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1571 ABSTRACT 
An electrophoresis device is disclosed for separating 
cellular particles of a sample substance into fractionated 
streams of different cellular species wherein the device 
includes a casing 10 having a distribution chamber A, 
separation chamber B, and collection chamber C. The 
electrode chambers 34 are separated from the separa- 
tion chamber interior 16 by means of passages 50 and 48 
such that flow variations and membrane variations 
around the slotted portion 34a of the electrode chamber 
do not enduce flow perturbations into the laminar 
buffer curtain flowing in the separation chamber. 
The cellular particles of the sample are separated under 
the influence of the electrical field and the separation 
chamber 16 and separated into streams of different cel- 
lular species. The streams of separated cells enter a 
partition array 52 in the collection chamber and are 

1561 References Cited 
U.S. PATENT DOCUMENTS 

4,035,377 7/1977 Detroy ............................ 204/299 R 
4,049,534 9/1977 Posnea ............................ 204/299 R 

4,142,960 3/1979 Hahn et al. ..................... 204/299 R 
4,169,036 9/1979 Anderson et al. .............. 204/299 R 

4,111,785 9/1978 Roskam ........................... 204/299 R fractionated and therein. 

17 Claims, 5 Drawing Figures 



U.S. Patent Sep. 14, 1982 

W / 

4,349,429 



4,349,429 
1 2 

set up by the unstable condition of warm fluid being at 
one side than at the other. 

The buffer curtain that flows inside the rectangular 
electrophoresis chamber must be very thin, generally 

5 0.5 to 1.5 mm, mainly because neither the fluid nor 
transparent chamber efficiently conduct the Joule heat 
out of the buffer. Since the buffer curtain is the “car- 
rier” of the sample, the injected sample stream must be 
thinner than the buffer curtain. A buffer cross-flow 

10 circulation, perpendicular to the sample insertion is 
caused by interior walls of the chamber being charged 
(a phenomenon called electro-osmosis) and sample in- 

displaced by this electro~osmotic flow. The combina- 

the buffer through the chamber require that the sample 

buffer curtain. This, however, limits the amount of 
sample that can be processed in a given time interval. 

The electrode chambers in conventional continuous 
flow electrophoresis devices are separated from the 
main electrophoresis chamber by dialysis or ion-ex- 

membranes. These membranes allow passage of 

ELECTROPHORESIS DEVICE 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the U.S. Government and may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalties thereon 
or therefor. 

BACKGROUND OF THE INVENTION 

wherein biological cells, colloidal particles, or macro- 

rate in a solution under the influence of an electric field 

a process. 
The conventional continuous flow electrophoresis 

device is made predominantly of transparent materials, 20 
usually glass and Plexiglas to facilitate observation of 
the separation process. The sample material being =pa- 
rated usually consists of a mixture of biological cells 

The invention to the process jected into the buffer near to these charged walls will be 

molecules with a net electrical charge migrate and sepa- 15 tion of electro~osmotic cross flow and Poiseuille flow of 

and, Inore particularly, to a device for carrying Out such be inserted as a very stream in the center of the 

dispersed in a weak 
configuration is 

Or buffer. The chamber the ions from electrodes to the electrophoresis chamber 
On each 25 and inhibit passage of bubbles formed by electrolysis at with 

side running down the long side Of the chamber. The the electrodes. During electrophoresis, the electrode 
sample cells are inserted into the center of a flowing, buffer pH and conductivity drops near the cathode 

