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Summary 
 
With the advent of high throughput platforms, proteomics has become a powerful tool to search 

for plant gene products of agronomic relevance. Protein extractions using multi-step protocols 

have been shown to be effective to achieve better proteome profiles. These protocols are 

generally efficient for above ground tissues such as leaves. However, each step leads to loss of 

some amount of proteins. Additionally, compounds such as proteases in the plant tissues lead to 

degradation of proteins. Protease inhibitor cocktails are available but these alone do not seem to 

suffice when roots are used either by themselves or as part of the above ground tissue sample 

whereby protein degradation is much more pronounced. This is obvious in the lack of high 

molecular weight (HMW) proteins when root tissue is used. For transgenic plant root 

protein/proteome analysis or seedling stage protein/proteome analysis, which includes root 

tissue, such pronounced protein degradation is undesirable. A facile protein extraction protocol is 

presented, which ensures that despite the inclusion of root tissues there is minimal loss in total 

protein components.  
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1. Introduction 
 
Proteomics is one of the rapidly growing fields of molecular biology (Twyman, 2004). Plants 

contain a wide range of proteins. Specific extraction and purification protocols are required for 

analyzing a set complement of plant proteins. The presence of a rigid cell wall and several 

compounds such as proteases, pigments, tannins and phenolics, makes protein extraction from 

plant tissues a crucial step in the study of the plant proteome. Different extraction procedures 

have been established for the extraction of nuclear, chloroplast, cell-wall and plasma-membrane 

proteins. Few of the commonly used methods include Tris-buffer extraction, phenol extraction 

coupled with ammonium acetate precipitation, and trichloroacetic acid (TCA) - Acetone 

precipitation method. 

 

Each of these three protein extraction procedures has its advantages and limitations, depending 

on factors such as the type of plant tissues, protein yield and downstream analysis of the 

extracted proteins. The TCA-acetone procedure is effective in denaturing proteases.	  However, 

the TCA-acetone method does not remove interfering substances such as carbohydrates and 

polyphenols (Carpentier et al., 2005). In addition to that, the difficulty in resolubilizing the 

protein pellet might cause problems for running 2-dimensional gel electrophoresis (2D-GE) or 

subsequent proteomics. Phenol extraction was described by Hurkman and Tanaka (1986) and is 

the preferred method for 2D-GE. The phenol method, in general, produced better spot resolution 

and minimal streaking, and led to a higher number of proteins extracted (Jellouli et al., 2010). 

The major drawbacks in the phenol extraction method are its toxicity and that it is time 

consuming (Faurobert et al., 2007). The third method, which requires minimum extraction steps, 

is the Tris-buffer extraction buffer with protease inhibitor cocktail (PIC). However, its simplicity 

is marred by the fact that no generic protease inhibitors are available (Morihara, 1981). Also 

protease inhibitors are small proteins themselves and they can also interfere with the assays. 

 

Transgenic plants are also referred to as protein factories or bioreactors in regard to their great 

potential for production of many proteins of pharmaceutical, commercial and industrial value. 

However, the large scale production of such proteins is limited by difficulties in extraction, 

thereby contributing to relative low yield (Borisjuk et al., 1999). Rapid cleavage of foreign 

proteins by proteolytic enzymes could be one of the reasons for low yield.  
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Given the biochemical complexity in plant tissue and the diverse properties of cellular proteins in 

terms of charge, susceptibility to proteolysis, ligand interactions and subcellular protein 

localization, a single protocol is incapable of capturing the complete proteome (Issacson et al., 

2006, Borisjuk et al., 1999), especially in the analysis of multigene-containing transgenic plants. 

Multigene-containing transgenic plants may be comprised of different genes for metabolism, 

adaptation to multiple environments, and tolerance against both abiotic and biotic stresses. As an 

example, biological nitrogen fixation genes are transformed into cereals in order to convert the 

atmospheric nitrogen into ammonia, which is further used for synthesis of amino acids. In 

addition, suberin and lignin modification genes and those coding for other complex carbohydrate 

modification/degradation (i.e. chitinases, glucanases etc.) or for various transporters, are strategic 

routes to improve adaptability to abiotic and biotic stresses. Multiple proteins, which address the 

complex traits of salinity, drought and/or heat tolerance or pathogen resistance, may be 

expressed in the aerial parts of the plant or specifically in roots. Analysis of multigene-

containing transgenic plants may thus, require root protein analysis. Also, in the case of seedling 

analysis, roots may be included in the tissue sample.  

