




Warranty
The GenePath  power module, chamber, variable speed pump, and accessories are warranted against

defects in materials and workmanship for 1 year. If any defects occur in the instruments or accessories
during this warranty period, Bio-Rad Laboratories will repair or replace the defective parts at its dis-
cretion without charge. The following defects, however, are specifically excluded:

Defects caused by improper operation.
Repair or modification done by anyone other than Bio-Rad Laboratories or an authorized agent.
Damage caused by substituting an alternative chamber or pump.
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 sample.

Thi,s warranty does not apply to parts listed below:

Fuses
Tubing
Electrodes

For any inquiry or request for repair service, contact Bio-Rad Laboratories. Inform Bio-Rad of the
model and serial number of your instrument.

Important: This Bio-Rad instrument is designed and certified to meet IEClOlO-l *  safety stan-
dards. Certified products are safe to use when operated in accordance with the instruction manual. This
instrument should not be modified or altered in any way. Alteration of this instrument will:

Void the manufacturer’s warranty
Void the IEClOlO-1  safety certification
Create a potential safety hazard

Bio-Rad Laboratories is not responsible for any injury or damage caused by the use of this instru-
ment for purposes other than for which it is intended or by modifications of the instrument not per-
formed. by Bio-Rad Laboratories or an authorized agent.

*IEClOlO-1 is an internationally accepted electrical safety standard for laboratory instruments.

The Genel?ath chamber is not compatible with chlorinated hydrocarbons (e.g., chloroform), aromatic hydrocarbons (e.g., toluene, benzene), or ace-
tone. Use of organic solvents voids all warranties.



Section I
General Information

1.1 Safety AA
The GenePath  system uses high voltage and current and should be operated with care at

all times. The safety interlocks are for your protection and should not be circumvented. To
avoid shock, set up the GenePath  components in a dry area. Immediately wipe up any spilled
buffers or salt solutions.

When pausing or aborting a run, always check that the current display goes to zero or
displays off. This can take 2-5 seconds while the power supply discharges. It is then safe to
open the lid of the cell.

Warning: There are high voltages and currents within the cell, which can be harmful.
Do not attempt to circumvent these safety interlocks. Always turn off the power to the cell
before working within the gel box.

The Cooling Module is ground isolated. Although there is virtually no current flowing
through the Tygon tubing into the cooling module, you should avoid assembling or disas-
sembling the tubing while the GenePath  system is operating.

When inserting or removing the external temperature probe, be sure that the GenePath  sys-
tem is turned off. Do not handle the probe with wet hands.

Definition of Symbols

A!i Caution, risk of electric shock

A ! Caution (refer to accompanying documents)

1.2 Overview
Pulsed field electrophoresis is a technique for resolving chromosome-sized DNAs.  By

alternating the electric field between spatially distinct pairs of electrodes, megabase  (mb)
sized DNAs  are able to re-orient and move at different speeds through the pores in an agarose
gel. Overview articles and specific applications are listed in Section 6.

The GenePath  system separates large and small DNA fragments with better resolution,
speed, and accuracy, than initial pulsed field methods. DNAs  from 1,000 bases to over 10
megabases (mb) may be effectively resolved. Applications of the GenePath  system include
nosocomial testing, epidemiological testing, and pathogen strain typing.

The GenePath  system is based on two leading technologies. The first is CHEF304  (Clamped
Homogeneous Electric Fields). Like the CHEF-DR@  III system, the GenePath  system provides
highly uniform, or homogeneous, electric fields within the gel. This is accomplished using an
array of 24 electrodes, which are “clamped” or held to intermediate potentials to eliminate lane
distortion. Thus, lanes are straight. And, like the CHEF-DR III system, the GenePath  system
maintains uniform fields using patented Dynamic Regulation (US Patent 4,878,008).  The elec-
trodes sense changes in local buffer conductivity due to buffer breakdown, or change in buffer
type, gel thickness, or temperature. Potentials are readjusted immediately to maintain uniform
fields, thus insuring high resolution during runs and between runs.



The second technology is PACE305  (Programmable Autonomously Controlled Electrodes),
where the voltage potential of each of the 24 electrodes is regulated independently. The
GenePath  system has pre-programmed run conditions for a variety of common pathogens.
The operator merely selects the appropriate program and the GenePath  performs the optimal
pulsed field switching protocol for that organism. There is also a battery backed-up RAM
and automatic restart after power interruption to insure reproducible results even when the
power source is unreliable.

