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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.

Amino Acid Structure
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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 (NHs) 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).



https://pediaa.com/difference-between-intermolecular-and-intramolecular-hydrogen-bonding/
https://pediaa.com/difference-between-intermolecular-and-intramolecular-hydrogen-bonding/
https://pediaa.com/difference-between-acid-and-base/
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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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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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[
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[
CH3
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I
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I
CH3

R (+) S (-)

Alanine isomers as mirror images

Reaction and chemical Properties of amino acids
1.Zwitterionic property

The definition of "Zwitterion' is derived from the German word zwitter,
which means 'hybrid' or 'double’, and the name reflects that the zwitterion
molecule has equal regions in terms of positive and negative electric
charge.

A zwitterion is a molecule with functional groups, of which at least one
has a positive and one has a negative electrical charge. The net charge of
the entire molecule is zero. Amino acids One of the most famous
examples of zwitterion are amino acids. Where an amino acid contains an
amino group and a carboxyl functional group. An amino acid alone is not
considered a zwitterion, but in aqueous solution the amino group gains a
proton (a hydrogen atom) and thus becomes positively charged, and at the
same time the carboxyl group loses a proton and becomes negatively
charged. The zwitterion molecule is generally neutral, but has equal and
oppositely charged functional groups. At a neutral pH in the water, a



balance occurs between the “the origin” amino acid and the zwitterion
molecule.
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2.Amphoteric property

Amino acids are amphoteric in nature that is they act as both acids and
base due to the two amine and carboxylic groups present.
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3.Ninhydrin test

When 1 ml of ninhydrin solution is added to a 1 ml protein solution and
heated, the formation of a violet color indicates the presence of alpha
amino acids. All amino acids react with ninhydrin to form aldehyde,
carbon dioxide and ammonia except for the amino acid proline and
hydroxyproline. The amount of carbon dioxide resulting from this
reaction can be used for the quantitative determination of amino acids. As
for the ammonia molecule formed in the same reaction, it binds with two
molecules of ninhydrin to form a violet-colored compound at a
wavelength of 570 nm, and this forms the basis for the colorimetric
method used in the quantitative determination of amino acids.

i i
.. _C_OH o s @ H
R-CH-COOH + [ ] ¢ » CO, + R-C_ + NHy+ [ [ ‘c
| e ol H NN OH
NH, I I
0 o}
Ninydrin Reduced ninydrin
i
M HO &
o + NHy +  C ] | + 3H,0
¢’ OH HO" C

Reduced ninhydrin Ninhydrin Violet-blue condensation product



Ninhydrin Test- Definition, Principle, Procedure, Result, Uses

Negative Positive
Ninhydrin Test Ninhydrin Test

' Amino acid Present

Amino acid
Absent Purple-colored

complex present -
\a? ‘ Proline present

Ninhydrin test for amino acids (j)ueanll Hlial .3
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4, Xanthoproteic test

The xanthoproteic test is performed for the detection of aromatic amino
acids (tyrosine, tryptophan, and phenylalanine) in a protein solution. The
nitration of benzoic radicals present in the amino acid chain occurs due
to a reaction with nitric acid, giving the solution yellow coloration.



OH + HNO3 02N

. OH

NH, -H0 NH,
HO HO

Tyrosine dark yellow or orange color

Xanthoproteic Test- Definition, Principle, Procedure, Result, Uses

N yanthoprotelc  Xanthoproteic

Test Negative Test Positive
Absence of aromatic Presence of aromatic
amino acids (tyrosine _amino acids (tyrosine

and tryptophan) }i and tryptophan)

Presense of the dark
yellow or orange color

Absence of the dark | |
. yellow or orange color \égj

el g 50l 31 las) 4

Gaes i) Aphaall i) (aleal) e CRSSH el 30 LA sl )
& Bansall g il eda i aaad gl Jslae (B (YT Jadll y la s il
tnal Gl Jglaall  Jary Laa ¢ @l il (aen ae Jold dad AiaY) palaa¥) dlula

5.Reaction with Sanger’s reagent (FDNB)

Sanger’s reagent (1-fluoro-2, 4-dinitrobenzene) reacts with a free amino
group in the peptide chain in a mild alkaline medium under cold
conditions to give a yellow compound..



Sanger's Reagent

H* + HF
LS R 0 NG g g
LA |l
ON F HN—CH=Can ON NH=CH—=Cwnn
DNFB H
(2 4 Dinitrofluorobenzene) /

NO,

R
|
OQNGNH—CH—COOH + Free
Amino Acids

DNP-amino acid

(Dinitrophenyl-amino acid)
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6.Reaction with nitrous acid

Nitrous acid reacts with the amino group to liberate nitrogen and form the
hydroxyl acids, since the nitrogen molecule whose quantity can be
accurately estimated is produced only from one amino acid, this reaction



was adopted to estimate the amino groups in amino acids, peptides and
proteins.

H,N* = CH, - COO™+ HONO —HO — CH, - COOH+N,, T +H,0

Glycine Nitrous acid Glycollic acid

H4C —CH—COO "+HONO —— H,C—CH—COOH +N, T +H,0

+
NH OH

Aniline Nitrous acid Lactic acid
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7. Reaction with isothiocyanates (Edman reagent)

This test is used to identify the amino acid at the amino end as it
combines with the alpha-amine group of the peptide to form Phenyl
thiocarbomyl, and upon acid decomposition of this compound, a cyclic
compound called Phenyl thiohydantion is formed. The preparation can
determine the quality and quantity of the free amino acids compared with
the standard solutions of amino acids, and this is the basis for the work of
the Adman device to find the quality and sequence of amino acids in the

peptides resulting from protein hydrolysis
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Phenylisothiccyanate (Edman reagent)
and a peptide

l
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A

MNH

O
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A phenylthiohydantoic acid

H*, nitro- HoO
methane

A phenylthichydantoin and a peptide
shorter by one residue
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8. Reaction with hydrazine

Hydrazine interacts with peptides, breaking all peptide bonds except for
the amino acids at the carboxylic end, which convert to hydrazide. The
amino acid appears at the carboxylic end as a free amino acid and
therefore it can be identified chromatographically as in the following
equation

Hydrazine cleavage

NI
+N-C—C—N-C-C—Or
|| | +  NH,-NH,
H H H H hydrazine
golygegtide 90 °C, 20-100 h, in the

presence of mildly acidic ion
exchange resin

R1 O Aminoacyl hydrazides

|l O
*H,N—C—C—NH-NH, AT
| "H;N=C-C—Or
iR ot T T
: e H
H3N_C|: C NH-N H2 Free carboxy terminal
amino acid

H
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Peptides

Di-peptide consists of linking two amino acid molecules by a peptide
bond, which is also called a peptide bond or amide bond, which is a
covalent bond resulting from the union of the carboxyl group of one
amino acid with the amino group of another amino acid after removing a
water molecule and the presence of a strong condensing factor

To clarify this, we assume that the peptide bond will be formed between
glycine through its carboxylic group and alanine through its amino group,
so the linkage will be as follows

Sl agid)
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CH;
Hs;N —CH,—COOH + HN — CH — COOH—
Glycine Alanine
CH;

i P | . -H,0
HET\—CHZ—ICDP\HI—(LH—(LDDH <

Peptide linkage
Glycylalanine (Gly - Ala)

Alanine can act as carboxylic acid and glycine as an amino compound
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But if three amino acids are linked, it will produce a tri-peptide, and if
four acids are linked, it will produce a tetra- peptide, and so on. But if the
number of amino acids exceeds ten, the resulting compound is called a
polypeptide. In order to facilitate writing peptides, symbols consisting of
three letters are used to represent the linked amino acids, and the
symbols are read from left to right, so the first amino acid is the one that
points to the N-terminal end and contains a free amino group. The last
symbol refers to the C-terminal carboxylic end and contains a free
carboxylic group.

Thus, the former compound can be written Gly. Ala or Ala - Gly to
represent glycylalanine. The isomer of this compound is alanylglycine
and is written Gly - Ala

An example of a tripeptide produced by the union of three amino acids:
glycine, alanine, and phenylalanine.

An example of a tripeptide produced by the union of three amino acids:
glycine, alanine, and phenylalanine.
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(Gly) phenylalanine alanine
(Phe) (Ala)

2N\)J\ \)J\OH

The above peptide represents one of the six expected possibilities of
linking the three amino acids together, as follows:
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1.Gly — Phe - Ala
2. Gly — Ala- Phe
3. Phe - Gly- Ala
4. Phe - Ala — Gly
5. Ala - Phe - Gly
6. Ala - Gly- Phe

Each type represents a different compound with unique physical
properties. However, the chemical properties are similar to some extent,
and there is evidence confirming that the bonds that form proteins are
peptide bonds, including:
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1. Protein compounds contain specific and small numbers of freely amine
and carboxyl groups that can be titrated. They represent the terminal
groups of the protein molecule, to which are added the amino and
carboxyl groups present in the sub-chains of the amino acids aspartic,
glutamic, arginine and lysine.
It has been observed that the numbers of these groups are consistent
during the hydration process of proteins, so that the rate of presence of
carboxyl groups is equal to the rate of presence of amino groups. Thus,
we find that one group of carboxyl and one group of amine participate in
the formation of one peptide bond in proteins.
2. By analyzing partially hydrated proteins, the presence of dip-, tri- and
polypeptide complexes was observed
3. It was noted that the enzymes that break down protein molecules attack
the peptide bonds
4. Protein molecules give spectra at infrared and ultraviolet rays, which
confirms the presence of peptide bonds
5. Perutz and Kendrew found in their studies on the proteins myoglobin
and hemoglobin using X-Ray diffraction that the bonds connecting the
basic components of these two molecules are peptide bonds
6. Insulin is made in vitro by combining amino acids with peptide bonds



7. The reaction of manufactured proteins and peptides easily with the
Biuret reagent, forming a violet or purple color, especially that this
reagent interacts with two or more peptide bonds.
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Spectrophotometer
A spectrophotometer is an instrument used to measure the intensity of
light as a function of wavelength.
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Spectrophotometer Principle
The spectrophotometer principle depends upon the Beer-Lambert law,
which states that a beam of light incidents on the homogenous solution,

reflects some fraction of incident light, absorbs some light and transmits
the remaining light through the solution.
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Mechanism
A spectrophotometer includes the following sequential events:

» Firstly, alight source falls onto the monochromator (Dispersion
device).

* Then, the monochromator will produce a single source of light
that falls onto the focusing wavelength selector.

» The focusing convex lenswill pass a fraction of the
monochromatic light source from the sample solution to the
photocell detector.

« A photocell detector converts the light energy into electrical
energy, and an amplifier transmits this electrical signal to the
internal circuit.

« Finally, an internal circuit inside a spectrophotometer gives out a
final output on a digital meter.
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Peptide synthesis

Synthesis of peptides chemically is very important because it shows the
relationship between the chemical structure of peptides and their
biological activity. By synthesis of peptides, peptide compounds similar to
those found in nature can be prepared. By changing the positions of
amino acids within the peptide, the amino acid that is due to the
biological activity of the peptides can be determined. Chemical structure
of peptides useful in the preparation of peptides characterized by
radioactive ,which is useful in studies of the spread of peptides inside the
bodies of living organisms and how to destroy them, and through the
synthesis of these peptides, it was possible to identify the structures of
many of them

The process of chemical synthesis of peptides is considered one of the
difficult processes to implement and requires high experience and



efficiency, as well as time and patience, because during any of the steps
the researcher needs to isolate and purify the new compound in order to
be ready for the next step, and the best appropriate conditions must be
chosen that prevent the occurrence of unwanted side reactions in it, as
well as reducing the appearance of the racemization process. In spite of
that, it has been reached to build many peptide compounds based on
traditional methods or modern methods that include conducting the
reactions necessary for synthesis in solid state, and based on modern
methods, hormonal proteins such as insulin, gastrin, parathormone and
others have been synthesized .
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The peptide synthesis process includes three steps

1. Modifying the amine and carboxyl groups that are not wanted to
participate in the synthesis process. This is done by blocking or
preventing these groups by adding chemical groups to them so that they
are unable to react under the conditions of peptide synthesis.

2. In this step, the carboxyl group of one amino acid is linked with the
amine group of another amino acid.

3. Displacement of the blocking groups that were added in the first step.
One of the most important groups that are used to reserve the amine or
hydroxyl groups during the synthesis of peptides is

a. Hydroxyl groups can be blocked through the formation of esters, and
methyl or ethyl groups can be displaced after the formation of the peptide
bond by base hydrolysis.

B. Amine groups can be blocked by benzylchloro carbonate, triphenyl
methyl chloride and others.
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Proteins

The proteins in most cells are about 50% of the dry weight. Proteins are
generally fairly large molecules with a molecular weight ranging from
several thousand to a million or more. Proteins consist of carbon 50-
55%, hydrogen 6-8%, oxygen 20-23%, nitrogen 15-18%, and sulfur O-
4%. Some proteins contain phosphorous, iron, zinc and copper. Nitrogen
is estimated in the form of NH3 by the Kjeldahl method. Therefore,
nitrogen is estimated by knowing its nitrogen content and multiplying the
result by 6.25. This number is a division of 100 by 16, which is the
percentage of nitrogen in the protein. Proteins are the formula in which
genetic factors express themselves. Proteins are of great importance in
the living cell, as all enzymes are protein materials and some of the
proteins have structural functions and the other part works as hormones.
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Polypeptide chains of proteins

The amino acids in protein molecules are linked to each other by
covalently linked, non-ionic electronic bonds, and by peptide bonds to
form long, unbranched chains of polypeptides. Proteins generally fall
under two main classes, the first called simple proteins and the second
called conjugated proteins. When simple proteins are hydrolyzed, only
amino acids are produced. As for bound proteins, when they are
hydrolyzed, in addition to amino acids, other components may be organic
or inorganic. The non-protein portion of related proteins is called a
prosthetic group . Conjugated proteins are usually classified depending
on the chemical nature of the prosthetic group as explained in the table.

proteins Associated group Examples
nucleoprotein nucleic acids tobacco mosaic virus
Lipoprotein lipids Beta-lipoprotein in the
blood

Glycoprotein Sugars Gamma-globulinemia
phosphoprotein phosphate groups casein in milk
hemoprotein Heme (iron porphyrin) | hemoglobin
metalloprotein iron ferritin

zinc alcohol dehydrogenase
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There is another way to divide proteins into two main classes based on
their natural characteristics. The first is called globular proteins, which
dissolve in aqueous solutions and spread easily in them. The peptide
chains of these proteins are wrapped around each other strongly to form
a molecule with a globular shape. The enzymes and hemoglobin belong to
this class of proteins. The second class is called fibrous proteins, which
are theoretically insoluble in water and solid in texture and have
structural or protective functions, such as collagen, which is found in
connective tissues