 

We noticed that inclusion of roots resulted in the lack of a large component of HMW proteins. In 

Figure 1, lane 1 shows that there was a reasonable spread of proteins from low to high molecular 

weight in the protein extract from leaves of a rice plant. Lane 2 clearly shows major degradation 

of proteins in the root extract and particular lack of HMW proteins of the same rice plant. Lane 3 

shows protein extract from leaves and roots of the same plant as the leaf sample in lane 1. 

Relative lack of HMW proteins in lane 3 as compared to those in lane 1 implicates a protein 

degradation component present in roots. Such protein degradation was not noticed from leaf, 

flower or seed protein extracts separately, but each extract exhibited protein degradation when 

combined with roots either while crushing the tissues or through the addition of root extract and 

incubation at room temperature for 5 to 8 minutes before loading the gel. Hence it was obvious 

that roots contributed to the degradation of HMW proteins. This degradation of HMW proteins 

was observed despite the addition of PIC in the extraction buffer. 
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Plant roots have been shown to exude proteases unique in reaction kinetics and stability, which 

were proposed to play an important role in the cyclic transformation of nitrogen within plant 

roots and/or at the root-soil interface and the levels of these proteases could be species or cultivar 

specific (Godlewski & Adamczyk, 2007). Root proteases also play a crucial role in plant 

nitrogen uptake and further assist in imparting drought tolerance to the plants (Kohli et al., 

2012). Lack of HMW proteins was noticed in root extracts of all 15 accessions of rice we tested. 

Each of these 15 root extracts had the capability to degrade the HMW components of leaf protein 

extract (Figure 1 represents such results for one particular accession). Our data suggested that 

phenolics may not be completely responsible for such protein degradation and that root proteases 

may indeed be the cause for lack of HMW proteins in root or root and leaf extracts (Figure 2 and 

legend).  

 

Depending on the nature of the transgenic proteins, they could be liable to preferential 

degradation. Even if the transgenic proteins were safe by virtue of reduced or lack of protease-

labile amino acids, their estimation in relation to total protein will be affected under a scenario 

where a large component of the proteome is degraded. This is particularly of concern because 

analyzing multigene transgenic plants at protein level and not just at transcript level is necessary 

to appreciate the result of interactive gene products, whereby one gene product may feed into the 

action of another. Moreover transcript abundance does not always reflect respective protein 

abundance, especially because proteins vary in post-translational modifications, stability and 

turnover rates as a regulatory mechanism. The final product or phenotype will depend on due 

functioning of multiple proteins in a heterologous system. Thus, it is important to use protein 

extraction methods that will present as real a picture as possible, of the amount of transgenic 

proteins in relation to each other and to other endogenous proteins.  

 

A simple and efficient protocol is presented for extracting high-quality total soluble protein from 

roots or roots and leaves together using Tris buffer. It involves heat treatment of the extract. The 

method clearly resulted in improved quality and quantity of HMW proteins without affecting the 

electrophoretic resolution (Figure 2) and was compatible with normal staining procedures with 

Coomasie Blue and silver stain. Figure 2 clearly shows that degradation of proteins in an extract 

of roots and leaves together was not controlled by the protease inhibitor cocktail (PIC), thus 



5 
 

depicting the inability of the PIC to completely reduce the protease activity (lane 1) or by 

polyvinylpyrrolidone (PVPP) to reduce the phenolics (lane 2). Lane 4 shows that a simple step of 

boiling the crude homogenate before protein extraction was highly effective and this efficiency 

increased with additional amounts of PIC (lane 6 and 7). However, extended boiling time or 

additional PIC did not substantially alter the results. Using this method we have obtained much 

improved 1D and 2D-GE results for root or root and leaf tissue, in terms of number and intensity 

of protein band/spots (Raorane and Kohli, unpublished results). Success of such a simple but 

efficient method using Tris buffer depends on the type of protein. Tris buffer (pH: 8.0) provides 

a very favourable pH (physiological) conditions for most proteins, although every protein has an 

optimal pH for its function or activity. The boiling step certainly is very efficient in reducing the 

protease activity; however some enzymes might be very sensitive to boiling. The final 

application of the extraction might be crucial in determining the use of this protocol, as it might 

be useful to study the intact primary structure using 1D or 2D-GE coupled with immunoblot 

assays or even high-throughput proteomic applications, but not for enzyme assays which might 

require biologically active protein.  

