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Macromolecules: 
Introduction to Protein 
1.
For best results we recommend doing this activity with a Spectrometer. You can get results using a Colorimeter. However, the absorbance values may not be as high as shown in the Sample Data below because the data-collection wavelength does not match the peak absorbance for the reaction. Note: Calculator users must perform this activity with a Colorimeter. EasyData does not support the use of Spectrometers. 

2.
The student pages with complete instructions for data collection using LabQuest App, Logger Pro (computers), and EasyData (calculators), can be found on the CD that accompanies this book. See Appendix A for more information. 

3.
The Logger Pro experiment files for this activity are located in the Advance Biology with Vernier folder of Logger Pro 3.8.2 and newer. 

4.
This experiment can be conducted in a standard college lab period of three hours. For shorter lab periods, it may take a single group two periods to complete this exercise. A good breaking point is after the completion of Part I. Alternatively, high school instructors may want to give a basic introduction to protein structure and function and then perform Part II as a demonstration.
5. 
The instructions provided assume that you have purchased the “Got Protein? Kit” from Bio-Rad Laboratories Inc. (Catalog # 166-2900EDU). 

Additional notes if products were purchased through Bio-Rad:
· If you are using Colorimeters and purchased the kit from Bio-Rad, you will not be able to use the cuvettes that came from Bio-Rad because they are too large. Cuvettes that will work with Colorimeters, which are slightly more narrow at the bottom, are available from Vernier (order code: CUV). Simply double the volume of all reagents in the student section of this activity to obtain accurate readings.
· If you are using Spectrometers and purchased the kit from Bio-Rad, cuvette lids are available from Vernier (order code: CUV-LID).
6.
To prepare the Bradford Reagent:

a. Remove the Quick Start Bradford reagent from proper storage (4ºC) just before use.
b. Invert the bottle several times and then pour 20 mL of reagent into a beaker on ice. This should be enough for 1–2 groups.
c. You can also choose to aliquot the reagent into 15 mL centrifuge tubes. In this case, give a centrifuge tube of Bradford reagent to each group when the lab starts. 

7.
To prepare the 1x PBS solution:

a. Remove the 10x PBS solution from proper storage (4ºC).
b. Add 10 mL of 10x PBS solution to 90 mL distilled water.

c. Store in a capped container at 4ºC. Phosphate buffer can be stored for a week at this temperature.  
8.
To prepare the protein standards: 

a. The protein standards come in seven pre-mixed and labeled microtubes.

b. To avoid contamination, aliquot 40 µL of each standard into a separate microtube.

c. Provide each group with a full set of protein standard aliquots.
9.
To prepare the Biuret reagent:

a. Fill a beaker with 200 mL of distilled water. Stir using a magnetic stirrer at low speed. Add the following compounds in the order specified.  
· 0.6 g of cupric sulphate

· 0.68 g of potassium sodium tartrate
· 1.0 g of potassium iodide
· 4.4 g sodium hydroxide
b. The solution will go from an opaque yellow-green to deep blue when the sodium hydroxide is added. 
c. When the sodium hydroxide is completely dissolved and the solution has cleared, aliquot the solution into capped containers and store at room temperature.

d. The Biuret reagent can be made 24–48 hrs ahead of time.  

10.
To prepare the 1% tryptophan: 
a. Add 0.2 g of tryptophan to 20 mL of PBS.
b. Stir using a magnetic stirrer at low speed until completely dissolved.

c. Store in a capped container at 4ºC for up to 24 hours.


11.
To prepare the 1% non-fat milk protein solution:
a. Obtain non-fat milk powder from a grocery store. 

b. Most non-fat milk powders will contain at least 0.33 g protein/g powder. 

c. Assume that the nutrition label is correct and create a 1% solution of non-fat milk protein in PBS. For example, if the non-fat milk powder contains 0.33 g of protein/g of powder, then 3 g of powder dissolved in 100 mL of PBS would create a 1% solution of non-fat milk protein. 
d. 10 mL of 1% non-fat protein solution should be more than enough for an entire class.

e. Store at 4ºC in a capped container for up to 1 week before use.