Al Cliall elal o ) (e I Gl sl g)a) Ak aa gy
U sgosy Lod it s A0lal) Jallaall 8 s Ally (55 80 JSE ld Sl ) cansy J5Y)
3gxis (558 IS Ol Agha 05Nl 358y Lgudamy Jon ligig pall o3gd agiall Judlad) canl

e S Canall Wl Gl e canall 13 ) GuslSoaedl @l clagy)



leds Al Adiay oLl 3 Adly ye dlaal) Baalil e ily papnatll JSEN il iyl
Al Aanad¥) 3 3 s (pa VoS Jlilan iy ) A canlla

Examples of proteins

1. protamines

They are protein compounds with strong basic characteristics, usually
combined with nucleic acids, and they are characterized by having low
molecular weights and consist of specific amino acids such as arginine,
which do not clotting due to heat, and because of their strong basic
properties, they have the ability to combine with other proteins and
nucleic acids.
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2. Histones

These proteins are paired with nucleic acids and contains a high
percentage of basic amino acids and dissolves in water and dilute acids,
but it does not dissolve in dilute ammonia
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3.Albumins

These proteins include a group of proteins dissolved in water and dilute
solutions that precipitate using saturated ammonium sulfate and
coagulate with heat. Many of them have been isolated in the form of
crystals and are found in blood, eggs, milk and seeds. Examples include
ovalbumin found in eggs and albumin serum
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4. Collagen

It is one of the basic proteins in connective tissues. It is insoluble in
water and resists digestive enzymes. However, it turns into easily
digestible gelatinous compounds when boiled with water or as a result of
the action of dilute acids and alkalis. It is characterized by containing a
high amount of hydroxyproline and hydroxylysine. It is usually found in
the skin, hair and nails. All connective tissues.
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5. Phosphoproteins

These proteins are generally found in low rates, and they contain, as is
evident from their name, phosphoric acid, which is usually linked with
serine or threonine by an ester bond. These proteins are usually found in
milk and eggs. Casein in milk and vitellins in egg yolk are the most
famous types of this group of proteins and contain 1% of the phosphorous
that can be easily removed from the protein molecule by the base or
enzymes and these proteins are dissolved in saline solutions.
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6. Nuclear proteins

These include histones, protamines, and nucleic acids and are found in
the cytoplasm and cell nucleus. They also constitute the bulk of the
components of chromosomes, they also form the largest part in plant and
animal viruses.
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6. Lipoproteins

They are proteins that bind with fatty acids and are characterized by
being soluble in saline solutions 10% sodium chloride and can be
precipitated by dilution and are found in mitochondria and blood as they
are found in egg yolks, bacteria and animal viruses.
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Polypeptides

These chains contain amino acids ranging in number from one hundred
to several hundred. All protein molecules of one type are similar in
structure, sequence, and length of the peptide chain. Some proteins
contain one peptide chain while others contain more than one peptide
chain called oligomeric proteins. For example, ribonuclease contains one
peptide chain while hemoglobin contains four peptide chains.
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The size of protein molecules

There are several chemophysical methods for estimating the molecular
weight of a protein. The following table shows the molecular weights and
some properties of a number of proteins. The molecular weight of most
proteins ranges from 12000-1000000 or more.



proteins Source molecular The number | number of
weight of amino | chains
acids
Insulin COWS 5733 51 2
ribonuclease | cow 12640 124 1
pancreas

Lysozyme egg albumen | 13930 129 1
hemoglobin The human | 64500 574 4
blood serum The human | 68500 550 1
Hexokinase yeast 96000 800 4
Glutamate Liver of 1000000 8300 40
dehydrogenase | cows
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The molecular weights of proteins that have

similar functions vary

depending on the source from which they were taken. It is possible to




calculate the approximate number of amino acids that make up a simple
protein, which there is no prosthetic group when knowing its molecular

weight by dividing the molecular weight by 120 and the reason for
dividing by 120 is due to the average molecular weight of twenty acid The
amino acid involved in the synthesis of protein is 138, but when the
peptide bond is formed, a water molecule whose molecular weight is 18 is
lost on it, so the average molecular weight of amino acids is 120
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Plasma Membrane (Plasmalemma)

The cytoplasm is surrounded from the outside by a thin membrane that
separates it from the cell wall and the external environment, and it is part
of the cytoplasm called the cytoplasmic membrane (plasma lemma). There
Is also another inner membrane surrounding the vacuolar vacuole and
separating it from the cytoplasm, known as the vacuolar membrane
Tonoplast. These two membranes are composed of protein molecules,
phospholipids and other components. Each living organelle is surrounded
by a membrane that separates it from the cytoplasm. These membranes
are known as cellular membranes. There is a proposal for the structure of
the plasma membrane called Fluid - Mosaic model. It consists of two
layers of inner and outer phospholipids and particles of globular proteins
scattered inside or floating on phospholipids. The most important
characteristics of the plasma membrane is that it has the characteristic of
selective permeability, that is, it is characterized by controlling the
regulation of the passage of solutes from and to the cell and has the
ability to On choosing what the cell needs from different elements
according to the rules of preference and according to the cell’s needs, as



the membranes contain many enzymes and enzymatic systems, as well as
reactions and metabolic activities such as photosynthesis, respiration and
building proteins take place on the surfaces of the membranes.
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Chemical analyzes of the cell membrane showed that it is mainly
composed of 40% lipids and 60% proteins, which are remarkably rich in
some specialized enzymes. Studies using electron microscopy have shown
that the outer layer of the membrane, as is the case with the inner layer,
consists of a protein that usually surrounds a double layer of lipids.
Which consists of phospholipids and the layers of the lip are arranged in
a special way that includes directing the fatty acids to the center side,
while the final polar groups tend to the outside, and the thickness of each
of the protein and lip layers is 2.5 nm, and there is a central insulator
separating the two layers with a thickness of 2.5 nm. Polar holes with a
diameter of up to 0.8 nanometers It is worth noting that sodium ions
cannot pass this membrane into the cell Phospholipids are considered
amphipathic materials because they contain hydrophilic and hydrophobic
components. Although phospholipids do not dissolve in water, they can



arrange themselves by the effect of ultrasonic vibrations so that the
hydrophilic groups become hydrophilic to the outside and the hydrophilic
groups to the inside, and thus the phospholipids become highly soluble in
water . The method of protein union with phospholipids to form the cell
membrane is that two layers of phospholipids are formed so that the non-
hydrophilic groups belonging to the two layers are adjacent, while the
other hydrophilic ends are exposed to the outside. the outside
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The main functions of the cell membrane include:

1. Protecting the integrity of the interior cell.
2. Providing support and maintaining the shape of the cell.



3. Helps in regulating cell growth through the balance of endocytosis
and exocytosis.

4. The cell membrane also plays an important role in cell
signalling and communication.

5. Control of voluntary permeability, that is, it controls the
regulation of entry and exit of various substances into cells and
also organelles, meaning that it allows certain compounds to enter
and prevents the entry of other substances at a specific time and
also allows compounds to leave the cell or enter the vacuole in
specific quantities and at different rates according to the degree of
their dissolution in Different regions of the membrane according to
the needs of the cell. Polar materials such as groups of CHO, NH2,
OH, COOH and mineral salts enter the cell slowly, and non-polar
compounds such as alcohol and chloroform that dissolve in fat
quickly penetrate. The membranes are impermeable to
polysaccharides, phospholipids and proteins.

6. Mineral salts are transported across membranes by inactive
transport (passive) and active transport that needs energy through
the method of carriers and protein pumps, while, passive transport,
which is a natural or physical transport that is subject to physical
phenomena, and ions are accumulated against the concentration
slope without invoking Metabolic energy from the cell, and the
negative transport takes place in the form of ion exchange -
Donnan equilibrium - Solvent stream - Chemical transformation. It
will be explained in the absorption and transfer of elements or ions
within the plant.
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CELL MEMBRANE @ovus

Carbohydrate

Alpha-helix Protein
¥ Channel Protein

Peripheral Protein

Transport process in plasma membranes
The primary function of the cell membrane is to allow the movement of
essential compounds needed by the cell and their passage into the cell.
There are four ways to do this
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Diffusion Across the
Plasma Membrane
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1.Free or simple diffusion

Low molecular weight nutrients are able to penetrate into the cell and
this process depends on the concentration of the substance (concentration
gradient )on both sides of the membrane as the material is directed from
the upper concentration of environment to the lower concentration and
this type of diffusion does not show any specialization of stereospecificity,
for example amino acids of type D and L It is carried out across the
membrane at the same speed, and it is not believed that this type of
mechanical permeability is important in transporting the materials that
the cell needs for different activities across the membrane, due to the
slow pace of this type of diffusion and the absence of any kind of selection
that regulates the passage of different materials through the membrane.
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2. Facilitated diffusion

This diffusion is somewhat similar to simple or free penetration
(diffusion) in that the concentrations of the substances that pass the
membrane must differ on both sides and this penetration process does not
need to expend any energy. As for the points of difference of the
facilitated penetration from the free or simple access, it is 1. The
presence of a special protein called a carrier or permease that helps and
speeds up in process 2. The presence of specialization in this type of
penetration, that is, it differentiates between D and L amino acids

The mechanism of permeability is facilitated by the aforementioned
special protein present in the membrane to form a complex with the
substance that will penetrate into the cell. This substance then separates
from the complex and penetrates into the cell. The carrier specializes in
transporting certain materials and many of these specialized proteins
have been separated from lactose, glucose, arginine, tyrosine and others.
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This process is similar to facilitated diffusion, except that the substance
that passes through the cell membrane passes from a low concentration
environment to a high concentration environment. Accordingly, this
process requires energy consumption and it was found that some cells
spend more than 50% of the ATP present in them to carry out the
accumulation process of the amino acid called glycine inside it.
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4.Group translocation
This method has been proposed for the diffusion of glucose through the
cell membranes, by turning glucose into glucose-6-phosphate, so that this

phosphorylated glucose cannot penetrate backward into the cell. This
process requires a special protein that contains histidine.
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Amino acid analysis

Accurate estimation of amino acids is one of the important things that
determine the characteristics of a protein and helps to know its initial
structure. The analysis of amino acids can be summarized in two steps

1. Protein hydrolysis (analysis) into its basic components

into its basic components The hydration of the protein in a complete way
can be done either by using a strong acid or a strong base or by enzymes.
It is preferable in the analysis of proteins to use the strong acid, which is
usually 6-N hydrochloric acid. The reaction takes place in closed vacuum
tubes and at a temperature of 110 ° C for periods of time up to 72 hour .



Under these conditions, the peptide bonds constituting the protein are
broken, forming amino acid chlorides, with some exceptions. The amino
acid tryptophan, which is separated during the hydration process, is
completely broken down at the same time to convert to another
compound, and a limited amount of sersin and valine are lost.

Protein can be completely hydrated when treated with nitrogen or sodium
hydroxide at a temperature of 100 °C and for a period ranging from 4 to
8 hours. Such hydrolysis (analysis) is used within narrow limits for
several reasons. a. Breaks down cysteine, cysteine, serine, threonine, and
arginine B. The rest of the amino acids may be disintegrated or destroyed
due to the withdrawal of the amino group from them c. The racemiation
of amino acids occurs
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2. Determining the type and quantity of released amino acids

After the protein is completely hydrated to its contents of amino acids,
the next step is to estimate each amino acid individually using
chromatographic methods or electro-migration, as well as the separation
process using an amino acid analyzer, in which the acids are
automatically isolated
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Chromatography methods

The word chromatography literally means colored writing. The basis of
separation by chromatography depends on taking advantage of some
physical properties of molecules such as 1. Solubility 2. adsorption . 3.
Volatility

In chromatography, two properties can be used simultaneously
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It should be noted that the material in the chromatography distributes
itself between two different phases, one of which is mobile and is called
the mobile phase and the other is stationary and is called the stationary
phase. The mobile phase can be a liquid or a gas while the stationary
phase is a thin layer of a solution or powder Flour from a solid material
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Gas-liquid chromatography

It is symbolized by GLC, in which the mobile phase is a gas and the
stationary phase is a liquid on a solid substance. It is used in the analysis
of amino and fatty acids and vitamins. Its advantages are that it is a quick
and accurate method in separating components, as the model takes 20-60
minutes to separate its components and 50 compounds can be identified.
The resulting chromatogram prepares us with sufficient information
about the quality and quantity of separated compounds. One of its
advantages is that the column can be used for several times and different
liquids can be used as a stationary phase
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Components of a gas-liquid chromatography

1. Carrier gas There are different gases used for this purpose and the
appropriate ones are tested according to the detection unit in the device.
The commonly used gases are nitrogen, helium, argon and hydrogen, and
they can be provided in compressed cylinders and in a pure form. The
gases are on the used Column. If its diameter is 0.6 cm, this needs a
speed of gas ranging between 50-70 ml / min, and if its diameter is 0.3
cm, it needs gas with a lower speed ranging between 25-30 ml / min.
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2. Sample injection

It is necessary to enter the Sample into the device quickly and in the least
possible time. The time that takes one second to enter the model is better
than 10 seconds because the long time causes distortion of the resulting
peaks A special microsyringe is used to inject the Sample and there are
different shapes and sizes, but 10 microliters is sufficient, as 5-10
microliters can be injected with it. 10-15 degrees Celsius
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3. Column

It consists of a long coiled tube filled with a support solid material
impregnated with a stationary phase liquid, and this column is called a
packed column. The column is made of many materials such as steel,
aluminum, copper or glass, and the most used is steel because it bears
high heat and does not interact with the components of the sample.
Pressure drop is the result of the difference between the pressure of the
gas entering the column and its pressure at the exit, and the greater the
difference, the lower the efficiency of the column to separate
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4. Solid support

The main function of the supporting material is to distribute the
stationary liquid over a large area around its small particles, and its
advantages are the homogeneity of its grains in composition and size,
and it is inactive to prevent adsorption on it. The materials used are
Chromosorb P, W, G, T as well as Celite 545 and others
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5. Stationary phase

One of the characteristics of the stationary phase liquid is that it is a
non-volatile substance under the temperature conditions used in the
device. In order to obtain good separation processes for the compounds,
this requires that the chemical composition of the stationary phase be
similar to these compounds, such as the hydrocarbons used for the
stationary phase. It becomes suitable for the hydrocarbon compounds to
be separated and at the same time Polar compounds such as alcohols
and amines also need a polar fixed phase The choice of the stationary
phase also depends on the degree of melting of the model compounds in
it, because if it is not dissolved in the stationary phase, it moves quickly
with the gas moving out of the device without a separation process and
the resulting peaks are small
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6. Temperature
It plays a large role in the separation processes and for the
purpose of controlling the temperature of the furnace in which
the column is placed, it must be noted a. The higher the
temperature, the lower the efficiency of the column in the
separation process B. The higher the temperature, the faster the
compounds evaporate after injection, and the resulting peaks

will be uniform C. The higher the temperature, the greater the
risk of depletion of the stationary phase in the column
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7. Detector Unit

It works to sense and measure the amount of compounds in the sample
after leaving it with the gas from inside the separation node and the types
present are

a. Thermal conductivity Detector

b. Hydrogen Flame lonization Detector
c. Electron Capture Detector

d.. Phosphorous Detector

e. Argon Detector Unit
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The structural system of proteins

One of the most difficult problems facing the study of how protein
molecules exist in the native state is knowing the coiling or folding for
multiple peptide chains. The use of X-ray diffraction has helped to obtain
accurate information in this field for globular proteins or fibrous
proteins. The scientist Pauling made the first successful efforts in
studying the structure of the protein called alpha-keratin using x-rays.
The results showed that the protein molecules are folded on themselves in
their natural state to form a helical structure called alpha-helix due to the
presence of hydrogen bonds between -NH- and C=O in the peptide
chain.There are 3.6 amino acids in one cycle of alpha-helix, and the
terminal groups R-groups play an additional role in the formation of the
final structure of protein molecules. It is known that amino acids are
divided into four sections relative to the terminal groups as mentioned
earlier, which are nonpolar and polar. Positively charged, non-polar,
and negatively charged.
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There is no doubt that proteins are among the most complex compounds
in nature, and the complexity is due to the size of the protein molecules.

