Biochemistry lecture 1
Amino acids

Amino acids consist of an amino group and a carboxyl group, so they
are called by this name, and a hydrogen atom and an R group are all
linked to one carbon atom called the alpha atom. Depending on the
composition of this group, the amino acids differ from each other. There
are twenty alpha amino acids that make up the basic building units of all
proteins, whether of plant or animal origin. The general formula for an
amino acid can be written as follows.
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Since amino acids do not exist in the situation that contains a free amino
group at one side of the acid and a carboxyl group at the other side, a
proton transfer occurs from the carboxyl group to the amino group as
follows
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It is noted through the aforementioned formula that the amino group NH2
has been attached to the carbon atom immediately following the carboxyl
group (-COOH) is an alpha-carbon and accordingly these units are called
alpha-amino acids, and each amino acid differs from the other in the
content of the -R group It is related to it, that is, the chemical structure of
the side chain of the amino acid, and based on the difference in the
composition of the R group, there are numbers of amino acids, each of
which differs from the other in its physical and chemical properties.
Bearing in mind that the amino acid proline and hydroxyproline both
contain an imino group within the cyclic structure instead of the amino
group forming the synthesis of other amino acids. Thus, the alpha amino
group is free and unlinked in all amino acids except for the amino acid
proline.
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Amines and Amides

Amines and amides are two types of compounds found in the field of
organic chemistry. Although both types are composed of nitrogen
atoms along with other atoms, there are distinct characteristics present
in amines and amides. The main difference between amine and amide
Is the presence of a carbonyl group in their structure; amines have no
carbonyl groups attached to the nitrogen atom whereas amides have a
carbonyl group attached to a nitrogen atom.
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What is an Amine?

An amine is a derivative of ammonia. It is composed of one or more alkyl
groups which replace the hydrogen atoms in ammonia (NH3) molecule.
Therefore, the alkyl group is directly bonded to the nitrogen atom.
According to the number of alkyl groups that have been attached to the
nitrogen atom, amines are categorized into three broad groups.
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Classification of Amine

Primary Amines — One alkyl group is attached to the nitrogen atom.
Secondary Amines — Two alkyl groups are attached to the nitrogen atom.
Tertiary Amines — Three alkyl groups are attached to the nitrogen atom.
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Figure 1: Primary amine (left), Secondary amine (right), Tertiary
amine (bottom) Note that R1 and R2 groups can be the same or
different in secondary and tertiary amines.

According to the type of alkyl group that has been attached, amine are
further classified as,

Aliphatic Amines — No ring structures present
Aromatic Amines — Ring structures present



Aliphatic amines have linear or branched alkyl groups attached to the
nitrogen atom directly. Aromatic amines have nitrogen atom directly
connected to an aromatic ring structure.

Primary and secondary amines have H atoms bonded directly to the
nitrogen atom. Therefore, primary and secondary amines are capable of
having hydrogen bonds. Tertiary amines have no H atoms to make
hydrogen bonds. But all amine types can have intermolecular hydrogen
bonds with water (H,O) due to the presence of a lone electron pair on the
nitrogen atom. Therefore, amines with a low molecular weight can be
dissolved in water.

As same as ammonia, amines also act as bases. The reasons for basicity
includes the presence of a lone pair on the nitrogen atom, the presence of
alkyl groups (alkyl groups enhance basicity of compounds by donating
electrons to the nitrogen atom).
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What is an Amide?

Amides are organic compounds having a carbonyl group attached to the
nitrogen atom directly. Amides can also be classified as aliphatic and
aromatic amides. The aliphatic amides are classified into three groups as
follows.
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Classification of Amides

Primary Amide — the nitrogen atom is not bonded to any alkyl group
Secondary Amide — the nitrogen atom is bonded to a single alkyl group
Tertiary Amide — the nitrogen atom is bonded to two alkyl groups
Amides are derived from deprotonated ammonia. This deprotonated
ammonia can be attached to an acyl group (R-C=0) and form an amide.
Amides are also formed from carboxylic acids. There, the hydroxyl group
(-OH) of carboxylic acid is replaced with deprotonated ammonia.
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Figure 2: Primary (left), Secondary (right) and Tertiary (bottom)
Amides

Similarities Between Amine and Amide

« Both amines and amides are soluble in water due to the presence of a
—NH group.

« These —NH groups can make intermolecular hydrogen bonds with
water molecules.

« Amines and amides are classified into aliphatic and aromatic
compounds based on the presence or absence of a ring structure.

« Amines and amides are classified also as primary, secondary or
tertiary compounds according to the number of alkyl groups attached
to the nitrogen atom
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Difference Between Amine and Amide

Definition

Amine: Amine is an organic compound made out of one or more nitrogen
atoms bonded with alkyl groups.

Amide: Amide is an organic compound made of deprotonated
ammonium group with an acyl group.

Structure

Amine: Amines have no carbonyl groups in their structure.
Amide: Amides have carbonyl groups.

Atoms

Amine: Amines are composed of C, H and N atoms.
Amide: Amides are composed of C, H, N and O atoms.

Chemical Properties

Amine: Amines show basicity.
Amide: Amides show acidic characteristics.

Physical State

Amine: Most low molecular weight amines are gases at room
temperature or are easily vaporized.

Amide: Most amides are solids at room temperature.

Boiling Points

Amine: Amines have relatively lower boiling points.
Amide: Amides have relatively high boiling points.
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Classification of amino acids

1. Classification of amino acids on the basis of R-group

1.Nonpolar, Aliphatic amino acids: The R groups in this class of amino
acids are nonpolar and hydrophobic. Glycine, Alanine, Valine, leucine,
Isoleucine, Methionine, Proline.

