Biochemistry Lec.5

Amino acid

Introduction

Amino acids: Amino acids are the building blocks of proteins. Proteins of all
species, from bacteria to humans, are made up from the same set of 20 standard
amino acids. A typical amino acid has a primary amino group, a carboxyl group,
a hydrogen atom and a side-chain (R group) attached to a central a-carbon atom
(Cay). Proline is the exception to the rule in that it has a secondary amino group.
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Proteins: are linear chains of amino acids that are linked together by covalent,
peptide bonds. Each protein has specific and unique sequence of amino acids
that defines both its three-dimensional structure and its biologic function.
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The standard 20 amino acid: There are approximately 300 amino acids
present in various animal, plant and microbial systems, but only 20 amino acids
are involved in the formation of proteins. All the 20 amino acids found in
proteins (Table 1, in the end of the lecture) have a carboxyl group (-COOH) and
an amino acid group (-NH2) bound to the same carbon atom called the a-
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carbon. Amino acids differ from each other in their side chains or R-groups,
attached to the a-carbon. The 20 amino acids of proteins are often referred to as
the standard or primary or normal amino acids.
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Classification of amino acid
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v" Classification Based on Chemical Nature of the Amino Acid in Solution
According to this type of classification, amino acids are classified as follows:
I. Neutral amino acids
1. Acidic amino acids

1ii. Basic amino acids.
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I Neutral amino acids

The amino acids which are neutral in solution and are monoamino-
monocarboxylic acids (i.e. having one amino group and one carboxylic group),
e.g. Glycine Serine Phenylalanine Alanine Threonine Tyrosine, Valine,
Cysteine, Tryptophan, Leucine ,Methionine, Aspargine, Isoleucine, Proline and
Glutamine
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1i- Acidic amino acid

These are acidic in solution and are monoamino dicarboxylic acids, e.g.
Aspartic acide Glutamic acid.
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iii- Basic amino acid

These are basic in solution and are di-amino-monocarboxylic acids, e.g.
Lysines Argininee Histidine.
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v" Classification Based on Chemical Structure of Side Chain of the Amino
Acid
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According to this type of classification, amino acids are classified as:
1. Aliphatic amino acids

2. Hydroxy amino acids

3. Sulfur containing amino acids

4. Dicarboxylic acid and their amides

5. Diamino acids

6. Aromatic amino acids

7. Imino acids or heterocyclic amino acids.
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Aliphatic amino acids

Amino acids having aliphatic side chain, e.g.e Glycines Alanines Valinee
Leucines Isoleucine.
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Hydroxy amino acids

Amino acids having hydroxy group in the side chain, e.g.e Threoninee Serines
Tyrosine.
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Sulfur containing amino acids

Amino acids having sulfur in the side chain, e.g.e Cysteines Methionine.
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Dicarboxylic acid and their amides

Amino acids having carboxylic group in their side chain,e.g.e Glutamic acide
Glutamin. «
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Diamino acids

Amino acids having amino group (-NH2) in the side chain, e.g.e Lysinee
Arginines Histidine.
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Aromatic amino acids

Amino acids containing aromatic ring in the side chain, e.g.» Phenylalanines
Tyrosines Tryptophan.
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Imino acids or heterocyclic amino acids

* One of the 20 amino acids, proline is an imino(-NH) acid not an amino (-NH2)
acid as are other 19.
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The side chains of proline and its  faimino group form a ring structure and thus
proline differs from other amino acids, in that it contains an imino group, rather
than an amino group.
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Structure of proline

v" Nutritional Classification of Amino Acids
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On the basis of nutritional requirement, amino acids are classified into two
groups:
I. Essential or indispensable amino acids
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Ii. Nonessential or dispensable amino acids.
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I-Essential amino acids

Essential amino acids cannot be synthesized by the body and must, therefore, be
essentially supplied through the diet. Ten amino acids, essential for humans
include:s Phenylalanine ¢ Methionine ¢ Valine ¢ Histidines Threonine e
Argininee Tryptophan . Lysinee Isoleucine . Leucine.
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1i- Nonessential amino acids

Nonessential amino acids can be synthesized in human body and are not
required in diet, e.g. * Glycine  Alaninee Proline » Tyrosinee Serine ¢ Cysteine *
Glutamic acid e« Aspartic acid <« Glutamine <«  Aspargine.
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v" Metabolic Classification of Amino Acids
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On the basis of their catabolic end products, the twenty standard amino acids are
divided in three groups

I. Glucogenic amino acids: Those which can be converted into glucose.
Fourteen out of the twenty standard amino acids are glucogenic amino acids.

1. Ketogenic amino acids: Those which can be converted to ketone bodies. Two
amino acids leucine and lysine are exclusively ketogenic.

