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Background

Biophotonics

Biophotonics describes the technology that focuses on the interaction of biological 
materials with light and other forms of radiant energy whose quantum unit is the photon.
Radiation is energy that comes from a source and can travel through material or space. In
Figure 1, the electromagnetic spectrum of light is illustrated, showing the colors associated
with the wavelengths of visible light.

Fig. 1.  The electromagnetic spectrum.

The human body is made up of different tissues and cells. Tissues and cells are composed
of different biomolecules (DNA, proteins, lipids, and carbohydrates). Light can interact with
biomolecules in several different ways: reflection, absorption, transmission, and light scattering.
The Bradford assay is based on the absorption of light as a function of wavelength. As light
passes through a material, light energy is absorbed, and each material absorbs light at a
specific wavelength. The removal of these wavelengths from visible light gives the material
its color. Thus the removal of the yellow wavelengths of light by the protein-dye complex at
595 nm makes the protein-dye complex blue, while the dye alone (without protein) absorbs
blue light at 470 nm making the dye a reddish-brown color.

Nearly all biophotonic applications involve a light source that is passed through a target material
and a detection sensor that reads the light emission from the material. A spectrophotometer has a
light source that generates specific wavelengths. The light path passes through the cuvette, is
absorbed by the material in the cuvette, and is read by a detector. In the Bradford assay, the peak
absorbance of unprotonated Coomassie G-250 dye is at 595 nm, and the spectrophotometer is
set to read at 595 nm. Colorimetric assays use standard curves created by measuring the
absorbances of solutions of known concentration to determine the concentration of unknown
samples.

There are several colorimetric methods for determining the total protein content of a
sample: biuret, Lowry and Bradford. The biuret is the oldest method and is commonly used
in high school labs to detect the presence of a protein. It involves two reactions; a chelation
and a redox reaction. It is the least sensitive of the three methods. The Lowry method
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involves two redox reactions. It is more sensitive than the biuret assay; however, the Lowry
assay is affected by interference from many common laboratory reagents and chemicals.
The Bradford protein assay is the most sensitive of the three. The Bradford assay uses a
dye, Coomassie Brilliant Blue G-250, which was first described by M. Bradford in 1976.
This assay takes advantage of the chemical properties of the dye and the dyes ability to
interact with the side chains, or R-groups, of specific amino acids.

Coomassie G-250 exists in multiple forms. As part of the Bradford solution, the dye
exists in its cationic state and takes on a reddish-brown color. The peak absorption of the
dye in this state is 470 nm. When the dye binds to and interacts with amino acids, the dye is
converted to a stable unprotonated blue form, and the absorption maximum shifts from 470
nm to 595 nm. This stable blue form of the dye is easily observed and quantified in a 
spectrophotometer. There is a correlation to the amount of blue color and the amount of 
protein in the sample. The more protein, the more intense the blue color. By using a dilution
series of known proteins, one can generate a spectrophotometric standard curve. The curve
can then be used to estimate the quantity of protein in an unknown sample, based upon the
intensity of blue. The Bradford assay is simple, highly sensitive, and relatively unaffected by
many common laboratory reagents and chemicals.

The exact chemical interactions or binding properties of Coomassie G-250 dye are 
illustrated in Figure 2. The dye binds to proteins using three types of interactions. The primary
interaction of the dye with proteins occurs through arginine, a very basic amino acid, which
interacts with the negatively charged sulfate groups through electrostatic interactions. Other
weaker dye-protein interactions include the interaction of the aromatic rings of Coomassie 
G-250 dye with the aromatic rings of amino acids, such as tryptophan, through electron 
stacking interactions. Finally, the dye also weakly interacts with polar amino acids that have
hydrophobic R-groups, such as the aromatic ring of tyrosine. The binding of the protein to the
dye converts the dye to a stable, unprotonated, blue form. The intensity of the blue color 
indicates the level of protein in a sample. The more intense the blue color, the more protein 
present in the sample.