2.Aromatic amino acids: Phenylalanine, tyrosine, and tryptophan, with
their aromatic side chains, are relatively nonpolar (hydrophobic). All can
participate in hydrophobic interactions.

3.Polar, Uncharged amino acids: The R groups of these amino acids are
more soluble in water, or more hydrophilic, than those of the nonpolar
amino acids, because they contain functional groups that form hydrogen
bonds with water. This class of amino acids includes serine, threonine,
cysteine, asparagine, and glutamine.



4.Acidic amino acids: Amino acids in which R-group is acidic or
negatively charged. Glutamic acid and Aspartic acid

5.Basic amino acids: Amino acids in which R-group is basic or positively
charged. Lysine, Arginine, Histidine
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2.Classification of amino acids on the basis of nutrition

1.Essential amino acids (Nine)

Nine amino acids cannot be synthesized in the body and, therefore, must
be present in the diet in order for protein synthesis to occur.

These essential amino acids are histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, and valine.

2. Non-essential amino acids (Eleven)

These amino acids can be synthesized in the body itself and hence do not
necessarily need to be acquired through diet.



These non-essential amino acids are Arginine, glutamine, tyrosine,
cysteine, glycine, proline, serine, ornithine, alanine, asparagine, and
aspartate

Non-Essential
Histidine Arginine Alanine
Isoleucine Cystine Asparagine
Leucine Glutamine Aspartate
Lysine Glycine Glutamate
Methionine Proline Serine
Phenylalanine Tyrosine
Threonine
Tryptophan
Valine
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3.Classification of amino acids on the basis of the metabolic fate

Glucogenic amino acids Glucogenic and Ketogenic

ketogenic amino acids
Alanine, Arginine, ‘Tyrosine Leucine
Asparagine, Aspartate Isoleucine Lysine
Asparagine, Cysteine, Phenylalanine
Methionine Tryptophan

Glutamate, Glutamine,
Glycine, Histidine
Proline, Serine,
Threonine,Valine

1. Glucogenic amino acids: These amino acids serve as precursors of
gluconeogenesis for glucose formation. Glycine, alanine, serine,
aspartic acid, asparagine, glutamic acid, glutamine, proline, valine,
methionine, cysteine, histidine, and arginine.

2. Ketogenic amino acids: These amino acids break down to form
ketone bodies. Leucine and Lysine.

3. Both glucogenic and ketogenic amino acids: These amino acids
break down to form precursors for both ketone bodies and glucose.
Isoleucine, Phenylalanine, Tryptophan, and tyrosine.
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Physical Properties

1.Amino acids are colorless, crystalline solid.
2.All amino acids have a high melting point greater than 200°



3.Solubility: They are soluble in water, slightly soluble in alcohol, and
dissolve with difficulty in methanol, ethanol, and propanol. R-group of
amino acids and pH of the solvent play important role in solubility.

4.0n heating to high temperatures, they decompose.

5.All amino acids (except glycine) are optically active.

6.Peptide bond formation: Amino acids can connect with a peptide bond
involving their amino and carboxyl groups. A covalent bond formed
between the alpha-amino group of one amino acid and an alpha-carboxyl
group of other forming -CO-NH-linkage. Peptide bonds are planar and
partially ionic.
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Stereochemistry of amino acids

With the exception of glycine, all amino acids exhibit the so-called
optical activity. There are some compounds in two forms, the shape of the
first compound being a mirror image of the shape of the second
compound, and such compounds show the phenomenon of optical activity
because they contain asymmetric carbon atoms to which four different
groups are linked by four bonds

It is noted that the attachment of these groups to the carbon atom leads to
the formation of two different compounds called stereoisomers or
enantiomers, and these two names mean the same thing. The total number
stereoisomers is calculated according to the equation S= 2". n means the
number of asymmetric carbon atoms in the compound, and since glycine
does not contain a symmetrical carbon atom, there are no symmetries for
it. As for the rest of the organic acids, they contain one asymmetric
carbon atom, except for threonine and isoleucine, which contain two
asymmetric carbon atoms, and each of them has four stereoisomers.



The optical activity is expressed quantitatively by specific rotation and is
estimated from optical rotation measurements of a solution of a certain
concentration placed in a tube of a certain length in a polarimeter device.
Levorotatory deflects the light to the left and gives a negative sign - the
photocyclic property does not depend on whether the compound is of the
D or L family, but rather it is a property of the compound itself.
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There is another way to classify stereoisotopes in addition to the previous
method, where the photosynthetic compounds are classified according to
the arrangement of the groups around the asymmetric carbon atom.
Therefore, one of the compounds was chosen and considered as a



standard for comparing all other photosynthetic compounds, and this
compound is the simplest type of sugars in nature and contains three
atoms Carbon, which also contains one asymmetric carbon atom, is called
glyceraldehyde, and it has two stereoisotopes D and L, as shown below.
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H—C OH OH—C—H

C H,0H C H,0H

D-Glyceraldehyde L -Glyceraldehyde

As for amino acids, the amine group replaces the hydroxyl group in
glyceraldehyde on the asymmetric carbon atom. Therefore, the letters D
and L have nothing to do with the arrangement of groups and atoms on
the asymmetric carbon atom only, and they have nothing to do with the
rotation of polarized light.

D-Alanine

| L—Alanine|

COOH
[
Hime C*- NH2
[
CH3

COOH
|

H2N- C* -t H
|
CH3

R (+) S (-)

Alanine isomers as mirror images
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D-Alanine L-Alanine
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[
Hime C*- NH2
[
CH3

COOH
I

H2ZN- Cc* - H
I
CH3

R (+) S (-)

Alanine isomers as mirror images



