
US 20020133300A1 

(12) Patent Application Publication (10) Pub. N0.2 US 2002/0133300 A1 
(19) United States 

Anderson et al. (43) Pub. Date: Sep. 19, 2002 

(54) AUTOMATED SYSTEM FOR 
TWO-DIMENSIONAL ELECTROPHORESIS 

(76) Inventors: N. Leigh Anderson, Washington, DC 
(US); Norman G. Anderson, Rockville, 
MD (US); Jack Goodman, Arlington, 
vA (US) 

Correspondence Address: 
ROTHWELL, FIGG, ERNST & MANBECK, 
RC. 
1425 K STREET, N.W. 
SUITE 800 
WASHINGTON, DC 20005 (US) 

(21) Appl. No.: 10/095,461 

(22) Filed: Mar. 13, 2002 

Related US. Application Data 

(60) Continuation of application No. 09/809,143, ?led on 
Mar. 16, 2001, Which is a continuation of application 
No. 09/339,164, ?led on Jun. 24, 1999, noW Pat. No. 

6,245,206, Which is a division of application No. 
08/881,761, ?led on Jun. 24, 1997, noW Pat. No. 
5,993,627. 

Publication Classi?cation 

(51) Int. c1.7 ...................... .. G01N 27/26; G01N 27/447 
(52) US. Cl. ............................ .. 702/19; 702/22; 204/456; 

204/466; 204/470; 204/606; 
204/610; 204/616; 204/620; 
264/299; 425/117; 425/449; 

435/2873 

(57) ABSTRACT 

The present invention provides an integrated, fully auto 
mated, high-throughput system for two-dimensional elec 
trophoresis comprised of gel-making machines, gel process 
ing machines, gel compositions and geometries, gel 
handling systems, sample preparation systems, software and 
methods. The system is capable of continuous operation at 
high-throughput to alloW construction of large quantitative 
data sets. 
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AUTOMATED SYSTEM FOR TWO-DIMENSIONAL 
ELECTROPHORESIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation application of Ser. No. 
09/809,143, ?led Mar. 16, 2001, Which is a continuation of 
Ser. No. 09/339,164, ?led Jun. 24, 1999, Which is a division 
of 08/881,761, ?led Jun. 24, 1997, Which issued as US. Pat. 
No. 5,993,627 on Nov. 30, 1999, Which is incorporated 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to the ?eld of electrophoretic 
separations of macromolecules and in particular, to the 
automation of tWo-dimensional electrophoretic separations 
used in the analysis of proteins. Such tWo-dimensional 
procedures typically involve sequential separations by iso 
electric focusing (IEF) and SDS slab gel electrophoresis, 
and an automated 2-D method thus involves manufacture 
and use of gel media for both isoelectric focusing and SDS 
electrophoresis, together With means for protein detection 
and quantitation. TWo-dimensional electrophoresis technol 
ogy forms the basis of the expanding ?eld of proteomics, 
and hence automation of the procedure is a critical require 
ment for scale-up of efforts to build proteome databases 
comprising all the proteins of complex organisms such as 
man. To date no successful automation efforts have been 
reported, despite the use of bench-scale 2-D electrophoresis 
in more than 5,000 scienti?c publications. 

[0003] The publications and other materials used herein to 
illuminate the background of the invention and in particular, 
cases to provide additional details respecting the practice, 
are incorporated herein by reference, and for convenience 
are referenced in the folloWing text and respectively grouped 
in the appended List of References. Elements of the inven 
tion are disclosed in our Disclosure Documents 393753, 
393754 and 412899. 