  

2. Materials 

 

All solutions and reagents must be prepared using the Millipore filtered water and stored at 4°C. 

 
2.1 Protein extraction buffer (PEB) (50mM Tris-HCl pH 8.0, 10mM NaCl, 1% SDS, 0.1mM 

DTT and 0.5% β-mercaptoethanol) 

1. Dissolve 0.60 g of Tris (Trizma base, Sigma Life Science, St. Louis, MO) in 80 ml of 

water in a 250 ml of glass beaker using a magnetic stirrer and adjust pH to 8.0 with 1N 

HCl. Add 0.058 g of NaCl, 1 g of SDS (GibcoBRL), 1.54 mg of DTT (Sigma, St. Louis, 

MO) and 500 µl of β-mercaptoethanol (Sigma, St. Louis, MO, see Note 1). Dissolve by 

mixing.  Make up the volume to 100 ml with sterile distilled water. Store the buffer at 

4°C. 

2. For the preparation of 0.1M PMSF (phenylmethanesulfonylfluoride, Sigma, St.Louis, 

MO), weigh 17.4 mg of PMSF in a 1.5 or 2 ml Eppendorf tube and add 1.0 ml of 

isopropyl alcohol. Mix by inverting. 
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2.2  Protease inhibitor cocktail for plant cell and tissue extracts- P9599-1ml (Sigma): For the 

list of ingredients in the cocktail, see Note 2. This reagent is supplied in DMSO. Aliquot as 100 

µl/tube and store at -20°C. 

 

2.3 A 10% Sodium Dodecyl Sulfate Polyacrylamide gel (SDS-PAGE) components: 

1. Resolving Gel Buffer: 4X Tris-Cl/SDS, pH 8.8 

Dissolve 91.0 g of Tris 300 ml of distilled water in a 1 litre glass beaker on a magenetic 

stirrer and adjust the pH to 8.8 with 1N HCl. Slowly add 2 g of SDS and dissolve by 

mixing. Make up the volume to 500 ml with sterile distilled water. Store at 4°C. 

2. Stacking Gel Buffer: 4X Tris-Cl/SDS, pH 6.8 

Dissolve 6.05 g of Tris 40 ml of distilled water in a 250 ml glass beaker on a magenetic 

stirrer and adjust the pH to 6.8 with 1N HCl. Slowly add 0.4 g of SDS and dissolve by 

mixing (see Note 3). Make up the volume to 100 ml with sterile distilled water. Store at 

4°C. 

3. 10X SDS-PAGE Running Buffer: 

Dissolve 30.3 g of Tris and 144.1 g of glycine (Amresco, Solon, OH) in approx. 600 ml of 

distilled water in a 1 litre glass beaker using a magenetic stirrer. Slowly add 10 g of SDS 

(see Note 3) and dissolve by mixing. Make up the volume to 500 ml with sterile distilled 

water. Store at 4°C. 

4. 6X SDS sample buffer: 

        Take 3.7 ml of 4X Tris-Cl/SDS, pH 6.8 to a 20 ml beaker. Add 3 ml of glycerol, 1               

g of SDS, 3 ml of 2-mercaptoethanol (Sigma, St. Louis, MO) and 6 mg of bromophenol 

blue (Sigma, St. Louis, MO). Mix the components using the magnetic stirrer. Make up the 

volume to 10 ml with sterile distilled water. Aliquot the sample buffer into 1.5 ml 

microfuge tubes (Eppendorf, Germany) (1.0 ml /tube) and store at -20°C. 

5. Ammonium Persulfate (BioRad, Bio-Rad Laboratories, Hercules, CA): 10% (w/v) solution 

in sterile distilled water. Store at -20° C. 

