PROTEINS
I. Introduction

Proteins are one of the main constituents of living cells. The functions of proteins include building of new cells, the maintenance of cells and the replacement of old cells. All proteins contain carbon, hydrogen, oxygen and nitrogen. Most proteins contain sulfur. Elements like phosphorus, iron, etc. is present in some special proteins. Some examples of proteins are albumin (present in eggs), casein (present in milk), collagen (in tissues) and hemoglobin (present in human blood). 

A protein is defined as a polymer made up of several amino acids. An amino acid is a compound that contains two functional groups, an amino group (-NH2) and a carboxylic acid group (-COOH). The side chain (R) distinguishes the amino acids. 

Structures of proteins can be classified into various levels, primary, secondary, tertiary and quaternary structure. The sequence of amino acids present in a protein is known as its primary structure. The regularly repeating order and spatial arrangements of amino acids in a protein is known as its secondary structure. The overall three dimensional shape of the protein is called its tertiary structure. Quaternary structure is the organization among the various polypeptide chains in a protein. The biochemical function of the protein depends on the three dimensional structure of the protein. 

Solubility
 Proteins are macromolecules which are soluble in water. Proteins are least soluble in water at their isoelectric points and are more soluble at higher or lower pH's. The solubilitiy at pH's different than the isoelectric point appears to be due to the presence of an excess of cationic groups or anionic groups on the surface of the protein.
Denaturation of Proteins
Denaturation of proteins involves the disruption and possible destruction of both the secondary and tertiary structures. Since denaturation reactions are not strong enough to break the peptide bonds, the primary structure (sequence of amino acids) remains the same after a denaturation process. Denaturation disrupts the normal alpha-helix and beta sheets in a protein and uncoils it into a random shape. The most common observation in the denaturation process is the precipitation or coagulation of the protein.

Heat
Heat can be used to disrupt hydrogen bonds and non-polar hydrophobic interactions. This occurs because heat increases the kinetic energy and causes the molecules to vibrate so rapidly and violently that the bonds are disrupted. The proteins in eggs denature and coagulate during cooking. Other foods are cooked to denature the proteins to make it easier for enzymes to digest them. Medical supplies and instruments are sterilized by heating to denature proteins in bacteria and thus destroy the bacteria.
Alcohol
Hydrogen bonding occurs between amide groups in the secondary protein structure. Hydrogen bonding between "side chains" occurs in tertiary protein structure in a variety of amino acid combinations. All of these are disrupted by the addition of another alcohol.
A 70% alcohol solution is used as a disinfectant on the skin. This concentration of alcohol is able to penetrate the bacterial cell wall and denature the proteins and enzymes inside of the cell. A 95% alcohol solution merely coagulates the protein on the outside of the cell wall and prevents any alcohol from entering the cell. Alcohol denatures proteins by disrupting the side chain intramolecular hydrogen bonding. New hydrogen bonds are formed instead between the new alcohol molecule and the protein side chains.

Acids and Bases 
Salt bridges result from the neutralization of an acid and amine on side chains. The final interaction is ionic between the positive ammonium group and the negative acid group. Any combination of the various acidic or amine amino acid side chains will have this effect.

As might be expected, acids and bases disrupt salt bridges held together by ionic charges. A type of double replacement reaction occurs where the positive and negative ions in the salt change partners with the positive and negative ions in the new acid or base added. This reaction occurs in the digestive system, when the acidic gastric juices cause the curdling (coagulating) of milk. The salt bridge has the effect of straightening an alpha helix.

Neutral salt

Addition of a neutral salt, such as ammonium sulfate, compresses the solvation layer and increases protein-protein interactions. As the salt concentration of a solution is increased, more of the bulk water becomes associated with the ions. As a result, less water is available to partake in the solvation layer around the protein, which exposes hydrophobic patches on the protein surface. Proteins may then exhibit hydrophobic interactions, aggregate and precipitate from solution.

Heavy Metal Salts
Heavy metal salts act to denature proteins in much the same manner as acids and bases. Heavy metal salts usually contain Hg+2, Pb+2, Ag+1 Tl+1, Cd+2 and other metals with high atomic weights. Since salts are ionic they disrupt salt bridges in proteins. The reaction of a heavy metal salt with a protein usually leads to an insoluble metal protein salt.

This reaction is used for its disinfectant properties in external applications. For example, AgNO3 is used to prevent gonorrhea infections in the eyes of new born infants. Silver nitrate is also used in the treatment of nose and throat infections, as well as to cauterize wounds. Mercury salts administered as Mercurochrome or Merthiolate have similar properties in preventing infections in wounds.

This same reaction is used in reverse in cases of acute heavy metal poisoning. In such a situation, a person may have swallowed a significant quantity of a heavy metal salt. As an antidote, a protein such as milk or egg whites may be administered to precipitate the poisonous salt. Then an emetic is given to induce vomiting so that the precipitated metal protein is discharged from the body.

