the Pulse
Controller 11 (or PLUS) module are available by pressing
both the Raise and Lower keypads s multaneously.
Pressing these two keys once will set the voltage to

1.8 kV (1.80 will be displayed). Pressing both the Raise
and Lower keypads twice will set the voltageto 2.5 kV
and 2.50 will be displayed. Pressing both buttons a third
timewill reset the voltage to 0.00 kV.



Function

Result/Display

To Set voltsfor Low
voltage/high capacitance
Pulse Trac waveforms (using
Capacitance Extender I1 or
PLUS module).

L ow voltage/high capacitance Pulse Trac waveforms:

The 3 digit LED display reads .000 if the High Cap. posi-
tion is selected.

The Set Volts adjustment ranges from 0.050 to 0.500 kV
(50to 500 V) with 2 V (0.002 kV) increments when High
Cap. position is selected on rotary Capacitance switch.
[Note: If the voltageis set at 0.00, the display will read
NO if the pulse buttons are pressed].

Pre-set low voltage settings used with the Capacitance
Extender 11 (or PLUS) module are available by pressing
both the Raise and Lower keypads s multaneoudly.
Pressing these two keys once will set the voltage

t0 0.360 kV (and 0.360 will be displayed). Pressing both
the Raise and Lower keypads twice will set the voltage to
0.500 kV and .500 will be displayed. Pressing both but-
tons athird time will reset the voltage to .000 kV.

SET HIGH CAP
(uF x1000)

6. SET HIGH CAP. (uF x 1,000) %

RAISE LOWER

then 5. RAISE/LOWER E % a

Function

Result/Display

Allows Raise and Lower
keypadsto adjust the selec-
tion of capacitors of the
Capacitance Extender |1

(or PLUS) module.

When the power isturned on, the capacitor selected is
0.025 (x 1,000) or 25 pF. The display reads .025.

Adjustments can be made in 25 pF increments using the
Raise or Lower buttons. Choose capacitors between 25 to
1,075 pF [displayed as .025 to 1.07 (x 1,000) pF] inthe
Capacitance Extender |1 module or 25 to 3,275 pF [dis-
played as .025 to 3.27 (x 1,000) pF] in the Capacitance
Extender PLUS module.

The LED abbreviates the display of capacitors larger than
975 YF as 1.00=1.000, 1.02 =1.025, 1.05 =1.050,

1.07 =1.075 (x 1,000) pF, etc., but actual capacitor values
areascited.

Dashes (——-) will appear on LED display if Capacitance
rotary switch isnot set on High Cap. position.

If the Capacitance Extender 11 (or PLUS) moduleis not
connected to the Gene Pulser 11 unit, NO will bedis-

played.
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ACTUAL
VOLTS (kV)

7. ACTUAL VOLTS (kV) %

Function Result/Display

After pulse, displays actua The Actud Voalts (kV) function displays the actual volts
volts delivered to samplein ddivered to the cuvette. The valueisretained until next
cuvetteusingthe Pulse Trac  pulseisddivered and power remains on. Raise and Lower
system. keys cannot be used when the Actua Voltskey isactive.

TIME CONST.
(msec)

8. TIME CONST. (msec) %

Function Result/Display
Displaysthe actual measured  The actua time constant is automaticaly displayed asa
time constant of the Pulse LED value after apulseisdelivered. Thisvalueisretained

Trac waveform delivered by  until next pulseis ddlivered and power remains ON.
Gene Pulser 11 unit to the
cuvette sample. Thetime
constant (1) isthe amount of
time required for the actual
voltage of the delivered pulse
to decrease to avalue of Le
of the true peak pulse. The Time constants larger than 999 msec are displayed in
display isin msec. abbreviated form. For example, 1,000 msec is displayed
as 1.0t (or 1 x 1,000 msec).

