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Objective
To determine the protein concentration in a protein sample of unknown concentration through the use of Bicinchoninic acid (BCA) assay technique.
Introduction
The BCA assay of proteins is a detergent compatible formulation in which bicinchoninic acid is used for the quantification and detection of proteins in a sample. According to (Greenfield, 2018)) the technique is dependent on the principle of reduction of copper II (Cu+2) to copper I (Cu+1) ions by a protein placed in a basic medium and sensitive and selective calorimetric determination of Cu+1 by BCA containing reagents. The products of the reaction are usually purple in color and are formed as a result of one cuprous ion chelating with two BCA molecules. The complex formed is water soluble and has a higher absorbance at 562nm for which the values with be proportional to the concentration of the protein in the sample.
The purple color formation with BCA is believed to be due to the existence of four amino particular amino acids, the number of peptide bonds an the macromolecular protein structure (Yang et al., 2018). The content of protein in the sample is always detected from a reference point of bovine serum which is used as the standard solution during the experiment. This standard solution is used to construct a standard curve from which the values of absorbance are plotted against the concentration. 
Since the determination is reliant on the plotting of another substance, it is always advisable to use a standard solution whose properties and behavior is similar to that of the sample protein (López C. et al., 2020). The absorbance of a particular substance is always directly proportional to the concentration, path length and the molar absorptivity of the substance. Since the path length and absorptivity remain at a constant, it will be observed that the absorbance will be proportional to the changing concentration. This is the Beer Lambert’s law and the graph of the plots is usually a straight line from the origin. It therefore remains that, to obtain the unknown concentration from the graph, we can use extrapolation or we calculate using y=mx + c which is the equation for the graph. 
Materials
Pipettes
Microplate wells
Spectrometer 
Test tubes
Cuvettes
Bicinchoninic acid (BCA)
Bovine serum albumin (BSA)
Methods
Creation of a standard curve
A standard curve was prepared using known concentrations of Bovine serum albumin. 
Preparation of Standards and Working Reagents
A. Preparation of Diluted Albumin (BSA) Standards
Bovine serum albumin was extracted in different volumes and placed into several clean vials. They were then diluted to produce standard of different concentrations.
B. Preparation of the BCA Working Reagent (WR)
The total volume of the required working reagent was determined by the formula: (# standards + # unknowns) × (# replicates) × (volume of WR per sample) = total volume WR required. It was then prepared by mixing 50 parts of the BCA regent A with one part of BCA reagent B in the ratio of 50:1 for A: B. 
Test-tube Procedure (Sample to WR ratio = 1:20)
0.1ml of each standard and unknown sample replicate were pipetted into appropriately labelled test tubes. 2.0ml of the working reagent was then added into each test tubes and the contents were mixed properly. The tubes were covered and then incubated at 370c for 30 minutes. After incubation, the test tubes were then cooled to room temperature. The spectrophotometer was then set at 562nm and used to zero the instrument on a cuvette filled with water. Afterwards, the absorbance of all the test tubes were measured within 10 minutes. 
The absorbance of the blank replicates was then subtracted from each average of the 562nm absorbance measurements of standard and unknown sample replicates. A standard curve was prepared by plotting the average blank-corrected 562nm measurements for each BSA against the concentration in ug/ml. The standard curve was then used to determine the protein concentration of each unknown sample. 
Results 
	standard concentration (ug/ml)
	abs 562nm replicate
	abs 562nm replicate
	average
	average-blank

	0
	0.091
	0.09
	0.0905
	0

	25
	0.145
	0.139
	0.142
	0.0515

	125
	0.28
	0.269
	0.2745
	0.184

	250
	0.512
	0.484
	0.498
	0.4075

	500
	0.688
	0.722
	0.705
	0.6145

	750
	0.985
	0.736
	0.8605
	0.77

	1000
	0.821
	1.413
	1.117
	1.0265

	1500
	1.714
	2.025
	1.8695
	1.779

	2000
	2.175
	2.278
	2.2265
	2.136

	unknown 1/2
	0.426
	0.41
	0.418
	0.3275


The table above is the values for the standard concentration, replicate absorbances of the standard at 562nm, the average and then the average minus blank columns.
	standard concentration (ug/ml)
	average-blank