6. N,N,N,N’-tetramethyl-ethylenediamine (TEMED) (Sigma, St. Louis, MO). Store at 4°C.   

 

2.4 Gel Staining (Coomassie Brilliant Blue R250) 
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1. Coomassie Blue staining solution:  

Dissolve 0.5 g of Coomassie Brilliant Blue R250 (Sigma, St. Louis, MO) in 800 ml of 

methanol in a 2 liter glass beaker and add 140 ml of acetic acid. Make up volume to 2 litres 

by sterile distilled water.  

2. Destain Solution I: 

Mix 400 ml of methanol and 70 ml of acetic acid in a 1 litre glass beaker and make up the 

volume to 1 litre by sterile distilled water.. 

3. Destain Solution II: 

Mix 50 ml of methanol and 70 ml of acetic acid in a 1 litre glass beaker and make up the 

volume to 1 litre by sterile distilled water.. 

 
3. Method 
 
3.1 Protein extraction (Perform all the steps on ice or at 4°C unless otherwise stated) 
 
1. Pulverise the plant tissues in a mortar and pestle using liquid nitrogen. A fine powder must 

be obtained for efficient protein extraction (see Note 4).   

2. Transfer the powdered root or seedling tissue into separate 14 ml polypropylene round-

bottom tubes (BD Falcon™, BD Biosciences, Franklin Lakes, NJ).  Add 6.0 ml of PEB for 

every 1.4 g of ground plant tissue (see Note 5). Further add 1.2 µl of 0.1M PMSF (see Note 

6). Cap the tubes and mix the samples well by inverting.   

3. Heat the samples in boiling water in a large beaker on a burner for 8 minutes (or 10 minutes 

at 95°C in a water bath). 

4. Transfer the tubes to ice, add 15 µl PIC, cap the tubes tightly and place them horizontally in 

ice on a shaker at medium speed for 2 hours.  

5. Centrifuge the tubes at 12,000 x g for 15 minutes at 4°C. Transfer the supernatant to a new 

tube (see Note 8). 

6.  Use the supernatant for protein quantification using Bradford assay (BioRad) following the 

protocol outlined by the manufacturer or store the protein samples at-20°C until further use. 

(see Note 9) 
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3.2 Sodium Dodecyl Sulfate Polyacrylamide Gel electrophoresis (SDS-PAGE): (Some of the 

substances and solutions are hazardous. Wear lab coat, appropriate gloves and safety glasses 

throughout the protocol.) 

 
1. Add 3.75 ml of resolving buffer, 5 ml of Acrylamide/ Bis-acrylamide 30% (19:1) (Bio-Rad 

Laboratories, Hercules, CA) (see Note 10), 6.25 ml of sterile distilled water in a 50 ml of 

conical flask and mix the solution thoroughly. Add 75 µl (10% Ammonium persulfate) and 

20 µl of TEMED and mix by swirling and cast the gel using a 7.2cm X 10cm X 1.5mm gel 

cassette (BioRad, Mini-PROTEAN II Cell Electrophoresis System, Bio-Rad Laboratories, 

Hercules, CA). Allow 1.5 cm of space for stacking the gel and gently overlay with water. 

Allow the gel to polymerize for 20 minutes at room temperature without disturbing the 

cassette. 

2.  Add 1.25 ml of stacking buffer, 0.65 ml of Acrylamide/ Bis-acrylamide 30% (19:1) (see 

Note 10) and 3.05 ml of sterile distilled water in a 50 ml of conical flask and mix the 

solution thoroughly. Add 50 µl (10% Ammonium persulfate) and 15µl of TEMED to the 

solution and mix by swirling and cast the gel above the resolving gel. Insert a 10 well gel 

comb immediately into the stacking gel, without introducing air bubbles.  Allow the gel to 

polymerize for 20 minutes at room temperature without disturbing the cassette (see Note 

11). 

3. Aliquot the protein samples to a fixed concentration and mix it with appropriate volume of 

6X sample buffer (generally the volume of the 6X SDS sample buffer used is 1/5 of the 

volume of the protein sample to be loaded). Do not mix the sample buffer with the pre-

stained protein ladder. Load protein standard (Broad range protein marker 2-220 kDa, SBS 

Genetech Co., Ltd, Beijing, China.) (10 µl per well)  and the protein samples (30 µg per 

well)  

4. Electrophorese the gel at 120V (room temperature) using 1X SDS-PAGE running buffer 

until the dye front reaches the bottom of the gel (see Note 12). 