1.3 Specifications

GenePath System
Dimensions

Construction
Weight
Total system weight
Power supply

Electrical
Maximum current
Allowable voltage gradients
Battery back-up
Electrode potentials
Data entry

Functional
Switching range
Switch angle variable

Maximum program blocks
Maximum run time
Input voltage range

Fuses

Environmental
Operating

Storage

43 (deep) x 48 (wide) x 17.5 (high) cm
Aluminum chassis
10kg
40 kg
350 V maximum, to allow maximum gradient of
9 V/cm, continuously adjustable: built in

0.5 amperes
0.6-9 V/cm, in 0.1 V/cm increments
All parameters in memory
Dynamically regulated (feedback adjustment) iO.5%
Keyboard

0.1 set to 65K set
90-120 degrees (all electronic switching) in 1”
increments
3, with automatic execution
999 hours per block
90-132 VAC/47-63  Hz/4  amps
198-264 VACl47-63  Hz/2  at-nps

0.5 amp Fast Blow for high voltage output
3.15 amp Slow-Blow (100/l 20 V) or
1.60 amp Slow-Blow (220/240  V)

50 “F (10 “C) to 90 “F (32 “C) temperature
30-80%  humidity
32 “F (0 “C) to 140 “F (60 “C) temperature
1 O-90%  humidity
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Electrophoresis Cell
Dimensions

Construction

Lid
Weight
Electrodes
Temperature monitoring

11.4 (high) x 44.2 (wide) x 50.3 (deep) cm,
horizontal format
Cover: Vacuum formed polycarbonate
Base: Injection molded polycarbonate
Safety interlocked
10.2 kg
24 platinum (0.02 inch diameter)
Via precision temperature probe mounted in base of
cell

Accessories Included
Variable speed pump
Casting stand
Comb
Tygon tubing
Disposable sample plug mold
Yeast DNA Standard
Chromosomal grade agarose
Pulsed field certified agarose
Leveling bubble
Fuses
Manual

Coolina Module

120 V, ground isolated. Flow rate 1 liter/min, typical
14cmx13cm
15 well comb and comb holder
365 cm
50 slot
S. cerevisiae YNN295, 2 plugs
5 grams
5 grams
1
0.5 Amp Fast Blow, 2
1

Weight
Construction
Dimensions
Cooling capacity
Operating range
Fuse

14kg
Aluminum
42 cm long x 23 cm wide x 24 cm high
75 watts of input power at 14 “C
5 “C-25 “C
100 & 120 V: 6.3 amp, 250 V !WBlow
220/240  V: 3.15 Amp, 250 V Slo-Blow

Note: This equipment has been tested and found to comply with the limits for a Class A dig-
ital device, pursuant to Part 15 of the FCC rules. These limits are designed to provide rea-
sonable protection against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can radiate radio frequency
energy and, if not installed and used in accordance with the instruction manual, may cause
harmful interference to radio communications. Operation of this equipment in a residential area
is likely to cause harmful interference in which case the user will be required to correct the
interference at his own expense.

1.4 Description of Major Components

GenePath System

The GenePath  system contains all the electronics necessary to perform pulsed field elec-
trophoresis. It contains a 350 V power supply, the switching functions, and drivers for the 24 elec-
trodes. The drivers provide clamped homogeneous electric fields in the electrophoresis cell, and
maintain them regardless of the field angle selected. This featwe,  dynamic regulation (US Patent
4,878,008  issued to Bio-Rad Laboratories), modulates the potentials so that the proper voltages
are maintained regardless of gel size, or fluctuations in buffer conductivity or temperature. The
fused power supply operates with a maximum voltage gradient of 9 V/cm, or 300 V.
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Figure 1. I A shows the relative potentials of each electrode pair when the + 60” vector
(indicated by the arrow) is activated. Net field vector is from NW to SE. The highest poten-
tials are found along the SE segment of the hexagon. The potentials gradually decline along
the adjacent segments. The NW segment, directly opposite the SE, has 0 potential, repre-
sented in the diagram as negative terminals. When the - 60” angle is activated, the pattern of
electric charges is as shown in Figure 1.1 B. Together, the two pulses result in a 120” includ-
ed field angle. Other angles will result in values for the relative electrode potentials, accord-
ing to predetermined values.

Back

A +60”
+ +r+- - - - 2, ~

B -60”
+ +* r+- - - I f, _

/r-/\+\+\

Front

Fig. 1 .l. Voltage clamping by the GenePath system. A. Relative electrode potentials when the +60”
field vector is activated. B. Relative electrode potentials when the -60” field vector is activated.