The time constant range for high voltage pulses with the
Pulse Controller 11 (or PLUS) moduleis 0.02 to 80 msec
with a0.02 msec precision. The time constant range for
low voltage pul ses with the Capacitance Extender 11 (or
PLUS) moduleis 0.1 msecto 6.5 sec.

Raise and Lower keys cannot be used when the Time
Congt. key isactive.
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SET HIGH CAP ACTUAL
(1F x1000) VOLTS (kV)

EX 00

|_ MEASUREJ

9. MEASURE CAP (uF) CAP. (4F) then 2. PULSE R
Function Result/Display
Two keypads and Pulse When the desired capacitor is selected (using the Capacitance
buttonswork togetherto  switch or the Set High Cap. keypad), the two Measure Cap key-
activate the Pulse Trac pads are pressed (the two LEDs over the keypads arelit). The
systemto measureactua  Pulse Trac system is activated by pressing both Pulse buttons.
storage capacity of select-  Hold both Pulse buttons until tone sounds. Release Pulse but-
ed capacitor in pF. tons. Display first shows CH(Q, then tSt, then capacitor test
vaue.
Both Measure Cap. keypads, then both Pulse buttons, must be
pressed simultaneoudly for this function to operate.
Display isretained until power switched off or another
Measure Cap. test is completed. Display value for capacitors
larger than 975 WF istruncated (i.e. 1,000 uF=1.00).
No energy is delivered to sample cuvette. (You can verify
this, as the time constant for the Pulse Trac mode is 0.00).
High voltage capacitor tolerance is +10%. Low voltage
capacitor tolerance is +20%. (Other electroporation devices
have variation standards that approach +40% that can greatly
ACTUAL TIME CONST.
VOLTS (kV) (msec)
B
E
SAMPLE
10. SAMPLE RESISTANCE RESISTANCE
Function Result/Display
Activatesthe Pulse Trac Pressing these two keypads allows the unique Pulse Trac sys-

system to monitor sample
resistance (includesresis-
tance in Pulse Controller
Il or PLUS module, if
connected).

tem to accurately monitor resistance of itsinternal arc
protection circuitry, depending on the sample conductivity.
Value displayed is derived from low current sine-wavesinto
the sample (voltage well below 1 V).

The display range is 5-999 ohms when the High Voltage/L ow
Capecitor modeis used. Use thisto verify Pulse Controller 1
or PLUS module resistor settings.

The range is 5-800 ohms when the Low Voltage/High
Capacitor modeisused. Use thisto estimate changesin
sample conductivity when using the Capacitance Extender |1
(or PLUS) module.

When the maximum vaue for the given resistance rangeis
displayed, the actual resistance may be greater than or equal
to the displayed value.

Raise and Lower keys cannot be used when these two keys
are active.
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Function Result/Display

LED (Light Emitting Diode)  Displays Pulse Trac values and function indicators (3 digit).
display

11. LED

OUTPUT

HIGH VOLTAGE@ @

Function Result/Display

Shocking chamber output jack Used as receptacle for red/black Ieads of shocking cham-
ber when the Capacitance Extender Il or PLUS moduleis
used for electroporation.

12. Shocking Chamber Output Jack

3.2 Pulse Controller 1l Front Panel

BIO-RAD PULSE CONTROLLER Il X 800 Z#

RESISTANCE (ohmns)

Fig. 3.2. The front control panel of the Pulse Controller Il apparatus. Resistor selection switch (1)
and shocking chamber output jack (2).

100 [

1. Resistance Selection Switch (ohms) RESISTANCE (ohmns)

Function Result/Display

Rotary switch selects one of Parallel resistors divert current (not voltage) from cuvette
six parallel resistors (100, samplein Pulse Trac circuit. Used in high voltage electro-
200, 400, 600, 800, 1,000 poration to prevent high current from adversely affecting

ohm) for Pulse Trac voltage  biological sample during electroporation.
delivery to sample cuvette.
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Function Result/Display

Selection of infinity (co) Usetheinfinity (c0) position when you wish to use the
position engages only Capacitance Extender |1 (or PLUS) module without
20 ohm protective series disconnecting the Pulse Controller 11 (or PLUS) module.

resistor and no parallel resis-

torsin the Pulse Trac circuit,  D1SPiay reads 999 for infinity (o) position when the

Low Caps. setting is used and 800 when the High Caps.
setting is used.