[0004] 
[0005] Aprotein is a macromolecule composed of a chain 
of amino acids. Of the 20 amino acids found in typical 
proteins, four (aspartic and glutamic acids, cysteine and 
tyrosine) carry a negative charge and three (lysine, arginine 
and histidine) a positive charge, in some pH range. Aspeci?c 
protein, de?ned by its speci?c sequence of amino acids, is 
thus likely to incorporate a number of charged groups along 
its length. The magnitude of the charge contributed by each 
amino acid is governed by the prevailing pH of the sur 
rounding solution, and can vary from a minimum of 0 to a 
maximum of 1 charge (positive or negative depending on the 
amino acid), according to a titration curve relating charge 
and pH according to the pK of the amino acid in question. 
Under denaturing conditions in Which all of the amino acids 
are exposed, the total charge of the protein molecule is given 
approximately by the sum of the charges of its component 
amino acids, all at the prevailing solution pH. 

Isoelectric Focusing (IEF) 

[0006] TWo proteins having different ratios of charged, or 
titrating, amino acids can be separated by virtue of their 
different net charges at some pH. Under the in?uence of an 
applied electric ?eld, a more highly charged protein Will 
move faster than a less highly charged protein of similar siZe 

Sep. 19, 2002 

and shape. If the proteins are made to move from a sample 
Zone through a non-convecting medium (typically a gel such 
as polyacrylamide), an electrophoretic separation Will result. 

[0007] If, in the course of migrating under an applied 
electric ?eld, a protein enters a region Whose pH has that 
value at Which the protein’s net charge is Zero (the isoelec 
tric pH), it Will cease to migrate relative to the medium. 
Further, if the migration occurs through a monotonic pH 
gradient, the protein Will “focus” at this isoelectric pH value. 
If it moves toWard more acidic pH values, the protein Will 
become more positively charged, and a properly-oriented 
electric ?eld Will propel the protein back toWards the iso 
electric point. LikeWise, if the protein moves toWards more 
basic pH values, it Will become more negatively charged, 
and the same ?eld Will push it back toWard the isoelectric 
point. This separation process, called isoelectric focusing, 
can resolve tWo proteins differing by less than a single 
charged amino acid among hundreds in the respective 
sequences. 

[0008] A key requirement for an isoelectric focusing pro 
cedure is the formation of an appropriate spatial pH gradient. 
This can be achieved either dynamically, by including a 
heterogeneous mixture of charged molecules (ampholytes) 
into an initially homogeneous separation medium, or stati 
cally, by incorporating a spatial gradient of titrating groups 
into the gel matrix through Which the migration Will occur. 
The former represents classical ampholyte-based isoelectric 
focusing, and the latter the more recently developed immo 
biliZed pH gradient (IPG) isoelectric focusing technique. 
The IPG approach has the advantage that the pH gradient is 
?xed in the gel, While the ampholyte-based approach is 
susceptible to positional drift as the ampholyte molecules 
move in the applied electric ?eld. The best current method 
ology combines the tWo approaches to provide a system 
Where the pH gradient is spatially ?xed but small amounts 
of ampholytes are present to decrease the adsorption of 
proteins onto the charged gel matrix of the IPG. 

[0009] It is current practice to create IPO gels in a thin 
planar con?guration bonded to an inert substrate, typically a 
sheet of Mylar plastic Which has been treated so as to 
chemically bond to an acrylamide gel (e.g., Gelbond® PAG 
?lm, FMC Corporation). The IPG gel is typically formed as 
a rectangular plate 0.5 mm thick, 10 to 30 cm long (in the 
direction of separation) and about 10 cm Wide. Multiple 
samples can be applied to such a gel in parallel lanes, With 
the attendant problem of diffusion of proteins betWeen lanes 
producing cross contamination. In the case Where it is 
important that all applied protein in a given lane is recovered 
in that lane (as is typically the case in 2-D electrophoresis), 
it has proven necessary to split the gel into narroW strips 
(typically 3 mm Wide), each of Which can then be run as a 
separate gel. Since the protein of a sample is then con?ned 
to the volume of the gel represented by the single strip, it 
Will all be recovered in that strip. Such strips (Immobiline 
DryStrips) are produced commercially by Pharmacia Bio 
tech. 