section than the buffer curtain. An electrical field across tive These changes in ion concentration 
the width Of the chamber 30 extend into the electrophoresis chamber and changes in 
filament to be separated into fraction streams through p~ of one unit and conductivity shifts of a factor of 10 
differential migration of the different cell species as the have been measured in the conventional chambers near 
buffer curtain moves from one end of the chamber to the membrane, This variation in buffer conductivity 
the other. The electrodes are usually contained in elec- plus the normal heating ofthe membrane thermal 
trode chambers which are partitioned from the SePara- 35 convection and disturbance to the electrophoresis pro- 
tion chamber by a flat segment of dialysis membrane cess. 
material. An array of collection tubes located along the The collection system for conventional continuous 
end of the chamber collects the fraction bands along flow electrophoresis chambers consists of hollow tubes, 
with all flowing buffer. The system Provides for a con- either polymeric or stainless steel, that extend across the 
tinuOuS insertion, separation, and COkCtiOn Of injected 40 width of the chamber and partition the flow. Each e]e- 
sample and buffer. ment of the buffer curtain is carried by the tubes to 

In order to obtain optimum Performance in an eke- individual glass containers that collect the buffer and 
trophoresis device, the fluid flow must remain essen- separated sample. The hollow tubes necessarily have 
tially rectilinear even under the imposition of high volt- narrow bores comparable to the sample insertion tubes 
age gradients. Present Practice is to use either thin 45 to give the required high resolution of separation. These 
chambers and high voltage gradients or thicker cham- narrow tubes have a propensity to clog periodically 
bers and very low voltage gradients. While these tech- with aggregated cells and cell debris and thus disturb 
niques do lower the temperature gradient in the cham- the laminar flow back into the chamber. Any change in 
ber cross section thereby suppressing buoyancy induced flow properties of the tubes thus interferes with the 
disturbances, a large penalty is incurred in system per- 50 consistent separation of the sample. Analysis of results is 
formance. Also, current design practice is to build the also difficult with conventional continuous flow elec- 
chambers from transparent materials in order to observe trophoresis systems because the containers must be 
the ongoing separation process. Transparent materials individually examined to determine where the separated 
are difficult to sterilize and in general have poor thermal cells are. 
conductivity. 55 Accordingly, an important objective of the present 

One attempt to solve this problem is the device invention is to provide a continuous flow electrophore- 
shown in U.S. Pat. No. 3,519,549 wherein one side of sis separation device in which the resolution and 
the separation chamber is closed off by an electrically throughput is increased by utilizing proper thermal 
non-conductive plate, which is preferably transparent control of the chamber to suppress buoyancy induced 
such as glass however since the plate is electrically 60 convection along with other improvements in the sam- 
non-conductive, it is also a poor thermal conductor. ple insertion and collection system, electrode chambers, 
The other side of the separation chamber is closed off and inlet and exit flow conditions. 

SUMMARY OF THE INVENTION by a heat distribution plate having good thermal con- 
ductivity. However, thermal asymmetry is introduced 
into the chamber by providing good heat removal on 65 It has been found that the above objectives may be 
one side and poor heat removal on the other. This un- accomplished by an electrophoresis device which in- 
even heat removal gives an asymmetrical thermal gradi- cludes a distribution chamber having an inlet for the 
ent in the chamber and adverse flow circulation can be introduction of a buffer solution and a sample insertion 

thin curtain of buffer through a tube of narrower Cross- (negative electrode) and increases near the anode (Po& 

the injected 
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tube for inserting a narrow sample stream containing 
the particles into the buffer solution and for providing 
enhanced resolution of separation. A separation cham- 
ber, in fluid communication with the distribution cham- 
ber, is provided, and four spaced electrode assemblies 
are carried adjacent the separation chamber. Each of 
the assemblies includes an electrode chamber having a 
dialysis membrane through which the electrical current 
flows to impress an electrical field across the separation 
chamber. Passages are provided through which the 
current flows into the separation chamber and the fluid 
passages provide a long path between the electrode 
chamber and separation chamber to effectively remove 
fluid and membrane variations occurring at the elec- 
trode chamber from the separation chamber. The metal 
enclosure walls defining the separation chamber have 
high thermal conductivity allowing control of the axial 
thermal gradient in the separation chamber by external 
coolinn. Coolinn jackets which are Dart of the enclosure 