5. After electrophoresis, remove the gel cassettes from the tank; pry the gel plates open.  

Transfer the gel carefully to a container with Coomassie Brilliant Blue staining solution. 

6. Allow the gel to stain overnight. Replace the staining solution with the destain solution I 

and incubate the gel for 30 minutes. 
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7. Incubate the gel with destaining solution II until the background is clear. 

8. Wash the gel with sterile distilled water and document the image using an appropriate gel 

doc system densitometer (BioRad GS800 Densitometer).  

 
4. Notes 
 

1) β-mercaptoethanol may cause respiratory tract, skin and eye irritation. Add β-

mercaptoethanol immediately before use under a fume hood heeding the prescribed local 

safety rules for its use.  

2) Contents of the PIC (Sigma): 

      AEBSF inhibits serine proteases, such as trypsin and chymotrypsin. 

   1,10-Phenanthroline inhibits metalloproteases. 

   Pepstatin A inhibits acid proteases, such as pepsin (human or porcine), renin, cathepsin D, 

chymosin (bovine rennin), and protease B (Aspergillus niger). 

   Leupeptin inhibits both serine and cysteine proteases, such as calpain, trypsin, papain, and 

cathepsin B. 

   Bestatin inhibits aminopeptidases, such as leucine aminopeptidase and alanyl 

aminopeptidase. 

   E-64 inhibits cysteine proteases, such as calpain, papain, cathepsin B, and cathepsin L. 

3) Carefully add SDS last, as this creates bubbles. 

4) Liquid nitrogen may cause cold burns. Handle carefully and wear safety glasses and gloves. 

5) SDS precipitates at 4°C. The PEB should be warmed prior to use to dissolve the SDS. 

6) Mix thoroughly until the crystals dissolve. Store the PMSF solution at -20°C. PMSF is a 

cytotoxic chemical and degrades rapidly in aqueous solution. It is therefore very important 

to add PMSF to the extraction buffer just before grinding the plant tissue. 

7)  Polyvinylpolypyrrolidone (2% wt/wt) was added directly to the mortar and pestle before 

grinding plant tissues. Heating will cause buildup of heat during the boiling step. Remove 

the tubes from the water bath and place them at room temperature for 2 minutes to allow 

the release of the latent heat.  

8) The refrigerated centrifuge must be turned on prior to centrifugation and allowed to run for 

15 minutes at 4ºC. This is to ensure that the temperature inside the centrifuge has cooled 

down to 4ºC before spinning the protein samples. 
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9) During the actual Bradford assay, 1 ml of Bradford reagent was added to 20 µl of protein 

sample. The sample was mixed thoroughly by vortexing, and was then allowed to stand for 

15 minutes before the absorbance reading using the spectrophotometer.   
10) Acrylamide is a neurotoxin when it is not in the polymerized form. Wear appropriate 

gloves while handling acrylamide solutions. 

11)  If the gel is not used within the day, it can be stored in a humid chamber at 4°C with a wet 

paper towel covering the cassettes or with the Saran wrapped around the cassettes. These 

can be then used the following day. The gel, however, dries in spite of placing in humid 

chamber for longer time periods.  

12)  This 1-dimensional gel with dimensions specified above requires a running time of about 

1.5 hours. 

13) The extraction method may not be the most suitable approach to study protein oligomers 

since boiling may denature some complexes into individual components. 

14) It was not systematically ascertained as to which accession of rice root extract had a larger 

capacity to degrade proteins. Such studies are now in progress in our lab. 
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Figure legends 

 

Figure 1. 1D-GE protein profiles of leaves (1), roots (2), leaf + root without boiling (3). All 

extractions contained 6 µl PIC. 

 

Figure 2. Leaf + root protein extract without PVPP but with 6µl PIC (1); with PVPP and 6µl 

PIC (2); with PVPP, 6µl PIC and 5 minutes boiling after adding sample buffer (3); with 8 

minutes boiling before extraction and 6µl PIC (4); with 8 minutes boiling before extraction, 6µl 

PIC and 5 minutes boiling after adding sample buffer (5); with 8 minutes boiling before 

extraction and 10 µl PIC (6) and with 8 minutes boiling before extraction and 15 µl PIC (7). Any 

further boiling or PIC did not improve results substantially (data not shown).  

 

Figure 1.      Figure 2. 
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