[0010] While the narroW strip format solves the problem 
of containing samples Within a recoverable, non-cross-con 
taminating region, there remain substantial problems asso 
ciated With the introduction of sample proteins into the gel. 
Since protein-containing samples are typically prepared in a 
liquid form, the proteins they contain must migrate, under 
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the in?uence of the electric ?eld, from a liquid-holding 
region into the IPG gel in order to undergo separation. This 
is typically achieved by lightly pressing an open bottomed 
rectangular frame against the planar gel surface so that the 
gel forms the bottom of an open-topped but otherWise 
liquid-tight vessel (the sample Well). The sample is then 
deposited in this Well in contact With the gel surface forming 
the bottom of the Well. Since all of the sample protein must 
pass through a small area on the surface of the gel (the Well 
bottom) in order to reach the gel interior, the local concen 
tration of protein at the entry point can become very high, 
leading to protein precipitation. The sample entry area is 
typically smaller than the gel surface forming the Well 
bottom because the protein migrates into the gel under the 
in?uence of an electric ?eld Which directs most of it to one 
edge of the Well bottom, tending to produce protein precipi 
tation. The major source of precipitation, hoWever, is pro 
vided by the charged groups introduced into the gel matrix 
to form the pH gradient in IPG gels: these groups can 
interact With charges on the proteins (most of Which are not 
at their isoelectric points at the position of the application 
point and hence have non-Zero net charges) to bind precipi 
tates to the gel. It is common experience that separations of 
the same protein mixture on a series of apparently’ identical 
IPG gels can yield very different quantitative recoveries of 
different proteins at their respective isoelectric points, indi 
cating that the precipitation phenomenon may vary from gel 
to gel in unpredictable Ways, thereby frustrating the general 
use of IPG gels for quantitative protein separations. 

[0011] Recently, methods have been introduced in Which 
the IPG strip is re-sWollen, from the dry state, in a solution 
containing sample proteins, With the intention that the 
sample proteins completely permeate the gel at the start of 
the run. 

[0012] Isoelectric focusing separation of proteins in an 
immobiliZed pH gradient (IPG) is extensively described in 
the art. The concept of the IPG is disclosed in US. Pat. No. 
4,130,470 and is further described in numerous publications. 
The IPG gel strips manufactured are generally of simple 
planar shape. 

[0013] A series of disclosures have dealt With various 
con?gurations of cavities (“sample Wells”) used for the 
application of macromolecular-containing samples to the 
surfaces of gels, most frequently slab gels used for protein 
or nucleic acid separations. In each case, these sample Wells 
Were designed to concentrate macromolecules in the sample 
into a thin starting Zone prior to their migration through the 
resolving gel. The folloWing references describe the use of 
devices placed against a gel to form Wells: US. Pat. No. 
5,304,292 describes the use of pieces of compressible gasket 
to form Well Walls at the top of a slab Where the ends of the 
pieces touch the top edge of the slab. US. Pat. No. 5,164,065 
describes a shark’s tooth comb used in combination With 
DNA sequencing gels. 

[0014] Several references describe automated devices for 
creating gradients of polymeriZable monomers. Such sys 
tems have been used for making porosity gradient gels used 
in molecular Weight separations of proteins. Altland et al. 
(Altland, K. and Altland, A. Pouring reproducible gradients 
in gels under computer control, Clin.Chem. 30(12 Pt 
1):2098-2103, 1984) shoWs the use of such systems for 
creating the gradients of titratable monomers used in the 
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creation of IPG gels. US. Pat. No. 4,169,036 describes a 
system for loading slab-gel holders for electrophoresis sepa 
ration. US. Pat. No. 4,594,064 discloses an automated 
apparatus for producing gradient gels. Hence, use of a 
computer-controlled gradient maker in manufacturing IPG 
and other gels is knoWn in the art. 

