EXERCISE 3

PROTEIN QUANTIFICATION

Introduction

The quantification of proteins in biological samples is often of interest in biochemical studies, such as preparation of enzymes, analysis of body fluids and many others.  A variety of methods have been developed to quantify proteins; some of the most commonly used procedures are outlined below.


Biuret Method

Substances containing two or more peptide bonds form a purple complex with copper salts in alkaline solution.  This is called the Biuret reaction.  Few substances normally present in biological material besides proteins undergo this reaction.  Although color development with various proteins is not identical, deviations are less frequent than with most other methods.  The standard Biuret Method, however, is much less sensitive (i.e. it takes a higher concentration of protein for a minimal reading) than several other methods and ammonia salts interfere with the test.


Lowry Method

The Lowry method is one of the most sensitive and historically the most commonly cited method for determining protein concentrations in biological samples.  The method combines the fundamentals of the Biuret procedure with the reduction of phosphomolybdic and phosphotungstic acids (Folin-Ciocalteu Reagent), mainly by tyrosine residues.  The reduction of phosphomolybdic and phosphotungstic acids leads to the formation of a blue product which can be measured in a colorimeter.  Various wavelengths are used, including, 500 nm, 660 nm, 750 nm and others.  Combination of these two reactions results in an assay that is superior to either of its two components.  For example, the Biuret reaction is very specific for the peptide links in proteins and gives quantitatively similar results for different proteins;and as noted above, it is less sensitive when compared to other methods.  In contrast, the reduction of phosphomolybdic and phosphotungstic acids gives a much more intense color and is more sensitive than the Biuret Method.  It is also more dependent on the particular proteins present because of variation in tyrosine content in different proteins.  In addition, the Folin-Ciocalteu Reagent is subject to interference by other endogenous phenolic compounds (a particular problem with plant extracts), K+ and Mg2+, EDTA, Tris buffers, thiol reagents, some carbohydrates and others.


Turbidimetric Method 


The turbidity produced when a protein is mixed with low concentrations of protein precipitant can be used as an index of protein concentration.  Samples are mixed with dilute trichloroacetic acid, potassium ferrocyanide, glacial acetic acid, sulfosalicylic acid or other organic acids.  Turbidity is maximal after about 10 minutes and is determined spectroscopically at 600 nm.  Turbidimetric techniques are rapid and convenient but results vary with different protein dependent on each protein’s solubility in the organic acids.  In addition, they do not permit differentiation between protein and other acid-insoluble compounds such as DNA and RNA.


Dye-binding Method or Bradford Method

The Dye-binding Method is base on the fact that Coomassie Brilliant Blue G exists in two colored forms, red and blue.  The red form is converted to the blue form when bound to protein.  The blue form has an absorption maximum at 595 nm.  The protein-dye complex has a high extinction coefficient, which gives the assay great sensitivity (approximately 4 times that of the Lowry Method).  The dye-binding method is very rapid and very few biological constituents interfere with this method.  Some detergents do interfere with the Bradford method.


Ultraviolet Absorption Method

Because of the presence of tyrosine and phenylalanine almost all proteins exhibit a distinct UV absorption maximum at 280 nm.  Since the content of these amino acids in most proteins varies only within narrow limits, the absorption peak at 280 nm may be used as a rapid and fairly sensitive measure of protein concentration.  Unfortunately, nucleic acids, which are likely to be present in many biological preparations, also absorb at 280 nm.  Nucleic acids, however, absorb much more strongly at 260 nm than at 280 nm, while with proteins the opposite is true.  Thus, protein concentration can be estimated using the following formula: mg/mL protein = 1.55 (A280)-0.76 (A260).  Another disadvantage of the UV method is that nucleic acids may not be the only contaminants in the sample for which correction is required.  This is particularly true in plant samples in which polysaccharides and phenolic compounds may at 280 nm.  The method also can give considerable error with samples containing more than 20% nucleic acid or excessive turbidity.  Nonetheless, this method has two distinct advantages: 1) it is quick and convenience and 2) it does not destroy the sample.


The objective of this exercise is to familiarize the student with colorimetric methods for determining amounts of biomolecules and in particular to introduce students to several methods for quantifying proteins.

Materials and Methods
Materials

The following materials will be required: Bovine serum albumin (BSA) stock solution (10 mg/mL), protein of unknown concentration, pipets, test tubes, test tube racks, marker pen, Spectronic 20, Spectronic 20 cuvettes, reagents for each assay (these will be prepared by instructor). 