.A .

OUTPUT  HIGH VOLTAGE

2. Shocking chamber output jack

Function Result/Display

Connection point for leads Attaching the shocking chamber to Pulse Controller
from shocking chamber for PLUS output jack givesincreased circuitry protection to
high voltage (bacteria) elec-  both the sample cuvette and the Gene Pulser |1 unit in
troporation. caseof anarc.

3.3 Pulse Controller PLUS Front Panel

PULSE CONTROLLER PLUS

LOW RANGE RESISTANCE (ohmns) HIGH RANGE

Fig. 3.3. The front control panel of the Pulse Controller PLUS apparatus. Resistor selection
switches (1) and shocking chamber output jack (2).

1. Low Range and High Range

Resistance Selection Switches (ohms) LOWRANGE _RESISTANGE ohms) _HIGHRANGE
Function Result/Display
Two rotary switches work Parallel resistors divert current (not voltage) from

together to select one of eleven cuvette samplein Pulse Trac circuit. Used in high
parallel resistors (50, 100, 200, voltage electroporation to prevent high current from
300, 400, 500, 600, 700, 800, adversely affecting biological sample during

900, 1,000 ohms) for pulse electroporation.

delivery to sample cuvette.
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Function

Result/Display

(a) Left-most Low Rangeresis-
tance switch dominates and
selects one of five Low Range
resistors (50, 100, 200, 300,
400 ohmes) or activates the High

Range resistance switch settings.

To use High Range resistors, set
Low Range switch at To Use
High Range position, then using
right rotary switch, select one of
six parallél resistors (500, 600,
700, 800, 900, 1,000 ohms) for
engaging parallel resistor in
Pulse Trac waveform delivery
to sample cuvette.

Selection of infinity () position
engages no paralle resistorsin
the Pulse Trac circuit. Only the
20 ohm protective series resistor
is engaged.

2. Shocking chamber output jack

Usetheinfinity (o) position when you wish to use the
Capacitance Extender |1 (or PLUS) module without
disconnecting the Pulse Contraller 1l (or PLUS) mod-
ule. Make certain that both switches are properly
positioned.

Display reads 999 for infinity (co) position when Low
Caps. setting is used and 800 when High Caps. set-
ting isused.

- A.

OUTPUT  HIGH VOLTAGE

Function Result/Display

Connection point for leads Attaching the shocking chamber to Pulse Controller

from shocking chamber for PLUS output jack givesincreased circuitry protection to
high voltage (bacteria) elec-  both the sample cuvette and the Gene Pulser |1 unitin
troporation. caseof anarc.

3.4 Capacitance Extender Il Front Panel

[[[e£:%2) CAPACITANCE EXTENDER II

Fig. 3.4. Front panel of Capacitance Extender Il. Note all capacitors are selected from Gene Pulser Il

unit front panel controls.
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3.5 Capacitance Extender PLUS Front Panel

[[[e}i%2) CAPACITANCE EXTENDER PLUS

Fig. 3.5. Front panel of Capacitance Extender PLUS. Note all capacitors are selected from
Gene Pulser Il unit front panel controls.

Section 4
Operation

4.1 Instructions for Using the Gene Pulser Il unit and the Pulse
Controller Il (or PLUS) Accessory

Typical E. coli High Voltage Electroporation Protocol

1. SetuptheGene Pulser and Pulse Contraller I (or PLUS) units as described above. Make cer-
tain that the shocking chamber is connected to the output jack on the front of the Pulse
Contraller I1 (or PLUS) unit.