12.
Low-fat, non-fat, or Vitamin D milk can be used as the milk sample for this exercise. 

13.
Any soy or dairy-based high-protein drink with 10 g or more of protein/serving will work. The Odwalla® high protein drink, Vanilla Super Protein, has been tested and works well.
Ideas for Inquiry

This experiment lends itself well to development into an inquiry investigation. Some possible investigations include:

 The Bradford reagent interacts with the R-groups of specific amino acids. Casein contains thirteen amino acids that interact with the reagent to turn the solution blue. These amino acids include one tryptophan, four arginines, four tyrosines, and four histidines. Use the Bradford reagent to compare a solution of 1% tryptophan to a 1% solution of non-fat milk protein. Would you expect the intensity of the 1% tryptophan to be 1/13 the intensity of the non-fat milk protein solution? What do your results suggest?

 The dye in the Bradford reagent is called Coomassie G-250 and primarily interacts with the R-group of the basic amino acid ariginine that is found in many proteins. Coomassie G-250 contains two negatively charged sulphate groups that can form electrostatic attractions with the negatively charged nitrogen found on arginines. Coomassie G-250 also contains six aromatic rings. Aromatic amino acids like tyrosine and tryptophan can form intermolecular attractions with the aromatic rings found in Coomassie G-250 through π-electron stacking.  Design an experiment that compares the ability of Coomassie G-250s to interact with the amino acids tryptophan and arginine. Prepare a 0.2 M solution of each amino acid in PBS. You can start by adding 20 µL of amino acid solution to a cuvette containing 1 mL of Bradford reagent. Measure the absorbance of the two different amino acid solutions at 595 nm. Are the absorbance values the same or are they different? Does the data support the fact that arginine forms a stronger bond with Coomassie G-250 than tryptophan? If it does not, are there other variables that you need to control for?

 Design an experiment to determine the protein concentration of something other than milk. Soy milk, beans, or a small piece of salmon steak might be a good place to start. If you are using beans or a small sample of tissue, weigh the tissue and then homogenize it in buffer using a blender. Filter the homogenate through cheesecloth and use the resulting filtrate to perform the Bradford assay.

 The longer a given protein, the greater the color change should be with the Biuret reagent. Design an experiment to test this assumption. You can start by comparing milk samples which contain casein to the same concentration of bovine γ-globulin. Use the basic protocol in Part II for the Biuret assay. You may need to adjust the ratio of reagent to protein solution to get a decent color change. Make sure you can quantify your results using a Spectrometer or Colorimeter. You will need to do some research to determine if casein is significantly longer or shorter than bovine γ-globulin. Determine if your results support what you have found in the published literature.

HAZARD ALERTS

Quick-Start Bradford Reagent: Contains methanol and phosphoric acid. Hazard code Xn, Harmful. Eye irritant; may be harmful if inhaled, toxic by ingestion, harmful if absorbed through skin. Wear gloves and eye protection. The hazard information reference is: Bio-Rad Laboratories Inc, MSDS for product 5000205, 800-4BIORAD, www.bio-rad.com
Cupric sulphate: Skin, respiratory and eye irritant; moderately toxic by ingestion and inhalation. Hazard code: 2–Somewhat hazardous. Wear gloves and eye protection and appropriate dust mask (N95 or equivalent).

Potassium sodium tartrate: Possible respiratory, skin and eye irritant; possibly toxic by ingestion. Hazard code: 0–Low Hazard. Wear gloves and eye protection and appropriate dust mask (N95 or equivalent).

Potassium iodide: Possible respiratory, skin and eye irritant; Toxic by ingestion. Hazard code: 0–Low hazard. Wear gloves and eye protection and appropriate dust mask (N95 or equivalent).

Sodium hyrdroxide: Severe respiratory, skin and eye irritant; Very toxic by ingestion and inhalation, extremely corrosive to body tissues and skin. Hazard code: 3–Very hazardous. Wear gloves and eye protection and appropriate dust mask (N95 or equivalent).

