
 
 

www.aladdin-e.com 
 

Preparation of Yeast Samples for 2-D PAGE 
 
 
1. Introduction 
 
Yeasts are the focus of much research, both in 
their role as pathogens and asbiotechnically 
important organisms, and not the least in their 
role as model systems foreukaryotic cells. In 
particular, Saccharomyces cerevisiae has also 
been the object ofseveral proteomics-related 
efforts. However, the preparation of protein 
extract fromyeast is complicated by the presence 
of a cell wall of mainly chitin and glucans, 
whichneeds to be disrupted in the extraction 
process. Several methods presenting solutions 
tothis problem, in connection with sample 
preparation for two-dimensional polyacrylamidegel 
electrophoresis (2-D PAGE), have been described 
(1,2), in which the cellwall is broken either by 
vortexing in the presence of glass beads or by 
sonication.We have found the method described 
below to be robust and to yield 
reproducibleresults in several studies (3–6). It is 
furthermore easy to perform and does not 
requireany specialized equipment. 
 
2. Materials 
 
1. Sample buffer I: sodium dodecyl sulfate (SDS) 
(0.3 g), β-mercaptoethanol (5.0 mL),Tris-HCl 
(0.444 g), Tris base (0.266 g), MilliQ (or 
equivalent) water (to a final volumeof 10 mL). 
 
2. Sample buffer II (see Note 1): 1.5 M Tris base 
(80 μL), 1.5 M Tris-HCl (1585 μL), 1 MMgCl2 (250 
μL), DNase I (Worthington Biochemical Corp., NJ) 
(5 mg), RNase A(Worthington Biochemical Corp., 
NJ) (1.25 mg), MilliQ (or equivalent) water (to a 
finalvolume of 5 mL). 
 
3. Immobilized pH gradient (IPG)-rehydration 
buffer (urea/thiourea buffer): urea (4.8 g;gives a 

final concentration of 8 M; see Note 2), Triton X-
100 or Nonidet P40 (100 μL; seeNote 3), 1 M DTT 
(100 μL), IPG-buffer/ampholine (50 μL; see Note 
4), bromophenolblue (trace amount approx 0.01% 
w/v), MilliQ (or equivalent) water (to a final 
volume of10 mL). 
 
3. Method 
 
The method described in the following sections 
can be divided into (1) an initial celldisruption 
step; (2) a protein solubilization step; (3) a 
nuclease treatment step; and (4)a final phase in 
which protein extract is diluted in IPG-rehydration 
buffer immediatelyprior to application on the first 
dimension of 2-D PAGE. 
 
The procedure is carried out in 1.5-mL 
microcentrifuge tubes. A suitable startingmaterial 
is a pellet of yeast cells from 10 mL of culture with 
a density of 5–10 millioncells/mL, corresponding 
to an optical density (at 610 nm) of approx 0.5, 
which willtypically yield a pellet of 5–10 μL of 
cells. The method described below is adjusted 
tothis amount of cells. 
 
The protocol can be scaled up or down; however, 
care should be taken to not use afinal extract 
volume of more than 500 μL or less than 50 μL, 
since this will reduce theefficiency of the cell-
disruption step. 
 
3.1. Cell Disruption 
1. Add 160 μL of ice-cold milliQ-quality water 
containing protease inhibitors (e.g., Complete ™ , 
Roche, Inc.) to the cell pellet. 
 
2. Add 0.25 g of chilled glass beads (diameter 0.5 
mm) to the sample.
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3. Vortex 4 × 30 s on a table shaker at maximum 
speed (approx 2500 rpm) with intermittent 
placement of samples on ice for at least 1 min. 
 
3.2. Protein Solubilization 
1. Add 20 μL of sample buffer I and vortex the 
tube(s) briefly to mix. 
 
2. Place tube(s) at 95°C for 5 min. Make sure to 
secure the lid of the tube, alternatively to make a 
small hole in the lid, prior to the heating step. 
 