2. Turn on the Gene Pulser 11 apparatus using the power switch on the lower front panel. The
LED abovethe ova Set Volts keypad will beilluminated. The display will read 0.00 if any
one of the (high voltage) Low Cap. capacitorsis selected. Thedisplay unitsareinkV.

3. Select the desired low capacitor (1.0, 3.0, 10, 25, or 50 pF) using the rotary Capacitance
switch on the front of the Gene Pulser I1 unit. [Hint: The capacitor selected can be verified
by activating Measure Cap. keypads, followed by pushing both pulse buttons until the tone
sounds.]

4. With the Set Volts key active (the light above the key islit), use the Raise and Lower key-
pads to adjust the voltage to the desired value. Recommended voltage is 1.8 kV for
electroporation of atypica strain of E. coli using 25-40 W of sample (cellDNA/protein) in
the 0.1 cm cuvette, or use 2.5 kV in 0.2 cm cuvettes. [Hint: Pressthe Raise and Lower keys
smultaneoudly once, twice, or threetimesto obtain preset voltage values of 1.8 kV, 2.5KkV,
or return to 0.00 kV, respectively.]

5. Sdect thedesired parale resistor using the rotary Resistance (ohms) switch(es) on thefront
of the Pulse Controller 11 (or PLUS) module. The Pulse Controller 11 module has one switch
with seven different settings. The Pulse Controller PLUS module has two rotary switches
that work together to provide 12 different settings, with the left switch dominating the selec-
tion process. [Hint: resistor selected can be verified by activating the Sample Resistance

keypeds]
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10.

11.

Place the cell/DNA/protein suspension at the bottom of the chilled eectroporation cuvette
between the duminum plates. Use up to 0.4 ml (400 pl) of solution in a0.2 cm cuvette and
up to 0.08 ml (80 W) ina0.1 cm cuvette.

Insert the cuvette into the cuvette dide. Push the dide into the shocking chamber until the
cuvette makes firm contact with the shocking chamber electrodes.

Press both Pulse buttons simultaneoudy and hold until tone sounds (CHQ will flash and
PLS will be displayed during this process). Release both Pulse buttons once tone sounds.
Thetime constant is automaticaly displayed after every pulse.

Remove the cuvette from the chamber, immediately add the appropriate outgrowth medi-
um to the cuvette, and quickly, but gently, resuspend the cellswith atransfer pipette.

Transfer the cell sugpension to a sterile culture tube and incubate under the appropriate out-
growth conditions.

Check and record the pulse parameters. Time congtant isautomatically displayed after every
pulse. Check actud volts delivered.

4.2 Instructions for Using the Gene Pulser Il unit with the
Capacitance Extender Il (or PLUS ) Accessory Module

Typical Low Voltage Electroporation (Mammalian Cells) Protocol

1

Set up the Gene Pulser and Capacitance Extender |1 (or PLUS) units as described above.
Make certain that the shocking chamber is connected to the output jack on the front of the
Gene Pulser 11 unit. [Hint: Y ou can keep the Pulse Controller 11 (or PLUS) connected to the
Gene Pulser 11 unit when using the Capacitance Extender 11 (or PLUS) module. Simply set
the Pulse Controller 11 (or PLUS) moduleto theinfinity (c0) position. For the Pulse Controller
PLUS module, make certain that both switches are properly positioned).

Turn on the Gene Pulser |1 apparatus using the power switch on the lower front panel. The
LED abovethe oval Set Volts keypad will beilluminated. The display will read .000 if the
(low voltage) High Cap. position is sdected on the Capacitance switch (on thefront pandl of
the Gene Pulser 11 unit). The display unitsareinkV.

Verify that the rotary Capacitance switch on the front of the Gene Pulser 11 unit is set to the
High Cap. position (fully clockwise). Select the desired capacitor by pressing the Set High
Cap (UF x 1,000) keypad and then adjust capacitor vaue by using the Raise and L ower key-
pads.