Methods


BSA Dilutions

Obtain 15 mL of 10 mg/mL BSA stock solution. Using the BSA 10 mg/mL stock and 6 additional test tubes, prepare the following BSA dilatations: 5 mg/mL, 1 mg/mL, 0.5 mg/mL, 0.1 mg/mL, 0.5 mg/mL and 0.1 mg/mL. One way to do this is shown below in Fig. 3-1.




Figure 3-1. Scheme for completing the serial dilutions of BSA to get desired concentrations.


Four Protein Assays

You will conduct 4 sets of protein assays each using a different method.  For each set of assays you will need 9 test tubes: 7 tubes for the different BSA concentrations prepared as described above (rearrange the tubes according to increasing BSA concentration), 1 for the protein of unknown concentration and one for the H2O plus reagent which will be the blank (used to zero the Spectronic 20).  Remember the H2O blank contains all the reagents normally used in a particular assay and is incubated for the same time periods.  The only difference is that water is used in place of protein sample. To avoid confusion you should use a marker pen to label your tubes clearly.  If you do not have enough test tubes, ask your instructor for more.


Biuret Assay: Add 1 mL of sample (or 1 mL H2O in the case of the blank) to each labeled test tube and then add 4 mL of Biuret reagent. Mix thoroughly and allow to stand at room temperature for 30 minutes. Determine the absorbance at 560 nm. 


Lowry Assay: Add 1 mL of sample (or 1 mL H2O in the case of the blank) to each labeled test tube. Next add 1 mL of Alkaline Copper reagent, mix thoroughly and allow to stand for 10 minutes. Next add 4 mL of "Folin working solution" (see below for preparation method) than incubate at room temperature for 30 minutes. Determine the absorbance at 660 nm. 


Turbidimetric Assay: Add 1 mL of sample (or 1 mL H2O in the case of the blank) to each labeled test tube and then add 4 mL of  2.5% SSA reagent. Mix thoroughly and allow to stand at room temperature for 10 minutes. Determine the absorbance at 660 nm. 


Dye-binding Assay: Add 1 mL of sample (or 1 mL H2O in the case of the blank) to each labeled test tube and then add 5 mL of Bradford reagent. Mix thoroughly and allow to stand at room temperature for 2 minutes. Determine the absorbance at 595 nm. 

Report of Results


Graph the results of each assay as follows: for the independent variable, plot the known sample concentrations on the x-axis, and for the dependent variable, the measured absorbances on the y-axis.  This establishes a standard or calibration curve for each assay.  Determine the approximate concentration of the unknown protein (the concentration that corresponds to the absorbance of the protein for a particular assay).  It is important to remember that each assay is most accurate for protein concentrations falling within the linear region. So you can truncate the linear region to interpolate the unknown absorbance to find the protein concentration. Compare and discuss the different methods of protein analysis. 
Appendix 3-1.

Preparation of Reagents


Biuret Reagent: Dissolve 1.5 g cupric sulfate-5 H2O in 500 mL of distilled H2O. Add with stirring 300 mL of 10% NaOH containing 1 g of sodium potassium tartrate, then dilute with H2O to 1000 mL final volume.


Lowry Reagents: 1) Alkaline copper reagent is prepared by dissolving 20 g NaOH, 100 g sodium carbonate and 1 g of sodium potassium tartrate in 900 mL of H2O. Next, dissolve 0.5 in 100 mL H2O, and then add with stirring to the above solution. 2) Phenol reagent--Folin-Ciocalteu reagent is obtained commercially. A "Folin working solution" is prepared by adding 2.5 mL to each 40 mL of H2O. 


Turbidimetric Reagent: Dissolve 25 g of sulfosalicylic acid in enough H2O
to bring the final volume to 1000 mL.


Bradford Reagent: Dissolve 100 mg Coomassie Brilliant Blue G in 50 mL of 95% ethanol. Add 100 mL 85% (w/v) phosphoric acid, and dilute to 1000 mL with H2O. Store in brown bottle. Alternatively, a commercially prepared reagent which has much longer shelf life maybe obtain from Bio Rad.

NOTE: Take the indicated amount out of each tube after  the indicated amount of water has been added (to all tubes except the stock)
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