3. Cool samples on ice for 5 min. 
 
3.3. Nuclease Treatment 
1. Add 20 μL of sample buffer II and vortex the 
tube(s) briefly to mix. 
2. Incubate on ice for 10 min. 
3. Centrifuge samples at full speed (approx 
15,000g) in a microcentrifuge at 4°C. 
4. Aspire the supernatant (constituting the protein 
extract) to a new microcentrifuge tube and freeze 
at –20°C, or use immediately. 
 
3.4. Dilution in IPG-Rehydration Buffer 
1. Dissolve sample in required volume of IPG-
rehydration buffer (see Note 5). 
2. Incubate the sample at 37°C for 10 min. 
3. Spin down sample (15,000g, 10 min, room 
temperature) to remove any particles that might 
remain. 
 
4. Notes 
1. The DNase and RNase should be dissolved in 
the buffer as the final step. 
 
2. 8 M Urea can be substituted by a combination 
of 7 M urea and 2 M thiourea. The 
chaotropicagent thiourea is the most highly 
beneficial addition to the IPG-rehydration buffer; 
thisaddition can strongly improve the solubility of 
many proteins which may produce “streaking”or 
which are completely absent on 2-D PAGE gels 
run with normal urea-based bufferin the first 
dimension (7). However, thiourea requires a 
special permit from inspectingauthorities in many 
countries due to its suspected carcinogenic 
properties. 
 
3. Triton X-100 can be substituted for 2% (w/v) of 
CHAPS. CHAPS is considered to be thepreferred 
detergent for the IPG-rehydration buffer (7). 
Unfortunately, it is also considerablymore 
expensive than Triton X-100 and Nonidet P-40. 

We normally use Triton X-100,since in our hands 
the choice of detergent in the rehydration buffer 
has only a minorinfluence on the final protein 
resolution. 
 
4. IPG buffer or ampholine should be chosen for each 
type of IPG strip, or for the desired separation 
interval. 
 
5. The final volume to which the sample is diluted is 
determined by the system used forrunning this first 
dimension. We most often use the precast pH-
gradient strips (suppliedby, for example, Amersham 
Biosciences and BioRad, Inc.), for which the 
rehydrationvolume is commonly in the range of 125–
500 μL. However, the protein extract is 
alsocompatible with the original glass tube-based 
system for running 2-D PAGE (8), or forapplication on 
IPG strips using sample cups, in which the sample 
volume will typicallybe <100 μL. 
 
In the simplest case, the desired amount of protein 
extract to be loaded is less than 10% ofthe final 
volume and contains low amounts of salt. The extract 
can then be mixed directlywith IPG-rehydration buffer 
to the required volume immediately prior to 
application onthe first dimension. 
 
If the desired amount of protein extract is greater 
than 10% of the final volume, or if thesample contains 
large amounts of substances that may disturb the 
isoelectric focusing(e.g., salts), additional steps such 
as precipitation or dialysis are required: 
 
A simple and straightforward way to concentrate the 
sample and remove low-molecularweightcompounds 
is the use of precipitation, either by acetone or 
trichloroacetic acid, ora combination of the two (9). 
The precipitate is then dissolved in a proper amount 
ofIPG-rehydration buffer. 
 
Alternatively, the protein extract can be adjusted to a 
final concentration of 8 M urea (or7 M urea/2 M 
thiourea), followed by dialysis against a large volume 
of IPG-rehydrationbuffer. In the latter case, a micro-
dialysis kit with a cutoff of 1 kDa should be used 
(e.g.,PlusOne™ Micro Dialysis kit, Amersham 
Biosciences). Following dialysis, the sample 
isadjusted to the required volume, using IPG-
rehydration buffer. 
 
However, it should be cautioned that both 
precipitation and dialysis may cause the loss of 
certain proteins from the extract. 
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The amount of extract to be diluted also depends on 
whether a constant amount of protein(in μg) or a 
constant amount of radioactivity (in dpm of 
radioactively labeled amino acid)is desired. When 
measuring protein concentration in the extract 
(Subheading 3.3.4.), it isimportant to use a method 
that tolerates the presence of detergents and 
mercaptoethanol(e.g., a method which incorporates 
an initial protein precipitation step). 
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