Electrophoresis Cell

The GenePath  electrophoresis cell consists of a 43 x 44 cm (17” x 17.5”) acrylic box with
24 horizontal electrodes arranged in a hexagon. Gels are electrophoresed horizontally, sub-
merged under recirculated buffer. A 14 x 13 cm (5.5” x 5”) gel is cast on a platform in a sep-
arate casting stand. The platform (along with the gel) is removed from the casting stand, and
placed in the center of the hexagon. The platform is held in place by a frame positioned on the
cell floor. A combination wide/long format is available as an accessory. DNA migration and
buffer flow is in the direction of the arrow mounted on the lid.

The electrodes are individually wired to the 24 pin computer cable, which in turn connects
to the GenePath  system. The individual electrodes are replaceable for easy maintenance (see
Section 4). Electrodes are heavy duty, 0.02” diameter platinum wire. They are each sealed
with an O-ring and silicone sealant to provide double protection against leakage.

There are two small cells below the level of the main chamber floor at the front and rear
of the main cell. These cells are used for buffer circulation and priming the pump. Buffer
enters the main cell through six holes in the floor near the top. A flow baffle is located just in
front of these holes to prevent gel movement. Buffer exits the chamber at the front through the
T fitting. One arm is for draining, the other for circulation. The base of the chamber has four
leveling screws for even gel submersion in buffer.

The lid contains an interlock for safety. The voltage directly passes from the GenePath  sys-
tem through a short-path in the lid interlock. If the lid is opened the current flow is broken and
high voltage to the gel chamber is disrupted. The cell also contains an internal temperature
probe, which monitors buffer temperature in the cell, and regulates cooling by the Cooling
Module.
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Pump and Accessories

Each system includes a variable speed pump. The pump provides a suitable flow rate of
buffer through the cell. Substitution of other pumps could pose a lsafety hazard and cause
improper flow, and therefore lower resolution. The pump’s power supply is electrically iso-
lated within the GenePath  system for safety. Its voltage requirement is independent of the
line voltage supplied to the power module (e.g. 120, 100,220, or 240 volts). This pump should
not be plugged into any equipment other than the GenePath  system.

The pump is connected to Tygon@ or plastic tubing. This tubing circulates buffer in and
out of the cell. The tubing may also pass through a water cooling module. In this case, the
pump should be located after the cooling module, so that buffer flows through the cooling
module and then to the pump. Typically, the dial is set at 70, about I Umin.

Cooling Module

The Cooling Module is a stand alone, portable refrigerated apparatus specifically designed
for use with the GenePath  system. Electrophoresis buffer is circulated by the variable speed
pump directly through the unique heat exchanger, which is a tube within a tube. Buffer circu-
lates through the inner stainless steel tube, while liquid refrigerant circulates through the outer
copper tube, resulting in rapid and efficient cooling at a rate of 0.75 “C/minute (from ambient
temperature to 14 “C). The cell’s internal temperature probe regulates cooling by the Cooling
Module, resulting in precise maintenance of buffer temperature in the electrophoresis cell.

Section 2
Operation

2.1 Instrument Setup
Place the GenePath  electrophoresis cell on a level surface, with the GenePath  system to

the right or on a shelf above. The electrophoresis cell should be positioned with the two quick
release tube connectors facing you and all the cables in the back. Place the Cooling Module
to the left of the cell. Place the variable speed pump at the rear of the cell and connect the
plug from the pump to the PUMP CONNECTOR port on the back of the GenePath  system.
Level the electrophoresis cell with the four leveling feet at each comer of the electrophoresis
cell by placing the leveling bubble (provided) in the center of the base of the cell.

Variable Speed Pump
I

IN1
Cooling
Module

I vanaole speea
Pump Cable

Power Module

- Electrophoresis
Chamber

L3 rlll
Cable

Cable output to
Electrophoresis Cell

Fig. 2.1. Interconnections between components of the GenePath system.
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Attach the power cords for the GenePath  system and Cooling Module in the back of each
instrument. Be sure the GenePath system is off. Connect the 25pin  cable from the elec-
trophoresis cell to the OUTPUT TO ELECTROPHORESIS CELL port on the front panel of
the GenePath  system. The 2%pin cable has an safety interlock on one end, which is the end
that is attached to the GenePath  system. Connect the coiled interlock cable from the elec-
trophoresis cell to the TO INTERLOCK jacks on the GenePath  system.

