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ABSTRACT 

The following review focuses on amino acid residues.  Amino acid residues are formed by condensation of amino acids.  Proteins, building 
blocks of body are broken down into amino acids on ingestion of proteinicious foods.  Degradation of amino acids involves deamination 
through urea cycle to be excreted in the form of urea or in some cases uric acid or ammonia.  After deamination the remainder of the mole-
cule can be used in synthesis of new amino acids or used in the form of energy through glycolysis or the citric acid cycle. 
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INTRODUCTION 

Aspargine was the first amino acid discovered isolated from asparagus in 1806 by French chemists Louis-Nicholas 

Vanquelin and Pierre Jean Robiquet followed by cystine , its monomer cysteine, glycine, and leucin.  In 1902 it was 

discovered that enzymatic digestion or acid hydrolysis of proteins yielded amino acids and in 1902 again Emil Fischer 

and Franz Hofmeister proposed that proteins were formed due to formation of bonds between the amino group and 

carboxyl group of amino acids in a linear structure which was termed as peptide by Fischer. 

STRUCTURE OF AMINO ACIDS 

               

Amino acids are made up of two functional groups, amino group (–NH2) and a carboxyl group (–COOH) joined to a 

single (aliphatic) carbon. The main elements of amino acids are carbon, hydrogen, oxygen, and nitrogen.   Amino ac-

ids are classified structurally according to the functional group location as  alpha, beta, gamma, and delta.  Amino 

acids having carbon chain attached to the α–carbon are classified as  alpha, beta, gamma, or delta and those amino 

acids having amino group attached to beta or gamma carbon are referred to as beta or gamma amino acids. According 

to polarity acid, base, and neutral and side chain group classification including aliphatic, acyclic, hydroxyl or sulphur-

containing, and aromatic. 

THE PEPTIDE BOND FORMATION 

 

In the process of protein synthesis, amino acids form a polypeptide chain on the ribosome.  During this process a co-

valent bond is formed between amino acid residues known as peptide bond. 

IUPAC Compendium of Chemical Terminology 
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When a peptide bond is formed, the elements of water are removed and the remainder of each amino acid is called an 

amino-acid residue.  Therefore, an amino acid residue lacks hydrogen atom of the amino group  (–NH–CHR–COOH)  

or the hydroxyl  moiety of the carboxyl group (NH2–CHR–CO–), or both (–NH–CHR–CO–).  All units of a peptide 

chain are therefore amino-acid residues.  The amino acid residues that contain two amino groups or two carboxyl 

groups may be joined by isopeptide bonds. The amino acid residue in which the peptide bond that has an amino group 

is free or not acylated by another amino acid residue is called N-terminal.  The amino acid residue that has a free car-

boxyl group or not acylated by another amino acid residue is called C-terminal. 

 

The peptide bond formation involves carbon-nitrogen single bond, however the unpaired electrons on the carboxyl 

oxygen and on the nitrogen can overlap through their pi orbitals to make the three-atom system partially double-

bonded in character. The partially double-bonded system makes it harder to rotate the peptide bond in solution. As a 

result, peptide bonds can exist in one of two conformational isomers, with the two carbons either cis or trans to each 

other. 

 

 
 

Usually, the trans conformation is favored. Proline is an exceptional case because its pep-

tide bond does not have hydrogen, making the cis and trans isomers harder to change one 

for the other.   Proline usually is found in the trans isomer, although conversion (isomeriza-

tion) between the cis and transforms can be catalyzed by specific enzymes. 

AMINO ACIDS AND THEIR RESIDUES 

AA 

Codes 

AA Resi-

due 

Composi-

tion 

Mono. Avg. Structure 
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AA 

Codes 

AA Resi-

due 

Composi-

tion 

Mono. Avg. Structure 

Gly G C2H3NO 
57.0214

64 
57.05 

 

As

p 
D C4H5NO3 

115.026

94 

115.

1 

 

Ala A C3H5NO 
71.0371

14 
71.08 

 

Gl

n 
Q C5H8N2O2 

128.058

58 

128.