The composition of one protein differs from another in the following
points 1. Number and type of protein-forming amino acids in peptide



chains 2. The sequence of amino acids in each peptide chain 3.
Stereotactic distribution of mixed groups and atoms in the peptide chain
4. The three-dimensional arrangement of the protein molecule 5. The
general shape of the protein molecule 6. Assembling the protein unit
molecules with other units to form groups with high molecular weights 7.
Binding of proteins with non-protein materials
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In order to reach a clear understanding of the nature of the structure of
these molecules, it is necessary to study the structural system of the
protein, which has been defined in four levels: 1. Primary structure
Which refers to the exact number and arrangement of amino acids and to
the association of these acids with each other by peptide bonds in the
protein molecule and does not include any other bonds that exist between

amino acids It is worth noting that the number of amino acids gives a
general idea of the size (molecular weight) of a protein.
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The process of extracting the primary structure of proteins is
summarized by conducting several chemical processes and then linking
the results of each process in order to reach the true structure of the
protein molecule. These steps can be summarized as follows 1. Knowing
the number and type of amino acids involved in the structure of the
protein molecule 2.Determination of the molecular weight of the protein
3. Extraction and identification of the number of polypeptide chains that
make up a protein molecule 4. Isolation of polypeptide chains by
conventional chemical methods 5. Cutting long peptide chains into short
chains that facilitate their study 6. Deduction of the amino acid
arrangement of the yellow peptide chains resulting from the severing of
the long chains 7. For the purpose of knowing the arrangement of the
amino acids in the mother chain, all the results for each small peptide are
collected with each other after knowing the connection points of the small
peptides with each other within the structure of the mother peptide
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All peptide chains that make up proteins when they are not in a ring

shape or when they are not protected or reserved for any reason, contain

at one end an amino acid carrying a free amino group called the N-

terminal amino acid, while at the other end contains an amino acid

carrying a free carboxylic group The carboxylic end is called C-terminal

as in the previous figure. Therefore, it is possible to know the number of

chains that make up the protein molecule by identifying the number of
terminal amino acids that represent the amino or carboxylic terminus.
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For example, a protein that contains one alanine molecule, a lysine
molecule and a serine molecule at the amino end means the presence of
three peptide chains. It is possible to infer the amino acids that represent
the amino end through the following methods
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1. By treating the peptide chain with 1-fluoro-2, 4-dinitrobenzene in a
weak basal environment (reaction with Sanger reagent) as mentioned
previously. Sanger was the first to use this reaction in his study of the
primary structure of protein compounds. After the interaction takes place,
the protein is treated with acid. Hydrochloric acid leads to the breaking
of all peptide bonds in the protein, releasing all amino acids, while the
amino acid located at the amino end is isolated in the form of a yellow
derivative as a result of dissolving it in non-polar solvents, thus
identifying the amino acid that occupies the amino end of the peptide
chain.
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2. By Edman reagent

The most important methods used to identify the amino acid that
represents the amino end of the chain, and as mentioned previously, the
reagentreacts with the free amino group of the terminal amino acid in a
weak base environment to produce the derivative compound Phenyl
thiocarbomyl, and when the product is treated with trifluoroacetic acid,



we get Phenyl thiohydantion for the terminal amino acid in addition to a
peptide less than the original peptide by one amino acid and as a result
the new peptide contains a new terminal amino acid that can be re-
treated with the same reagent to get a new amino acid and another
peptide chain and so the process continues until the arrangement of
amino acids within the peptide chain is identified and until ten amino
acidsThe efficiency of this process can be increased so that the number of
amino acids can be increased to twenty amino acids if the reaction is
conducted very accurately, and those reactions can be clarified by the
following equations
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There are other reliable ways to identify the terminal amino acids in
which enzymes are used instead of chemical reagents, and these enzymes
include leucine amino peptidase, which requires the presence of a free
amino group within the peptide chain or protein. The enzyme separates
only the terminal amino acid from the rest of the amino acids constituting
the peptide chain or protein, and the effect of the enzyme is saturated with
an addictive reaction, and the arrangement of amino acids from the
amino end up to 15 amino acids or more can be identified if the reaction



Is done accurately , the enzyme can release all the amino acids at the
amino end except for proline
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Identifying the amino acid terminal at the carboxylic terminus

1. By reaction with hydrazine

It is one of the most important chemical methods used in identifying
the amino acid terminal at the carboxylic end. This process is
summarized by heating the polypeptide or protein with dry hydrazine at
100°C for 6 hours. The peptide bonds are broken down to bond with
hydrazine, except for the amino acid, which occupies the terminal
carboxylic position due to Because its carboxylic group is not linked to
the peptide bond within the protein molecule, as mentioned previously . It
Is possible to separate the free amino acid from the rest of the hydrazine
derivatives of the amino acids by using the usual separation methods,
thus identifying the type of the terminal amino acid at the carboxylic end
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2. By enzymes

The use of enzymes to determine the amino acids at the carboxylic end is
one of the most important and most widely used methods in this field by
using a group of enzymes known as carboxypeptidase, whose action is
similar to that of the aforementioned leucine amino peptidase enzyme.
The enzyme carboxypeptidase A works by successively liberating amino
acids from the free carboxylic end , and it cannot release arginine, lysine,
and proline. As for carboxypeptidase B enzyme, it works to release
arginine and lysine. As for proline, it is removed from the chain using the
enzyme carboxypeptidase C .
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The next step to determine the sequence of amino acids is to split the
polypeptide or protein into small parts or pieces as a result of enzymatic
analysis using a type of endogenous enzyme such as pepsin and trypsin,
which is the most widely used enzyme because it is more specialized than
the rest of the enzymes as it specializes in breaking the peptide bonds of
arginine and lysine only After knowing the number of acid molecules in
the protein molecule, it is possible to predict the number of pieces or



parts that can result from treating the protein with the trypsin enzyme.
Separating the pieces from each other by chromatographic methods or
electrophoresis. After that, the arrangement of amino acids within each
piece is identified and their amino and carboxylic ends are identified
using the above-mentioned methods.
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After that, the correct arrangement of the parts or pieces resulting from
the effect of the enzyme trypsin on the polypeptide must be determined.
amino acids by the usual methods and from collecting the results in both
cases, the amino acids can be arranged within the polypeptide or the
original protein This method was used by Sanger during his work in

identifying the primary structure of the hormone insulin, which he
successfully completed in 1953 and won the Nobel Prize.
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Primary structure . The A chain of insulin is 21 amino acids long and the B chain is
30 amino acids long, and each sequence is unique to the insulin protein.
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Primary structure . The A chain of insulin is 21 amino acids long and the B chain is 30
amino acids long, and each sequence is unique to the insulin protein.

2. Secondary structure of proteins

The oxygen belonging to the carbonyl group and the hydrogen attached
to the nitrogen atom in the peptide bond are able to form hydrogen bonds
and in the water environment these atoms are free to form hydrogen
bonds with water molecules In all types of proteins, some sections of the
polypeptide chain are isolated from direct contact with the solvent
because they are immersed within the overall structure of the protein
molecule. Under these conditions, even if the peptide bonds are exposed
to the surface of the solvent, these groups have the ability to form
hydrogen bonds between the peptide bonds of the peptide chains that
make up the polypeptide The secondary structure of the protein includes
how the polypeptide chain is twisted to give stable shapes through the
hydrogen bond.

1. The a-helix

Is characterized by the presence of 3.6 amino acid units for each cycle
of the curve. The diameter of the helix is estimated at 10 angstroms, and
the R groups stand out from the rod like and this structure is caused by
the presence of a hydrogen bond linking carbonyl oxygen and amide
nitrogen



Glidigll (golil) iyl L2

Spal (A Oyl 53 byl Gagsnedls dasplsll deseadd AU SV Sy
OsSE (B Bpa Dbl a8 ) el g A el ealsV) G0 e Al
slall Gl pe Ay 2 yual)

Juai¥l e Agire afin (ol Adudial daglil) adaliall (oamy (585 Qi) ¢ 153l paen
oda Caaly (gl Al (S SN JAb 3y5ene L3S s Gudalll ae bl
Gl apelaall 538 98 ) mh ) daasiadl Il e e b g iyl
ol Sl dpninll Judludl Ayl gl juals) G Ay as jealg) (S5 e 38l

v

REREK]

- e

Gob oo A0 YISH il afull axeie dludus o )8l 488 (55l (5l Sl ety
O Sy Aibesl) Lglias Aal) alaal) desr o aldieWhy dpiag el 35aY)

ot sl Sl Ji 2 TN Vs (e g Shat Rt JSE
il ala 53n5 3.6 3smr sslall inial Sesty o-Helix W) g3l sl ]
e B (IR pslas 585 ag s 10 @ gg)lall jlad iy Jaiall (e 550 U<
)&l pan€l oy Aiagjam Bpal 25 o aall Sl 13ag rod like )

Y] g i






a-helix structure of protein
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a-keratin is the model that represents the alpha helix because it contains
large numbers of multiple peptide chains linked by hydrogen bonding.
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Beta pleated sheets Alpha helix

2. Pleated sheet

The peptide chains are arranged along each other to form shapes called
pleated sheets. The polypeptide chains extend with zigzag dimensions.
These plates are stable by the hydrogen bond linking the carbonyl group
with the amide group, and the R groups are located at the top and bottom
of the plate, and the peptide chains are arranged Either in one direction
or in opposite directions

Pleated sheet i shdll dixwall.2
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peptide chains in opposite directions peptide chains in one direction

3. Triple helix

It is also called the collagen helix curve, and this structure is represented

in the construction of collagen, as three polypeptide chains are twisted
together to form a triple helical curve. As well as the participation of the
hydroxyl group of the amino acid hydroxyproline in bonding with the
hydrogen bonds in addition to the presence of covalent bonds of glycine
within and between the peptide chains
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Single polypeptide
chain folded into
a helix with 3.3
residues per turn

Three polypeptide
chains folded together
1o form a triple-heiical
cable

Triple helix

There are other structures such as the random coil, and the Turns Beta
Beta — Turns Ly g5 Random coil Jlgdall ¢53lall Jie (o)) sl llia
3. Tertiary structure

The tertiary structure of the protein includes the three dimensional
structure of the globular protein caused by the interaction of the R-group
(side groups ) with each other, which makes the polypeptide chain
strongly folded. The stability of the three-dimensional structure is due to
the bonds and forces present in the protein, which include.

1. Hydrogen bond 2. Disulfide bond 3. lonic bonds 4. Hydrophobic
interactions 5. Van der Waals forces
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An example of the tertiary structure of a globular protein is myoglobin,
which works to transport oxygen in muscles, which consists of a single
polypeptide chain consisting of 153 amino acids and an iron-containing
Heme group. The structure of each piece is an alpha helical structure, but
the general shape of myoglobin resulting from the interactions of the side
groups is what gives the three-dimensional structure, which is
characterized by the following

1. The polypeptide chains are tightly folded allow for only a few water
molecules to be inside. 2. All the hydrophilic polar amino acid side
groups such as lysine, arginine, glutamic, aspartic, serine, threonine and
histidine are located on the outer surface of the molecule almost and are
exposed to water. Protein 3. The hydrophobic side groups of non-polar
amino acids are located to the inside of the protein molecule such as
valine, leucine, isoleucine and phenylalanine, and for this reason, most
proteins are insoluble in organic solvents 4. Proline cannot participate in
the alpha-helical structure and is located in the bends of the polypeptide
chain 5. The iron-containing heme unit is non-polar, hydrophobic, and
inwardly assembled with non-polar amino acids.
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4. Quaternary Structure

If a polypeptide contains more than one peptide chain, then the protein
belongs to the quaternary structure, which is the association of a group
of protein subunits, whether they are similar or not, to form what is
known as an oligomer, which is a small polymer.

1. In a quaternary structure, a protein is made up of subunits that are
bonded together by non-covalent forces 2. In order for the protein to
show its vital activity, the secondary units must be combined 3. The
enzymes that work on the same base material and give the same results,
but differ in their properties, are called isoenzymes like phosphatase, and
they can be separated by electrophoresis.
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Quaternary Structure

PROTEIN STRUCTURE




Types of bonds in protein
1. Disulphide bonds

This type of bond may link two parallel polypeptide chains through the
amino acid cysteine, which is present in both parallel chains. These
reactions are used to oxidize insulin and separate the two chains without
affecting the remaining parts of the insulin molecule.

2. Hydrogen bonds

Consists of the participation of acidic hydrogen atoms bonded to
nitrogen, oxygen, or sulfur and the oxygen atoms present in a single
intramolecular H-bond polypeptide chain, or in various intermolecular
H-bond chains of peptides. The idea of peptide chains in the form of an
alpha-helix is built on the basis that the folded protein structure is
supported by the hydrogen bonds present in it.