2.2 Electrophoresis Cell Operation
To connect the Cooling Module, attach approximately l-2 feet of LJ~ inch internal diam-

eter Tygon tubing to both the FLOW IN and FLOW OUT ports on the Cooling Module, and
secure the tubing with the plastic clamps provided. Connect 2 feet of 48 inch internal diam-
eter Tygon tubing directly from the left front port of the chamber to the V4  inch tubing from
the FLOW IN of the Cooling Module using the 38  to 1/4 inch reducer provided. The pump
should be positioned between the outlet of the Cooling Module anti the inlet of the elec-
trophoresis cell. Connect the Yq inch tubing from the FLOW OUT of the Cooling Module to
the inlet of the GenePath  pump. Connect approximately 1 to 2 feet of l/4 inch Tygon tubing
from the outlet of the pump to 1 foot of 3/8  inch Tygon tubing using a 114 to 3/8  inch reduc-
er. Connect the 3/8  inch tubing to the single connector at the rear of the electrophoresis cell.
Finally, connect a 6 inch piece of Tygon tubing to the right front port of the chamber. This tube
will be used to drain the buffer in the electrophoresis cell.

Insert the gel frame into the positioning holes in the electrophoresis cell. There are two sets
of three positioning holes. Place the frame only in the holes at the bottom comers of the gel, opp
site the wells, so that the frame is centered in the cell. The outermost holes are for the optional 21
x 14 cm (8.25 x 5 inch) gel format (See Casting Stand Instruction Manual for more details).

Connect the temperature probe cable from the back of the electrophoresis cell to the
REMOTE SENSOR port on the back of the Cooling Module.

Establish the correct buffer flow prior to attempting any electrophoresis runs. When the
desired flow rate has been achieved, subsequent electrophoresis runs should be with the same
setting on the variable speed pump. Fill the cell with 2 liters of the buffer of choice. The
desired flow rate of buffer through the electrophoresis cell is approximately 0.8-l liter per
minute (approximately 70 on the variable speed pump). Turn on the pump switch on the front
panel of the power module.

It is also very beneficial to fine tune the Cooling Module before attempting any elec-
trophoresis runs. Turn on the Cooling Module and pump approximately l.Q hour before adjust-
ing the temperature. Initially, it will be necessary to fine tune the temperature setting to achieve
a consistent running temperature.

2.3 Buffer Circulation
Level the GenePath  electrophoresis chamber by adjusting the leveling screws at the cor-

ners. Place the leveling bubble in the center of the base of the cell. Position the frame in the
electrophoresis cell so that the frame is centered (center hole in each group of three holes). Pour
2 liters of buffer (appropriate concentration of TBE) into the chamber. Switch on the GenePath
power, then switch on the variable speed pump. Circulate at -1 L/min. ((a setting of -80 on the
pump regulator). Maintain the flow rate at the maximum setting that does not disturb the gel.
Allow the buffer to equilibrate to the desired temperature. We recommend 14 “C buffer tem-
perature in the cell.

Before beginning the electrophoresis run, the current output displayed on the GenePath
system should be checked to insure that the correct buffer concentration is used. The follow-
ing values are for 2 liters of buffer at 14 “C circulating through the electrophoresis cell.
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Organism Current Range
Staphylococcus 100-135  mA
Pseudomonas 100-135  mA
Enterococcus 100-135 mA
Enterobacter 100-135 mA
Escherichia coli 100-135  mA
Candida 60-95  mA

If the current output is significantly different from the values listed above, the buffer
should be drained, and new buffer should be added.

2.4 GenePath Operation
This section describes general operation. See manuals of the appropriate Pathogen Group

Reagent Kits for sample preparation, gel casting, gel running, and staining.

Power Up

The GenePath  front panel display consists of a two LED displays. The left LED displays
parameters using the MENU, RUN TIME, PAUSE, START, and accompanying RAISE and
LOWER keys. Select the appropriate pathogen specific program on the left LED display by
pressing the MENU key and the INCREASE or DECREASE keys until the desired program
is displayed. The right LED displays current in milliamps.

Program
Staphylococcus
Enterococcus
Candida
Pseudomonas
Enterobacter
Escherichia
Screen Mode
Download

LED Code
StA
Enc
CAn
PSU
Enb
Eco
Screen (See Section 7.1)
dLd (See Section 7.2)

Run Program

When the program is selected, it may be initiated by pressing START. When the pro-
gram is in progress the left LED will display the time remaining (hours) with RUN TIME lit,
and the right LED will display the actual current (milliamps) with PAUSE or START lit.

Run Time This will display the remaining time for the program in progress.
Current This will display the actual current for the program in progress. If the

power supply is at current limit (500 mA maximum), the light will flash.
start This will start the program and the indicator light will be lit.
Pause Pressing this key will put the program into PAUSE and the current indi-

cator will flash. Pressing the START key again will resume the program.
Program Termination

The program in progress may be manually terminated by holding down PAUSE for 3 to
4 seconds. When the program is terminated a double beep will sound and the right display will
show OFF. Pressing START again will start the program from the beginning.

When the program terminates under the timer control, the START light will go off, it
will sound two beeps per second for 5 seconds, and the right display will show OFF. The
run timers will be reset.
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