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ABSTRACT

The use of the Bradford assay performed the estimation of protein in two unknown samples. The variation of color yield somewhat limited the use of Coomassie-based methods of protein determination, this experiment used the anionic blue form of the dye, which binds to protein with an absorbance maximum at 590 nm. Thus, the quantity of protein could be estimated by determining the amount of dye in the blue ionic form. This was achieved by measuring the absorbance of the solution at 595 nm with a spectrophotometer.
INTRODUCTION

The Bradford assay is a quick and efficient colorimetric method of determining the protein concentration in a wide range of solutions. An assay initially described by Bradford (Bradford, M.M.1976) has become the preferred method for quantifying protein in many laboratories. Widely used for protein gel electrophoresis and protein cell fraction content, a test solution will undergo a visible change in color when the dye binds to proteins via van de Waals and electrostatic interactions, causing a shift from a dark red to a deep blue. This is a result of stabilization moving the absorbance maximum of the dye from 470 to 595 nm. The Bradford assay relies on the binding of the dye Coomassie Blue G250 to protein. Detailed studies indicate that the free dye can exist in four different ionic forms for which the pKa values are 1.15, 1.82, and 12.4 (Thompson, Splittgerber A.G. 1993).
The Bradford assay was employed in this practical since it was appropriate and it was distinguishable from many other essays for being less susceptible to interference by compounds such as sodium, potassium, and certain carbohydrates that exist in samples. It is undoubtedly faster and more sensitive than the Lowry method (Bradford, M.M.1976). One note to remember is that sodium dodecyl sulfate (SDS), while often used to extract proteins from cells, interferes with the assay, and thus should be handled carefully.

The exact protein concentration can be determined due to interpolation from a standard curve made by measuring the absorbance of a dilution series of proteins with known concentrations within the response range of the Bradford assay. In any protein assay, the ideal protein to use as a standard is a purified preparation of the protein being assayed. In the absence of such an absolute reference protein, another protein must be selected as a relative standard. The best relative standard to use is one that gives a color yield similar to that of the protein being assayed. Selecting such a protein standard is generally done empirically. Alternatively, if only relative protein values are desired, any purified protein may be selected as a standard. The two common protein standards used in this protein assays were Bovine Serum Albumin and Bovine Gamma-Globulin.
MATERIALS AND METHODS
· 1x Dye Reagent:

· BSA Standard, 2 mg/ml: Provided in 2 ml tubes.

· Bovine Gamma-Globulin Standard, 2 mg/ml: Provided in 2 ml tubes.

· Bovine Serum Albumin set: 

· Set of 6 concentrations of BSA (2, 1.5, 1, 0.75, 0.5, 0.25, mg/ml) in 2 ml tubes.

· Bovine Gamma-Globulin set: 

· Set of 6 concentrations of gamma-globulin (2, 1.5, 1, 0.75, 0.5, 0.25, mg/ml) in 2 ml tubes.

· Sample A of unknown protein concentration.

· Sample B of unknown protein concentration.
Equipment

· Spectrophotometer (Tecan)

· Whatman #1 paper (Whatman)

Preparation of the reagent
The Bradford reagent is available commercially from a number of different sources. However it was prepared as follows: 

1. 100mg of Coomassie Brilliant Blue G-250 was dissolved in 50ml 95% ethanol, and 100ml of 85% (w/v) phosphoric acid added.  

2. Once the dye got completely dissolved, it was diluted to 1 litre with deionised water. 
3. The reagent was filtered through Whatman #1 paper just before use.
Preparation of samples and standards 
1. Turn on the Genova and allow it to warm up. See below for set up instructions. 

2. Gently mix the Bradford reagent and bring it to room temperature. 

3. Prepare a series of protein standards ranging in concentration from 0.1 to 1.5mg/ml such that the final volume for the assay is 0.1ml. Note that the Genova can accept up to 6 standards, not including the blank. 

4. Prepare the unknown samples in a similar way such that the final volume is 0.1ml. 

5. Add 3.0ml of Bradford reagent to each sample and standard, vortex, and incubate at room temperature for 5 to 45min. The protein-dye complex is stable for up to 60 minutes
6. Transfer the samples to cuvettes and measure the absorbance at 595nm using the Bradford protein mode on the Genova as detailed below. 

Setting up the Genova for the Bradford assay 

1. From the main screen of the Genova select PROTEIN MODE and then BRADFORD. 

2. Select SETUP. Adjust the wavelength to 595nm. Adjust the units to mg/ml or other units as appropriate.
3. Select the required resolution. Note that at high resolution i.e. 0.001, the concentrations will appear to fluctuate more. 

4. Select EXIT and then CURVE. Select a METHOD number (0-9); the standard curve data generated will be stored with the method number displayed.

5. Enter the number of standards (maximum of 6). 

6. In the table under the unit heading (mg/ml), enter the concentration values of each of the standards. 

7. Place the sample blank into the Genova and press CAL to begin the calibration procedure. Press CAL again to zero the instrument on the blank. 