4 
the conditioner tubes 14 which are minute rectangular 
glass tubes carried face to face across the chamber that 
straighten the buffer flow before entering separation 
chamber B. Chambers A and B may be one and the 

The separation chamber B includes enclosure wall 
means defined by side walls 18 and 19, end walls 20 and 
21, and opposing end walls 2Oa and 21a. The enclosure 
walls of the separation chamber are constructed of a 

10 high thermal conductivity metal such as copper that 
allows control of the axial thermal gradient in the sepa- 
ration chamber B by external cooling. A micron thick 
coating of a polymer, selected for its electro-osmotic 
properties, such as epoxy or silicon, coats the surface of 

15 the copper walls exposed to the interior 16 of the sepa- 
ration chamber to provide electrical insulation from the 
buffer flowing therethrough. The copper walls may be 
made integral with the casing walls by any suitable 
means such as bonding or clamping. 

5 same. 

I I" 

wall convey a flow of coolant in an'axial direction rela- 20 The casing 10 may be made from a sandwiched plate 
tive to the separation chamber. A collection chamber is construction clamped or bolted together using O-rings 
provided in fluid communication with the separation for sealing or may be machined from a piece of stock. 
chamber in which the separated particles are routed Collection chamber C bolts onto separation chamber B. 
through and emerge through small orifices located in Cooling jacket means carried adjacent the enclosure 
the bottom of the collection chamber. 25 walls of the separation chamber conveys a flow of cool- 

In a preferred embodiment, the insertion tube is a thin ant in an axial direction relative to separation chamber 
wall, hollow quartz fiber which inserts a very narrow B. As illustrated, the cooling means includes a plurality 
stream and whose thin wall effects minimize pertuba- of cooling passages 24 formed in the walls 18,19,20 and 
tion induced into the flow. The collection chamber is 21 of the separation chambers. The cooling passages 24 
partitioned for collecting the separated matter depos- 30 are preferably machined in the casing 10 and are de- 
ited in a removable collection tray. signed to transfer heat from the copper chamber walls 

uniformly. The copper walls are designed to a thickness 
to have a suficient thermal exchange capacity for 

The construction designed to carry out the invention chamber B. The coolant enters the cooling passages 24 
will be hereinafter described, together with other fea- 35 through a manifold 28 and flows up uniformly and recti- 
tures thereof. linearly to a cooling exit manifold 30 as shown by the 

The invention will be more readily understood from arrows and dotted lines. Thus, cooling is uniformly 
a reading of the following specification and by refer- provided on opposing side walls and end walls to give 
ence to the accompanying drawing(s) forming a part precise control of thermal gradients in the separation 
thereof, wherein an example of the invention is shown 40 chamber. The goal is to produce no horizontal tempera- 
and wherein: ture gradient and a small stabilizing vertical tempera- 

FIG. 1 is a perspective view of an electrophoresis ture gradient of warmer fluid on top of cooler fluid in 
device constructed according to the present invention the separation chamber. Such is achieved with the cool- 
with parts thereof removed and broken away; ing means illustrated. The copper plates conduct the 

FIG. la is an enlarged partial perspective view of 45 heat out of the separation cham& and eliminate hori- 
FIG. 1 illustrating the partitioned collection chamber zontal temperature gradients. Cooling fluid goes 
and tube arrangement according to the invention; through the vertical jackets 24 adjacent the copper 

FIG. 2 is a perspective view of an electrode chamber walls entering at the bottom and exiting at the top. The 
constructed in accordance with the present invention separation chamber, the cooling fluid, and copper plate 
with  art is thereof removed and broken awav: and 50 tend to get warmer as the cooling fluid prcceeds up 

through the parallel cooling jackets, thus establishing 
the slight stabilizing vertical thermal gradient. Buov- 

DESCRIPT1oN OF THE 

ancy iGduced distu6ances are virtuallfeliminated. - 
Four electrode assemblies D, which are identical, are 

used to impress an electrical field across the width of 
the separation chamber. Electrode assemblies D each 
include an electrode chamber 32 which includes a slot- 
ted glass tube 34 into which a section of dialysis tubing 
36 is placed. The dialysis tubing provides a membrane 
which in the area of slot 34a allows for passage of elec- 
trical current. The dialysis membrane tube 36 is held in 
place by end fittings 38 which are in the form of cylin- 
drical stopper plugs and are sealed against leakage by 
O-rings 40. 