3. Hydrophobic interaction

The non-polar side chains of neutral amino acids in proteins have the
ability to conjugate and bind with each other in the aqueous medium,
with no real bonds between these non-polar chains. However, these
interactions play an important role in supporting the synthesis of proteins

4. Van Der Waals forces The attraction of the Van der Waals forces is
inversely proportional to the distance between the attractive groups in the
non-polar hydrocarbon side chains, as the repulsion occurs when the
distance converges 5. lonic bonds Formed between basic amino acids
such as lysine and arginine and acidic amino acids such as aspartic and
glutamic.
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properties of hydrogen bonds in water

The hydrogen bonds are very weak compared to covalent bonds, where
the energy of hydrogen bonds in one mole of water is estimated at 4.5
kilocalories mol ™ compared to 110 kilocalories mol ™ to the bond of the
pair of electrons ( H-O )present in the water molecule. The bond energy
Is the strength The need to break the bond Despite this, the hydrogen
bonds have sufficient strength to give water its internal cohesion,
knowing that the half-life of the hydrogen bond is estimated at less than
one millionth of a second, as the hydrogen bonds are formed and broken
in this short time. For this reason, we find that water is a non-viscous
liquid.
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Solubility of proteins Proteins



Proteins differ in terms of their solubility in solutions. They are
generally poorly soluble in water and polar solvents, but they are a
colloidal solution with water that has a special viscosity. The solubility of
proteins depends on four main factors that affect the protein structure: 1-
pH: The degree of solubility of proteins is greatly affected by the value of
the pH due to their amphoteric behavior, where the degree of solubility is
at least (the precipitation of protein increases) at the isoelectric point (pl)
and increases whenever it is in a state of change from this point either by
increasing acidity or Increasing the basal and being in the form of
negative or positive ions, and this feature is very useful in separating
proteins that have a different PH from each other.

The isoelectric point (pl) is the pH in which the positive and negative
electric charges of the protein are neutralized, meaning that the net
electric charge on the protein is zero.
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2- Heat: The heating process leads to a change in the quaternary, triple
and bilateral shape of the protein, which causes it to lose its vital
effectiveness. This is called denaturation, meaning a change in the
natural state of the protein, where protein precipitation occurs from the
dissolved solution in it when exposed to extreme heat. Mutant includes
changes that occur to the protein from the physical, chemical and
biological aspects, and thus leads to a change in the normal state of the
protein, which results in the loss of physiological activity, as happens



when enzymes lose their effectiveness. The mutant results when the
protein is exposed to

1. Very high acidic or basic levels break the hydrogen bonds in the
protein 2. High temperature 3. Ultrasonic vibration 4. Heavy metal salts
such as mercury 5. UV 6. X-ray 7. High concentrations of some
compounds such as urea, which break down hydrogen bonds 8. Exposing
the protein to organic solvents such as acetone and ethanol even at low
temperatures 9. Breaking down protein by crushing it

Changes in protein due to denaturation

1. Low solubility of protein

2. Changes in the internal structures of the protein

3. Ease of decomposition by proteolytic enzymes

4. Increasing the chemical activity, sulfhydral group and ionic
susceptibility of the protein

5. Total or partial loss of the original biological activity
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\
—

A sulfhydryl group (also called “thiol group”) consists of a sulfur atom, bonded to
hydrogen.

agents: pH, temp, ionic strength, solubility

Denaturation
loss of
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Functional protein Denatured protein

Re-natured protein to its original position depends on several factors,
including the nature of the protein structure, the time period to which the
denatured protein was exposed, the depth of the denaturation, and the
kind of the causative factor.

Denaturation is a non-reversible condition, although there are some
exceptions such as

1. Denaturation of hemoglobin with strong acid and return it to its
normal state by treating it under appropriate conditions

2. Thermal denaturation of ribonuclease extracted from the pancreas,
which can be returned to its normal state using cooling.
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A sulfhydryl group (also called “thiol group”) consists of a sulfur atom, bonded to hydrogen.
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3- lon concentration: Globular proteins dissolve only slightly in water,
and their solubility increases greatly due to the neutral salts used such as

(NH24)2SO4 ,  Na2SOs4, K2S0s , MgCl2 , MgSOa. The reason for the

precipitation of proteins (lack of solubility) in the presence of high salt
concentrations is that the salt ions attract water molecules Polarity
leaves the protein molecules, which leads to their gathering together and
thus their precipitation. This phenomenon is called salting out. As for low
concentrations of salts, the solubility of proteins is increased, and this
phenomenon is called salting in. This phenomenon can be explained by
changes in the ionization ability (dissociable) of R groups, as it is known
that one of the factors that increase protein bonding is the difference in
charges in the protein molecule, which is reduced by using salts that
work to give ions that bind to the total charges in the protein and reduce
interference and thus increase solubility
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The colloidal nature of protoplasm

Protoplasm is a complex colloidal system that contains hydrophilic and
hydrophobic colloids, but the hydrophilic colloids are predominant in this
system. Protoplasm in general has many properties of colloidal solutions.
For example, if we put a drop of plant juice in a glass and pass a beam of
light in it, the phenomenon of Tindall appears clearly as well. If we take a
drop of plant juice and examine it with a microscope, we notice the
Brownian movement. The phenomenon of adsorption can also be
observed if the epidermis of a plant is placed in a diluted solution of
methyl blue dye for several minutes, then washed well with water and
examined under the microscope, we notice the adsorption of methyl blue
dye, as the color of the cells becomes blue. Another characteristic
attributed to the colloidal nature of protoplasm is its ability to transform
from a sol state to a gel state as a result of changes in temperature,
hydrogen ion concentration and other factors. It can be said in general
that at low temperatures close to zero degrees centigrade, the protoplasm
tends to be in a gel state, and at somewhat higher temperatures it tends to
a sol state, If the temperature rises to 50 ° C, the protein molecules that
make up the protoplasm accumulate in an irreversible accumulation,
which leads to the death of cells and this is the reason why respiration,
photosynthesis and other vital activities completely stop at temperatures
exceeding 50 ° C, which represents a colloidal state of the type of egg



white, and protoplasm may accumulate due to the influence of factors
other than temperature such as some electrolytes, electrical effects and
waves Certain radiant energy, such as ultraviolet rays and X-rays.

In the case of germinating seeds, the protoplasm that is on the gel form
turns into its liquid form for imbibitions with water at the time of
germination. The stability of the protoplasm is due to the electrical
charges carried by its protein particles. At a certain concentration of
hydrogen ion, the charges of the colloidal protoplasm particles may be
completely neutralized. When this happens, the protoplasm is less stable
and tends to precipitate, causing serious consequences for the life of the
cell, and it is not easy for this to happen because of containing citrate,
phosphate and acetate salts, which stabilize the pH
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Lipids

The lipids, along with carbohydrates and proteins, are the most important
nutritional components of the human, and lipids in particular are very
important from a biochemical point of view for two main reasons, the
first of which is the high energy contained in the fat store inside the body,
which greatly exceeds the energy stored in the form of carbohydrates and
the second reason is the role that these compounds play in cellular
structures In addition, it is important from a commercial point of view, as
soaps and detergents are extracted from it, and some oils have a role in
the manufacture of dyes.

Lipid are heterogeneous organic compounds that contain atoms of carbon,
hydrogen, oxygen and the last two, which are not present in proportion to
their presence in water, but the ratio of hydrogen to oxygen is large.
Lipids are characterized by their insolubility in water because they are
non-polar compounds, but they dissolve in non-polar solvents such as
ether, chloroform, benzene, lipids, and fats are not composed of one type
of molecules, but rather of more than one type.

The term lipids are used to denote a wide range of compounds,
sometimes including everything that is not dissolved in water, or what
may be considered non-polar materials of organic including waxes, fatty
acids and their derivatives of phospholipids, sphencolipids or glycolipids
or terpenoids and others.
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Benefits of lipids

1- A source of energy. Where one gram gives 9 kcal.

2- It is involved in the synthesis of components of cell membranes
3- It is involved in the composition of blood plasma in a certain
percentage.

4- Interferes with the synthesis of animal hormones

5- Its presence under the skin makes it an insulator for heat exchange -
and it gives the skin its elasticity

6- Fats are substances that carry vitamins dissolved in fats and are
necessary for their absorption and transport inside the body.

7- It protects some of the body’s internal organs (the kidneys and the
heart), thus absorbing shock.

8- It is found in great concentration in the nervous tissue and is an
electrical insulator

- 9- The electron transfer device in the mitochondria of the animal is
located inside the phospholipids

10-It is involved in the formation of brain cells and nerve tissues
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Classification of lipids


https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D8%AF%D9%87%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AF%D9%87%D9%86_%D9%81%D8%B3%D9%81%D9%88%D8%B1%D9%8A

Lipids are divided into several sections according to their chemical
structure, food sources, or functions.
1. Simple lipids:

High fatty acid esters combined with simple alcohols such as glycerol
include:

A- Oils and fats (animal fats): These are the esters of fatty acids with
glycerol or glycerin.

B - Waxes: It is the esters of fatty acids (of high weights) with alcohol (of
high weight) other than glycerol as cholesterol. Waxes have no nutritional
importance, especially for poultry.

2.Compound lipids:

They are substances whose molecules consist of several compounds
related to each other by different chemical bonds.

It is the esters of fatty acids with glycerol, as previously mentioned in
oils and fats, except that they contain other additional groups as follows:
A- Phospholipids:

Combination of fats (glycerol esters or high alcohols with fatty acids)
and phosphoric acid such as lecithin and cephalin (found in eggs, brain
tissue and nervous tissue). A nitrogen base is included in its construction
and is divided into two types, the first is the derivatives of glycerol
phosphate and phosphoric acid is related in this type of compounds with
an ester bond with a nitrogenous or non-nitrogenous alcohol and the
second phosphate derivative of Sphingosine that contain fatty acids
linked to an ester bond in addition to phosphate binding to a nitrogen base
such as choline and ethanol amine
B- Glycolipids:

They are fats attached to a carbohydrate molecule (glucose or galactose)
found in the brain.

C- Lipoprotein:

They are fats associated with a protein molecule such as blood
lipoprotein, in which cholesterol binds with the protein molecule and
plays an important role in the transfer of fats within the body, and there is
such a type as a component of cell membranes.

D- Amino lipids: combine with an amine group

E - Sulfo-lipid: they bind with sulfur, like those found in brain cells

3. Derived lipids:

They are lipolysis products and include free fatty acids or various
alcohols such as glycerol or cholesterol and may be single or incomplete
linked to some fatty acid , or may be vitamins such as A, D, and K.
They include:

1. Steroids, which are high fatty acid esters with cyclic alcohols,
including cholesterol.

2. Sterols



3. Bile Acids
4.hormones
5. Carotenoids
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Fatty acids

Fatty acids are a group of organic acids, so named because of their
presence as major components in fatty compounds such as glycerides,
phosphoglycerides, waxes, and others. Fatty acids can be defined as they
are aliphatic carboxylic acids with one carboxyl group on one end, often
attached to an unbranched carbon chain ending with a methyl group on
the other end. The carbon chain can be saturated or unsaturated. Most
naturally occurring fatty acids contain a carbon chain with an even
number of carbon atoms ranging from 4 to 28.

Fatty acids are present in association with glycerol alcohol, in the form of
esters and rarely in a free form in living tissues. A large number of fatty
acids have been separated from each other, such as butyric acid, palmitic
acid and stearic acid, (saturated fatty acids), oleic acid and Linoleic acid
(unsaturated fatty acids) . fatty acids are the building block of fats, of
which there are many types and the general formula of fatty acids is (R-
COOH).

Fatty acids are divided into two types according to their sources for
humans:

1. Essential Fatty Acids: EFAs They are what the human body cannot
manufacture and must obtain from food It consists of two groups: omega-
3 fatty acids, such as alpha-linolenic acid, and omega-6 fatty acids, such
as linoleic acid.



2- Non-essential fatty acids: These are what the body can manufacture (it
does not need it from an external source). such as, palmitic acid, stearic

acid.
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Properties of fatty acids

1. Saturated fatty acids are fatty acids in which all the carbon atoms are saturated with
hydrogen, and the general formula is CH3(CH2)nCOOH. When the n is between 2
and 10, the fatty acid is a short-chain fatty acid, and when n is greater than 11, the
fatty acid is an acid Long-chain fatty acids, the most important of which are saturated
fatty acids:

Unsaturated fatty acids are fatty acids that contain at least a double or triple bond
between two carbon atoms.
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https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A3%D8%AD%D9%85%D8%A7%D8%B6_%D8%A7%D9%84%D8%AF%D9%87%D9%86%D9%8A%D8%A9_%D8%A7%D9%84%D8%A3%D8%B3%D8%A7%D8%B3%D9%8A%D8%A9
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Alpha-linolenic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%A3%D8%AD%D9%85%D8%A7%D8%B6_%D8%A7%D9%84%D8%AF%D9%87%D9%86%D9%8A%D8%A9_%D8%BA%D9%8A%D8%B1_%D8%A7%D9%84%D8%A3%D8%B3%D8%A7%D8%B3%D9%8A%D8%A9&action=edit&redlink=1

2. The difference in saturated and unsaturated fatty acids in their physical and
chemical properties is due to the differences that exist in their hydrocarbon chains, as
saturated acids are found in the zigzag, and unsaturated acids, because they contain
places of unsaturation, make their hydrocarbon chains bends at approximately 30 °
angles and this ilt makes them occupy a small space, which gives them great vital
importance when entering as a component of cell membranes in various tissues

3- The presence of unsaturated fatty acids in a linked form in glycerides in a large
amount that makes glycerides in liquid form (Qils), but the presence of saturated acids
in a large amount in the previous compounds (glycerides) makes them in the solid
form (fats).

4- Long-chain fatty acids (16-18) carbon atoms does not dissolve in water, but the
sodium and potassium salts of these acids are colloid with water.

5- Unsaturated fatty acids which contain more than one double bond in the
hydrocarbon chain, these bonds are separated from each other by a --CH2 group
meaning that the double bonds are non conjugoted. Note the formula

-CH=CH-CH2-CH=CH -

6. Fatty acids the neighboring pattern (Cis) is less stable than the counter type
(Trans), as the neighboring pattern can be converted to the antagonist by heating in
the presence of an oxidizing agent of a third (Oleic acid) Cis type having a melting
point of (13.5 °) that turns into eliadic acid) of the Trans-type that has a melting point
of (43.5 °), meaning that the neighboring pattern is less stable than the anti-type.

cis-fatty acid
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Enzymes

Enzymes are biological catalysts that increase the speed of chemical
reactions by reducing the activation energy that occurs inside living cells,
whether plant or animal, without changing during these reactions. Most
enzymes are proteins consisting of amino acids formed by living cells and
can function independently outside living cells after the appropriate



conditions are provided for them. The reactant in enzymatic reactions is
called the substrate, which is the substance on which the enzyme works
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Enzymes functions
1. Maintaining the balance of the body by controlling chemical reactions

2. Enzymes reduce the amount of energy needed to start a chemical
reaction, and this helps protect them from exposure to high temperatures
that lead to denaturation and the dismantling of protein synthesis in the
body.
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General properties of enzymes

1. The enzyme fully performs its function under optimum physiological
conditions of temperature, pH and specificity of the substrate



2. All enzymes are protein substances except for small groups of RNA,
which were recently discovered to have enzymatic activity

3. Many enzymes do not show their effectiveness in the absence of one of
the non-protein components, which is called the cofactor, and the inactive
protein part is called apoenzyme, and the active part (the protein part
and the cofactor) is called holoenzyme and the cofactors are either in the
form of minerals such as magnesium, manganese , iron ,selenium and
copper ions or in the form of an organic molecule called coenzymes such
as NADH, NADPH, FAD and others. Some enzymes need both types,
which are metal ions and coenzyme. When the cofactor is linked with the
enzyme by a covalent bond, it is called the Prosthetic group.

