Environmental Health: Science, Policy and Social Justice

Fall quarter 2008

Lab 1
Solutions and dilutions

Toxicology lies at the crossroads between Chemistry and Biology and describes relationships between chemical substances and biological systems. Quantity and concentration are central concepts in Toxicology. The major objective of this lab is to review the basic measurements for chemicals and apply them to preparation of solutions and dilutions that can be evaluated quantitatively. You will use a protein, bovine serum albimin (BSA) from a stock solution, prepare dilutions, calculate concentrations and set up a standard curve. You will analyze the absorption spectrum of BSA bound to a dye, and use the standard curve to calculate the concentration of unknown solution samples.

A visible spectrophotometer can only be used to analyze a material that absorbs visible light. Biological materials by themselves are usually colorless, that is, they do not absorb visible light. Colorimetric assays are used to analyze materials that are naturally colorless. A colorimetric assay is one in which a colorless substance of interest is exposed to another compound(s) and/or to conditions that cause it to develop a degree of color that is proportional to the concentration of the substance of interest.

substance without color + reagent(s) ( product with color

The basis of the Bradford assay is the observation that certain amino acids, especially arginine, selectively bind a dye, Coomassie Brilliant Blue G-250, also called Bradford reagent. When the dye binds these amino acids under acidic conditions, the dye changes color from reddish-brown to blue and so the absorbance maximum shifts from 465 to 595 nm when protein binding occurs. The more of these amino acids there are, the more color change in the solution. This change can be quantitated using a spectrophotometer at 595 nm. The Bradford assay in general can be used for samples whose protein concentration is between 1 and 1,500 mg/mL.

This assay is relatively simple to perform. In overview, 0.5 mL of dye is added to 2 mL of each of the standards and samples producing a final sample volume of 2.5 mL. After a short wait to make sure all the dye has bound the protein, the samples’ absorbances are read on the spectrophotometer. A standard curve is plotted based on the standards. The amount of protein in each sample can be determined from this standard curve.

Tips:

· Pay careful attention to all the steps. Make sure you understand why each step is performed. Keep track of all dilutions and volumes.

· It is easy to get confused when doing repetitive tasks like pipetting. One way to avoid confusing the tubes is to move each one to a designated position on the rack as solutions are added to it.

Materials

dH2O

Bovine Serum Albumin stock

1 ml pipettes

Pipette bulb

Micropipettors and tips

Spectrophotometer 

Polystyrene cuvettes for Spectrophotometer

Bradford dye (2.5 ml) (Bio-Rad)

Bradford dye-binding protein assay
Because the amount of water in biological samples varies (eg. low water intake makes blood “thicker” and high water intake makes blood “thinner”), concentration expressed in reference to volume of liquid is not accurate enough. Measurement of protein content in biological samples, such as blood, is necessary so that any analytes of interest are compared on an equal basis against the protein content of the sample, which is a more reliable representation of the amount of biological material. This trick is called “Normalization” of the measurements (for example, hormones, cholesterol, etc). 

In this assay, soluble protein is mixed with a reagent containing Coomassie Brilliant Blue G-250. The protein will bind the dye and the resulting blue color (that absorbs light at 595nm) will increase in proportion to protein concentration. 

Bradford dye-binding protein assay procedure:

The procedure involves preparation of a series of known concentrations of a standard protein, Bovine Serum Albumin (BSA) and a sample of unknown protein concentration. 

1. Prepare your standard curve: In clean dry test tubes, prepare 2mL of dilutions from 1 to 25 μg/mL from the stock BSA solution (0.1mg/mL), using the table at the end of the instructions.
To determine the amount of stock you will need to make the desired final protein concentrations, use the C1*V1 = C2*V2 equation, where C1 and C2 are the concentrations of the stock and the diluted sample respectively and V1 and V2 are the volumes of the stock and the diluted sample. For example, for the first standard:

C1*V1 = C2*V2

(100 µg/mL) * (?) = (1.5 µg/mL) * (2 mL)

? = 0.03 mL = 30 µL

Add the appropriate volume of water to make up to 2 mL

Tip: Prepare your calculations first, then start by adding the water in each tube first and then the protein. Each time you add the protein use a clean pipette tip and eject the volume into the water. It is good practice to pipette up-and-down a couple of times to “wash” the tip into the diluted solution but do this only if you are comfortable using the pipette or ask the instructor or the aid for help. This is to avoid taking up too much liquid into your tip. 