	25
	0.0515

	125
	0.184

	250
	0.4075

	500
	0.6145

	750
	0.77

	1000
	1.0265

	1500
	1.779

	2000
	2.136

	
	0.3275


Above entry is the data of the concentration of the standard (ug/ml) and the values for average absorbance of standard minus the absorbance of the blank solution at 562nm. 

	
	1
	2
	3
	4

	A
	2.175
	2.278
	0.091
	0.09

	B
	1.714
	2.025
	0.426
	0.41

	C
	0.821
	1.413
	0.043
	0.044

	D
	0.985
	0.736
	0.043
	0.043

	E
	0.688
	0.722
	0.044
	0.041

	F
	0.512
	0.482
	0.043
	0.043

	G
	0.28
	0.269
	0.043
	0.043

	H
	0.145
	0.139
	0.043
	0.043




Above is the standard curve which was obtained by plotting the values of average absorbance at 562nm against the concentration of the standard solution. The equation of the line is y=0.0011x+0.0557. Using the equation of the line we can easily determine the concentration of the unknown by substituting the value of the absorbance of the unknown at y and then making X the subject of the formula. Concentration can also be obtained directly from the standard graph by extrapolation from a point on the Y axis where the absorbance value is similar to that of the sample protein.
Discussions
y =mx +c
y=0.0011x+0.0557
0.3275 = 0.0011x + 0.0557
0.2718 =0.0011x
X=247.09ug/ml
According to (López C. et al., 2020) the Beer Lambert’s law is always represented mathematically as A = a C l, where A is absorbance, a is the absorptivity of the sample, l the path length of the light from the source and c the concentration of the sample. During the experiment involving spectrometry, the absorptivity and the path length are always constant. This leaves the option that any changes in the absorbance of a certain sample will be affected by varying its concentration. Every time, the relationship is plotted on a graph, a straight line through the center is produced.
The accuracy of this method can sometimes be compromised leading to erroneous results. For this reason, care must always be taken to eliminate any sources of error during the process. Some of the problems which might be encountered include contamination of the BCA with substances like ascorbic acids which limit the ability to chelate with proteins (Greenfield, 2018)). At other times, the tubes may not show any colors or the colors might be darker than expected. Some of the solutions may include proper dilution and desalting.
Conclusions
After the experiment was conducted successfully, the concentration of the unknown sample was determined to be 247.09ug/ml with possible sources of error. A standard curve was created using the absorbance obtained at 562nm against the concentration of the standard reagent. Based on the relationship, it produced a linear plot y=mx + c for which helped in the calculation of the unknown concentration.


















References 
Cortés-Ríos, J., Zárate, A. M., Figueroa, J. D., Medina, J., Fuentes-Lemus, E., Rodríguez-Fernández, M., ... & López-Alarcón, C. (2020). Protein quantification by bicinchoninic acid (BCA) assay follows complex kinetics and can be performed at short incubation times. Analytical Biochemistry, 608, 113904.
Greenfield, E. A. (2018). Protein quantitation. Cold Spring Harbor Protocols, 2018(6), pdb-prot098202.
Li, X., Zhao, B., Yang, S., & Che, H. (2018). Comparison of enzyme-linked immunosorbent assay and bicinchoninic acid assay for detection of walnut protein concentration in food. Journal of Food Safety and Quality, 9(22), 6009-6014.
BCA Protein Kit
average-blank	25	125	250	500	750	1000	1500	2000	5.1499999999999997E-2	0.184	0.40749999999999997	0.61450000000000005	0.77	1.0265	1.7789999999999999	2.1360000000000001	standard concetration (ug/ml)
absorbance