Rinse buffer flows into the electrode chamber 
through the inlet tube 42 which extends almost the 
length of the chamber. The rinse buffer exits the inlet 
tube 42 at the bottom of the chamber, flows up past the 

FIG. 3 is a sectional view taken along l i n d 3 - 3  of 
FIG. 1. 

FIG. 3a is a cross section of the interior of the separa- 
tion chamber illustrating a flow chamber and flow con- 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

stricting plates according to the invention. 55 

Referring now in more detail to the drawing, FIG. 1 
shows a sketch of the electrophoresis device as includ- 60 
ing a casing 10 constructed from stainless steel or alumi- 
num which includes an interior distribution chamber A, 
separation chamber By and collection chamber C in 
fluid communication. According to the invention, 
buffer enters the system at 12, flows through the distri- 65 
bution chamber A and enters an array of conditioner 
tubes 14. Separation chamber B is in fluid communica- 
tion with the distribution chamber A adjacently below 
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electrode 44, while removing gas bubbles and electroly- be several times the partition space, these tubes will be 
sis products from the electrode and finally exits the in an offset pattern rather than arranged in a row. The 
electrode chamber through outlet tube 46 which termi- upper face 62 of the collection chamber C includes a 
nates adjacent the top of the electrode chamber. Electri- transparent glass window 64 so that the observation of 
cal current flows through the dialysis membrane 36a 5 the collection region is possible and fractionation of 
slot 34a, into dual channels 48 on either side of the slot sample can be monitored. 
and around the glass tube 34 to interconnecting channel Back-pressure on the laminarly flowing curtain buffer 
passages 50 into the separation chamber 16. In practice, has previously been achieved by constricting the inside 
the interconnecting channel 50 is one-half the separa- diameter of the collection tubes in conventional de- 
tion chamber thickness while the dual channel 48 is 10 vices. According to the present invention, a back-pres- 
one-fourth the thickness of the separation channel and sure may be applied to the entire collecti& chamber 
provide passage means for spacing and isolating mem- without restricting the buffer flow or degrading the 
brane 36 from separation chamber B. A cooling jacket electrophoretic separation by pressurizing the chamber 
channel 51 extends about the electrode chamber. Elec- with an inert gas that doesn’t impact the cells (such as 
trode chamber B is centered in the channel 51 by means 15 argon) and this pressure will control the buffer through- 
of recesses (not shown) in the electrode assembly casing put of the chamber. 
D into which the end fittings 38 fit. Tubing 42a and 46a In order to minimize the disturbances at the chamber 
fits through a top portion of each assembly casing D side walls, flow constrictor means in the form of baffles 
and over respective tubes 42 and 46 to recirculate rinse or plates 49 may be located in the separation flow cham- 
buffer therethrough. For this purpose, a suitable recir- 20 ber B. The plates reach from the side walls into the flow 
culation pump (not shown) may be provided. region a distance of about 1.0 cm. and hence constrict 

The electrode assemblies (not shown) may bolt onto the flow to the center region of the chamber (approxi- 
the stainless steel casing using O-rings for fluid sealing mately 8 cm. since total chamber is 10.0 cm.). The spac- 
and provide a uniform electrical field through the ing of the plates is about 1 cm. along the vertical length 
length of the separation chamber, extending from the 25 of the chamber. Therefore, any disturbance originating 
bottom of the flow conditioner plates 14 to the begin- at the side walls will be confined to the volume between 
ning of the collection chamber C. the plates and will not disturb flow in the central region 

