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Preparation of Mammalian Tissue Samples 
for Two-Dimensional Electrophoresis 

 
 
 
1. Introduction 
 
The true power of two-dimensional gel 
electrophoresis (2-DE) requires the 
carefulpreparation of protein samples to minimize 
sample variability and maximize 
solubilization.This is of particular relevance when 
2-DE is relied upon to characterize thedifferential 
expression of mammalian tissue proteomes in 
large experiments with largenumbers of samples. 
One of the weaknesses of the 2-DE approach 
relates to its depth offield—that is, its limited 
ability to resolve reproducibly those proteins with 
extremeisoelectric points (pI) (e.g., <3 and >9), 
hydrophobicity, and low abundance. Second,the 
initial step in 2-DE of protein mixtures, isoelectric 
focusing, is susceptible to anumber of problems 
that cause variability in the final protein pattern, 
interferences thatmust be avoided. Hence, a 
simple yet reproducible method of preparing cell 
and tissuesamples for consistent 2-DE results, 
involving as little manipulation as possible, is 
ofutmost importance. 
 
Realistically, no single preparation method can 
be applied to all possible samples.Ideally, a 
complex protein mixture like rodent liver should 
be treated in a manner thatcompletely disrupts 
the cells, denatures all protein complexes by 
breaking noncovalentinteractions, denatures 
complex protein secondary and tertiary structure, 
prevents differentialoxidation or other protein 
modifications, and solubilizes hydrophobic 
proteins.Whole tissue samples are disrupted by 
homogenization (e.g., ground-glass) and/or 
sonication, best accomplished directly in a “lysis 
buffer” for 2-DE. This buffer generallyconsists of 
a mixture of the following components: 

 
1. Nonionic or zwitterionic detergents such as 
Nonidet® P40, Triton X-100, Igepal CA-
630([octylphenoxy]polyethoxyethanol), CHAPS 
(3-[(cholamidopropyl)dimethylammonio]-
propanesulfonate), or the nondetergent 
sulfobetaines aid in the solubilization of 
hydrophobicproteins. Having the least 
hydrophilicity of these detergents, CHAPS is said 
to bemost adept at preparing hydrophobic 
proteins for separation on immobilized pH-
gradientgel strips. 
 
2. The chaotrope urea is often used to denature 
the secondary, tertiary, and quaternary 
proteinstructure, but can be combined with 
thiourea in samples containing a prominent 
membraneprotein component. 
 
3. Reducing agents such as dithiothreitol (DTT, 
Cleland’s reagent), its isomer 
dithioerythritol(DTE), or uncharged reducing 
agents such as tributyl phosphine (TBP) (1) are 
essential for preventing thiol group oxidation and 
for reducing disulphides to dithiols, 
therebyavoiding horizontal streaking. 
 
4. Carrier ampholytes are often included, 
especially in tube gel isoelectric focusing 
(IEF),where they have been claimed to aid in 
protein solubilization and in nucleic acid 
precipitation.Narrow-range alkaline mixtures (i.e., 
pH 8.0–10.5) also help maintain an alkalinepH in 
the solubilized sample (subverting acid protease 
activity) and assisting in the stabilizationof the 
alkaline end of the tube gel during focusing. In 
preparing lysis buffers forimmobilized pH-
gradient (IPG) strip IEF, it is a good idea to .
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include low amounts (<0.5%)of carrier 
ampholytes that correspond exactly to the IPG 
strip pH gradient, as these ionicspecies will 
migrate to their pI (slowing down the IPG run) 
and can generate visible gapsin the focused 
pattern if, for example, an excessively high 
percentage of a pH 8.0–10.5mixture is used in 
broad range (pH 3.0–10.0) strips 
 
5. Finally, some researchers choose to avoid 
proteolysis with the addition of protease 
inhibitorcocktails. Typically, unless lengthy 
tissue-sample fractionation steps are 
necessary(2), these inhibitors are not essential. 
 