Ii. Both glucogenic and ketogenic: Those which can be converted to both
glucose and ketone bodies. Four amino acids isoleucine, phenylalanine,
tryptophan and tyrosine are glucogenic and
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ketogenic.
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v' Classification Based on Nature or Polarity of Side Chain of Amino Acid
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According to this type of classification, amino acids are classified into two
major classes:

I. Hydrophilic or polar amino acids
1. Hydrophobic or nonpolar amino acids.
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Amino acids
Hydrophilic (polar) Hydrophobic (nonpolar)
|
Negatively charged Positively charged Uncharged Aliphatic side chain Aromatic side chain
e.g. Asparticacid eqg. Lysine eg. Serine a.g. Alanine e.g. Tyrosine
Glutamic acid Arginine Threonine Valine Phenylalanine
Histidine Aspargine Leucine Tryptophan
Glutamine Isoleucine
Cysteine Proline
Glyeine Methionine

Figure 4.2: Classification of amino acids based on polarity

Properties of amino acids
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They are colorless, crystalline substances generally soluble in water.
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All naturally occurring amino acids are optically active except glycine which is
optically inactive. At pH 7.0, all amino acids have the same L-configuration and
hence L-a-amino acid (Figure 4.4).
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L-Amino acid D-Amino acid

Figure 4.4: D and L forms of amino acids
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Due to ionizing property of amino acids, amino acids exert:

1. Acid base behavior
2. Amphoteric properties (zwitter ion formation)
3. Buffering activity.
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1. Acid/base behavior of amino acids

» The acid base properties of amino acids depend on the amino and carboxyl
groups attached to the a-carbon.
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» The carboxyl (-COOH) group of an amino acid can donate proton (H+) and
behave as an acid, forming a negatively charged anion.

» Amino group (-NH2) of an amino acid can accept the proton (H+) which
behave as a base, forming positively charged cation.
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2. Amphoteric properties of amino acids and formation of zwitter ion at
isoelectric pH

Substances having a two-way property are called amphoteric or ampholytes
(Greek word ampho means both). As amino acids have both acidic and basic
groups, they can donate a proton or accept a proton, hence amino acids are
regarded as ampholytes. Zwitter ion (Dipolar molecule)
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3. Buffering action of amino acid

* Amino acid can act as weak acid or weak base. In addition, each of the acidic
and basic amino acids contains an ionizable group in its side chain. Thus, both
free amino acids and some amino acids present in proteins can potentially act as
buffers.
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Importance of Amino Acids

» Formation of proteins: Amino acids are joined to each other by peptide
bonds to form proteins and peptides.

» Formation of glucose: Glucogenic amino acids are converted to glucose in
the body.

* Enzyme activity: The thiol (-SH) group of cysteine has an important role in
certain enzyme activity.

» Transport and storage form of ammonia: Amino acid glutamine plays an
Important role in transport and storage of amino nitrogen in the form of
ammonia.

* As a buffer: Both free amino acids and some amino acids present in protein
can potentially act as buffer, e.g. histidine can serve as the best buffer at
physiological pH.

* Detoxification reactions: Glycine, cysteine and methionine are involved in
the detoxification of toxic substances.

e Formation of biologically important compounds: Specific amino acids
can give rise to specific biologically important compounds in the body.
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Table 4.1: The 20, L-a-amino acids (standard amino acids) found in proteins

Name Symbol Structural formula
Aliphatic side chain
Glycine Gly (G) H—EH—C00~
MHy"
Alanine Ala (A) CHy—CH—COO™
MNH,*
CH,, )
Valine Val (V) CH—CH—COD
.
= NH,*
Hy i
Leucine Leu (L) /CH— CHy—(H—CO0
HyC NHy?
CHy._
Isoleucine lle (1) CH,
\CH—cI*.H—cco'
CHy NH;*

Hydroxylic (OH) group containing side chains

Serine Ser (S) CHy— GH~— cou
nl}l NH,*

CHy—CH—CH—COD
OH NH;'

Tyrosine Tyr (Y) Sea aromatic group containing
side chain aming arids

Threonine Thr (T)

Sulfur containing side chains

Cysteine Cys (C) rI;H,— E,H—coo‘
SH  NHy
Methionine Met (M) fHsCHe it
§—CHy  NHyf
Side chains containing acidic groups (-COOH) and their amides
Aspartic acid Asp (D) mo‘—CH,—ILI‘H—CDD'
NH;"
Aspargine Asn (N) H,M—ﬁ—CHz—CH—GDD_
Q Ny
Glutamic acid Glu (E)

'DGC—I::HZ—GHZ—?H—CDO'
NH,*

Glutamine Gin (Q) Nni—ﬁ—mg— GH,—?H—GDL'I_
0 NH,*
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Table 4:1 (contd...)
Name Symbol Siructural formula

Basic groups containing side chains

Arginine Arg (R) H—MN—CH,=——CH,— CH;~— CH—CO0Q
1i_.‘=NH=' NH;"
HH,
Lysine Lys (K) TH,—CH;—CHZ—CH ,—CH—COo0™
NHy* NH,*
— H,—CH—CO0
Histidine His (H)
HN__N NH,"
Aromatic group containing side chains
Histidine His (H) See above
Phenylalanine Phe (F) O_ Tt
NH5"
Tyrosine Tyr (Y) OH—@CH-;—?H—GDO'
hH,
Tryptophan Trp (W) | CH;—EI:H—CDO
N NH,*
Imino acids
Proline Pro (P) tI:H2 tI:H—coD'
CH, NH
~ CHE/
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