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Preparation of Plant Protein Samples for 2-D PAGE 
 

 
 
1. Introduction 
 
A critical step in the application of O’Farrell’s (1) 
two-dimensional polyacrylamidegel 
electrophoresis (2-D PAGE) in plant biology 
research is the preparation of plantprotein 
samples free of artefactual protein modifications 
and without adversely affectinggel resolving 
power and reproducibility. However, it is 
important to note that manyproblems could be 
encountered in this step. A large part of the plant 
cell volume isoften occupied by the vacuole. 
Numerous compounds found therein, upon 
releaseduring disruption of plant cells, might 
have detrimental or interfering effects on 
proteinextraction. These include organic acids, 
phenolic compounds, proteases, 
pigments,polysaccharides, and so on. 
 
Another major problem that could impact on the 
quality of 2-D PAGE (resulting inprotein-spot 
streaking and smearing) might arise from the 
incomplete disruption ofprotein complexes, and 
by protein aggregation during sample 
solubilization. In particular,complete solubilization 
of membrane proteins is a frequent concern, and 
thepossible interaction between nucleic acids and 
cellular proteins during tissue 
homogenizationcould adversely affect protein 
resolution during electrophoresis. 
 
Here, a protocol largely based on the original 
paper of Mayer et al. (2) to extract “ total 
proteins” from whole plant tissue that should 
result in satisfactory 2-D PAGEanalysis is 
described. In addition, since extracellular 
proteins present in intercellularfluids of leaves 
might be of interest for 2-D PAGE analysis, a 
method derived from theoriginal papers of De Wit 
and Spikman (3), and Jeknic and Chen (4) for 

preparing suchproteins is also given. 
 
2. Materials 
 
1. Solution A: 2% (v/v) 2D Pharmalyte pH 3.0–
10.0, 0.3 M NaCl, 1 mM 
ethylenediaminetetraaceticacid (EDTA)-Na, 1 mM 
EGTA, 1% (v/v) Nonidet P-40, 1% (w/v) CHAPS, 
5 mMascorbic acid, 0.1 M dithiothreitol, 10 μg/mL 
leupeptin, 10 μg/mL α2-macroglobulin.These 
reagents have been chosen because they do not 
interfere with the first dimensionalisoelectric 
focusing (IEF) gel electrophoresis. The first six 
reagents help solubilization ofproteins, the next 
two minimize oxidation of proteins, and the last 
reagents inhibit proteolysis.Prepare 10 mL of this 
solution and store 1-mL aliquots at –80°C until 
needed. 
 
2. Solution B: 0.7% (v/v) 2-mercaptoethanol in 
acetone (of analytical grade). This solutionshould 
be kept at –20°C at least several hours before 
use. 
 
3. Solution C: 9.5 M urea, 2% (w/v) CHAPS, 
0.4% (v/v) Pharmalyte pH 3.0–10.0, 1.6% 
(v/v)Resolyte pH 4.0–8.0, 5% (v/v) 2-
mercaptoethanol. Prepare 10 mL of this solution 
andstore 1-mL aliquots at –80°C until needed. All 
solutions should be prepared with deionizedor 
distilled water. 
 
4. Protamine sulfate. 
 
5. Urea (ultrapure). 
 
3. Methods (see Note 1) 
 
3.1. Extraction From Whole Plant Tissue 
1. Plant tissue samples should be ground to a 
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fine powder with a pestle and mortar prechilled in 
liquid nitrogen. 
 
2. Determine the weight of a 1.5-mL Eppendorf 
tube before cooling it in liquid nitrogen. 
 
3. Place the powder (from step 1) into the 
Eppendorf tube and weigh again. 
 
4. Add solution A to the powder for protein 
extraction. The solution to powder ratio of 1 to 2 
(v/w) should be adequate. Vortex immediately to 
mix the powder with the solution. 
 
5. Add solid protamine sulfate (1 mg/mL). 
 
6. Incubate the mixture on ice for 15 min with 
occasional vortexing. 
 
7. Centrifuge (13,000g at 2°C) for 15 min (see 
Note 2). Transfer the supernatant to a 
newEppendorf tube and then add solid urea to a 
final concentration of 9 M. For 5 min, vortexthe 
mixture intermittently at room temperature. 
 