8. Following the instructions on the screen, insert each standard as requested pressing CAL each time. Once all standards have been measured, the ABS column of the table will be updated with the actual absorbance. 

9. To view the standard curve, select VIEW. To obtain the equation of the curve, select STATISTICS. The curve fit is quadratic of the form y = ax2 + bx + c.  

10. Press any key to clear the statistics then exit back to the main measurement screen. 

11. Place the sample blank in the Genova and press CAL to zero.  

12. Remove the blank and insert each sample. Read the concentration from the screen in the chosen units

PROCEDURE
1. The standard protocol was performed in a 1 ml cuvette assay. The linear range of this assay for BSA is 125–1,000 µg/ml, whereas with gamma-globulin the linear range is 125–1,500 µg/ml.

2. The 1x dye reagent was removed from 4°C storage and was let to warm to ambient temperature. The reagent was inverted a few times before use. 
3. Each standard was pipetted and unknown sample solution put into separate clean test tubes. The 12 1x dye reagents were added to each tube and vortex. Alternatively, a multichannel pipet could be used to dispense the 1x dye reagent.
4. The plunger was depressed repeatedly to mix the sample and reagent in the wells. The wells were replaced with clean tips and reagent added to the next set of wells.
5. The samples were incubated at room temperature for at least 5 min. Samples should not be incubated longer than 1 hour at room temperature.
6. The spectrophotometer was set to 595 nm. The instrument was zeroed with the blank sample. The absorbance of the standards and unknown samples was measured. 
Note: If the spectrophotometer had a reference and sample holder, the instrument could be zeroed with two blank samples. If the effect of buffer on absorbance was required, the instrument was zeroed with a cuvette filled with water and dye reagent in the reference holder.
RESULTS
	  Solution
	 Absorbance  1
	  Absorbance 2
	  Average

	          1
	  0.064
	     0.07
	     0.067

	          2
	  0.231
	     0.249
	     0.24

	          3
	  0.3
	     0.307
	     0.304

	          4
	  0.382
	     0.451
	     0.417

	          5
	  0.47
	     0.44
	     0.455

	          6
	  0.464
	     0.494
	     0.479

	          a                                           
	  0.652
	     0.647
	     0.64

	          b
	  0.32
	     0.393
	     0.357


Results table from Bradford Assay, showing the absorbance of each known solution ranging from 0mg/ml to 1mg/ml at 595 nm, alongside the absorbance of A and B solutions of unknown protein concentration.
The standard BSA and BGG solutions displayed a gradient of color as expected of solutions with known different protein solutions. Solution 1 had the highest protein concentration among the known solutions and thus had the strongest shade of blue.

The 2 unknown solutions had higher concentrations of protein than known solutions.
DISCUSSION
The 2 unknown solutions were derived from organic material with a very strong protein solution. The Bradford assay is a protein determination method that involves the binding of Coomassie Brilliant Blue G-250 dye to proteins (Bradford 1976). The dye exists in three forms: cationic (red), neutral (green), and anionic (blue) (Compton and Jones 1985). Under acidic conditions, the dye is predominantly in the doubly protonated red cationic form (Amax = 470 nm). However, when the dye binds to protein, it is converted to a stable protonated blue form (Amax = 595 nm) (Reisner et al. 1975, Fazekes de St. Groth et al. 1963, Sedmack and Grossberg 1977). It is this blue protein-dye form that is detected at 595 nm in the assay using a spectrophotometer.

 H+ H+ Cation ↔ Neutral form ↔ Anion 470 nm (red) 650 nm (green) 595 nm (blue) 

Work with synthetic polyamino acids indicates that Coomassie Brilliant Blue G-250 dye binds primarily to basic (especially arginine) and aromatic amino acid residues (Compton and Jones 1985). Spector (1978) found that the extinction coefficient of a dye-albumin complex solution was constant over a 10-fold concentration range. Thus, Beer's law may be applied for accurate quantitation of protein by selecting an appropriate ratio of dye volume to sample concentration. Certain chemical-protein and chemical-dye interactions interfere with the assay. Interference from non-protein compounds is due to their ability to shift the equilibrium levels of the dye among the three colored species. Known sources of interference, such as some detergents, flavonoids, and basic protein buffers, stabilize the green neutral dye species by direct binding or by shifting the pH (Compton and Jones 1985, Fanger 1987). Nevertheless, many chemical reagents do not directly affect the development of dye color when used in the standard protocol. 
Thus, the assay was not only used to determine the presence of protein in the 2 unknowns, but also to give a precise visualization of the protein concentration.

CONCLUSION 

Through the use of protein assays such as the Bradford assay, scientists are able to identify the presence of proteins material in organic and inorganic matter. The limitation of such assays is that the delicate nature of proteins can easily lead to the disruption of lab work. Therefore, controlled laboratory conditions are necessary to ensure the accurate determination of proteins in test solutions.
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