Collection chamber C is carried at a right angle adja- of the chamber. The plates are critical since a thermal 
cent the bottom of the separation chamber in fluid com- gradient is likely to exist in the vicinity of the side walls. 
munication therewith and in a horizontal orientation. 30 The plates should be made of thin glass or other materi- 
The collection chamber includes a partition array 52 als with a thermal conductivity near that of water in 
which includes a plurality of spaced glass microsheets order to eliminate thermal disturbances caused by the 
56 defining separated partition spaces 54 therebetween. plates. The constrictor plates, therefore, yield a con- 
The thickness of each plate is approximately 0.2 mm stant velocity profile in the center region of the cham- 
with a spacing of 0.6 mm. The separation between 35 ber where the electrophoresis will take place while 
plates and thickness of the plates permits higher resolu- confining flow disturbances to the outer regions of the 
tion of separation and fractionation of the sample. Pro- chamber between the plates. 
ceeding directly into collection tubes as in the prior art The proposed electrophoresis will separate particles 
diminished resolution because the flow with separated based on electrophoric mobility. A sample of the partic- 
sample must take the transition from laminar flow in a 40 ular matter enters the distribution chamber by means of 
thin rectangular geometry to an array of plastic tubes an injection tube 66 at the top of the chamber which 
embedded in some type of holder. Although the tubes extends through the flow conditioner array 14 into the 
could be thin walled, the two walls between each separation chamber B. Under the action of the electrical 
stream fraction impedes resolution. These tubes com- field produced by the electrode assemblies, the sample 
monly plug up with aggregated sample or bubbles and 45 is fractionated into separate streams of particles in the 
the separated sample is deflected into neighboring col- separation chamber. 
lection tubes. Partitioning the separated sample before Upon reaching the collection chamber, each fraction 
collecting the sample into tubes avoids the above prob- will ideally enter between two separate partitions 56 in 
iems. the partition array 52. Inside the collection array 52, the 

The partition array is mounted and carried in any 50 buffer flow rate decreases about an order of magnitude 
suitable manner in a compartment 58 which may be thus allowing ample time for the particles to fractionate 
made integral with casing 10 of the collection chamber and flow out of the bottom of the compartment 58. The 
C in any suitable manner and may be provided with a buffer and separated sample exit the collection chamber 
suitable sealing ring. The depth of the compartment 58 through the small holes in the bottom of each partition 
increases the overall thickness of the collection cham- 55 space 54. The progress of the fractionation may be 
ber C and acts to expand the flow therein in order to viewed through the observation window 64. During 
reduce the flow velocity in the collection chamber. The collection, the collection tray 61 may be removed and 
collection region extends to the end of the collection the separated sample recovered. Several trays may be 
chamber C. Each partition space 54, as it fills with cells required to collect all of the sample. 
and fluid, empties through a small port 55 in the bottom 60 It has been found that by utilizing a hollow quartz 
of the collection chamber. The separated cell fractions optical fiber tube as the injection tube 66, the biological 
and fluid then can flow into individual glass tubes 60 for cells which comprise the sample can be inserted at a 
analysis of the fractions. Tubes 60 are carried in a re- very narrow sample stream, and the resolution of sepa- 
movable collection tray 61 which may be removably ration by electrophoresis which depends directly upon 
attached to compartment 58 in any suitable manner such 65 the width of the sample insertion is enhanced. Since the 
as bolts (not shown). Tubes 60 may be carried in any diameter of most biological cells ranges from 5 to 15 
suitable manner such as inserted in bores drilled in a microns, a 50 micron quartz fiber tube will allow these 
solid tray base. Since the tube diameter will necessarily cells to pass. If the quantity of separated cells needed is 
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more important than the resolution of separation, or the 
cells do not pass easily through the fiber, larger optical 
fibers with inside diameters ranging from 100 microns 
to 300 microns are commercially available and may be 
utilized. However, a optical fiber with a 50 micron 
inside diameter and wall thickness less than 20% of the 
diameter is commercially available as developed for the 
optical communications industry and work extremely 
well. The desired laminar flow of buffer in the separa- 
tion chamber is disturbed least by the wall tubing as 
provided by the very thin wall of the hollow quartz 
fiber. In addition, the transparent fiber permits counting 
of the cells entering the chamber by ultraviolet radia- 
tion. Traditional metal insertion tubes will not permit 
this advantage of noninvasive monitoring of the sample 
insertion. 

