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PROTEIN EXTRACTION AND PURIFICATION 

 

I: Materials 

Animal tissue/cell, Microorganisms and Plant tissue/cell. However, plant tissue/cell is 

unique in that it contains:                          

1) lignin 

2) pigments, terpenes                         

3) polyphenols: known as flavonoids and tannins; can react with proteins by hydrogen 

bonding with peptide bond oxygens, or by covalent modification of amino acid 

residues such as -OH, thiols, and primary amines. 

    

II: Techniques of cell disintegration: 
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III. Removal of interferring substances  

1. Salts: In most cases, salts do not interfere by a strong binding to the protein, but 

rather by, disturbing the electrophoresis process. 

*methods to remove salts: 

1) dialysis, a general method to remove salts from halophilic organisms and in some 

biological fluids (urine, sweat, and spinal fluid). 
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2) precipitation with 10% TCA in water and resolubilization in a medium convenient 

for electrophoresis.                                    

3) chelators to remove calcium from calcium-binding proteins. 
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2. Lipids: Lipids give problems because of their supramolecular structure and not 

easily solubilize in aqueous solution. 

*methods to remove lipids: 

1) As a general rule, the presence of detergents in the extraction buffer is an efficient 

way to disrupt the membranes and solubilize the lipids. 

2) For high lipid levels, delipidation is achieved with organic solvents. For examples, 

ethanol or acetone, often provides a partial but useful delipidation. 

*A severe loss of proteins may be experienced, either because some proteins are 

soluble in organic solvents, or perhaps because the precipitated proteins do not 

resolubilize. 

*Special attention must be paid to the final removal of the organic solvents prior 

to solubilization. If the solvent is not efficiently removed, emulsion problems or 

precipitation by the remaining solvent may arise. If the precipitated protein pellet is 

dried too extensively in order to remove the solvent completely, a tight and dry pellet 

appears with extremely severe losses even in media of high denaturing and 

solubilizing power.  

 

3. Nucleic acids: Several types of problems are encountered because of nucleic acids. 

1) Nucleic acids behave as polyanions and are therefore able to bind many proteins 

through electrostatic interactions resulting in completely artifactual results with 

severe streaking. 

2) When separation with isoelectric focusing is to be performed, nucleic acids bind 

carrier ampholytes to give complexes. 

3) Nucleic acids are very long molecules that are able to increase the viscosity of the 

solution considerably and also to clog the small pores of the acrylamide gels used to 

separate proteins. 

*methods to remove nucleic acids: 

1) Nuclease digestion is initially used by a mixture of RNAses and DNAses, followed 

by TCA precipitation. 

2) Extraction pH can be increased (with the addition of a basic polyamine, e.g. 

spermine) so that all the proteins will behave as anions and will be repelled from the 

anionic nucleic acids. 

3) Phenol/ammonium acetate precipitation followed by resolubilization of the protein 

pellet. 

 

4. Polysaccharides: Polysaccharides (starch, glycogen, etc.) pose problems only because 

they are huge molecules, which could clog polyacrylamide gels.  

*methods to remove polysaccharides: 
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1) Ultracentrifugation. The same methods used for preventing protein-nucleic acids 

interactions can also be used (solubilization in SDS or presence of organic 

polycations such as spermine or high pH). 

2) Selective precipitation of the proteins with TCA, ammonium sulfate, phenol/ 

ammonium acetate followed by resolubilization of the protein pellet may be 

solutions.  

 

5. Other Compounds: Apart from these major classes of interfering compounds, other 

interferring substances can be found, mainly in extracts from plants. These include 

lignins, polyphenols, tannins, alkaloids, pigments, terpenes, and organic acids. 

*methods to remove these compounds 

1) precipitation of proteins with organic solvents 

2) with the addition of polyvinylpyrrolidone (PVP) that can trap polyphenols. 

 

 

III. Components in the Buffer Solution  

 

1. Buffers:  

*The physiological pH in most cells is 7.0-7.5 at 37℃. Most biological happenings 

occur in the pH range, 6-8, yet many commonly used buffers suffer from serious 

drawbacks in this range. 

*Certain buffers have their limitations: 

Tris: 1) is a poor buffer below pH 7.0 

2) possesses a potentially reactive primary amine 

3) is affected by buffer concentration and temperature. 

Phosphate: 1) is a feeble buffer in the pH range 8-11          

2) precipitates or binds many polyvalent cations such as Ca
++

, Mg
++

  

  3) inhibits a large variety of enzymes, including kinases, DH, 

phosphatases ....etc.  

