AMINO ACIDS AND PROTEINS
THEORY


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. 
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Some examples of amino acids are alanine, valine, cysteine, and tryptophan. Glycine is the simplest amino acid known. 
	Amino acid
	R group

	Glycine
	-H

	Alanine
	- CH3

	Valine
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	Cysteine
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Amino acids have both acidic and basic properties. The amino group (-NH2) lends basic properties whereas the carboxylic acid group (-COOH) lends acidic properties to the amino acid. 
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Several amino acids combine to form peptide bonds. Proteins contain polypeptide units (several peptide units). When a protein is hydrolyzed, it breaks down into smaller units (tri and dipeptides), eventually forming amino acids.
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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. 

Protein denaturation is the partial or complete loss of protein’s shape and three dimensional structure. The function of proteins depends on the three dimensional structure and, therefore loss of protein’s shape leads to loss of biochemical activity of the protein. Denaturation is an irreversible process. Some common denaturing agents are alcohols, metal ions, strong acids and bases and heat. 

The type of protein can be identified by using specific chemical tests. Cupric ion forms reddish violet complexes with biuret or compounds that contain structural units similar to biuret. This is known as the Biuret test. Proteins have this structural feature and therefore, test positive for biuret test. Amino acids do not have the structural feature and therefore test negative for biuret test. 

The R groups of some amino acids (such as tyrosine and phenylalanine) are aromatic. These amino acids are commonly present in most proteins. They can be nitrated by concentrated nitric acid giving yellow compounds. The color darkens upon addition of a base. This is known as the xanthoproteic test. The presence or deepening of yellow color indicates the presence of amino acid(s) containing aromatic rings. 

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

OBJECTIVES
1. Become familiar with some common amino acids and proteins.
2. Examine some common food products that contain proteins and amino acids.
PROCEDURE
A. CHEMICAL TESTS FOR PROTEINS
1. Test the solubility of the given amino acids in 2 mL of water. Test the acidity of the resulting solution with litmus paper. 
2. Amphoteric property of amino acids
a) To 2 mL solution of casein (milk protein), add 2 mL of 3M NaOH solution. Stopper the tube and shake it. Note down your observations.

b) Obtain another 2 mL of the casein solution, add 3 mL of concentrated hydrochloric acid drop by drop, shake, and observe the results. 
3. The Biuret Test

Mix 2 mL of 3M NaOH with 2 mL of the protein (or amino acid) solution to be tested. Add 1 drop of 0.1% copper sulfate solution. Mix well and note if a pink or violet color develops (positive test). If not, add a few more drops of copper sulfate solution. Note the presence or absence of a violet coloration. 
4. The Xanthoproteic Test (Avoid getting concentrated nitric acid on your skin!)
To 2 mL of protein (or amino acid) solution, add 1 mL of concentrated nitric acid. Warm gently. Observe any color change. Cool the solution; neutralize it with 6 M NaOH. Note any deepening of color. 
5. Hopkins - Cole Test.
Add 2 mL of Hopkins –Cole reagent to 2 mL of the protein (or amino acid) solution. Incline the test tube at an angle and carefully add 3 mL of concentrated sulfuric acid along the sides of the test tube. A violet color forms at the interface (positive test). 
B. DENATURATION REACTIONS OF PROTEINS
1. Heat as a means of denaturation
Place 2 mL of protein solution into a test tube and heat, for a minute or two, each test tube directly over a flame. Note any change in the appearance of the solution.

2. Alcohol as a denaturing agent
Add another 2 mL sample of protein solution into a test tube. Add 1 mL of 95% ethyl alcohol to each test tube and mix thoroughly.  Is there any evidence of coagulation?  Record your observations.

3. Effect of heavy metals on protein and amino acid solutions
Add 2 mL of protein solution into a test tube. Add several drops of 1 M lead nitrate solution. Record your observations. Repeat the procedure by using 1 M copper sulfate solution.
OBSERVATIONS
A. CHEMICAL TESTS FOR PROTEINS
1. Solubility Tests 
	Protein
	Observation 
	Conclusions

soluble/insoluble?
	Litmus test

acidic, basic, neutral?

	Albumin


	
	
	

	Alanine


	
	
	

	Lysine


	
	
	

	Threonine


	
	
	

	Chicken stock


	
	
	

	Peanut powder


	
	
	

	Soy flour


	
	
	


2. Amphoteric Property of Amino Acids

What did you observe upon addition of HCl and NaOH?

3. The Biuret Test

	Protein
	Observations
	Conclusions

(presence/absence of peptide)

	Casein


	
	

	Albumin


	
	

	Lysine


	
	

	Chicken stock


	
	

	Peanut food 


	
	

	Soy flour
	
	


4. The Xanthoproteic Test

	Protein
	Observations
	Conclusions

Presence of amino/ hydroxyl groups

	Threonine 


	
	

	Phenyl alanine


	
	

	Tryptophan


	
	

	Serine


	
	

	Chicken stock


	
	

	Peanut food


	
	


5. Hopkins-Cole Test
	Protein
	Observations 
	Conclusions 

(presence/absence of indole ring)

	Tryptophan


	
	

	Phenylalanine 


	
	


B. DENATURATION REACTIONS OF PROTEINS
	Protein
	Heat
	Ethanol
	Lead nitrate
	Copper sulfate

	Albumin


	
	
	
	

	Casein


	
	
	
	

	Gelatin


	
	
	
	


QUESTIONS
1. Write the structural formulas for the following amino acids.
a) Glycine

b) Arginine

c) Tyrosine

2. Name any three proteins in your everyday diet.
3. Explain why people who swallow metal poisons are given milk or egg white as an antidote. 

4. Explain the structural changes that take place when a protein molecule is denatured. 

PAGE  
97

_1119858141.cdx

_1119858451.cdx

_1119859232.cdx

_1119857902.cdx

_1119858020.cdx