The design of the apparatus and selection of materials 
permits high pressure steam sterilization (autoclaving). 
In past devices, analysis of the separated biological 
fractions was done soon after fractionation and any 
contaminating bacteria or fungi were neglectable. How- 
ever, the anticipated use of the present device is for 
placing of the separated cell fractions in culture medium 
to grow the cells and harvest specified protein products 
of the cells several days after the separation. For this 
application, bacteria and fungi grow significantly more 
rapidly than any cell species in the culture medium and 
the originally small population of contaminating micro- 
organisms always become the dominant growing popu- 
lation in several days. The only safe and sure method of 
sterilization is high pressure steam temperature as high 
as 250" F. Thus, most plastics and tubing materials can- 
not be used. The proposed system uses metal and glass 
with some Teflon for insulation and gasketing. 

Although the prior art recognizes the objective of 
removing Joule heat from the electrophoresis buffer 
layer and acknowledges that temperature gradients in 
the flowing buffer deform the separating sample, they 
do not consider that favorable temperature gradients 
can be achieved in the buffer layer and thereby improve 
the performance of the apparatus. These favorable tem- 
perature gradients can be produced only by controlling 
the direction and flow rate of cooling fluid in the cool- 
ing chamber 24 on each face of the separation chamber. 
The goal is that no horizontal temperature gradient and 
a small stabilizing vertical temperature gradient of 
warmer fluid on top of cooler fluid be established in the 
separation chamber. The copper plate walls conduct the 
heat out of the chamber most efficiently and provide the 
best method to eliminate horizontal temperature gradi- 
ents. The cooling fluid goes through vertical channels 
24 in the copper entering at the bottom and exiting at 
the top. As heat is withdrawn from the separation 
chamber, the cooling fluid and copper plate tend to get 
warmer as the cooling fluid proceeds up through the 
parallel channels, thus establishing the slight stabilizing 
vertical thermal gradient. 

The electrophoresis chamber constructed from high 
conductivity metal provides a significant advantage of 
flow stability during electrophoresis while eliminating a 
lesser advantage of viewing the sample during separa- 
tion. The fractionation of the sample can be observed in 
the collection chamber and the analysis is more mean- 
ingful. The improved thermal design of the separation 
chamber allows the use of higher power in the separa- 
tion chamber. 

The device can also be utilized to conduct continuous 
flow isoelectric focusing by using separate pumps and 
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buffer for each electrode assembly. Continuous flow 
isoelectric focusing combines the advantages of high 
resolution isoelectric focusing and the collection capa- 
bility of the continuous curtain flow. 

Since large pressure drops do not occur in the collec- 
tion array, the collection system will not degrade sepa- 
ration. Also, collection of the sample only will reduce 
the quantity of buffer needed and make buffer recycling 
possible. The thin wall quartz fiber tube has been found 
to give precise sample insertion without inducing per- 
turbations in the flowing buffer curtain when intro- 
duced therein. The flow stability in separation chamber 
is enhanced. 