This chapter describes general-purpose sample 
preparation methods for mammaliantissue and 
monolayer cell-culture samples destined for tube-
gel and IPG-strip firstdimensionisoelectric 
focusing. Preparation of whole tissues for 2-DE is 
generally ratherstraightforward. Tissue-culture 
samples are more problematic. During recovery 
of cellsfrom monolayer cell-culture, scraping, 
washing, and centrifugal pelleting followed 
bysolubilization results in the introduction of 
significant variability between 
samples.Consistently uniform protein recovery for 
2-DE is accomplished by first removing theculture 
medium and then directly solubilizing the 
adherent cells (3). This approachexploits the 
small surface area of flat-bottom, multi-well 
culture plates (e.g., 6-well BDFalcon™ Cell 
Culture Plates) with or without collagen, and has 
been applied successfullyto 2-DE analysis in 
primary hepatocyte cell culture (3), HeLa cell 
culture (4), andkeratinocytes (NEHK) (5). 
 
This chapter does not address special cases 
such as prefractionated tissue samples(e.g., 
membranes), in vitro preparations established in 
various cell lysis buffer formulations,or 
precipitated protein samples. It should be 
understood that while theapproaches described 
in this chapter have been used successfully by 
the author toanalyze whole-tissue lysates on 2-D 
gels in a variety of mammalian tissues (for 
quasiglobaldifferential expression proteomics), 
one size never fits all, and optimization forunique 
samples is always a good idea. 
 
2. Materials 
 
2.1. Equipment 
1. 6-well BD Falcon Cell Culture Plates. 

2. 50-mL beakers, surgical scissors (12 cm, 
straight sharp/sharp). 
3. 3- or 5-mL DUALL® ground-glass tissue 
grinders (no. 21 or no. 22, 
http://www.kimblekontes. 
com/html/pg-885450.html). 
4. Beckman TL-100 ultracentrifuge (or 
equivalent). 
5. Beckman polyallomer centrifuge tubes (1/2 × 2 
in). 
6. TLA 100.3 rotor, 100K rpm max. 
7. 2-mL polypropylene flat top microcentrifuge 
tubes (Fisherbrand). 
8. Fisher Sonic Dismembranator. 
 
 
2.2. Buffers 
1. Lysis buffer A (for tube gel IEF with broad-range 
carrier ampholytes): 9 M urea, 4%Igepal CA-630 (I-
3021, Sigma-Aldrich), 1% DTT, and 2% carrier 
ampholytes (pH 8.0–10.5) (Pharmalyte, 17-0455-01, 
Amersham Biosciences). This mixture should be 
placedin Eppendorf tubes in 1-mL aliquots and 
stored at –80°C. Repeated refreezing-thawing ofthe 
lysis buffer should be avoided. 
 
2. Lysis buffer B (for IPG strips of any pH range): 9 
M urea, 4% Igepal CA-630 (I-3021,Sigma-Aldrich), 
1% DTT, and 2% carrier ampholytes (pH 3.0–10.0) 
(Pharmalyte,17-0456-01, Amersham Biosciences) 
 
3. For tissue homogenates (e.g., liver, kidney, and 
so on), 10–20 μL of solubilized sample isadded to 
480–490 μL of a rehydration buffer containing: 8 M 
urea, 2% CHAPS, 0.23%DTT, 0.04% ampholytes 
(pH 3.0–10.0) (Pharmalyte, 17-0456-01, Amersham 
Biosciences),and 0.02 mg/mL Orange G (O-1625, 
Sigma-Aldrich). The total 500 μL volumeis used later 
to rehydrate (re-swell) a 24-cm IPG strip for IEF. 
 
3. Methods 
 
3.1. Fresh Tissue 
1. Fresh tissues should be freed of connective tissue 
and fat, preferably perfused with icecoldsaline prior 
to excision or at least rinsed briefly after excision, 
and 250 mg placed ina 50-mL beaker at room 
temperature (RT). Rapidly add 8 vols of lysis buffer 
(RT) ontothe tissue and thoroughly mince with 
surgical scissors. Cooling the urea-based lysis 
bufferwill result in urea crystallization and is not 
recommended. 
 
2. The minced tissue-sample slurry is then placed in 
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a 3- or 5-mL DUALL ground-glasstissue grinder and 
manually homogenized. The duration and extent of 
manual homogenizationdepends on the connective-
tissue content of the sample and should be 
continueduntil a uniform homogenate is formed and 
no tissue pieces are visible. Motor-
drivenhomogenization should be avoided, as rapid 
pestle-rotation in ground glass will result insignificant 
sample heating and protein carbamylation (see Note 
4). 
 
3. The resulting 12.5% homogenate is then allowed 
to remain at RT for 120 min, after whichthe samples 
are placed in Beckman polyallomer centrifuge tubes 
(1/2 × 2 in) and centrifugedat 100,000g for 30 min at 
22°C using a Beckman TL-100 ultracentrifuge to 
removenucleic acid and insoluble materials. 
 