With the Set Volts key active (the light above the key islit), use the Raise and Lower key-
pads to adjust the voltage to the desired value. Suggested voltage of 0.2 to 0.4 kV, using
400-800 pl (cellDNA/protein) is recommended for dectroporation of most mammalian
cdlsinthe 0.4 cm cuvette. [Hint: pressthe Raiseand Lower keys simultaneoudy once, twice,
or three times to obtain preset voltage values of 0.360 kV, 0.500 kV, or return to 0.00 kV,
respectively. Capacitor selected can be verified by activating Measure Cap. keypads, fol-
lowed by pushing both pulse buttons)

Place the cell/IDNA/protein suspension a the bottom of the electroporation cuvette between
theauminum plates (typically at room temperature). Use up to 0.8 ml (800 pl) of solutionin
the 0.4 cm cuvette.

Insert the cuvette into the cuvette dide. Push the dide into the shocking chamber until the
cuvette makes firm contact with the chamber e ectrodes.
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7. Press both Pulse buttons simultaneoudly and hold until tone sounds (CHQ will flash and
PLS will be displayed during this process). Release both Pulse buttons when the tone
sounds. Thetime constant is automaticaly displayed after every pulse. [Hint: large capaci-
tors may require severa secondsto safely charge. Do not release PUL SE buttons until tone
sounds]

8. Removethe cuvette from the chamber and immediately add the appropriate outgrowth medi-
um to the cuvette and quickly but gently resuspend the cellswith atransfer pipette.

9. Transfer the cell suspension to a sterile container and incubate under the appropriate
outgrowth conditions.

10. Check and record the pulse parameters. Time constant isautomatically displayed after every
pulse. Check actud volts delivered, and sample resistance.

Section 5
The Pulse Trac System

5.1 Pulse Trac System Description

The Pulse Trac system monitors and adjusts for the total resistance and capacitance of the
complete circuit, including the sample in the cuvette. Sample res stance depends on both its con-
ductivity and its cross-sectional areain the cuvette. The unique Pulse Trac circuitry monitors
the resistance of the sample and ddliversthe desired voltage regardless of sample volumeor con-
ductivity. An advantage of the Pulse Trac system isthat the measured T for every pulseis based
on the actud voltage ddlivered to the cuvette sample, including the entire el ectrical circuit and
sample resistance; not on some theoretical calculation based on the settings you have chosen
on theinstrument or the overall pulse decay time. When you are optimizing e ectroporation with
the Pulse Trac system, the electrical variables are controlled with exacting precision so that
your results reflect only the biological variablesin your experimental design.

Minimize any variation in the electrica circuitry between experiments with the Pulse Trac
diagnogtic algorithm (see Section 5.2 for operation instructions). This test algorithm examines
the complete dectrical circuit and electronicaly sdlects the right combination of capacitors to
deliver the most accurate and reproducible pulse for optimal and consi stent electroporation over
the lifetime of the unit.

5.2 Pulse Trac Diagnostic Algorithm

Thistest algorithm tests and selects the optimal capacitor circuit of the Gene Pulser 11 unit
and the Capacitance Extender |1 or PLUS modulein the range of 100-1,075 pyF. Thisisthe key
bank of dectronically sdected capacitors used in low voltage /high capacitance precision pulse
ddivery. When completed, thistest algorithm is active aslong as the power to theunitison. The
test algorithm tightens the al ready rigorous capacitor tolerance from +20% to £10% (other unit
designs can have a capacitor variance as high as +40%).

Note: the high voltage capacitorsin the Gene Pulser 11 unit are not part of this system, as
they are pre-selected to the same 10% tolerance that thistest algorithm provides.

To activate the Pulse Trac test agorithm, use Measure Cap and Pulse asfollows (test requires
~30 seconds to complete).

18



SET HIGH CAP ACTUAL
(F X1000) VOLTS (kV)

E

E

9. MEASURE CAP (LF)

Function

==

MEASURE

CAP. (uF) then 2. PULSE PULSE

Result/Display

Two Measure Cap. keypads
and Pulse buttons work
together to activate the Pulse
Trac test dgorithm to recali-
brate the low voltage
capacitors between 100-1,075
HF.