4. The difference between enzymatic reactions and non-enzymatic
reactions is that the substrate in enzymatic reactions is transformed with
high efficiency and speed. As for non-enzymatic reactions, a percentage
of the starting material is transformed into a product and the rest is lost
in many side reactions, for example, the enzyme Catalase, which
catalyzes the following reaction.

Catalase
2H202 ——m - >  2H20 + 02
Fe

As the reaction takes place very slowly in the absence of the enzyme, but
with the presence of the enzyme the reaction speed and the material turn
into a product that is high under optimum conditions of temperature, PH
and concentration of hydrogen peroxide H202

5. The most important properties of enzymes are that they are specialized.
They work on one or several basic substances, but of the same type, so
that one or more products are formed.

6. The bonds in the enzyme chains are the same as those mentioned when
talking about proteins.

7. All enzymes contain a region called the active site, which is amino acid
units in the enzyme that contribute to the catalysis process. The chemical
nature of the amino acid units in the active site plays an active role by
giving or withdrawing electrons from the functional groups of the the
substrate .1t should be noted that the forces that bind the the substrate in
the active site of the enzyme are weak, and on this basis, the liberation of
the products from the surface of the enzyme after the completion of the
reaction is easy, and that each enzyme has a specific number of active



sites, the trypsin enzyme contains one active site while the urease enzyme
Contains four active site.

8. Enzymes have molecular weights ranging from 13,000 daltons for the
enzyme ribonuclease to several million for each other. This indicates the
large size of the enzyme molecules. Therefore, the enzymes are colloidal
solutions when dissolved in water.

9. There may be enzymes in living organisms and not found in other
living organisms, such as the cellulase enzyme, which works to break
down cellulose molecules into sugar molecules that can be digested and
absorbed in cows and other animals and is not found in humans. Bacteria
may also secrete this enzyme in the guts of termites, and this explains
How do termites eat grass and wood?

Classification of enzymes

Enzymes are classified according to the number of peptide chains in
their structure into three groups as follows

1. Monomeric enzymes, which consist of one peptide chain, which help in
hydrolysis, such as Trypsin and Ribonuclease

2. Oligomeric enzymes, which consist of 2-10 peptide chains, such as
Hexokinase enzyme consisting of four few peptide chains.

3. The multienzyme complex is a group of enzymes linked to each other
and involved in converting the substrates into a product such as the
enzyme pyruvate dehydrogenase, which consists of three enzymes and five
coenzymes to convert pyruvate to acetyl coenzyme A, as in the reaction

CO,
N A S s +
| N + L N .
(lj '\. NAD lipoate, N @H O\\ y S-CoA
s \ \\ FAD / c
CH3 complex (E + E E) CH3
Pyruvate ——

AG"™ = —33.4 kJ/mol

Oxidative Decarboxylation of pyruvate to Acetyl CoA



» The oxidative decarboxylation of pyruvate forms a link between
glycolysis and the citric acid cycle.

» In this process, the pyruvate derived from glycolysis is oxidatively
decarboxylated to acetyl CoA and CO, catalyzed by the pyruvate
dehydrogenase complex in the mitochondrial matrix in eukaryotes
and in the cytoplasm of the prokaryotes.

* From one molecule of glucose, two molecules of pyruvate are
formed, each of which forms one acetyl CoA along with one NADH
by the end of the pyruvate oxidation.

« The acetyl CoA formed from pyruvate oxidation, fatty acid
metabolism, and amino acid pathway then enter the citric acid
cycle.
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Terms

1. Enzyme unit or called enzyme activity, which is the amount of enzyme
that converts one micromole of the substrate into a product per minute
under the specified measurement conditions and is sometimes symbolized
by the letter v, which refers to the rate of enzymatic reaction.



2. Specific activity, which is the number of enzyme units or activity per
one mg of protein. It is a measure of enzyme purity and increases during
enzyme purification.

3. Turnover number, which is the number of moles of the substrate that is
converted into a product for each mole of the enzyme in one minute.

E+S —— = [ES] — = E + P

As the enzyme reacts with the substrate to form the enzyme complex - the
substrate, which in the next stage turns into a product with the enzyme
leaving its original state. There are several evidences indicating the
formation of the complex from it.

1. The use of X-ray that gave clear and accurate images of the enzyme
binding to the substrate, for example, the cytochrome P-450 enzyme
linked with the base substance Camphor, as in the figure .

Camphor (substrate)
9

2. Using the Spectrophotometer, which gave different values when the
enzyme binds with the substrate, as a difference in the fluorescence
intensity of the pyridoxal phosphate group in the enzyme tryptophan
synthetase is observed, using the substrate serine or serine + indole.
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3. The rate of the enzymatic reaction increases to a certain extent by
increasing the concentration of the substrate until it reaches the
maximum speed, after which it remains constant.

Plaximal welocioy —,

Reaction velocity —

Substrate concentbratiorn ——=

Enzymes nomenclature

So far, more than 2000 enzymes have been discovered and several
methods have been used for the purpose of naming enzymes, which
depended on the nature of the reactions or the nature of the interacting
compounds (proteins, sugars, etc.) and other methods. Because of the
difficulties that occur when using these methods, it has been proposed to
unify them and form specialized committees to do so. The International
Union of Biochemistry has introduced a modern system for dividing
enzymes according to their specialization, as they are divided into 6 main
sections, and each section has a specific number indicating it, and each
section includes other branches, which in turn are divided into Other



parts, each of which includes a group of enzymes. The Commission on
enzymes of the International Union of Biochemistry made
recommendations, including:

1.0xidoreductases enzymes which include enzymes in which electrons are
transferred and includes biological oxidation enzymes called
dehydrogenases, oxidases, peroxidases, reductases, monooxygenases,
and dioxygenases, as in the following general reaction

O = Reduction equivalent

(LIS [ oan
+ S m— +
L™ - ]

Ared B ox A ox Bred

Ty

For example, pyruvate is converted to lactate by the enzyme lactate
dehydrogenase, as two hydrogen atoms are transferred from NADH + H
to pyruvate (the oxidized form of pyruvate turns into the reduced form
lactate).

MADH + H* NADY

I I
C=0 — = HO—C—H

I I
LACTATE CH.

CH, CEHYDROGGENASE

F:{jlll:e-tc:n}; L{+Lactate
ruvate

2. Transferases enzymes which are enzymes that catalyze the transfer of
a group from one compound to another, such as the transfer of a methyl
group, formalin, carboxyl, aldehyde, ketone, or phosphorous groups, and
others, as in the following general reaction.

For example, the transfer of an amine group from Aspartate to o-
Ketoglutarate by the action of the enzyme aspartate aminotransferase
(AST).
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3. Hydrolases Enzymes They are the enzymes that catalyze the hydrolysis
of the substrate, and they include the enzymes Esterase,
Phosphodiesterase, Phosphatase, Lipase, and Peptidase, as in the
following general reaction

.1+-f_!_1*—hD Q

. o

A-B H>0 A-H B-OH

For example, the hydrolysis of gluose-6-phosphate by the enzyme
Glucose 6-phosphatase, as in the following equation

T Iydrolysis reaction
H o—PF H
I o O oH
H—Y & B H—Y
HCx
—0 __/’; d-° —0
HO OoH — — HO OH
Glucose-gd-Phosphatase
cofactors: none
HO oH AET = o TN HOD OH
glucose-G-phosphate
iG'E"P] glucoss

4. Lyases (Synthase) enzymes that remove a group of the substrate and
produce a compound that contains a double bond or work to add to the
double bond producing a compound that contains a single bond and
includes the enzymes Decarboxylase, Aldolase and Dehydratase as in the
following general reaction) They are
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For example, in the process of glycolysis, which is the anaerobic stage of
respiration, which begins with hexose and ends with pyruvic acid. The
reactions of this stage occur in the cytoplasm or may occur in the plasma
membrane, and a small portion of energy is released from it in the form
of ATP .Reaction of this stage does not need oxygen O2 and can be
divided This stage is divided into two main steps:

A-Convert glucose to fructose

Glucose = Fructose — 1,6 — diphosphate

The phosphorylation of the sugary substance is usually done at the
expense of the energy-rich compounds ATP.

B - the division of this compound into two compounds

Dihydroxyacetone diphosphate + Phosphoglyceraldehyde (PGA),

and this reaction is activated by the enzyme (Aldolase) .

As for the first compound, it does not enter into the reaction, but
gradually turns into the second compound as its quantity decreases, and
then it turns into (PGA) .

PGA — Phosphoglyceric acid — Phosphopyruvic acid— Pyruvic acid.
By the end of these steps, a single molecule of fructose (Fructose - 1,6 -
diphosphate) was broken down, two molecules of pyruvic acid and two
molecules of (ATP) as well as coenzyme (NADH™ + H™).

Steps of alcohol formation from pyruvic acid in anaerobic respiration
and alcoholic fermentation

The alcoholic fermentation process begins when the pyruvic acid
molecule loses a carbon dioxide molecule CO2, where it turns into
(acetaldehyde) and the enzyme decarboxylase helps or activates this
reaction, and then it is reduced to ethanol. The reaction can be expressed
by the following equations.

The enzymes responsible for alcoholic fermentation are present in the
fruits and on this basis they can carry out this process and obtain the
necessary energy for their vitality in the absence of oxygen O2.Fruiting
tissue cannot survive for a long time under anaerobic conditions for two



reasons: 1. The lack of energy produced .2. The formation of some
substances with a harmful effect of protoplasm (ethanol).

O

2ADP+2P, 2ATP

»

m 2 Pyruvate
NAD* NADH ™~ 5c0

NAD* NADH z
U 2 Acetaldehyde

Glucose

2 Ethanol «—
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5. Isomerases

They are the enzymes that catalyze isomerization reactions, and they
include isomerase, racemase, and epimerase, as in the following general
reaction.
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An example of this is the conversion of glucose-6-phosphate to fructose-
6-phosphate by the action of the enzyme Phosphohexose isomerase.

J=& fructose—6—phosphate ! glucose—6—phosphate Js=i <lly e Jlia g

Phosphohexose isomerase @ !



Reaction 2: isomerization

Conversion of glucose 6-phosphate to fructose 6-phosphate

$ 2-
"-’f'" CH,0PO; .
et -on CH,0P03 : e
p o3 ol N o
5 H HO :
Nt M ON PRomphonee ) OH ::?;.:g:
"_'(l: 0N somerase 3 ?
| H OH OH H CH,OH
Glucose 6-phosphate Fructose 6-phosphate
aldose ketose

AG'"= 1.7 kJ/mol

Isomerase: Anenzyme that catalyzes the transformation of compounds into
their positional isomers. In the case of sugars this usually involves the
interconversion of an aldose into a ketose, or vice versa.




6. Ligases (Synthetase)

They are enzymes that bind two molecules together so that they break the
bond of energy-rich phosphate in the ATP molecule or similar
compounds, including synthetase enzymes, as in the following general
reaction
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For example, Propionate is converted to Propionyl-co A to be oxidized to
produce energy

Al LY aiast 23 Propionyl -co A &) Propionate dssi ¢l Jlia
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Second: Enzyme numbering

Each enzyme has a number consisting of four elements separated from
each other by dots preceded by the letters E.C. Which means the Enzyme
Commission, and it is regulated by the following rules.

1. The first number: It represents the group to which the enzyme belongs
in the classification of enzymes and it is from 1 to 6.

2. The second number: which follows the first number and represents the
second class of this sub-class group. For example, the group of
Oxidoreductases. This number expresses the nature of the donor group,
in which the oxidation process takes place, which gives hydrogen or
electrons into the reaction, as follows:

The second The substance that gives hydrogen or an electron
number

1 Alcohol (-CHOH)

2 Aldehyde or ketone (C=0)

3 Ethylene (CH2=CH?2)

4 Primary amine (-CHNH2 or -CHNH3)

5 CHNH- secondary amine

6 Enzymatic conjugates such as NADH or NADPH




And so in the rest of the enzymes, for example, Hydrolases enzymes, the
second number represents the type of bond that hydrates, and so on for
the rest of the non-hydrating enzymes, in which the number refers to the
type of bond that is broken between the leaving group and the remaining
group.

3. The third number: represents the additional class added. Sub-sub class
refers to the substance that accepts or takes hydrogen or electron in
Oxidoreductases.

The second The substance that takes hydrogen or electron
number

1 NAD-+ or NADP-+

2 Fe+++

3 O2

4. The fourth number, which is called the Serial Number, is added
arbitrarily without a real representation of it, or in some cases based on
the nature of the base material on which the enzyme works and is used to
differentiate between different groups, for example, given to enzymes that
help in similar but not identical reactions (lysis Esters of different
carboxylic acids (the same as the first three numbers, and the fourth
number differentiates them (i.e. between the different esters mentioned)
and the actual subject substance, which is the ester of the carboxylic acid
that the enzyme is actually analyzing.
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An example of naming enzymes based on the Commission of Enzymes

In the following reaction, lactate is converted to pyruvate using the
enzyme lactate dehydrogenase
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The enzyme for the above reaction is called lactate dehydrogenase (E.C.
1.1.1.27). The nomenclature can be explained as follows

Lactate dehydrogenase refers to the name of the enzyme that works in the
reaction E.C. Enzyme Commission

The first number (1) indicates the class of enzyme, which is an
Oxidoreductases

The second number (1) indicates the substance that gives hydrogen,
which is alcohol

The third number (1) indicates the substance that takes hydrogen, which
is NAD +

The number (27) refers to the basic substance ( substrate) that enzyme
works on, which is L-Lactate

Lactate dehydrogenase (E.C. 1.1.1.27) SV S5 o3e) Jeldll ay 31 dpand
VS Dpanil) i 5 Ky g

Jelall 8 Jaay o a3 sl ) 055 | actate dehydrogenase
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Factors affecting enzyme activity
1. Effect of enzyme concentration

The rate of an enzyme-catalyzed reaction rate, especially a pure enzyme,
is directly proportional to the concentration of the enzyme when the
substrate is abundant in the reaction environment. Standard Curve by
which the concentration of enzyme can be measured.
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wvelocity = slope

[E]
Relationship between reaction rate and enzyme concentration
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2. Effect of substrate concentration

When the concentration of the enzyme remains constant, the increase in
the concentration of the substrate [S] initially causes a rapid rise in the
rate of the reaction v, but when you continue to increase the
concentration of the substrate, the increase in the rate of velocity slows
down until the velocity becomes constant no matter how much the
concentration of the substrate increases and it is called the speed at the
highest concentration of the substrate, the maximum velocity is denoted
by V max (maximal velocity).
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Rate of reaction

Km Substrate concentration

How do we describe enzyme behaviour?