1 

 

Ser S C3H5NO2 
87.0320

29 
87.08 

 

Ly

s 
K C6H12N2O 

128.094

96 

128.

2 

 

Pro P C5H7NO 
97.0527

64 
97.12 

 

Gl

u 
E C5H7NO3 

129.042

59 

129.

1 
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Val V C5H9NO 
99.0684

14 
99.07 

 

M

et 
M C5H9NOS 

131.040

48 

131.

2 
 

Thr T C4H7NO2 
101.047

68 
101.1 

 

Hi

s 
H C6H7N3O 

137.058

91 

137.

1 

 

Cys C C3H5NOS 
103.009

19 
103.1 

 

Ph

e 
F C9H9NO 

147.068

41 

147.

2 

 

Leu L C6H11NO 
113.084

06 
113.2 

 

Ar

g 
R C6H12N4O 

156.101

11 

156.

2 

 

Ile I C6H11NO 
113.084

06 
113.2 

 

Ty

r 
Y C9H9NO2 

163.063

33 

163.

2 
 

Asn N C4H6N2O2 
114.042

93 
114.1 

 

 

Tr

p 
W C11H10N2O 

186.079

31 

186.

2 
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A dipeptide is made from different amino acids having two different structures. Aspartic acid (Asp) and phenyl-

alanine (Phe) combined together form Asp-Phe or Phe-Asp.  The amino acid on the left is the N-terminus. The 

methyl ester of the first dipeptide is the artificial sweetener aspartame, which is 200 times sweeter than su-

crose. Neither of the component amino acids is sweet (Phe is actually bitter), and derivatives of the other di-

peptide (Phe-Asp) are not sweet.  

A tripeptide is composed of three different amino acids can have 6 different constitutions, and the tetrapeptide 

composed of four different amino acids would have 24 constitutional isomers.   

Tripeptide glutathione is interesting because the side-chain carboxyl function of the N-terminal glutamic acid is 

used for the peptide bond. An N-terminal glutamic acid may also close to a lactam ring, as in the case of TRH, 

the abbreviation for this transformed unit is pGlu (or pE), where p stands for "pyro", ring closures occur on 

heating.    The  formulas using single letter abbreviations are colored red.  

The C-terminal unit has the form of an amide in some cases (e.g. TRH, angiotensin & oxytocin).  

When two or more cysteines are present in a peptide chain, they are often joined by disulfide bonds (e.g. oxy-

tocin & endothelin); and in the case of insulin, two separate peptide chains (A & B) are held together by such 

links. 

Name (resi-

dues) 
Source or Function Amino Acid Sequence 

Glutathione 

(3) 

Most Living Cells 

(stimulates tissue growth) 

(+)H3NCH(CO2
(–))CH2CH2CONHCH(CH2SH)CONHCH2CO2H 

γ-Glu-Cys-Gly   (or γECG) 

an

d 

th

e 
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TRH (3) 
Hypothalmic Neurohormone 

(governs release of thyrotropin) 

 

Angiotensin II 

(8) 

Pressor Agent 

(acts on the adrenal gland) 
Asp-Arg-Val-Tyr-Ile-His-Pro-PheNH2   (or DRVYIHPFNH2) 

Bradykinen 

(9) 

Hypotensive Vasodilator 

(acts on smooth muscle) 
Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg   (or RPPGFSPFR) 

Oxytocin (9) 
Uterus-Contracting Hormone 

(also stimulates lactation) 
 

Somatostatin 

(14) 

Inhibits Growth Hormone Release 

(used to treat ulcers) 
 

Endothelin 

(21) 

Potent Vasoconstrictor 

(structurally similar to some snake 

venoms) 
<="" td=""> 

Melittin (26) 
Honey Bee Venom 

(used to treat rheumatism) 

Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro~ 

~Ala-Leu-Ile-Ser-Trp-Ile-Lys-Arg-Lys-Arg-Gln-GlnNH2 

(or GIGAVLKVLTTGLPALISWIKRKRQQNH2) 

Glucagon (29) 
Hyperglycemic Factor 

(used as an anti-diabetic) 