2. Prepare the Unknowns: The instructor will give you a sample of BSA of unknown concentration and you will determine the concentration of protein in this sample. To do this, you will need to assay a sample that is in the range of the standards you have prepared, 1-25 µg/mL. Since you do not know how much protein there is in the unknown sample that you receive from your instructor, you should prepare several dilutions. (What should you use as your diluent?) Note that if none of those dilutions lie within the linear range of the assay, you will need to repeat the entire assay, standards and all. You will need two milliliters (2mL) of each dilution.

3. Prepare a "blank"for zeroing the spectrophotometer, simply made of 2mL distilled water in another test tube.

Conduct a Check. At this point you should have 6 standards, a water blank and several different dilutions of your BSA unknown sample. All standards, samples and the blank should have a volume of 2.0 mL. Hold the rack of tubes up to your eyes. If the volumes are not equivalent, do not proceed because the assay will not be accurate and you will be wasting reagents and time if you continue.

4. Add 0.5ml of the Bradford dye reagent to all tubes including the unknown sample you are given. Mix the tubes gently but thoroughly after the addition of the dye using either a vortex mixer set to a low power setting or by gently flicking the tubes. Avoid foaming.
5. Let the tubes stand for 10 min at room temperature, covered with foil. At the end of this time solutions without protein should still be reddish brown. Solutions with protein should turn blue: the more concentrated the protein, the more blue the solution should be. You should be able to see the progression of the color in the standard tubes. If not, something is wrong.
6. Using a pipette, transfer 1ml of each tube to a clean 1 cm polystyrene cuvette.

7. Place the cuvette in the spectrophotometer’s light path, and read the absorbance at 595nm. The spectrophotometer should be calibrated using water as the blank. The use of this instrument will be demonstrated to you.
Tip: Start reading the absorbance from the most dilute solution you prepared to the most concentrated and keep track of the readings on your tables. Be careful to thoroughly remove each solution from the cuvette after reading its absorbance. Save each solution by putting it back into its tube in case you need to read it again. 
8. Since Coomassie Blue sticks to everything (it particularly likes skin!), you will need to wash the cuvette between the blank and samples with 70% ethanol.
9. Prepare the Standard Curve. Graph the spectrophotometer readings of your diluted BSA standards as a function of concentration of protein present. The x-axis is "BSA (in µg/mL)" and the y-axis is the absorbance reading "A595". If your pipetting was accurate the points of the standard curve should be on a straight line.

10. Determine the Concentration of Protein in the Unknown Sample by using your standard curve. Add the results to your data table. If the sample was diluted, multiply by the dilution factor to determine their concentration. If you made several dilutions the concentration calculated for your original sample should be consistent among dilutions.

Questions

   1. What factors do you think could make this assay method inaccurate? How can you avoid these problems?

   2. Examine your standard curve. Evaluate your pipetting technique based on this standard curve.

Table 1 - BSA standard curve preparation (fill out the rest of the table!)
	BSA Stand. (0.1 mg/mL)
	Dist.Water
	Dilution
	Final Concentration
	Amount
	Absorbance

	(μL)
	(μL)
	
	(mg/mL)
	(μg per tube)
	(595 nm)

	0
	2,000
	
	0
	
	

	30
	1,970
	
	1.5
	
	

	
	
	
	5
	
	

	
	
	
	10
	
	

	
	
	
	15
	
	

	
	
	
	20
	
	

	
	
	
	25
	
	


Table 2 - Unknown sample concentration calculation

	Unknown Sample (μL)
	Diluent
	Dilution
	Absorbance
	Final Concentration
	Original Concentration

	
	(μL)
	
	(595 nm)
	(mg/mL)
	(mg/mL)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	