As described previously, electrolysis products mi- 
grate through membranes, changing the pH and electri- 
cal conductivity in the buffer fluid in the separation 
chamber near the membrane. These changed fluid prop- 
erties modify the thermal characteristics of the separa- 
tion chamber and introduce an additional source of fluid 
disturbance. By removing the electrode membrane of 
the electrode chambers from the separation chamber by 
means of the passages 50 and 48, the problems of flow 
disturbances in the buffer curtain caused by variable 
fluid properties near the electrodes and membrane vari- 
ations are substantially reduced and eliminated. The 
dialysis membrane, which normally provides the boun- 
dry of the separation chamber is removed by a semi-cir- 
cle length of fluid (more than a centimeter as illustrated) 
and provides additional cooling to further eliminate 
horizontal thermal gradients. The electrode chamber 
that uses dialysis tubing instead of flat links may be 
easily and reliably sealed at each end to reduce the 
leakage problem that occurs in using flat links. 

While a preferred embodiment of the invention has 
been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood 
that changes and variations may be made without de- 
parting from the spirit or scope of the following claims. 

What is claimed is: I 

1. An electrophoresis device for separating colloidal 
and macromolecular cellular particles comprising: 
a distribution chamber being an inlet for the introduc- 

tion of an electrolytic buffer solution; 
sample insertion means for inserting a narrow sample 

stream containing said particles into said buffer solu- 
tion; 

a separation chamber in fluid communication with said 
distribution chamber in which said particles are sepa- 
rated into fraction streams of different cellular spe- 
cies; 

enclosure wall means defining said separation chamber 
having high thermal conductivity to reduce horizon- 
tal thermal gradients and control the axial thermal 
gradient in said separation chamber by external cool- 
ing; 

cooling means carried adjacent said enclosure wall 
means for conveying a flow of coolant in an axial 
direction relative to said separation chamber; 

a plurality of spaced electrode assemblies carried adja- 
cent said separation chamber, each of which includes 
an electrode chamber having a dialysis membrane 
through which the electrolytic current flows to im- 
press an electrical field across said separation cham- 
ber; 

passage means through which said current flows into 
said separation chamber; 
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a collection chamber in fluid communication with said 
separation chamber in which said stream of particles 
are fractionated and collected, and 

outlet means in fluid communication with said collec- 
tion chamber through which said fractonated matter 
flows. 
2. The device of claim 1 wherein said passage means 

spaces said electrode chamber from said separation 
chamber so as to effectively remove fluid and mem- 
brane variations occuring at said electrode membrane 
from said separation chamber to minimize flow pertur- 
bations in said buffer curtain. 

3. The device set forth in claim 1 wherein said highly 
thermal conductive enclosure wall means include metal 
walls facing the interior of said separation chamber and 
a polymeric coating on the surface of the walls exposed 
to said separation chamber to provide electrical insula- 
tion from said buffer solution. 
4. The device of claim 1 wherein said distribution 

chamber includes an array of conditioner channels 
through which the flow of buffer solution passes by 
which said flow is made parallel and distributed uni- 
formly into the separation chamber to provide a stable 
buffer curtain flow through said separation chamber. 
5. The device of claim 4 wherein said insertion means 

extends through said array of conditioner channels into 
said separation chamber for introduction of said sample 
after said buffer flow has been straightened and stabi- 
lized, said sample insertion means providing a sample 
stream insertion narrower than said buffer curtain so as 
not to introduce flow perturbations in said buffer flow. 
6. The device of claim 1 wherein said insertion means 

includes a hollow quartz fiber optical tube. 
7. The device of the claim 1 wherein said passage 

means includes a fluid passage surrounding said elec- 
trode chamber on either side of said membrane and an 
interconnecting passage connecting said circular pas- 
sage and said separation chamber. 

8. The device of claim 1 wherein said collection 
chamber includes a plurality of spaced thin upstanding 
plate means separating the collection chamber into min- 
ute parallel passages enhancing the fractionation of said 
separated particles for collection. 