* To understand how an enzyme works we need to know how the concentration
of substrate - [S] affects the rate of the catalysed reaction -V

+ Two parameters are used to describe this relationship: V. and K,

VO

(the imitial rate of reaction) 50% V.
0 Vimax

fK\( ] [S] (Moles)



The relationship between the rate of the enzymatic reaction and the
concentration of the substrate was explained by the two scientists
Michaelis and Menten in 1918
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The reactant unites with the enzyme to form an intermediate compound
called the enzyme - substrate that is decomposed to be the products of the
reaction and the enzyme is liberated. When using low concentrations of
the substrate, the active sites of the enzyme are not saturated with the
substrate. Therefore, the speed of the reaction depends on the substrate.
This is called Phase I, and when the concentration of the substrate
increases significantly so that the active sites of the enzyme become
saturated with the substrate, it becomes in this case a rate of the reaction
IS not dependent on the concentration of the substrate, and this is called
Phase 11
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A - When using low concentrations of the substrate, the active sites of the
enzyme are not saturated with the substrate

B - when the concentration of the substrate and the concentration of the
enzyme are equal

C - When the concentration of the substrate increases significantly so that
the active sites of the enzyme become saturated with the substrate
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The equation that shows the relationship between the rate of the
enzymatic reaction and the concentration of the substrate, which
achieves the curved shape, is called the Michaelis-Menten equation,
which is
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Quickly ,,.,-f"’jMichael is - Menten
understand / equation

vmax [S]
K.+ [S]

v = rate of reaction (velocity)

Vo

[S] = substrate concentration
V max = Maximal velocity at a high concentration of the substrate

K m = Michaelis Constant, which is the concentration of the substrate,

when the rate of the reaction is equal to half of the Maximal velocity,
I.e. whenv =%V max .
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When the Michaelis constant (Km) becomes equal to the concentration
of the substrate [S] =K m

The Michaelis -Menten equation becomes
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V max K m V max

Km+ Km 2

The value of K m depends on the quality of the substrate, the pH of the
solution and the temperature. The value of K m for most enzymes ranges
between 1071 - 107 molarity (the K m unit is the unit of the base
material used in the enzymatic reaction)
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The importance of the Michaelis constant

1. The value of K m gives an indication of the fullness, non-filling or
half-fullness of the active sites of the enzyme with the base substance and
as follows.
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When the value of [S] is very less than K m then the value of [S] can be
ignored.
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Vmax [S]

Km

Since the values of V max and K m are constant, the equation can be
written as follows
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V=K [9]

This means that when [S] is less than K m, this means that the reaction
rate is proportional to the concentration of the substrate , as most of the
active sites are empty.
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When the concentration of [S] is very higher than K m, the value of K
m can be ignored and the equation is
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Vmax [S]

V= = Vmax

[S]
This means when [S] is higher than K m, the rate of the reaction is the

Maximal velocity and that all the active sites of the enzyme are filled
with the substrate
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When the concentration [S] is equal to Km, then the value of K m can
be substituted with [S], so the equation becomes
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[S] +[S] 2 [8] 2

This means that [S] = K m, the rate of the reaction is equal to half the
Maximal velocity, meaning that half of the active sites of the enzyme are
filled with the substrate and the other half is empty
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2. The value of K m is an Indicator of enzyme attracted with the
substrate. If the value of K m is high, the attraction is weak between the
enzyme and the substrate, therefore the link between the enzyme-substrate
Is weak, and whenever the value of K m is low, the attraction between the

enzyme and the substrate is strong. Therefore, the link between Enzyme -
substrate is strong
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3. The value of K m is used as an indicator to find out the approximate
concentration of the substrate to be used in the enzymatic reaction when
measuring the value of V max.
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The Line Weaver-Burk plot

The graph between the concentration of the substrate and the rate of the
reaction is curved, especially in the areas where the enzyme is not
saturated with the substrate. Therefore, the researchers Lane Weaver and
Burk 1934 solve this problem by Turning the numerator over the
denominator in the Michaelis -Menten equation as follows

The Line Weaver-Burk plot & - a5 ¥ au )y
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Vmax [S]

Km +[S]

When we reverse the equation
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1 Km +[S]

Y Vmax  [S]



V V max [S] V max

The last equation is the Line Weaver-Burk equation and is similar to
the straight line equation (Y=m X + C)
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The importance of the Line weaver- Burk plot is that the values of K m
and V max resulting from the graph are relatively accurate. The graph is

also useful to find the quality of the inhibitor when studying the effect of
inhibitors on enzyme activity.
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3. Temperature effect

The increase in temperature increases the activity of the enzyme and thus
increases the speed of the reaction, provided that the rise does not reach
the level that causes the enzyme to denaturation. High temperature
increases the kinetic energy of the enzyme, which increases the attraction
of the enzyme with the substrate, which causes the reaction to speed up.

The temperature at which the enzyme is at its Maximal velocity is called

the optimum temperature for the enzyme, and the vertex of the curve is
represented in the following figure, which represents the relationship
between temperature and the rate of the enzymatic reaction The use of
temperatures higher than the enzyme can denaturize, which is often more
than 50 ° C, can cause enyme denaturation through the dissolution of
hydrogen molecule and other forces responsible for the stability of the
enzyme, causing a decrease and loss of activity of the enzyme gradually.
There are some plant enzymes in which the optimum temperature may
rise to 60° C or more, and enzymes have been extracted from
Thermophilic bacteria whose effectiveness may last to more than 100° C.
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4. pH effect

The pH affects certain enzyme sites 1. lonic properties of the amino and
carboxylic groups of the enzyme 2. lonic properties of the side groups of
amino acid units 3. lonic properties of the side groups of amino acid
units located in the active site and the catalytic site. Thus, for each
enzyme, the pH of the enzyme is maximum, and it is called the optimum



pH. The optimum pH range for most enzymes is 5-9, and the pH of the
enzyme is often close to the pH of the tissue from which it is extracted.
For example, the enzyme Pepsin has an Optimal pH 1.6, while the pH of
gastric juice ranges from 1-2 ,while the enzyme glucose-6-phosphatase
extracted from hepatocytes has an optimum pH of 7.8, while the pH of
hepatocyte cytosol is 7.2. When using a pH that is too high or too low, it
can cause denaturation of the enzyme and lose its effectiveness. The
following figure shows the effect of pH on the two mentioned enzymes.
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Mechanism of action of enzymes
Slaiy) Jee 4

1. The substrate is loosely bound to the surface of the enzyme, forming

the enzyme complex
) dirae 46K a3V dans )55l el ol Jasis L1

E+S<_> ES

2. The substrate becomes active, meaning that the bonds in the substrate

become polarized
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3.The products of the reaction are on the surface of the enzyme
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ES* €—> EP

4. The products are released or separated from the surface of the enzyme,
making the enzyme available to help another reaction
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The qualitative characteristics of the structure of the active centers in the
enzymes are what determine the phenomenon of specialization in their
activity. The scientist Fischer suggested the term Lock & Key and the
opposite of the term Induced fit that the scientist Daniel Koshland proposes.
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According to Fisher, the lock represents the active center of the enzyme, which
is structurally integrated with the substrate, which is the key, and that the
structural match between them must be perfect in order for them to be linked
together. According to the theory of Induced fit of the scientist Daniel
Koshland, enzymes are flexible compounds, and the active site of the enzyme
will change its shape continuously to the form that suits the shape of the
substrate to be linked to it through reactions or weak links between the enzyme
and the substrate. This theory says that the substrate does not bind easily with
the active site with a fixed shape, the side chains of the amino acids that make
up the active site of the enzyme will form themselves to give the correct site
with a precise shape that helps the enzyme to perform its catalytic function and
bind to the substrate.
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Enzymes differ from inorganic cofactors in their specificity, for example,
platinum helps several types of reactions, but a specific enzyme helps
only one type of reaction, and in some cases, it will limit its effectiveness
to one type of molecules. For example, the pancreatic lipase enzyme
hydrolyzes the ester bonding between glycerol and fatty acids in lipids,
but it does not have any effect on the hydrolysis of proteins or sugars. The
urease enzyme assists the hydrolysis of urea only, the enzyme aspartase
helps in the addition of ammonia to fumaric acid and the reverse reaction
Is as follows:
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While this same enzyme does not help in adding ammonia to any other
unsaturated acid, including maleic acid, which is the Cis isomer fumaric
acid, the following figure shows the structure of malic acid.
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Inhibition of enzymes  clay 3 (&le) o) Jayls

There are some compounds (other than the reactants specific to each
enzyme) that can bind with some enzymes, thus inhibiting or preventing
them from performing their function. Such compounds are called
inhibitors. Inhibition is generally divided into two parts:
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A - Reversible or competitive Inhibition:

In this case, the inhibitor competes with the cofactor or the same
reactant for the active center in the enzyme, and thus the enzyme's
activity decreases, but it does not vanish completely. It is possible to
overcome the effect of the inhibitor in its competition for the active center
in the enzyme. It can be concluded that the amount of inhibition in this
case depends on the following factors:

1- Concentration of the inhibitor.
2- Concentration of the reactant.

3- Relative binding ability of the inhibitor and the reactant with the
enzyme.
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For example, HOOC-CH2-COOH Malonic Acid which is structurally
similar to succinic Acid (HOOC-CH2-CH2-COOH) which is a
competitive inhibitor of the enzyme that dehydrogenates the latter, called
succinic Dehydrogenase. If malonic acid is present in a high
concentration, the activity of that enzyme is greatly reduced because this
acid occupies the active center in it. However, this inhibition can be
overcome by increasing the concentration of succinic acid ( substrate).
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b Non-competitive inhibition

In this case, when a specific enzyme combines with such substances and
inhibition occurs, it is not possible to restore the enzyme's activity by
increasing the concentration of the reactant - as in the previous case - as
the non-competitive inhibitor sticks to the active center of the enzyme in
such a way that it cannot be removed afterwards. . Such a situation often
ends with the death of the organism when the activity of an important
vital enzyme ceases.

The amount of inhibition in this case is affected by only two factors:
1- The concentration of the inhibitor.
2- The force of attraction of the enzyme to the inhibitor.

It is noted here that the concentration of the reactant has no relationship
or effect on the inhibition or activation of the enzyme. An example of this
type of inhibitor (which can be described as toxic) is the compound
acetamide iodine (iodoacetamide, which is linked to the sulfhydric group
SH - which forms the active center in the phosphate dehydrogenase
enzyme, and it is important to know the effect of such substances on the
enzymatic activity in order to avoid adding them to food during
production. Industrially - such as some canned goods and pastries - or
when conducting various studies on enzymatic contact reactions.
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Enzymatic activity of plant metabolism
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Chloroplasts have an outer membrane and an inner membrane. Stacks
of thylakoids called grana form a third membrane layer.
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Light-dependent reactions happen in the thylakoid membrane of the
chloroplasts and occur in the presence of sunlight. The sunlight is
converted to chemical energy during these reactions.These reactions
could be sumarized as follows
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1.The chlorophyll in the plants absorb sunlight and transfers to the
photosystem which are responsible for photosynthesis.
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2.Water is used to provide hydrogen ions and electrons but also
produces oxygen.
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3.The electrons and protons are used to produce NADPH (the
reduced form of nicotine adenine dinucleotide phosphoric acid)
and ATP (adenosine triphosphate).


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrogen-ion
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/adenine
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4.ATP and NADPH are energy storage and electron carrier/donor
molecule. Both ATP and NADPH are used in the next stage of
photosynthesis.
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5.The chlorophyll molecule regains the lost electron from a water
molecule through a process called photolysis, which releases
dioxygen (O,) molecule.
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The light-dependent reactions can be expressed as:
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2H20+2NADP++3ADP+3Pi—02+2NADPH+3ATP

ATP synthase

ATP synthase is an enzyme (a protein) that catalyzes the formation of
the energy storage molecule adenosine triphosphate (ATP) using
adenosine diphosphate (ADP) and inorganic phosphate (P;). It is
classified under ligases as it changes ADP by the formation of P-O bond
(phosphodiester bond). The overall reaction catalyzed by ATP synthase
is:
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ADP + P; + 2H"o & ATP + H,0 + 2H",


https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Adenosine_diphosphate
https://en.wikipedia.org/wiki/Phosphate

During photosynthesis in plants, ATP is synthesized by ATP synthase
using a proton gradient created in the thylakoid lumen through the
thylakoid membrane and into the chloroplast stroma.
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During photosynthesis light energy is used to split water, generating O,
and electrons that are then used to produce the ATP and NADPH required
for carbon fixation. Photosystem Il (PSII) functions to capture light
energy and transfer it to plastoquinone, the first molecule in an electron
transport chain that leads to the production of ATP. The oxidized reaction
center pigment P680 returns to a reduced state by stripping electrons from
water in a process known as photolysis, which ultimately results in the
production of O,. Photosystem | (PSI) is also capable of absorbing light
energy. Electrons from its reaction center pigment P700 are transferred to
the protein ferredoxin, which can then donate the electrons to the electron

carrier NADP™ to form NADPH or to the electron transport chain
resulting in the production of additional ATP.
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Rubisco
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ATP and NADPH produced by the light-dependent reactions of the
photosystems are used by the Calvin cycle in the stroma of the
chloroplast. Molecules of CO, gas are fixed into molecules of 3-
phosphoglycerate in a reaction catalyzed by the enzyme Rubisco.
Subsequent reactions convert molecules of 3-phosphoglycerate into
molecules of glyceraldehyde-3-phosphate, some of which will ultimately
be converted into glucose in the cytoplasm of the plant cell.