[0015] One alternative method of running IPG strips in an 
IsomorpH device is disclosed in Disclosure Document No. 
342751 (Anderson, N. L., entitled “Vertical Method for 
Running IPG Gel Strips”). The disclosed device uses sample 
Wells pressed against the gel surface, but otherWise com 
pletely closed, so that the assembly could be rotated into a 
vertical orientation, thus alloWing closer packing of gels and 
a greater gel capacity in a small instrument footprint. Addi 
tional methods are disclosed in Disclosure Document No’s. 

393753 (Anderson, N. L., Goodman, Jack, and Anderson, N. 
G., entitled “Gel Strips for Protein Separation”) and 412899 
(Anderson, N. L., Goodman, Jack, and Anderson, N. G., 
entitled “Automated System for TWo-Dimensional Electro 
phoresis“). 
[0016] Systems for making non-planar slab gels are also 
knoWn in the art and are disclosed in the folloWing refer 
ences: US. Pat. No. 5,074,981 discloses a substitute for 
submarine gels using an agarose block that is thicker at the 
ends and hangs into buffer reservoirs. US. Pat. No. 5,275, 
710 discloses lane-shaped gels formed in a plate and gel 
?lled holes extending doWn from the plate into buffer 
reservoirs. These gel systems, hoWever, do not provide a gel 
Which can be given a cross-section that is optimal for 
producing high-resolution protein separation. Furthermore, 
these systems cannot incorporate varying cross-sections 
along the length of a gel as required. 

[0017] SDS Slab Gel Electrophoresis 

[0018] Charged detergents such as sodium dodecyl sulfate 
(SDS) can bind strongly to protein molecules and ”unfold” 
them into semi-rigid rods Whose lengths are proportional to 
the length of the polypeptide chain, and hence approxi 
mately proportional to molecular Weight. A protein com 
plexed With such a detergent is itself highly charged 
(because of the charges of the bound detergent molecules), 
and this charge causes the protein-detergent complex to 
move in an applied electric ?eld. Furthermore, the total 
charge also is approximately proportional to molecular 
Weight (since the detergent’s charge vastly exceeds the 
protein’s oWn intrinsic charge), and hence the charge per 
unit length of a protein-SDS complex is essentially inde 
pendent of molecular Weight. This feature gives protein 
SDS complexes essentially equal electrophoretic mobility in 
a non-restrictive medium. If the migration occurs in a 
sieving medium, such as a polyacrylarnide gel, hoWever, 
large (long) molecules Will be retarded compared to small 
(short) molecules, and a separation based approximately on 
molecular Weight Will be achieved. This is the principle of 
SDS electrophoresis as applied commonly to the analytical 
separation of proteins. 

[0019] An important application of SDS electrophoresis 
involves the use of a slab-shaped electrophoresis gel as the 
second dimension of a tWo-dimensional procedure. The gel 
strip or cylinder in Which the protein sample has been 
resolved by isoelectric focusing is placed along the slab gel 
edge and the molecules it contains are separated in the slab, 
perpendicular to the prior separation, to yield a tWo-dimen 
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sional (2-D) separation. Fortunately, the tWo parameters on 
Which this 2-D separation is based, namely isoelectric point 
and mass, are almost completely unrelated. This means that 
the theoretical resolution of the 2-D system is the product of 
the resolutions of each of the constituent methods, Which is 
in the range of 150 molecular species for both IEF and SDS 
electrophoresis. This gives a theoretical resolution for the 
complete system of 22,500 proteins, Which accounts for the 
intense interest in this method. In practice, as many as 5,000 
proteins have been resolved experimentally. The present 
invention is aimed primarily at the 2-D application, and 
includes means for automating the second dimension SDS 
separation of a 2-D process to afford higher throughput, 
resolution and speed. 