*Design an appropriate buffer according to the following criteria: 

1) pKa between 6-8: prepare a buffer very near the working pH. 

2) high solubility in aqueous systems 

3) minimal salt effects 

4) minimal effects on dissociation due to concentration, temperature and ionic 

composition. Ideally, the dissolution constant of the buffer system should not shift 

as concentration changes. If the shift in the dissociation of a buffer material is 

small, a stock solution can be convinently prepared and diluted as required 

without readjustment of the pH. e.g. when diluted to 0.05 M, the pH of a 0.5 M 
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phosphate buffer at pH 6.6 rises to 6.9. Another 10-fold dilution increases the pH 

to 7.1.  

*Tris is particularly notorious for its large dissociation constant shift with 

concentration and temperature. Tris decreases approximately 0.1 pH unit per 

10-fold dilution. So does temperature. If you happen to use pH 7.0 Tris, made up 

in the cold room at 4℃, when you incubate at 37℃, the pH will be dropped 1.05 

units to 5.95.  

5) chemical stability: The buffer should be stable under working conditions to 

oxidation and light and should be unaffected by the biochemical system. 

6) insignificant light adsorption between A240 and A700. Buffer components which will 

not adsorb UV or visible light are convenient in photometric experiments. 

   7) easily available in pure form  

   

2. chelators.                      

*chelators: the most commonly used chelating agents is EDTA (ethylenediamine 

tetraacetic acid). The concentration of EDTA ranges from 0.1-5 mM. 

 

3. reducing agents  

1) DTT (dithiothreitol) may be used at 0.5-1.0 mM, and oxidation results in the 

formation of a stable intramolecular disulfide which does not endanger protein 

sulfhydryls. 

2) β-mercaptoethanol must be used at a concentration of 5-20 mM. Within 24 h of its 

introduction into the buffer, β-mercaptoethanol becomes oxidized, after which it 

may accelerate protein inactivation. 

 

4. detergents        

1) ionic detergents: It contains + or – charged head groups. SDS or LiDS (sodium or 

lithium dodecyl sulfate); SDS is a strong denaturant.    

2) nonionic detergents: It contains uncharged hydrophilic head groups. Triton X-100 

(polyoxyethylene [9-10} p-t-octyl phenol), Nonidet P-40 (polyoxyethylene [9] 

p-t-octyl phenol), Tween 20 (PEG [20] sorbitan monolaurate).  

 *NP-40 exhibits weaker absorbance than TritonX-100 at A280. Therefore, it is a better 

detergent used in protein isolation.   

*Ionic and nonionic detergents are good solubilizing agents that increase the 

solubility of hydrophobic proteins but are not efficient to breaking protein-protein 

interactions. They are often used in combination with urea. 

3) zwitterionic detergents: It contains both head groups that possess + and – charges. 

CHAPS (3-[(Cholamidopropyl)dimethyl-ammonio]- 1-propanesulfonate). It has the 
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same properties as Triton X-100 but is much more effective in breaking 

protein-protein interactions.  
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5. protease inhibitors: protease inhibitors include       

1) irreversible inhibitors:  

PMSF, The most popular one. It inhibits efficiently the wide range of serine 

proteases generally present in a cell or a tissue.  

TLCK, TPCK. These inhibitors are very potent but also very specific, so that they 

do not inhibit efficiently the wide range of serine proteases. 

2) reversible inhibitors:  

many of these inhibitors are short peptides (pepstatin, antipain, leupeptin) or small 

molecules (benzamidine). 

*More frequently, two or more inhibitors are used instead of one. 

3) For plant samples which are very rich in proteases, solubilization of the sample in 

boiling SDS or homogenization in TCA/acetone has been proposed. 
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IV. Extraction principles  

1. Should obtain the best yield and the highest quality. However, maintaining quality is 

always superior to obtaining yield.  

2. Many ways have been developed for avoiding protein degradation (quality maintenance) 

1) keeping work at low temperature. 