Rubisco
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RUBISCO is a very important photosynthetic enzyme. It is the first
enzyme in the Calvin cycle. It is a large multimeric protein composed of
two different subunit polypeptides. One of the steps that was surrounded
by a lot of mystery in the photosynthesis process from a biochemical
point of view is the chemical and enzymatic nature of the first reaction in
which a carbon dioxide molecule is combined with another more complex
organic molecule on its way to form glucose. This mystery has been
revealed using radioactive CO2 (**CO,) ,then the algae were exposed to
light energy for a very short period, which led to their brilliance, and
some algae extracts were taken and examined to detect the first
compound that was formed and radioactive CO2 was included in its
composition. As a result, 3-Phosphoglyceric acid was among the first
compounds that radioactive CO2 entered in its composition. The result of
the chemical analysis of this acid also found that most of the radioactive
carbon was in the carboxyl group, and therefore it was found that the first
step of CO2 reduction was its reaction with a phosphorous sugar
containing 5 carbon atoms. The cycle can be clarified as follows

In the Calvin cycle, 6 molecules of CO2 are used, and the result is one
molecule of glucose. As for the details of the cycle, we note that 6
molecules of CO2 combine with 6 molecules of a phosphorous sugar
containing 5 carbon atoms, which is Ribulose, 1,5-bisphosphate, and this
reaction results in 12 molecules of 3 - phosphoglycerate .The reaction
requires an enzyme called Rubisco, then 12 molecules of ATP are used,
which gives a molecule of phosphate to 3-phosphoglycerate to convert to
1,3-bisphosphoglycerate, and NADPH2 gives hydrogen with electrons to



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/carbon-dioxide-fixation
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this substance to give 12 molecules of glyceraldehyde-3-phosphate and
leaves .Two of the 12 molecules to form a molecule of glucose, while the
remaining 10 molecules are transformed by the Rubisco enzyme into
Ribulose-5-phosphate, which later converts to Ribulose, 1,5-
bisphosphate. It is noted from the dark reactions that ADP and NADP are
produced, which are used in the dark reactions again. To be ATP and
NADPH2.
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Photochemical reactions Biochemical reactions

Photorespiration

Rubisco enzyme is distinguished by its active location and ability to
bind to CO2 and 02, which depends on the relative concentration of both,
although it is more inclined to bind to CO2. In C3-plants some O2
molecules bind with the enzyme and lead to decrease in photosynthesis
rate then , instead of ribulose-1,5-bisphosphate (RuBP) being transformed
into two 3PGA molecules, it will bind with O2 to form one molecule of
two-carbon compound, phosphoglycolate and 3PGA. This process is
called photorespiration. In this process, neither sugars nor ATP nor
NADPH2 are produced, but rather results in CO2 release and energy
consumption. C4-plants have ability to increases the CO2 concentration
at the enzyme site by forming tetra-carbonic acid in the mesophyll cells
and then destroying it in the sheath cells of the bundle. Thus, these plants
are characterized by high productivity and resistance to high temperatures
to prevent photorespiration.
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Differences in carbon fixation pathways

A comparison of the differences between the various carbon pathways is provided in
the table.

Differences in the major carbon-fixation pathways in plants

carbon-assimilation first stable stomate
process intermediate product activity

*Crassulacean acid metabolism.

plant types using

photorespiration this pathway

pathway

plants living in

open
. colder, wetter
Calvin-Benson cycle phosphoglycerate  during environments
C3 (PGA), a three- the day, not suppressed -
only ; characterized by
carbon acid closed at | di
night ow-to-medium
light intensities
adds CO; to _ open plants living in
phosphoenolpyruvate oxaloacetgte, a f_our during warmer, drier
carbon acid, which .
C4 (PEP) to form is later reduced to the day, suppressed environments
oxaloacetate first; the closed at characterized by

Calvin-Benson cycle malate night high light intensity



carbon-assimilation first stable stomate plant types using

pathway process intermediate product activity photorespiration this pathway
follows
succulents
Chosphoenolpyruvate  OXeloaceate a four- open at Crasulaceae)
F()PEPF; to forrgy carbon acid, which  night, which occur i;1
CAM* is later reducedto  closed  suppressed

warmer, drier
environments
characterized by
high light intensity

oxaloacetate first; the
Calvin-Benson cycle
follows

malate and stored in during
vacuoles the day

Krebs cycle Enzymes

In eukaryotic cells, the enzymes that catalyze the reactions of the citric
acid cycle are present in the matrix of the mitochondria except for
succinate dehydrogenase and aconitase, which are present in the inner
mitochondrial membrane.

One common characteristic in all the enzymes involved in the citric acid
cycle is that nearly all of them require Mg**

The following are the enzymes that catalyze different steps throughout
the process of the citric acid cycle:
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Citrate synthase
Aconitase

Isocitrate dehydrogenase
a-ketoglutarate
Succinyl-CoA synthetase
Succinate dehydrogenase
Fumarase

Malate dehydrogenase
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mitochondrial matrix

ATP synthase particles

Intermembrane space

Inner membrane
Outer membrane

Deoxyribonucleic acid (DNA)
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After glycolysis, in aerobic organisms, the pyruvate molecules are
carboxylated to form acetyl CoA and CO..
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Acetyl-CoA

0
(8] CH,—LS-CQA <

Dehydrogenation:
oxidation of —OH
completes oxidation
sequence; generates
carbonyl positioned to
facilitate Claisen
condensation in next
step.

Oxaloacetate

0=C—C00"
H,—C00~

(7] Malate
COO~

HO—%H
CH,
00~

Hydration:
addition of
water across
double bond
introduces
—OH group
for next
oxidation
step. (3) NADH
H.0

COO~

Fumarate CH
HC

'00"  FADH,

(6]

Dehydrogenation:
introduction of

double bond initiates
methylene oxidation CH,—COO~
sequence. H

Succinate (]JOO

(5] GDP O
(ADP)  syccinyl-CoA
Substrate-level phosphorylation: +P,
energy of thioester conserved in
phosphoanhydride bond of GTP
or ATP.

Citric acid cycle

Claisen condensation:
methyl group of
acetyl-CoA converted
to methylene in citrate.

Citrate o)
+—CO00™
Dehydration/rehydration:
HO—C—COO~ —OH group of citrate
CH,—COO0~ repositioned in isocitrate

to set up decarboxylation

in next step.
acon| \ H,0

CH,—CO00™
%—COO 3

|
C—C00"~

H.,0
B o
(Rehydration)
—C00~

CHy
H—é—COO o

HO—C—H

CO0" (3]
Oxidative
decarboxylation:
—OH group oxidized
to carbonyl, which in
turn facilitates
decarboxylation by
stabilizing carbanion
formed on adjacent
carbon.

cis-Aconitate

Isocitrate

CH,—C00™ €O,
CH,
—0

CoA-SH «-Ketoglutarate

O, (2]

Oxidative decarboxylation:
pyruvate-dehydrogenase-like
mechanism; dependent on
carbonyl on adjacent carbon.

Oxidative Decarboxylation of pyruvate to Acetyl CoA

COA disl I gyl (o 2l JeuS 0 <1 g5
The oxidative decarboxylation of pyruvate forms a link between
glycolysis and the citric acid cycle.
In this process, the pyruvate derived from glycolysis is oxidatively
decarboxylated to acetyl CoA and CO, catalyzed by the pyruvate
dehydrogenase complex in the mitochondrial matrix in eukaryotes
and in the cytoplasm of the prokaryotes.



* From one molecule of glucose, two molecules of pyruvate are
formed, each of which forms one acetyl CoA along with one
NADH by the end of the pyruvate oxidation.

 The acetyl CoA formed from pyruvate oxidation, fatty acid
metabolism, and amino acid pathway then enter the citric acid
cycle.

The following are the eight enzyme-catalyzed reactions/ steps in the
aerobic oxidation of glucose through the citric acid cycle:
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Step 1: Condensation of acetyl CoA with oxaloacetate
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* The first step of the citric acid cycle is the joining of the four-
carbon compound oxaloacetate (OAA) and a two-carbon
compound acetyl CoA.

» The oxaloacetate reacts with the acetyl group of the acetyl CoA
and water, resulting in the formation of a six-carbon compound
citric acid, CoA.

« The reaction is catalyzed by the enzyme citrate synthase that
condenses the methyl group of acetyl CoA and the carbonyl group
of oxaloacetate resulting in citryl-CoA which is later cleaved to
free coenzyme A and to form citrate.
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Step 2: Isomerization of citrate into isocitrate
s s ) ] Bpa3f 12 B gladlle

* Now, for further metabolism, citrate is converted into isocitrate
through the formation of intermediate cis-aconitase.

» This reaction is a reversible reaction catalyzed by the enzyme
(aconitase).

« This reaction takes place by a two-step process where the first step
involves dehydration of citrate to cis-aconitase, followed by the
second step involving rehydration of cis-aconitase into isocitrate.
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Step 3: Oxidative decarboxylations of isocitrate

Isocitrate (u  (5aus] Jo i) JauSsaSl) Ao pana £33 :3 G ghadll

» The third step of the citric acid cycle is the first of the four
oxidation-reduction reactions in this cycle.

» Isocitrate is oxidatively decarboxylated to form a five-carbon
compound, o-ketoglutarate catalyzed by the enzyme isocitrate
dehydrogenase.

» This reaction, like the second reaction, is a two-step reaction.

* In the first step, isocitrate is dehydrogenated to oxalosuccinate
while the second step involves the decarboxylation of
oxalosuccinate to o-ketoglutarate.

« Both the reactions are irreversible and catalyzed by the same
enzyme.

» The first step, however, results in the formation of NADH while
the second step involves the release of CO..
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Step 4: Oxidative decarboxylation of a-ketoglutarate
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« This step is another one of the oxidation-reduction reactions where
a-ketoglutarate is oxidatively decarboxylated to form a four-carbon
compound, succinyl-CoA, and CO..

* The reaction irreversible and catalyzed by the enzyme complex a-
ketoglutarate dehydrogenase complex found in the mitochondrial

space.

« This reaction is similar to the oxidative decarboxylation of
pyruvate involving the reduction of NAD" into NADH.
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— CO0~ “ —S-CoA
0 complex 0
a-Ketoglutarate Succinyl-CoA

Step 5: Conversion of succinyl-CoA into succinate
succinate aliwsuw JI succinyl-CoA Jysaii @5 3ghill

* In the next step, succinyl-CoA undergoes an energy-conserving
reaction in which succinyl-CoA is cleaved to form succinate.

« This reaction is accompanied by phosphorylation of guanosine
diphosphate (GDP) to guanosine triphosphate (GTP).

» The GTP thus formed then readily transfers its terminal phosphate
group to ADP forming an ATP molecule.

» The reaction is catalyzed by the enzyme, succinyl-CoA synthase.
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Step 6: Dehydration of succinate to fumarate -
cllagd ) bl Ga Caguagd) £33 16 dgkil)

» Here, the succinate formed from succinyl-CoA is dehydrogenated
to fumarate catalyzed by the enzyme complex succinate
dehydrogenase found in the intramitochondrial space.

« This is the only dehydrogenation step in the citric acid cycle in
which NAD" doesn’t participate.

* Instead, another high-energy electron carrier, flavin adenine
dinucleotide (FAD) acts as the hydrogen acceptor resulting in the
formation of FADH,.

» The FADH,; then enters the electron transport chain transferring the
electrons to ubiquinone, finally forming 2ATPs.
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Step 7: Hydration of fumarate to malate
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* The fumarate is reversibly hydrated to form L-malate in the
presence of the enzyme fumarate hydratase.

« As it is a reversible reaction, the formation of L-malate involves
hydration, whereas the formation of fumarate involves dehydration.
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Step 8: Dehydrogenation of L-malate to oxaloacetate
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» The last step of the citric acid cycle is also an oxidation-reduction
reaction where L-malate is dehydrogenated to oxaloacetate in the
presence of L-malate dehydrogenase, which is present in the
mitochondrial matrix.

« This is a reversible reaction involving oxidation of L-malate and
reduction of NAD" into NADH.

» Oxaloacetate thus formed, allows the repetition of the cycle and
NADH formed participates in the oxidative phosphorylation.

 This reaction completes the cycle.
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Vitamins

Vitamins are organic compounds that an organism needs in its diet to
perform its metabolic activities. The word vitamin is derived from the
Greek word Vita, which means life, and the word amine. The first
vitamin diagnosed was B1, which contains an amine group.

Classification of vitamins

1. Water-soluble vitamins: such as vitamin C (Ascorbic acid) and
vitamins of the B-complex group, which includes thiamine (also called
vitamin B1, riboflavin (vitamin B2), B3 Nicotinic acid), pantothenic acid,
and pyridoxal (vitamin). (B6, Biotin, Folic acid, Cyanocobalamine
(Vitamin B12)

2. Fat-soluble vitamins including vitamins K, D, E and A
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General properties of vitamins
Clinalill dalall (yal g2l

1. Vitamins are organic substances that do not contain nitrogen in their

composition if they are soluble in fats and contain nitrogen if they are

soluble in water, except for ascorbic acid.
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2. They are heterogeneous substances that are not similar in their
chemical composition and physiological effect
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3. It is obtained for the human body from its external sources and in very
small quantities for the purposes of growth and regulation of vital
processes and external sources from plants and animals and a section of
vitamins that microorganisms can manufacture inside the human body
such as vitamin K and vitamin B12

4. Vitamins are not degraded by digestive processes, but are absorbed by
the intestinal cells as they are

5. Most vitamins, especially those dissolved in water, enter as coenzymes
as they are needed by enzymes to perform their role in various reactions
and are consumed in those reactions. Therefore, the body must supply
them constantly.
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6. The body can get rid of water-soluble vitamins by excreting them
through urine, as it cannot store them (except for vitamin B12).
Therefore, they are non-toxic and do not have a toxic effect when the
body takes them in large quantities. Overdoses. As for fat-soluble
vitamins, the body can store them in the liver, for example. For example,
vitamins (D-E-A) show some toxicity when they accumulate in large
quantities, resulting in the so-called hypervitaminosis that can cause
many different diseases, depending on the type of vitamin



7. Vitamins are perishable when heated, cooked and stored, and are
damaged due to chemical reactions that occur in foods

8. Some vitamins participate as building blocks for hormones, or some of
them may participate as antioxidants, such as vitamin E and C, to get rid
of oxidation inside the body or outside the body when added to some
foods to preserve them for a longer period.
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9. The daily needs of vitamins vary from one organism to another and are
affected by age, gender and various physiological changes

10. Vitamins do not give energy because they are devoid of calories, but
during metabolic processes they help convert carbohydrates, fats and
proteins into energy
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Factors affecting the availability of vitamins to the body
pnll Cligalil) 5 38554 Jalsa)
1. Bioavailability

There are factors that affect the absorption of vitamins and their delivery to the cells of the
body and from them
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A. The vitamin may be associated with a food substance such as protein
and become difficult to absorb or provide in the body, for example, the
presence of niacin or nicotinic acid in the form of Niacytin in the wheat
bran, which is a carbohydrate peptide Glycopeptide, as the vitamin binds
to it and is not available and the body does not benefit from it even in the
case of absorption of those Subject
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B. A defect in the digestion and absorption of fats impedes the absorption
of the vitamins dissolved in it

C. A defect in the secretion of hydrochloric acid in the stomach as a
result of any injury that causes a lack of availability of certain vitamins
such as vitamin B12
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D. Diarrhea or parasites cause a lack of absorption of vitamins

E. The presence of dietary fiber such as pectin reduces the absorption of
vitamins due to the association of vitamins with it .
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2. Antivitamins that are found in foods or given as medicines and that are
structurally similar to vitamins can reduce the action of vitamins in the
body
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3. Some types of drugs can impede the action of vitamins and then cause
their deficiency, such as the drug Pyrimethamine for the treatment of

malaria. It acts as an anti-vitamin of folic acid, and thus the appearance of
folic acid deficiency.