[0020] It is current practice to mold electrophoresis slab 
gels betWeen tWo ?at glass plates, and then to load the 
sample and run the slab gel still betWeen the same glass 
plates. The gel is molded by introducing a dissolved mixture 
of polymeriZable monomers, catalyst and initiator into the 
cavity de?ned by the plates and spacers or gaskets sealing 
three sides. Polymerization of the monomers then produces 
the desired gel media. This process is typically carried out in 
a laboratory setting, in Which a single individual prepares, 
loads and runs the gel. A gasket or form comprising the 
bottom of the molding cavity is removed after gel polymer 
iZation in order to alloW current to pass through tWo opposite 
edges of the gel slab: one of these edges represents the open 
(top) surface of the gel cavity, and the other is formed 
against its removable bottom. Typically, the gel is removed 
from the cassette de?ned by the glass plates after the 
electrophoresis separation has taken place, for the purposes 
of sag, autoradiography, etc., required for detection of 
resolved macromolecules such as proteins. 

[0021] The concentrations of polyacrylamide gels used in 
electrophoresis are stated generally in terms of % T (the total 
percentage of acrylamide in the gel by Weight) and % C (the 
proportion of the total acrylamide that is accounted for by 
the crosslinker used). N,N‘-methylenebisacrylamide (“bis”) 
is typically used as crosslinker. Typical gels used to resolve 
proteins range from 8% T to 24% T, a single gel often 
incorporating a gradient in order to resolve a broad range of 
protein molecular masses. 

[0022] In most conventional systems used for SDS elec 
trophoresis, use is made of the stacking phenomenon ?rst 
employed in this context by Laemmli, U. K. (1970) Nature 
222, 680. In a stacking system, an additional gel phase of 
high porosity is interposed betWeen the separating gel and 
the sample. The tWo gels initially contain a different mobile 
ion from the ion source (typically a liquid buffer reservoir) 
above them: the gels contain chloride (a high mobility ion) 
and the buffer reservoir contains glycine (a loWer mobility 
ion, Whose mobility is pH dependent). All phases contain 
Tris as the loW-mobility, pH determining other buffer com 
ponent and positive counter-ion. Negatively charged pro 
tein-SDS complexes present in the sample are electrophore 
sed ?rst through the stacking gel at its pH of approximately 
6.8, Where the complexes have the same mobility as the 
boundary betWeen the leading (Cl—) and trailing (glycine-) 
ions. The proteins are thus stacked into a very thin Zone 
“sandwiched” betWeen Cl— and glycine- Zones. As this 
stacking boundary reaches the top of the separating gel the 
proteins become unstacked because, at the higher separating 
gel pH (8.6), the protein-SDS complexes have a loWer 
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mobility. Thus, in the separating gel, the proteins fall behind 
the stacking front and are separated from one another 
according to siZe as they migrate through the sieving envi 
ronment of the loWer porosity (higher % T acrylamide) 
separating gel. In this environment, proteins are resolved on 
the basis of mass. 

[0023] Pre-made slab gels have been available commer 
cially for many years (e.g., from Integrated Separation 
Systems). These gels are prepared in glass cassettes much as 
Would be made in the user’s laboratory, and shipped from a 
factory to the user. More recently, methods have been 
devised for manufacture of both slab gels in plastic cassettes 
(thereby decreasing the Weight and fragility of the cassettes) 
and slab gels bonded to a plastic backing (e.g., bonded to a 
Gelbond® Mylar® sheet or to a suitably derivatiZed glass 
plate). To date, all commercially-prepared gels are either 
enclosed in a cassette or bonded to a plastic sheet on one 
surface (the other being covered by a removable plastic 
membrane). Furthermore, all commercially-prepared gels 
have a planar geometry. 