8. The protein-urea extract can be used 
immediately or divided into 70-μL aliquots, 
whichshould be stored at –80°C until required for 
the first-dimensional IEF gel electrophoresis(see 
Note 3). 
 
3.2. Extraction From Intercellular Fluids 
 
3.2.1. Collection of Intercellular Fluids 
 
1. Immerse entire leaves (100 mg to 1 g, fresh 
weight) in distilled water in a beaker placedinside 
a desiccator connected to a vacuum pump. 
Vacuum filtration of leaf materials isjudged 
finished when the leaf blades have shown a 
glossy dark green appearance. 
 
2. Gently blot the leaves dry using paper towels 
before placing the leaves in a 2.5-mL 
plasticsyringe barrel, which should be sitting on 
top of an Eppendorf tube (with its lid cut off).This 
whole syringe–Eppendorf tube assembly is then 
placed inside a 30-mL centrifugationtube (we use 
Oak Ridge centrifuge tubes, Nalgene, Rochester, 
NY). 
 
3. Centrifuge (3000g at 4°C) for 10 min. The 
intercellular fluid is collected in the 
Eppendorftube. It can be used immediately or 

stored at –80°C until required for the first-
dimensionalIEF gel electrophoresis. 
 
3.2.2. Protein Extraction 
 
1. Add 5 vols of solution B to 1 vol of intercellular 
fluid (see Notes 4 and 5). Incubate the mixture at 
–20°C overnight. 
 
2. Centrifuge (15,000g at 4°C) for 15 min. 
Discard the supernatant and dry the pellet under 
vacuum at room temperature. 
 
3. Resupend the pellet with at least 50 μL of 
solution C. Vortex vigorously and incubate on ice 
for 30 min. 
 
4. Centrifuge (14,000g at 4°C) for 15 min. 
Discard the insoluble material; aliquots of the 
supernatant should be used immediately and 
loaded directly onto first-dimensional IEF gels. 
 
4. Notes 
 
1. These techniques were used routinely in 
preparing protein extracts from petunia leaf 
discs,callus cultures, intensely pigmented begonia 
leaf and petiole materials, root-forminghypocotyl 
segments of Pinus radiata D. Don., and intercellular 
fluids of rose leaves. Satisfactory2-D PAGE 
analysis, particularly of polypeptides with apparent 
molecular massesof 45 KDa or lower (6), was 
achieved despite the presence of high levels of 
phenoliccompounds, carbohydrates, or pigments in 
some of these plant materials. 
 
2. A general principle is that protein extracts must be 
free of any particulate or insolublematerials before 
they are applied to top of first-dimensional IEF gels. 
Another generalprinciple is that protein extracts 
should be kept at a low temperature, particularly 
after ureahas been added. Otherwise, undesirable 
chemical modifications of proteins might result. 
 
3. Loading of 20 μL of extracts containing 20 μg of 
proteins using the methods described here should 
be appropriate for gels to be silver stained following 
2-D PAGE. 
 
4. We found that 10–100 mg (fresh weight) of whole 
plant tissue yielded a sufficient amountof proteins for 
2-D PAGE analysis. There is generally no need for a 
protein concentrationstep. In contrast, a major 
problem encountered with intercellular fluids is the 
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low abundanceof proteins. The acetone precipitation 
step is effective to concentrate extracellularproteins 
for subsequent 2-D PAGE. 
 
5. Like many whole plant tissue samples, 
intercellular fluids may contain a high level 
ofsubstances, particularly phenolic compounds, that 
could be problematic for generatingwell-separated 2-
D PAGE protein profiles. The acetone precipitation 
step incorporating2-mercaptoethanol is important for 
both protein concentration and minimizing 
chemicalmodifications of proteins. The low level of 2-
mercaptoethanol does not seem to have 
anydetrimental effect on subsequent gel analysis. 
Incubation overnight at –20°C was found tobe 
satisfactory in the case of intercellular fluids of rose 
leaves (5). This might need to varywith different 
source materials. 
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