The hazard information reference for the above chemicals is: Flinn Scientific, Inc., Chemical and Biological Catalog Reference Manual, (800) 452-1261, www.flinnsci.com, unless otherwise noted.
SAMPLE DATA AND GRAPHS
	Table 1

	Protein concentration
(mg/mL)
	Absorbance

	2.000
	1.179

	1.500
	0.912

	1.000
	0.759

	0.750
	0.595

	0.500
	0.317

	0.250
	0.219

	0.125
	0.115

	Linear fit for standard curve
Abs = 0.5661x + 0.0899



	Table 2

	Samples
	Abs
	Protein conc.
(mg/mL)
	Actual conc
(mg/mL)
	Concentration from label (mg/mL)

	Milk 
	0.606
	0.912 
	45.6 
	38.0

	High Protein 
	0.849
	1.341
	67
	66.6

	Calculated protein concentrations from linear fit 

	Milk
	49 mg/mL

	High Protein
	70 mg/mL


	Table 3

	Sample
	Bradford reagent 
	Biuret reagent 

	Tryptophan 
	Blue
	No color change 

	Non-Fat Milk Protein 
	Blue
	Purple

	Control 
	No color change
	No color change
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Data for protein analysis using the Bradford Assay 
ANSWERS TO QUESTIONS

Part I  Determination of protein content in different samples using the Bradford Assay 
1.
The observed protein values should be close to the published values. They may not match exactly, but they should be within 3 mg/mL of the published protein concentrations. One reason why they may not match exactly is that the published values represent the average protein concentration from multiple tests. If the class data is averaged, the data may be closer to the published values. User or student error is another issue. Most food testing will be fully automated or will be performed by a professional. A very small error in pipette volume may produce a large error in the observed protein value. 

2.
Calculated values for protein concentration using the formula from the standard curve should be close to the values reported by the interpolation calculator. They may be different if students are rounding numbers up or down.   

Part II  Comparison of the Bradford and Biuret Reagents
3.
The Bradford reagent should turn blue color in the presence of non-fat milk protein. Non-fat milk protein contains casein which will bind to the dye in the Bradford reagent. The 1% solution of tryptophan should also turn the Bradford reagent blue, but it may not be as dark. The aromatic side chain on tryptophan can interact with the dye in the Bradford reagent and can turn the solution blue. 
4. 
The Biuret reagent will turn a purplish color in the presence of non-fat milk protein. The Biuret reagent interacts with strands of protein molecules to form copper complexes. In contrast, the Biuret reagent should not turn a purplish color in the presence of the amino acid tryptophan. Tryptophan is an amino acid, not a protein, so the Biuret reagent cannot react with it. 
5. 
Primary structure refers to the sequence of amino acids that make up a given protein. The Bradford reagent reacts with specific side chains on amino acids. As a result, the ability of this dye to change a solution blue will depend on the presence or absence of these specific amino acids and is thus independent of the secondary or tertiary structure of the protein. The Biuret reagent forms copper complexes between peptides bonds. A single copper ion will form a bond between four peptide bonds; two adjacent peptide bonds and two peptide bonds that are on another polypeptide. As a result, this reagent will only react with complete proteins.
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SAMPLE DATA FOR EXTENSIONS
Results from a Bradford Assay using serial dilution of BSA
[image: image3.png]Absorbance at 596.9 nm

Standard Curve and Two Unknowns - Serial Dilution NFMP

X i
1.0 Linear Fit for: Run 2 | Absorbance at 596.9 nm
; Abs-596.9 = mx+b
m (Slope): 0.49394 |
b (Y-Intercept): 0.13038
Correlation: 0.98828
RMSE: 0.06306
0.5
H
High Protein 1.35 mg/mL
OO \ ‘ ‘ ‘ \ \
0.0 0.5 1.0 1.5 2.0

Concentration (mg/mL)





Results from a Bradford Assay using serial dilution of non-fat milk protein
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Graph demonstrating that the Bradford Reagent can detect amino acids
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Graph demonstrating the characteristics of three amino acids using a pH Sensor
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