2) add protease inhibitors in the extraction buffer:PMSF, leupeptin, chymoststine, 

TPCK (N-tosyl-L-phenylalanine chloromethyl ketone), TLCK (N-tosyl-L-lysin 

chloromethyl ketone) 

3) add chelating reagents in the extraction buffer: EDTA 
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4) add reducing agents in the extraction buffer: DTT, β-mercaptoethanol 

5) add denaturants in the extraction buffer: SDS, Triton X-100, NP-40, urea 

6) others: antioxidants such as ascorbic acid, PVP (polyvinylpyrrolidone) 

  

V. Extraction Methods 

1. Tris-buffer extraction (nondenaturing) 

 The extraction buffer contains 30 mM Tris-HCI, pH 8.7, 1 mM DTT, 1 mM EDTA, 

1 mM ascorbic acid, 5 mM MgCl2, 10 mg PVP 

2. SDS extraction 

 The extraction buffer contains 4% SDS, 5% β-mercaptoethanol, 5% sucrose, and  

10 mg insoluble PVP. 

3. TCA-acetone extraction 

The extraction buffer contains 10% TCA, 0.07% β-mercaptoethanol in cold acetone. 

4. Phenol extraction 

 This method allows the removal of polysaccharides, phenolic compounds, and 

nucleic acids. 

 

VI. Protein precipitation and concentration 

1. precipation by pH alteration 
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2. precipitation by increasing the ionic strength (salting out) 

1) When high concentrations of salt are present, proteins tend to aggregate and 

precipitate out of solution. This technique is referred to as "salting out". Factors such 

as pH, temperature and protein purity play important roles in determining the salting 

out point of a particular protein. 

2) Salting out is dependent on the hydrophobic nature of the surface of the protein. The 

hydrophobic patches consist of the side chains of Phe, Tyr, Trp, Met, Leu, Ile, Val. 

Protein with large or more hydrophobic patches will aggregate and precipitate 

before those with smaller and fewer patches, thus resulting in fractionation.  

3) Salting out is usually performed at 4℃ to decrease the risk of inactivation. 

4) The effectiveness of the salt for salting-out is mainly determined by the nature of 

anion, multi-charged anions being the most effective; the order of effectiveness is 

phosphate> sulfate>acetate>chloride: monovalent cations are the most effective with 

NH4
+
>K

+
>Na

+
.  

5) Ammonium sulfate is the salt of choice because it combines many useful features 

such as salting out effectiveness, pH versatility, high solubility, low heat of solution 

and low price. 

6) Few proteins precipitate below 24% ammonium sulfate while most do by 80% of 

ammonium sulfate. Frequently, ammonium sulfate precipitation results in removal 

of RNA and DNA. 

7) Ammonium sulfate precipitation is often a good way of stabilizing proteins for 

storage.  
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3. precipitation with organic solvents 

1) organic solvents cause precipitation of proteins largely by changing the solvation of 

the protein with water. 

2) common used organic solvents include acetone, trichloroacetic acid (TCA), ethanol, 

and ammonium acetate. Protein precipitation can be best performed in 80% rather 

than 100% acetone since phospholipids are soluble only in aqueous acetone. 

Similarly, phenolic compounds are also best removed using aqueous acetone 

3) keep sample concentration at a range of 5-30 mg/ml and salt concentration at 

0.05-0.2 M. If the salt concentration is too high, electrostatic aggregration will be 

impaired, high levels of organic solvents are required, and denaturation is more 

likely. On the other hand, at a very low salt concentration, a very fine precipitate 

may be formed that can be difficult to sediment. 

4) most proteins larger than 15 kDa precipitate with 50% organic solvent. 

 

 

 

 

4. Precipitation with PEG 

1) PEG is a nonionic water-soluble polymer, cause little protein denaturation, while 

inducing precipitation at a discrete PEG concentration for a given protein. This 

property, along with its low heat of solution and short equlibration time for 

precipitation, makes it a useful reagent for protein fractionation. 

2) Maximum protein precipitation is generally achieved with a final PEG concentration 

of 30%. 
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6. Ultrafiltration 

1) Concentration of protein by ultrafiltration. proceeds by forcing the liquid in a 

protein solution through a membrane which retains the protein of interest. The 

Centricon Microconcentrator has a starting capacity of 2 ml. A 2-ml sample may be 

concentrated to less than 50 μ1 in a 30 min centrifugation. 

2) At present, two models are available, Centricon-10 and Centricon-30, with 10 kDa 

and 30 kDa average molecular weight cutoffs. The protein of interest should be 

30-50 larger than the stated cutoff to ensure that it will be retained. The recovery of 

proteins is typically greater than 90%. 

 

 

 

 

VII. Determination of Protein Concentration 

* Bradford method is the most widely used method. 
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