Heavy metals may also disrupt disulfide bonds because of their high affinity and attraction for sulfur and will also lead to the denaturation of proteins.
Color Reactions of Proteins
Biuret Test
The Biuret Test is a general test for proteins. When a protein reacts with copper(II) sulfate (blue), the positive test is the formation of a violet colored complex.
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The Biuret Test works for any compound containing two or more of the following groups.
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Xanthproteic Test
Phenyl rings containing an activating group can be nitrated producing a yellow product.
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The production of a yellow colored product upon the addition of nitric acid is a test for the presence of tyrosine or tryptophan in a protein. The addition of strong base will deepen the color to orange. The yellow stains on the skin caused by nitric acid are the result of the xanthoproteic reaction.

Millon's test

Millon's test is given by any compound containing a phenolic hydroxy group. Consequently, any protein containing tyrosine will give a positive test of a pink to dark-red color. The Millon reagent is a solution of mercuric and mercurous ions in nitric and nitrous acids. The red color is probably due to a mercury salt of nitrated tyrosine.
Hopkin’s Cole test

Some amino acids contain an indole ring. Such amino acids test positive with Hopkins-Cole reagent.
Sulfur Test 

The presence of sulfur-containing amino acids such as cysteine can be determined by converting the sulfur to an inorganic sulfide through cleavage by base. When the resulting solution is combined with lead acetate, a black precipitate of lead sulfide results.

Sulfur-containing protein  + NaOH ---->  S2- ----Pb2+---->  PbS
II. Objectives:

· to determine the elemental composition of proteins

· to know how various chemical and environmental factors affect the solubility of proteins

· to familiarize students with various tests used to identify and classify amino acids in proteins

III. Procedure:

A. Elemental Composition in Proteins

1. Mix thoroughly in a test tube approximately 0.5 g of powdered egg albumin and 0.5 g of sodium carbonate.

2. Heat the mixture strongly while holding a moist red litmus paper in the vapors emerging from the mouth of the test tube.

3. Continue to heat the mixture strongly for three minutes.

4. Allow the tube to cool at room temperature.

5. Acidify the content of the tube with 3M HCl (test with litmus paper)

6. Place a piece of filter paper moistened with 2% lead acetate solution at the mouth of the tube and warm the tube gently.

7. Note any odor at the mouth of the test tube.

8. Observe the residue in the test tube.

9. Observe what is formed at the cooler part, near the mouth of the test tube.

B. Solubility and Precipitation of Proteins


Heat

1. Place 3 ml of 2% albumin solution in a test tube and boil gently for two minutes

2. Repeat the procedure using 2% gelatin solution

3. Describe the change in both protein solutions


Alcohol

1. Place 1 ml of ethanol in two test tubes

2. To test tube 1, add 2 ml of 2% albumin solution, and to test tube 2, add 2% gelatin solution

3. Allow the test tubes to stand in ice bath for two minutes, and describe what happened to both protein solution


Strong Acids

1. In three separate test tubes, place 3 ml of 2% albumin solution.

2. To test tube 1, add 1 ml of concentrated HCl; to test tube 2, add 1 ml of concentrated sulfuric acid; to test tube 3, add 1 ml of nitric acid

3. Note and describe the changes that occur

4. Repeat the procedure using 2% gelatin solution

Heavy Metals

1. In four separate test tubes, place 2 ml of 2% albumin solution.

2. To test tube 1, add 6 drops of 5% cupric sulfate; to test tube 2, add 6 drops of 5% lead acetate; to test tube 3, add 6 drops of 5% mercuric chloride solution; and to test tube 4, add 6 drops of 5% sodium chloride solution.

3. Describe what happened to each test tube


Alkaloidal Reagents
1. In two separate test tubes, place 1 ml of 2% egg albumin solution

2. To test tube 1, add 10% TCA (trichloroacetic acid) drop by drop with mixing, until a precipitate is formed

3. To test tube 2, add saturated aqueous picric acid drop by drop with mixing until precipitate is formed.

4. Repeat this procedure using 2% gelatin


Neutral Salt

1. In two separate test tubes, place 5 ml of saturated ammonium sulfate solution.

2. To the first test tube, add 2 ml of 2% albumin solution, and to the second test tube, add 2 ml of 2% gelatin

3. Mix the content of the tubes thoroughly and observe.

C. Amphoteric Property of Proteins

1. In two separate test tubes, place 5 ml of water.

2. To test tube 1, add 1 drop of phenolphthalein indicator and 1 drop of 3 M NaOH solution. Observe the color.

3. To test tube 2, add 1 drop of methyl orange indicator and add 1 drop of 3 M HCl solution. Observe the color.
4. Add small amount of solid casein to each test tube, stopper and mix.