The Bradford assay is easy to perform and involves four main steps: 

· Preparation of a dilution series of known protein standards and preparation of unknowns

· Addition of Bradford dye (brown, cationic form) and incubation for >5 minutes (not to
exceed 60 minutes)

· Binding of dye to protein, resulting in color change to the blue, unprotonated dye form
and quantitative reading of the absorption at A595 in a spectrophotometer

· Compilation of the data into a standard curve and unknown protein concentration 
determination
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Fig. 2.  Coomassie G-250 interactions with amino ac id residues.
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In this laboratory exercise, the Bradford assay is used to quantitate the amount of protein
in different types of milk samples. Casein is the most abundant form of protein in milk and
the amino acid composition of the protein is shown in Figure 3. Casein contains a total of
224 amino acids, with a molecular mass of 24,967 daltons. Casein contains 13 amino acids
which strongly react with Coomassie dye: 4 arginines (R), 1 tryptophan (W), 4 tyrosines (Y),
and 4 histidines (H). These dye-binding amino acids are shown as bold text in the sequence.
Because the Coomassie dye molecule is much larger than a typical amino acid (854 daltons
for Coomassie, compared to the average of 110 daltons per amino acid), it is quite easy to
visualize how a few Coomassie dye molecules can bind and "coat" a typical protein in 
solution. This binding or coating of proteins is the principle behind the Bradford assay. 

1 MKVLILACLVALALARELEELNVPGEIVESLSSSEESITRINKKIEKFQSEEQQQTEDEL

61 QDKI HPFAQTQSLVYPFPGPIPNSLPQNIPPLTQTPVVVPPFLQPEVMGVSKVKEAMAPK

121 QKEMPFPKYPVEPFTESQSLTLTDVENLHLPLPLLQSWMHQPHQPLPPTVMFPPQSVLSL

181 SQSKVLPVPQKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV

Fig. 3.  Amino acid composition of casein.

In this lab students will use absorbance data from a set of protein samples with known
concentrations to create a standard curve on linear graph paper. Protein concentrations of
their unknown samples can then be calculated. Students may also plot their data using a
graphing utility such as Microsoft Excel. They can then use Excel to determine the correlation
coefficient (R2 value). The closer the correlation coefficient is to 1.00, the better the fit of the
standard curve, and the better the estimate of concentration. Figure 4 illustrates a 
representative standard curve that can be generated in this exercise. In this figure, the raw
absorbance data was plotted (absorbance vs. concentration), and a best-fit curve was 
generated. The high R2 value depicted for this curve (R2 = 0.98) illustrates the strong linearity
of these data. Correlation coefficients of >0.9 reflect data which exhibit a high degree of 
linearity and can be used to accurately estimate unknown values. To generate the standard
curve, the measured absorbance of each standard in the curve is plotted against the known
protein concentration. The resulting standard curve can be used to estimate the concentration
of an unknown protein based upon its measured absorbance value. Alternatively, if a 
spectrophotometer is not available, students can compare their unknown samples qualitatively
to a dilution series to determine the protein concentrations.

Fig. 4.  Standard curve showing absorbance plotted against concentration.  
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Student Manual

Starting the Lab
Materials and reagents required at the workstations prior to beginning the exercise.

There should be a separate common workstation and individual student workstations.

Common workstation

Material Quantity
Spectrophotometer 1
Absorbance data for standard curve 1

Student workstation

Material Quantity
1x Bradford dye reagent (12 ml) 1
Microtubes with protein standards 7
Test milk samples 2 
1x PBS (500 !l) 1
Microtubes for making dilutions 4
100±1,000 !l adjustable-volume micropipet 1
2±20 !l adjustable-volume micropipet 1
100±1,000 !l pipet tips 1 box
2±20 !l pipet tips 1 box
Cuvettes (or test tube substitutes) 10
Milk carton with nutrition information 1
Parafilm (small pieces to seal cuvettes) 10

Student Laboratory Activity

1. Prepare a 1:50 dilution of the milk samples using 1x PBS. 
· Label 2 microtubes  

Sample A
Sample B

· Pipet 196 !l PBS into the labeled microtubes
· Add 4 !l of milk into corresponding tube, and inve rt to mix

2. Label cuvettes as follows:

Label Standard (mg/ml)
blank 1x PBS

1 0.125
2 0.250
3 0.500
4 0.750
5 1.000
6 1.500
7 2.000
A Sample A
B Sample B
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3. Invert dye reagent to mix.

· Add 1 ml of dye reagent to each cuvette

· Add 20 !l 1x PBS to the cuvette labeled ©blank©

· Using a fresh tip for each sample, pipet 20 !l of each standard into the appropriate
cuvette

· Using a fresh tip for each sample, pipet 20 !l of each diluted milk sample into the
appropriate cuvette

4. Cover each cuvette with parafilm.

· Invert each cuvette 3x to mix

5. Incubate at room temperature for a period of at least 5 minutes (but not to exceed 
60 minutes).

6. Visually compare the color of your unknown samples against the standards of known
concentrations. A representative set of standards and a typical color spectrum are
shown in Figure 6. Using the palette of standards, try to qualitatively determine to which
known standard your unknown sample corresponds.