4. The resulting clarified supernate should then be 
aliquoted into small volumes that can bestored at –
45°C or –80°C. Although tissue protein content 
(mg/g wet wt) can be quite variableacross 
mammalian tissue types, the resulting protein 
concentration should be approx15–20 mg/mL. 
Because tissue fluid abnormalities resulting from 
experimental conditions(e.g., edema, dehydration, 
and so on) can alter this estimate, it is desirable to 
measureprotein concentration in the solubilized 
sample. This can be accomplished using any of 
anumber of commercially available urea/detergent-
compatible protein assays such as theBradford 
Method (Pierce), RC DC Protein Assay (BioRad), 
and the Noninterfering ProteinAssay™ (Genotech), 
keeping in mind their rather narrow linear range of 
detection. 
 
3.2. Cultured Cells 
1. The culture medium is first removed from the 
multi-well plate by aspiration. 400 μL oflysis buffer A 
or B (see Notes 2 and 3) is added directly to each 
well. 
 
2. The culture plates are then placed in a 37°C 
incubator for 1 h with intermittent (every 15 min) 
manual agitation. 
 
3. Following the 1-h solubilization, the entire volume 
is removed from each well and placed in 2-mL 
Eppendorf tubes. 
 
4. Each sample is then sonicated with a Fisher Sonic 
Dismembranator using 3 × 2-s bursts atinstrument 
setting #3. Sonication is conducted every 15 min for 
1 h. Avoid contacting thesides of the tube with the 
sonicator probe as this generates bubbles/suds and 

potentialsample loss. 
 
5. At this point, samples may be ultracentrifuged (as 
above), after which the solubilizedsamples are 
transferred to microcentrifuge tubes for storage at –
45°C or –80°C untilthawed for analysis. 
 
4. Notes 
1. Tissues containing a large proportion of 
collagenous connective tissue can be frozen inliquid 
N2, ground to a fine powder in a mortar and pestle 
with liquid N2 added, and thepowdered sample 
placed in the DUALL grinding tube with lysis buffer 
and solubilized asdescribed above. 
 
2. For buffers A and B, all reagents should be 
ultrapure. Given the critical nature of urea asa 
chaotrope and the importance of avoiding 
carbamylation, the author recommends theuse of 
BDH Aristar (item no. 452046C).3. When solubilizing 
monolayer-cultured cells as described above for 
IPG-based IEF, do notused lysis buffer A. The 
presence of high concentrations (2%) of carrier 
ampholytes in the8.5–10.0 pH range together with 
the high sample application volumes needed for 
properprotein loading (40–50 μL sample in 450–460 
μL rehydration buffer) results in a majorvertical gap 
in the 2-D pattern near the basic end. We have 
determined the width of thisgap is proportional to 
sample volume (unpublished results). The solution is 
to use lysisbuffer B when IPG IEF is planned. 
 
4. The 400-μL lysis buffer volume suggested above 
is a convenient volume for solubilizinghepatocytes, 
HeLa cells, and NEHK, all of which were estimated 
to number approx 1–2 ×106 cells/well in the various 
experiments. This volume was determined by trial 
and errorto provide optimum cell lysis and 
solubilization on each surface (approx 10 cm2) in 
the6-well plate without diluting the cellular proteins to 
such an extent that loading volumesbecome 
impractically large. Thus, a 40-μL aliquot that 
contains approx 150–200 μg protein(representing 
approx 100,000–200,000 cells), depending on the 
tissue type, can beloaded on a tube gel or IPG strip 
(for large format 2-DE). Because many cells contain 
farless protein than this (i.e., human peripheral 
lymphocytes, approx 5- to 10-fold less),optimization 
is strongly encouraged. 
 
5. It is well known that urea + heat + protein = 
carbamylation due to the formation ofisocyanic acid 
from urea and its reaction with the N-terminus, 
arginines, lysines, andcysteines of proteins. 
Carbamylation, in turn, generates a variety of protein 
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charge modifications,major artifacts in the horizontal 
dimension of a 2-D gel pattern. Based on ourown 
observations, supported by a recently published 
evaluation (6), neither the RT sampletreatment nor 
the brief incubation at 37°C in the urea-based lysis 
buffers described abovehave any artifactual effect 
on protein charge modification via carbamylation. 
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