5. Repeat the procedure (1-4) but use 2 ml of 2% albumin instead of casein.

D. Color Reactions of Proteins


Biuret Test

1. In 4 separate test tubes, place 2 ml of 10% NaOH.

2. Add 2 ml of the following to the 4 test tubes:

a. test tube 1 – 2% albumin

b. test tube 2 – 2% gelatin

c. test tube 3 – peptone

d. test tube 4 – 1% glycine

3. Mix the content in each tube and add 20 drops of 0.1% copper sulfate solution.

4. Observe for any color change in a test tube.

Xanthoproteic Test

1. In four (4) separate test tubes, place 2 ml of the following solutions: 2% albumin, 2% gelatin, peptone, and 1% tyrosine.
2. Add 1 ml of concentrated nitric acid to each cautiously and warm the tubes in boiling water bath for 1 minute. Make sure that you do not inhale the fumes from it.
3. Cool the tube to room temperature and add 1 ml of ammonium hydroxide solution.

4. Observe for any color change.

Millon’s Test

1. In four (4) separate test tubes, place 2 ml of the following solutions: 2% albumin, 2% gelatin, peptone, and 1% tyrosine.

2. Add 0.5 ml of Millon’s reagent to each test tube.

3. Place the tubes in boiling water bath for 5 minutes.
4. Observe the color of the precipitate.

 Hopkin’s Cole Test
1. In four (4) separate test tubes, place 2 ml of the following solutions: 2% albumin, 2% gelatin, peptone, and 1% tyrosine.

2. Add 2 ml of Hopkin’s Cole reagent to each test tube and mix.
3. Incline the tubes and carefully allow 3 ml of concentrated sulfuric acid to slide down the side of the test tube.

4. Let stand and observe the color at the zone of contact of the two liquids.

Reduced Sulfur Test

1. In four (4) separate test tubes, place 2 ml of the following solutions: 2% albumin, 2% gelatin, 1% glycine, and 1% cysteine.

2. Add 5 ml of 10% NaOH to each test tube.

3. Place the test tubes in boiling water bath for 5 minutes.

4. Add 5 drops of 2% lead acetate solution to each tube and mix the contents.

5. Return the tubes in the water bath for another minute and note which exhibits an observable result.
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Laboratory Report
Experiment No. 4 

Proteins
Results and Discussions:

A. Elemental Composition of Proteins

1. After heating the test tube containing the albumin and sodium carbonate, what is the gas evolved? What element is indicated by this observation?
2. After procedure 3-6 was done, what observable result was noticed? What element in protein is detected by this test?
3. From procedure 7, what did you observe? What compound is responsible for the observed result? What element in protein is detected by this test? 
4. From procedure 8, what did you observe? What element in protein is indicated by this observation?
5. From procedure 9, what did you observe? What element in protein is indicated by this observation?
B. Solubility and Precipitation of Proteins
Table 1
	
	Albumin
	Gelatin 

	Heat 
	
	

	Alcohol
	
	


1. What is the effect of heat on proteins? Why?
2. What is the effect of alcohol on proteins? Why?
Table 2
	Acid
	Albumin
	Gelatin 

	Hydrochloric acid 
	
	

	Sulfuric acid
	
	

	Nitric acid
	
	


3. What is the effect of strong acids on proteins? Why?
Table 3
	Heavy Metals
	Observation

	5% cupric sulfate
	

	5% lead acetate
	

	% mercuric chloride
	

	5% sodium chloride
	


4. What is the effect of heavy metals on proteins? Why?
5. Explain why people who swallow metal poisons are given milk or egg white as an antidote. 

Table 4
	Alkaloidal reagents
	Albumin
	Gelatin

	Trichloroacetic acid
	
	

	Picric acid
	
	

	Neutral salt
	
	

	Ammonium sulfate
	
	


6. What is the effect of alkaloidal reagents on proteins? Why?
7. What is the effect of neutral salt on the solubility of proteins? Why?
C. Amphoteric Property of Proteins

Table 5
	
	Casein
	Albumin 

	3M NaOH
	
	

	3M HCl
	
	


1. How can your observation show the amphoteric property of protein?
D. Color Reactions of Proteins
Table 6
	Sample
	Biuret test
	Xanthoproteic test
	Millon’s test

	2% albumin
	
	
	

	2% gelatin
	
	
	

	peptone
	
	
	

	1% glycine 
	
	
	

	1% tyrosine
	
	
	


1. For Biuret test, what color change was observed in each test tube? Does the color in each test tube vary? Why or why not?
2. For Xanthoproteic test, what color change was observed in each test tube? Does the color in each test tube vary? Why or why not?
3. For Millon’s test, which of the four samples reacted with Millon’s reagent? Why?
Table 7
	Sample
	Hopkin’s Cole test
	Reduced sulfur test

	2% albumin
	
	

	2% gelatin
	
	

	peptone
	
	

	1% tyrosine 
	
	

	1% glycine
	
	

	1% cysteine
	
	


4. Which of the four samples reacted with Hopkin’s Cole reagent? Why?
5. Which of the four samples respond with reduced sulfur test? Why?
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