· Examine the color of the first unknown

· Compare it to Std. #1  

· Is it lighter or darker?

· Compare it to Std. #2

· Is it lighter or darker, etc. 

· Record your observations in Table 1 below. It is now time to proceed to the 
quantitative evaluation of the samples in the SmartSpec Plus Spectrophotometer

Fig. 6.  A qualitative view of a Bradford standard curve

Table 1.  Unknown protein concentrations

Sample Estimated Protein Concentration (mg/ml) 

Sample A 
Sample B 
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Unknown Sample B

Unknown Sample A

Blank 0.125 0.250 0.500 0.750 1.000 1.500 2.000

Protein concentration mg/ml



Quantitative Reading of Samples in the SmartSpec Pl us Spectrophotometer

1. Read samples in spectrophotometer.

Place blank cuvette containing PBS in spectrophotometer chamber, ensuring that the 
spectrophotometer light path will pass through the solution in the cuvette. Close door and
press "Read Blank".  The value for the blank will appear on the screen.

Press

2. Read unknown samples in spectrophotometer.

Place test Sample A in cuvette chamber. Close door, press "Read Sample". 
Read absorbance and concentration value, and press "Enter".

3. Place the next sample into cuvette chamber.

Press "Read Sample", record data, and press "Enter".

4. Select the "Print" button to print the report. Select option #3 by pressing the numeric "3"
button.

Select "3", and the SmartSpec Plus Spectrophotometer will print report.

18

Ready to read absorbance
<Exit Assay        > = Options

A595 = 0.000
<                         > = continue

Ready to read absorbance
<Exit Assay        > = Options

Ready to read absorbance
<Exit Assay        > = Options

1 = Print Unprinted Samp#3
2 = Select #3 = Full Report
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5. Enter the absorbance data and the concentration values for the unknown samples in
Table 2 below.

Table 2.  Spectrophotometric Data for Unknown Sampl es.
Sample A 595 Protein Concentration (mg/ml)
Sample A

Sample B

6. Compare your quantitative spectrophotometer determined concentrations to your 
qualitative estimates (entered in Table 2), and enter the data in Table 3.

Table 3.  Estimated vs. Quantitated Protein Concent rations
Sample Estimated Protein Concentration, Quantitated Spectrophotometer Protein

(mg/ml) ( from Table 1 ) Concentration (mg/ml) ( from Table 2 )
Sample A

Sample B

Data and Analysis:

1. Record the standard curve absorbance data from the spectrophotometer report at the
common workstation in Table 4. 

Table 4.  Standard Curve Absorbance Values
Sample A 595 Concentration (mg/ml)
Std. #1 0.125
Std. #2 0.250
Std. #3 0.500
Std. #4 0.750
Std. #5 1.000
Std. #6 1.500
Std. #7 2.000

2. Create a standard curve by plotting the A595 values of the known standards (from step 1)
on the y-axis versus the concentrations in mg/ml on the x-axis. Plot the data points on
linear graph paper, and draw a line of best fit.

3. Read the concentration of the unknown samples by reading across from the absorbance
of the unknown samples until you intersect with the standard curve and then read the
concentration. Record these data in Table 5 below. 

4. Adjust the final concentration of the unknown samples determined in step 4 by multiplying
the concentration by the dilution factor used.

For example, milk diluted 1:50 gives a reading of 0.224 absorbance units, which gives a
concentration of M mg/ml. The final concentration of milk is M x 50 =_____mg/ml
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5. Determine the final concentration of the unknown samples and record in Table 5 below.

Table 5.  Final Concentration of Unknown Samples

Sample A 595 Concentration Read from Dilution Final Concentratio n
Standard Curve (mg/ml) Factor (mg/ml)

Sample A

Sample B

6. Compare your results to your estimates in Table 1, and enter the data in Table 5.

7. Find the protein content information for your milk samples on the milk carton label (look
under ©Nutrition Facts©). Convert this information into mg/ml of protein. 

8. Compare the values from your own standard curve with the protein content stated on the
food label. 

Table 6.  Comparing Measured Protein Concentrations  to the Values Found on Food
Labels.

Bradford Assay (mg/ml) Final 
Sample Concentration (from Table 5) Food Label (mg/ml )
Sample A

Sample B

9. Why might your values be different from those of the manufacturer?
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