Test dgorithm can be used
when the Capacitance
Extender Il or PLUS module
is properly connected to the
Gene Pulser |1 unit and the
capacitor selection switch is
set in the High Cap. position.

The two Measure Cap keypads are pressed (the two LEDs
over the keypads arelit) and held continuously for 4 seconds
until ALQ isdisplayed. Release Measure Cap. keypads.

The PULSE TRAC agorithm is activated by pressing both
Pulse buttons. Hold both Pulse buttons continuoudly
(about 25 seconds) until along tone soundsand dNE is
displayed. Display characterswill vary astest progresses
through the circuit. Release Pulse buttons.

After tone sounds and Pulse buttons are released, dNE
(done) will flash and the display will appear 00.0.

The Measure Cap. keypads are still active (lights above
keypads are lit).

When the test has been completed, select any of the low
voltage/ High (value) capacitors using the Set High Cap.
keypad and the Raise /Lower keypads as described in
Section 3.1. Any capacitor now selected (100-1,075 pF
range) will be verified as a precision capacitor with the
flashed Prc CAP display.

Low voltage capacitor toleranceis now £10%. High voltage
capacitor toleranceis aready £10%. (Other electroporation
devices have variation standards that approach +40% that
can greetly hinder consistent el ectroporation results.)

The test dlgorithm islocked on until the power to the unit
isturned off. To discontinue this test after the ALQ has
been sdlected, turn the unit power off.

No energy is delivered to sample cuvette during this test.
Y ou can verify this, asthe time constant for this Pulse
Trac modeis 000 and the Actual Volts (kV) delivered
valueis.000.
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Section 6

Instrument Diagnostics and Troubleshooting

Problem

Likely Cause

1. Display doesnot light
when unit isturned on.

2. Apparatusdisplaysno
when pulse button
are pressed.

3. When the pulse buttons
are pressed, the display
continuesto flash CHg,
but the tone does
not sound.

4. Arcing inthe cuvette

Power is not supplied to electronics. Check power cord and
wall outlet power source. Check that power switch ison.
Check/replace fuse.

Voltage set at zero. Press Set Volts keypad. Adjust voltage
with Raise and Lower keypads to desired voltage.

Capacitance (UF) select switch set on High Cap., but
Capacitance Extender Il or PLUS module is not properly
connected to Gene Pulser 11 unit. Check |eads as connected
to rear of Gene Pulser 11 unit and RS232 cable connection.

No pulse delivery.

Pulse buttons not depressed long enough. Large capacitors
or conditions that generate long time constants require a
longer charging time (severa seconds) to maintain safe
pulse delivery. The pulse buttons should not be released
until the tone sounds.

Only one pulse button depressed. Both of the red pulse but-
tons must be pressed continuously until the tone sounds for
pulse delivery.

Sample resistance too high. Lower sample resistance (e.g.,
increaseionic strength of the media). Use the Gene Pul ser
[1 unit with the Pulse Controller |1 or PLUS module for
pulse delivery into high resistance samples.

Arcing in the cuvette is usually caused by a sample medium
that istoo conductive. The limit of conductivity depends on
the voltage, eectrode gap, and sample volume.

When using the Pulse Controller |1 or PLUS module, arcs
occasionally occur in high voltage delivery (typical E. cali
protocoal) if the sampleis 10 meq or higher. Causes of
excessive conductivity include:

1. Washing and resuspending cellsin abuffer that istoo
high inionic strength.

2. Insufficient washing of cells; salts of growth medium are
not removed.

3. Lysed cellsin the preparation.; cell contents contribute to
conductivity.

4. DNA solution too high in salt content. Ligation mixture,
or CsCl carry-over during DNA purification. Dilute
DNA 1/100 with ultra-pure water or use Prep-A-Gene®
purification matrix.