[0024] Current practice in running slab gels involves one 
of tWo methods. A gel in a cassette is typically mounted on 
a suitable electrophoresis apparatus, so that one edge of the 
gel contacts a ?rst buffer reservoir containing an electrode 
(typically a platinum Wire) and the opposite gel edge con 
tacts a second reservoir With a second electrode, steps being 
taken so that the current passing betWeen the electrodes is 
con?ned to run mainly or exclusively through the gel. Such 
apparatus may be “vertical” in that the gel’s upper edge is in 
contact With an upper buffer reservoir and the loWer edge is 
in contact With a loWer reservoir, or the gel may be rotated 
90° about an axis perpendicular to its plane, so that the gel 
runs horiZontally betWeen a left and right buffer reservoir, as 
is disclosed in US. Pat. No. 4,088,561 (e.g., “DALT” 
electrophoresis tank). Various con?gurations have been 
devised in order to make these connections electrically, and 
to simultaneously prevent liquid leakage from one reservoir 
to the other (around the gel). 

[0025] When used as part of a typical 2-D procedure, an 
IEF gel is applied along one exposed edge of such a slab gel 
and the proteins it contains migrate into the gel under the 
in?uence of an applied electric ?eld. The IEF gel may be 
equilibrated With solutions containing SDS, buffer and thiol 
reducing agents prior to placement on the SDS gel, in order 
to ensure that the proteins the IEF gel contains are prepared 
to begin migrating under optimal conditions, or else this 
equilibration may be performed in situ by surrounding the 
gel With a solution or gel containing these components after 
it has been placed in position along the slab’s edge. 

[0026] Aslab gel af?xed to a Gelbond® sheet is typically 
run in a horiZontal position, lying ?at on a horiZontal cooling 
plate With the Gelbond® sheet doWn and the unbonded 
surface up. Electrode Wicks communicating With liquid 
buffer reservoirs, or bars of buffer-containing gel, are placed 
on opposite edges of the slab to make electrical connections 
for the run, and samples are generally applied onto the top 
surface of the slab (as in the instructions for the Pharmacia 
ExcelGels). 
[0027] It is current practice to detect proteins in 2-D gels 
either by staining the gels or by exposing the gels to a 
radiosensitive ?lm or plate (in the case of radioactively 
labeled proteins). Staining methods include dye-binding 
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(e.g., Coomassie Brilliant Blue), silver stains (in Which 
silver grains are formed in protein-containing Zones), nega 
tive stains in Which, for example, SDS is precipitated by Zn 
ions in regions Where protein is absent, or the proteins may 
be ?uorescently labeled. In each case, images of separated 
protein spot patterns can be acquired by scanners, and this 
data reduced to provide positional and quantitative informa 
tion on sample protein composition through the action of 
suitable computer softWare. 

[0028] Additional methods are disclosed in Disclosure 
Document No’s. 393754 (Anderson, N. L., Goodman, Jack, 
and Anderson, N. G., entitled “Apparatus and Methods for 
Casting and Running Electrophoresis Slab Gels”) and 
412899 (Anderson, N. L., Goodman, Jack, and Anderson, N. 
G., entitled “Automated System for TWo-Dimensional Elec 
trophoresis”). 
[0029] Sample Preparation 
[0030] Protein samples to be analyZed using 2-D electro 
phoresis are typically solubiliZed in an aqueous, denaturing 
solution such as 9M urea, 2% NP-40 (a non-ionic detergent), 
2% of a pH 8-105 10.5 ampholyte mixture and 1% dithio 
threitol (DTT). The urea and NP-40 serve to dissociate 
complexes of proteins With other proteins and With DNA, 
RNA, etc. The ampholyte mixture serves to establish a high 
pH (~9) outside the range Where most proteolytic enZymes 
are active, thus preventing modi?cation of the sample pro 
teins by such enZymes in the sample, and also complexes 
With DNA present in the nuclei of sample cells, alloWing 
DNA-binding proteins to be released While preventing the 
DNA from sWelling into a viscous gel that interferes With 
IEF separation. The purpose of the DTT is to reduce 
disul?de bonds present in the sample proteins, thus alloWing 
them to be unfolded and assume an open structure optimal 
for separation by denaturing IEF. Samples of tissues, for 
example, are solubiliZed by rapid homogeniZation in the 
solubiliZing solution, after Which the sample is centrifuged 
to pellet insoluble material and DNA, and the supernatant 
collected for application to the IEE gel. 