His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp~ 

~Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr 

(or HSQGTFTSDYSKYLDSRRAQDFVQWLMNT) 

Insulin (51) 
Pancreatic Hormone 

(used in treatment of diabetes) <="" td=""> 

 

 

CATALYTIC AMINO ACID RESIDUES  

Enzymes involved in peptide bond hydrolysis 

1. Serine proteases catalysis. 

2. Aspartyl proteases catalysis. 

3. Trypsin catalysis. 

 

SERINE PROTEASES CATALYSIS 
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“Serine proteases” contain three amino acid residues at their active site,  serine,  histidine, and aspartate. These comprise the characteristic 

catalytic triad. The catalytic mechanism involves substrate binding, nucleophilic attack, protonation, and ester hydrolysis.  This involves the 

histidine of the active site accepting a proton from the serine residue. This prepares the serine as a nucleophile to attack the amide bond of the 

substrate. This mechanism includes donation of a proton from serine (a base, pKa 14) to histidine (an acid, pKa 6). 

 

ASPARTYL PROTEASES CATALYSIS 

Aspartyl proteases belongs to family of proteolytic enzymes. This family includes the stomach digestive enzyme pepsin, renin, the plasma 

enzyme that converts the circulating precursor angiotensinogen to the hormone angiotensin, and the HIV protease, the enzyme that cleaves 

HIV proteins during construction of the viral particle. Aspartyl proteases contain two aspartate residues at the active site. 

The catalytic mechanism  

The two aspartate residues act as acid and base in the catalytic mechanism.  At first it involves nucleophilic attack by a water molecule on the 

substrate where one of the aspartate acts as a base substracting one proton from water molecule. While the water forms a covalent bond to the 

substrate, the other aspartate acts as an acid, by releasing a proton to the carbonyl oxygen of the polypeptide substrate. 

In the next step, one aspartate residue acts as a base again, removing a proton from one of the hydroxyls that have been formed on the former 

carbonyl carbon. At the same time, the carbon-nitrogen bond breaks, with the nitrogen taking a proton.  There is formation of carboxylic acid 

and free amino group at the end of new peptide. 

TRYPSIN 

Trypsin is a serine protease that cleaves protein substrates at lysine and arginine amino acid residues. 

APPLICATIONS 

Insulin is a peptide hormone used in management of diabetes. The amino acid sequence of insulin is well preserved; bovine insulin differs 

from human insulin by 3 amino acid residues and porcine insulin by one. 

Glucagon is a 29-amino acid polypetide, peptide hormone with structure NH2-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-

Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-COOH.in humans. Glucagon raises the blood glucose levels. Somatosta-

tin is a peptide hormone which is a growth hormone inhibiting hormone. 

CONCLUSION  

Amino acids play an important role in overall growth of the body as building blocks of proteins.  Amino acid residues substitutions result in 

various compounds which have various therapeutic effects on body eg, insulin, glucagon, and somatostatin. 

REFERENCES 

[1] Retrieved from:  http://www.cliffsnotes.com /study_guide /Amino-Acids.topicArticleId-24998,articleId-24958.html Retrieved on: 30, 

Nov 2012  

[2] Retrieved from http://www2.chemistry.msu.edu /faculty /reusch /VirtTxtJml /protein2.htm#aacd6 Reterived on: 30 Nov 2012  

[3] Retrieved from http://www.ionsource.com/ Card/ aatable/ aatable.html Retrieved on: 30 Nov 2012 

[4] Retrieved from http://www.rose-hulman.edu/ ~brandt/ Chem330/ Enzyme_mech_examples.pdf 

http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Glutamine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Glutamine
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Methionine
http://en.wikipedia.org/wiki/Asparagine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Carboxyl_group


International Journal of Advancements in Research & Technology, Volume 1, Issue 5, October-2012                                                                                          
ISSN 2278-7763 
 

IJOAR© 2013 
http://www.ijoar.org  

[5] Salam Al Karadaghi (2012) Basics of Protein Structure introduction to protein structure and structural bioinformatics. 

 