5. Electroporation of cellsabove 0 °C (cell lysis).
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Section 7
Specifications and Product Information

7.1 System Specifications

Gene Pulser Il System

Input voltage

Input current
Maximum output voltage and current

Output waveform

Output voltage adjustment

Ambient operating environment

Regulatory

Dimensions
Weight

Pulse Controller Il System

100/120 V RMS, 50/60 Hz
220/240 V RMS, 50/60 Hz
15 amp RMS

2,500 V at 125 amp peak (normal load);
limited to 1,500 A during arc.

Pulse Trac exponential decay with RC time con-
stant dependent on sample and capacitor
selected

50-2,500 V range (depending on the capacitor)
with 10 V adjustment precision for the high voltage
range and 2 V for the low-voltage range

(50-500 V).

Temperature 0-35 °C

Humidity 0-95% without condensation

Passes requirements of IEC 1010. In addition, the
system passes requirements for FCC, Class A.

34x31x19cm
10.41 kg

Selectable resistance, ohms, (parallel)

Dimensions
Weight

Pulse Controller PLUS System

100, 200, 400, 600, 800, 1,000, infinity ohms;
measured with Gene Pulser Il apparatus

23x31x7.7cm
1.7 kg

Selectable resistance, ohms, (parallel)

Dimensions
Weight

Capacitance Extender Il System

50, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1,000, infinity ohms; measured with Gene Pulser Il
apparatus

23x31x7.7cm
1.87 kg

Selectable capacitors, pF

Dimensions
Weight

25to 1,075 pF, in 25 pF increments; measured
with Gene Pulser Il apparatus

23x31x9.7cm
2.57 kg

Capacitance Extender PLUS System

Selectable capacitors, uF

Dimensions
Weight

25 to 3,275 pF, in 25 pF increments; measured
with Gene Pulser Il apparatus

23x31x13.7cm
3.64 kg
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7.2 Product Information

Catalog

Number Product Description

165-2105  Gene Pulser 11 Apparatus, 100/120 V, 50/60 Hz; includes 1 shocking
chamber, 15 sterile sample cuvettes (five 0.1 cm gap, five 0.2 cm gap and
five 0.4 cm gap), 1 cuvette rack

165-2106  Gene Pulser Il Apparatus, 220/240 V, 50/60Hz; includes 1 shocking
chamber, 15 sterile sample cuvettes (five 0.1 cm gap, five 0.2 cm gap and
five 0.4 cm gap), 1 cuvette rack

165-2107  Capacitance Extender 11, 25-1075 YF range measured by Gene Pulser 11
apparatus; includes integrated leads

165-2108  Capacitance Extender PLUS, 25-3,275 W range measured by Gene Pulser |1
apparatus; includes integrated leads

165-2109  Pulse Controller 11, 100-1,000 ohm range, seven settings (100, 200, 400, 600,
800, 1,000, infinity ohms); includes integrated leads

165-2110  Pulse Controller PLUS, 501,000 ohm range, twelve settings (50, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1,000, infinity ohms); includes integrated leads

165-2111  GenePulser 11 /E.coli Pulser™ shocking chamber

165-2095  Gene Pulser Cuvette Rack

165-2094  Gene Pulser Electroprotocols

165-2088  Gene Pulser Cuvettes, 0.4 cm electrode gap, package of 50, sterile

165-2086  Gene Pulser/E. coli Pulser Cuvettes, 0.2 cm electrode gap, package of 50,
sterile

165-2089  Gene Pulser /E. coli Pulser Cuvettes, 0.1 cm electrode gap, package of 50,
sterile

Appendix A

Review of Electroporation Fundamentals

Electroporationisaphysical processthat transiently permeabilizes prokaryotic and eukary-
otic cell membranes with an electrical pulse, thus permitting cell uptake of a wide variety of
biological molecules. Electro-transformation provides the researcher with a valuable dterna-
tiveto chemical and other physical methodsthat may be ineffective or toxic when transforming
certain cdll types.
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How Electroporation Works