9. The device of claim 8 wherein said collection 

10 
by said sealing means, and an eIectrode carried centrally 
in said chamber. 
14. The device of claim 1 including flow constrictor 

means carried by opposing side walls of said separation 
5 chamber for confining disturbances at said side walls 

and preventing said disturbances from entering said 
buffer flow in a central region of said separation cham- 
ber. 
15. The device of claim 1 wherein said distribution 

10 chamber, separation chamber, and collection chamber 
are all enclosed in a casing constructed from a metallic 
material suitable for autoclaving. 
16. An electrophoresis device for separating particles 

of a substance into different fractions comprising: 
l5 a distribution chamber having an inlet for the introduc- 

tion of an electrolytic buffer solution; 
sample insertion means for inserting a narrow sample 

stream containing said particles into said buffer solu- 
tion; 

2o a separation chamber in which said particles are sepa- 
rated into fractionated streams of different cellular 
species; 

said separation chamber being defined by highly ther- 
mal conductive metal walls facing the interior of said 
separation chamber having a polymeric coating on 
the surface thereof exposed to said separation cham- 
ber to provide electrical insulation from said buffer 
solution; 

3o cooling means carried adjacent said metal walls for 
conveying a flow of coolant in an axial direction 
relative to said separation chamber; 

a plurality of spaced electrode assemblies carried adja- 
cent said separation chamber, each of which includes 
an electrode chamber having a dialysis membrane 
through which electrical current flows to impress an 
electrical field across said separation chamber; 

passage means through which a current flows to said 
separation chamber, said passage means spacing said 
electrode chamber from said separation chamber so 
as to effectively remove fluid and membrane varia- 
tions occurring at said electrode membrane from said 
separation chamber to minimize flow perturbations in 
said buffer curtain; 

35 

40 

chamber includes a removable collection tray which 45 a collection chamber in fluid communication with said 
carries tubes in which said separated particles may be separation chamber including Partition means by 
collected and removed. which said stream of separated particles are fraction- 

10. The device of claim 9 wherein the collection ated and collected; and 
chamber includes a transparent window on the top outlet ports through which said buffer solution and 
surface thereof which allows for optical analysis of the 50 separated fractions flow after flowing through said 
fractionated separated particles. collection chamber. 
11. The device of claim 1 wherein said collection 17. An electrophoresis device for separating cellular 

chamber includes a compartment, increasing the height Particles in a substance comprising: 
of said chamber facilitating an expanded flow in order a separation chamber in which said particles are sepa- 
to reduce the flow velocity and enhance sedimentation 55 rated into said fractionated streams of different cellu- 
in said collection chamber. lar species; 
12. The device ofclaim 1 wherein each said eIectrode an inlet port introducing an electrolytic buffer solution 

assembly includes a tube having a vertical slot in an into said separation chamber; 
outer wall thereof, a dialysis tubing membrane placed sample insertion means for inserting a narrow sample 
within said tube, sealing means for sealing said dialysis 60 stream containing said particles into said buffer solu- 
tubing at each end of said slotted tube; a dual circular tion in said separation chamber; 
passage formed on each side of the slot of said slotted a plurality of spaced electrode assemblies carried adja- 
tube, and a cooling jacket surrounding said circular cent said separation chamber each of which includes 
passage. an electrode chamber having a dialysis membrane 

through which an electrical current flows to impress 
inlet formed in said sealing means including a inlet tube an electrical field across said separation chamber; 
extending through said electrode chamber to adjacent passage means through which said current flows into 
the bottom thereof, and a rinse buffer outlet tube carried said separation chamber; 

13. The device of claim 12 including a rinse buffer 65 



12 
4,349,429 

11 
said passage means spacing said electrode chamber from 

said separation chamber so as to effectively remove 
fluid and membrane variations occurring at said elec- 
trode membrane from said separation chamber to 
minimize flow perturbations in said buffer curtain; 5 chamber. 

a collection chamber in fluid communication with said 

separation chamber in which said stream of particles 
are fractionated and collected; and 

an outlet in fluid communication with said collection 

* * * * *  
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