[0031] Because of the likelihood that protein cysteine 
residues Will be come oxidiZed to cysteic acid or recombine 
and thus stabiliZe refolded, not fully denatured protein 
structures during the run, it is desirable to chemically 
derivatiZe the cysteines before analysis. This is typically 
accomplished by alkylation to yield a less reactive cysteine 
derivative. 

[0032] Use of 2-D Electrophoresis 

[0033] TWo-dimensional electrophoresis is Widely used to 
separate from hundreds to thousands of proteins in a single 
analysis, in order to visualiZe and quantitate the protein 
composition of biological samples such as blood plasma, 
tissues, cultured cells, etc. The technique Was introduced in 
1975 by O’Farrell, and has been used since then in various 
forms in many laboratories. 

[0034] The gel systems knoWn in the art or referenced 
above, hoWever, do not provide an integrated, fully auto 
mated, high-throughput system for tWo-dimensional elec 
trophoresis of proteins. Moreover, current IPG and slab gel 
systems are not fully automated, Wherein all operations 
including gel casting, processing, sample loading, running 
and ?nal disposition are carried out by an integrated, fully 
automated system. Current gel systems cannot be fully 
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controlled by a computer and cannot systematically vary gel, 
process, sample load and run parameters, provide positive 
sample identi?cation, and cannot collect process data With 
the object of optimiZing the reproducibility and resolution of 
the protein separations. 

OBJECT OF THE INVENTION 

[0035] It is an object of the present invention to provide 
means for fully automated, high-throughput tWo-dimen 
sional electrophoresis of proteins. 

[0036] It is a further object of the present invention to 
provide a means of alkylating protein sulihydryl groups in 
an automated manner. 

[0037] It is a further object of the present invention to 
provide an IPG gel system optimiZed for use in a tWo 
dimensional gel system Wherein all operations including gel 
casting, processing, sample loading, running and ?nal dis 
position (either by staining for protein detection or applica 
tion to a second dimension slab gel for use in a tWo 
dimensional protein separation) are carried out by an 
automated system. 

[0038] It is a either object of the present invention to 
provide an IPG gel Which is not restricted to a planar 
geometry, but Which instead can be given any cross-section 
judged optimal for producing a high-resolution protein sepa 
ration, and can incorporate varying cross-sections along its 
length as required. 

[0039] It is a further object of the present invention to 
provide an IPG gel strip system that can be fully controlled 
by a computer, thereby affording the opportunity to system 
atically vary gel, process, sample load and run parameters 
and collect process data With the object of optimiZing the 
reproducibility and resolution of the separation. 

[0040] It is a further object of the present invention to 
provide a system for SDS slab gel electrophoresis offering 
facile automation (the slab gels should be easily handled in 
a robotic manner during casting, loading and running). 

[0041] It is a further object of the present invention to 
provide accurate placement of the sample With respect to the 
plane of the slab gel, so as to avoid migration of sample 
macromolecules in a distribution that is asymmetric With 
respect to the plane of the slab gel, i.e., along one surface. 

[0042] It is a further object of the present invention to 
provide effective and even cooling of the slab gel surface so 
that voltage (and hence heat generated) can be increased, 
With attendant improvements in gel resolution (due to 
shorted run times, and consequently decreased diffusion 
time). 
[0043] It is a further object of the invention to provide 
facile automation of slab gel staining and scanning. 

[0044] It is a further object of the invention to provide 
automated means for the recovery of selected protein spots 
or gel Zones for the purpose of protein identi?cation and 
characteriZation by means such as microchemical sequenc 
ing or mass spectrometry. 

SUMMARY OF THE INVENTION 

[0045] The present invention provides an integrated, fully 
automated, high-throughput system for tWo-dimensional 


