The ddivered pulse decays exponentially through time, and is defined by two pulse param-
eters, theinitial field strength (kV/cm) and the time constant (t). Both the field strength and the
time constant must be characterized for each cell type. Y ou determine the field strength by
sdlecting the voltage (kV) that is delivered acrossthe cuvette e ectrode gap (cm). Generaly, the
larger the cell, the lower the fidld strength required for efficient electroporation. The time con-
gtant, T (msec) = resistance, R (ohms) x capacitance, C (microfarads), in the complete pulse
circuit isequivalent to the amount of timeit takesfor theinitial peak voltage (V) todrop tothe
vaueof V /g thisisadecay timefor the pulseto decreaseto avaue of about 37%of V, (Fig. A.L).

Electroporation

Pulsa

Irvitial
Voltage = Vi

7% aof Vg 4==4

Time *
Exponential Decay Pulsa

Total procedure takes 2 to 3 minutes

Fig. A.1. Electroporation delivers an electrical pulse to permeabilize cell membranes for the uptake
of biological molecules. The pulse decays exponentially over a short time (msec). The time constant,
T (msec) is the time required for the initial voltage (V,) to decay to 37% of V,,. Also, the time constant,
(T, msec) = resistance, R (ohms) x capacitance, C (microfarads) in the complete pulse circuit, (T =R x C).

Key Optimization Concepts

Electroporation must be optimized for each cell type, Sncethe pulse must penetrate cellsthat
differ in diameter, membrane/cell wal composition, and in the medium needed to support mem-
brane/cell wall integrity during e ectroporation. Key parametersfor optimal eectroporation are:

The time constant (1)

Thisisan essentid parameter becauseit precisdy describes each pulse ddlivered to your sam-
ple. T isequivalent to the amount of timeit takes for theinitial peak voltage (V) to drop to the
vaueof V /e thisisadecay timefor the pulse to decreaseto avaue of about 37% of V,,, (Figure
A.1). Thetime constant for each pulseisalso the product of thetotal resistance and capacitance
of thepulsecircuit [T=Rx C].

The resistance and capacitance of the pulse circuit will directly influence the rate of decay
[T, (msec)] of the exponentia pulse waveform that is delivered to the sample.
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The resistance (R) of the sample depends on both its conductivity and its cross-sectional
area (seebelow). Various cuvette gap Sizes are avail able that can hold different sample volumes.

Effect of Sample Volume on Time Constant*

80
1 J? O 0.1cm
70 \ O 0.2cm
60 © 0.4cm
50 }l Cuvette Size
{9
(msec) 30 ] §

ol & | [®e

10 QO b\( '\“\0

o) S IS ([ S S —
0 100 200 300 400 500 600 700 800

Volume (ul PBSuc)

*Various volumes of cold phosphate buffered sucrose (272 mM sucrose, 7 mM potassium phosphate,
pH 7.4, 1 mM MgCl,) pulsed using 200 V and 50 yF in 0.1 cm, 0.2 cm and 0.4 cm cuvettes.
The resulting time constants are reported.

The capacitance (C) is determined by the selected capacitor of the pulse circuit within the
electroporation device. Optimal time constants (1) for most prokaryotic cells range from
5 to 10 msec. Most mammalian cells require atime constant (T) of 15 to 40 msec.

The field strength (E) applied to the sample

Field strength (E) istheinitial voltage (V) set by the user and delivered by the Gene Pulser
Il apparatus across the distance (cm) between the electrodes in the cuvette (E= kV/cm). The
Pulse Trac system automatically measures T and the actua peak voltage delivered to the cell
sample for each pulse and displays them as easy-to-read LED vaues. This allows the user to
monitor and reproduce the time constants and the field strengths reported by other laboratories
for optimal dectro-transformation. Optima field strength for bacteriaistypicaly 16to 19 kV/cm
and 0.5 to 1.0 kV/cm for most mammalian cells.
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