4. Alcohol addiction leads to malabsorption of folic acid and increased
excretion through urine

5. There are natural bacteria that work on the formation of many
vitamins such as vitamin K, nicotinic acid, folic acid and riboflavin, and
therefore any effect on bacteria through medicines or intestinal parasitic
diseases causes the reduction of these vitamins.
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Water soluble vitamins

Thiamine is also called vitamin B1
slall B Agldll clisalil)

B1 (pebis Leayl —awns Thiamine ¢peldll

General properties

dalad) cldal)
1. It consists of a pyrimidine ring and a thiazole nucleus that are linked to
each other by a methyl group

2. Thiamine is unaffected by temperature, stable in acidic solutions, and
variable in alkaline solutions. It has a white structure that is easily soluble
in water.

3. Vitamin B1 is abundant in meat in general, liver and eggs, in addition
to its presence in bread, especially those containing bran.
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4. Thiamine is converted in the body to the active form, which is thiamine
pyrophosphate (TPP) and it accompanies decarboxylase enzymes and is



produced by the reaction of ATP with thiamine and the enzyme
pyrophosphokinase.
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Thiamine pyrophosphate (TPFP)

5. Thiamine pyrophosphate participates in the metabolic processes of
carbohydrates, proteins and fats through its association with oxidative and
oxidative decarboxylation processes as in the following reactions

a. Pyruvate dehydrogenase complex is converted to acetylcholinesterase
by the enzyme pyruvate dehydrogenase complex as previously
mentioned.
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B. The conversion of a-ketoglutarate to succinyl-CoA by the enzyme o-
ketoglutarate dehydrogenase complex as mentioned previously.
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c. It is included in the reaction of removing the carboxylic group from a-
keto acid and includes the conversion of pyruvate to acetaldehyde in
yeast by the action of the enzyme pyruvate decarboxylase.
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D. It has a role as a companion to the enzyme Transketolase and
Transaldolase enzyme - the first enzyme works to transfer two carbon
atoms in the form of glycaldehyde, and the second enzyme works to
transfer three carbon atoms in the form of dihydroxyacetone
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6. Its deficiency causes lack of concentration, loss of appetite, weakness,
paralysis and heart failure (Beri beri disease), a disease that causes nerve
inflammation and heart failure caused by vitamin B1 deficiency.

) sl jae g Paralysis Lzgi.As: Ly Caram g g dl) (jlagd g S il A8 iy 4all 6
Oelid a8y e e;\.'\l\ lal) L u__a\.a.acg\J\ Qlell Cuy aye 985 (Beri beri o= <

l <

In addition, its deficiency leads to the failure of pyruvate to convert to
acetyl-Coenzyme A. Therefore, eating carbohydrates in high quantities
leads to an increase in pyruvate and lactate in the body and an increase in
lactic acidosis through the excess lactate.
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7. The body's need for vitamin increases with the increase in the amount
of sugars that a person eats over the amount of fatty and protein
substances as a result of the relationship of the vitamin to the metabolism
of sugary substances.
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Riboflavin (Vitamin B2)
General properties

1. Vitamin B2 consists of a ring structure called isoalloxazine and is
linked to the nitrogen of the middle ring Ribitol alcohol, which is derived
from the sugar pentose ribose and forms a side chain.
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Riboflavin

2. It has an orange color and when reduced it turns white and the melting
point is 250° C. It has little solubility in water. It is stable at normal
temperature and in strong acidic solutions. It is unstable when exposed to
basic solutions or light (ultraviolet rays) and it has the highest value for
light absorption. at 450-460 nm
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3. Vitamin B2 converts in the body to the two active forms, flavin
mononucleotide FMN and flavin adenine dinucleotide FAD, which enter
as enzymatic chaperones in many metabolic reactions of carbohydrates,
proteins and fats. These processes are accompanied by the transfer of
electrons and the formation of energy in the form of ATP, and the use of
FAD is more common than FMN
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4. There are many enzymes in which riboflavin coenzymes are used,
which include oxidases and dehydrogenases. These enzymes
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A. Enzymes of dehydrogenases, including pyruvate dehydrogenase, -
ketoglutarate, succinate dehydrogenase, and Acyl CoA. For example,
succinate converts to fumarate by the action of Succinate dehydrogenase
enzyme.
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B. Oxidases enzymes such as Xanthine Oxidase, Aldehyde Oxidase and
other enzymes
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Converting the oxidized form of FAD and FMN to the reduced form of

FADH2 and FMNH2 involves the addition of two hydrogen atoms (2
electrons + 2 protons).
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Flavin adenine dinucleotide (FAD) and
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system. When FAD or FMN accepts only one hydrogen atom,
quinone, a stable free radical, forms.

5. Vitamin B2 deficiency leads to the emergence of symptoms such as
inflammation and cracking of the lips, inflammation of the skin and
sebaceous glands, and most often the symptoms appear on the face and
tongue, which turns red to purple, as well as disorders of the eye and

cornea.
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6. Vitamin B2 is abundant in milk, liver, kidneys, meat, eggs, grains and

legumes
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Niacin (Vitamin B3)

general properties

1. There are two compounds derived from the pyridine ring, which are
nicotinic acid and nicotinamide, which are the two active forms of the
vitamin. The first compound is found in plant sources and the second
compound in animal sources.
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2. Niacin is white crystals that dissolve in water and alcohol and is stable
by heat, oxidation, manufacturing processes, alkaline and acidic medium
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3. It is abundant in red meat, chicken and fish, and it is found in whole
grains and legumes, and a little of it in milk and eggs
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4. The importance of niacin is due to the fact that it is derived from one of
its components, nicotine amide the following coenzymes.

A. Nicotinamide Adenine Dinucleotide NAD+
B. Nicotinamide Adenine Dinucleotide Phosphate NADP+
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Nicotinamide Adenine Dinucleotide
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5. When one proton and a pair of electrons enter the pyridine ring of the
compound Nicotinamide in NAD + and NADP + it can give multiple



forms Resonance as there is a positive charge on the nitrogen atom and
the proton required for the reaction equation when the hydride ion H™ is
removed is released in the solution and the following reaction shows a
transformation NAD + the oxidized form to the reduced form NADH.

S al Pyridine osuomd) d8la () <l SV e s aals O n JAy ke 5
3 Resonance saaaie JWII et o) (See NADP+ s NAD+ & Nicotinamide
Osa) A1) 2 Je il Aabaad G slhaall ¢ 535 5l Ol s a5 58N 33 (o L 50 dad a5
) 2S5l JSE NAD+ Jsad JUl) Jeliill ma gy Jslaall (8 ) iy HT )0l

NADH J il Jsal

NAD*
I
C—NH,
'z Z | +2 e, HT
—_—
N vt
. i
J
v
H,C—0—P—0—P—0—CH,
| | (o)
o O
H H—H
OH OH OH OH

6. Both NAD + and NADP + participate in many metabolic reactions of
carbohydrates and fats and release energy as they enter as coenzymes
with oxidoreductase enzymes, and there are more than 250 enzymes
involved with them . Examples of such reactions are:-
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a. Electron transfer reactions during the biological oxidation process to
release energy

Al el 4 gl 320y Alee IO g iKY Ja edlelds

B. Reactions of dehydrogenases in the glycolysis pathway, Krebs cycle,
phosphogluconate pathway, fatty acid metabolism ,reactions and
synthesis of steroids and fats.
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c. It has an effective role by participating as companions of antioxidant
enzymes such as Glutathione peroxidase and Glutathione reductase,
which  reduce oxidation that occurs in the body through their
participation in reactions to remove reactive oxygen species (ROS) such
as superoxide anion Oz, hydrogen peroxide H202, hydroxyl free radical
(-oH) as in the next reaction is the removal of oxidants with the
participation of NADPH and other antioxidants.
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D. NAD+ is a source of ADP-ribose formation in the ADP-ribosylation
process of proteins and in the DNA repair mechanism.
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7. Deficiency of niacin and tryptophan leads to the emergence of Pellagra
disease, whose symptoms are nervous system disorders and include
anxiety, depression, lethargy and memory loss, as well as symptoms of
the digestive system, mouth and tongue, diarrhea and vomiting
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Pellagra a deficiency disease caused by a lack of nicotinic acid or its
precursor tryptophan in the diet. It is characterized by dermatitis,
diarrhea, and mental disturbance, and is often linked to overdependence
on corn as a staple food.

B a8 gl asdle S o8 sSall paea pall g gzl pall paye 1S
A o dajiall alaieWh Ly L Qe ¢ il callaizaVly Jlguls alall Glgaly Suaiy
el £1328

8. Increasing niacin, especially when eating large quantities, to treat
excess fat in the blood can lead to widening and redness of blood vessels.
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Vitamin C (Ascorbic acid)

Vitamin C is a derivative of hexose sugars (glucose), which have been
subjected to oxidation to form glucocorticosteroids.

general characteristics

1. Vitamin C is a redox system which can be of three forms.
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a. The reduced form of L-Ascorbic acid is the active form of the vitamin
B. Dehydro L-Ascorbic acid, which is the oxidized form of the vitamin

c. Monodehydro ascorbic acid (the free radical intermediate during the
oxidation or reduction of the vitamin)

2. Vitamin C is abundant in fruits and vegetables, especially citrus fruits,
tomatoes and peppers

3. The process of catabolism of ascorbic acid in the body can produce
quantities of oxalic acid and thyronic acid, which in case of increment
vitamin C in the body can cause the formation of potassium oxalate
kidney stones.

4. Dehydro-ascorbic acid is converted to ascorbic acid in the body as in
the following equation.
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5. Vitamin C has several functions

a. It is a coenzyme that helps in the process of introducing the hydroxyl
group for a number of vital compounds, including proline and lysine, in
the process of building glycogen, which is one of the important proteins
for the formation of tissues such as skin, cartilage, bones and teeth and
therefore has a role in healing wounds
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B. It helps in introducing the hydroxyl group to the amino acid
phenylalanine and converting it to tyrosine and then participating in the
conversion of tyrosine to dihydroxyphenylalanine
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c. The role of vitamin C as an anti-oxidant, as it is a water-soluble
antioxidant and works to remove reactive oxygen species (ROS) for
example, it reacts with Super oxide anion Oz~ , hydroxyl radical( .OH)
and hydrogen peroxide H202, as well as converting the oxidized vitamin
E radical to It is an effective reducing agent and thus works to reduce
oxidative stress in the body, reduce oxidative stress and reduce tissue
damage.
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D. It activates the absorption of iron in the small intestine through its
reduction of insoluble and non-absorbable iron to absorbable ferrous as
well as its role in the process of storing iron in the body, especially the
liver, by converting the iron-carrying protein Transferrin to an iron-
storage protein Ferritin and thus has an indirect role in composition of
hemoglobin
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H. It has a role in reducing folic acid to tetrahydrofolic acid, which is
stored in the body in this form.

F. As a result of its antioxidant activity, it inhibits the process of
decomposition of cooked or stored food when added in limited quantities.
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J. Itis involved in many different metabolic processes such as cholesterol
metabolism, drug metabolism and carnitine metabolism
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G. It interferes during the formation of Nitrosamine by direct reaction
with nitrites and thus can reduce the risk of cancer, as Nitrosamine is one
of the compounds that work on the occurrence of various cancers.

It is known that plants absorb nitrates from the soil, and if they are not
represented in the formation of proteins, they are stored in the cells as
they are. The danger of nitrates comes from its conversion inside the
body to nitrites, which combine with protein derivatives (amines and
amides) that make up nitrosamines that cause cancerous diseases.
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R. Relieves cold symptoms, lowers the risk of osteoporosis
Osteoporosis aasll jas 4LaY) jhi (it g Sl Gl jef Cainy

6. All plants and most animals contain ascorbic acid from D-glucose and
D-galactose. In animals, it starts constructively from D-glucose. In plants,
the process of construction is complex, as it has two structural pathways
for converting D-glucose and D-lactose into ascorbic acid. The inability
of human to synthesize ascorbic acid is due to his lack of the enzyme
Oxidase, which converts the L-gulonic acid compound, which is the
product of a series of reactions that start with glucose into ascorbic acid.
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7. Deficiency causes scurvy, anemia, and slow wound healing
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Fat -soluble vitamins

All fat-soluble vitamins (K "D_"E_"A) are built from the compound
iIsoprenoid
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Isoprenoid

Vitamin A

Vitamin A is formed from beta-carotene by splitting the isoprene chain
in the middle of it in the presence of the enzyme Dioxgenase, by which
two molecules of Retinal are formed, in which the aldehyde group can be
reduced to Retinol, which is also known as alcoholic vitamin A.
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General properties

1. The sources of all types of vitamin A are plant pigments called
carotenoid pigments and are abundant in carrots, milk, eggs and liver.
The vitamin is found in animal sources in the form of retinol.
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2. The vitamin has several important functions, including maintaining the
safety of the epithelial tissue. In its absence, the epithelial tissue turns dry
and keratinized, and therefore various disease states can occur.
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3. Vitamin A has a role in vision, as retinal is a coloring substance for the
optical dye, rhodopsin, which is a light-sensitive protein resulting from
the union of a fatty protein called opsin with the retinal. The light coming
to the eye works to convert the cis retinal in position 11 to trans. As a
result, the photoreceptor cells in the eye polarize the light and start
sending the message to the brain
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4. It maintains the health of the skin and enters into the functions of the
bones, as it may have a role in the division and formation of cells and a
role in the biological and physiological processes and participates in the
Immune system through its entry into the formation of mucous-forming
carbohydrates found in the various bodily channels that are used to
protect against bacteria, microbes and harmful substances as it prevents
its penetration into the body, including the mucous carbohydrates that
make up tears, which are necessary for the health of the cornea and its
normal survival. The vitamin also enters the function of red blood cells.
Vitamin deficiency causes many abnormal conditions, such as night
blindness, which is the inability of a person to see in dim light and
darkness, and also causes skin disorders and others.
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5. Regulates the process of gene expression and cell differentiation
through Retionic acid, which binds with nuclear receptors, and this
association is responsible for the process of regulating the transcription of
information from genes in DNA.
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