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* Introduce biochcmislry and describe the approximate chemical composition of
protoplasm.

. Dislinguish c:lrbohydratcs. proteins, lipids and nucleic acids as the four
fundamenta| kinds of biological molecules

*  Describe and draw sketches of the dt‘hjnlr.i!lnll-.\\nlhc.ﬂs and hydrolysis
reactions for the making and htcukmg of macromolecyle polymers,

* Explain how the Properties of water (high polarity, hydrogen bonding, high
specific heat, high heat of vVaponzation, cohesion. hydrophobic exclusion,
ionization and low erdensity of ice) make it the cradle of life

* Define carbohydrates and classify them

* Distinguish the properties and roles of monosaccharides, write their ¢mpirical
formula and classify them

» Comparc the isomers and stereoisomers of glucose

. Dislinguish the properties and roles of disaccharides and describe glycosidic
bond in the transport disaccharides

* Distinguish the properties and roles of polysaccharides and relate them with the
molecular structures of starch, glycogen, cellulose and chitin,

*  Justify that the laboratory-manufactured sw cctfncrs are "lcﬂ-handcd" sugarsg
and cannot be metabolized by the “right-handed cnz_\'mc.s.

*  Define proteins and amino acids and flr.m .lhc structural formy|, of aming acid,
Outline the synthesis and breakage of peptide linkages, N

. Justify the significance of the sequence of amino acids through the example of

i | hemoglobin.
» gr:s]:l:; lprl:)c(cjnf as globular and fibrous proteins.
L

Listexamples and the roles of structural and functional proteing.
Define lipids and describe the prope

iies and roles of cylglycergls
PhOSpholipids, terpenes and waxes.,




Introduction

All material things in this world P of chemical elements. These
clements are composed of atoms. The atoms.are joined together hmnin molecules
and compounds. The bodies of living organisms arc made up of soric of these
chemical elements. Thc L ) S in the bodies of living organisms are
carbon, hydrogen, nitrogen, oxygen, phosphorus and sulphur. Of these, carbon,
hydrogen a{xd OXygen constitute about 95%, of human body by weight. Other elements
are present in smal| proportion. Biochemistry is the science of biology that deals with
the structure, composition and function of molecule

i : : s that are present in the bodies of
living organisms and chemical processes occurring in them.

are made y

The bonding of hydrogen, OXygen, nitrogen and other atoms to carbon atom

forms the compounds called organic compounds. The organic molecules play most
important role that characterize the structure

and function of the cell organelles.
Carbon-carbon bonds make chain of carbon atoms which form the skeleton or
backbone of large organic molecules. The chemical analysis of protoplasm shows that
it is composed of two types of compounds, i.
compounds. These compounds are present |
different organisms and even in different types of cells of the same organism. Water is
the most abundant of all compounds of protoplasm. It forms almost three-fourth of the
body by weight, next to water are proteins. Proteins are the most abundant organic
compounds present in the cell. Proteins have structural functional roles in the cell.
Other organic compounds include carbohydrates, lipids and nucleic acids. Enzymes
which are proteins in nature are also present. Hormones which play very important
role and inorganic salts are present in small proportion,

A typical cell shows the following approximate percent composition of
different compounds present inside it.

¢. organic compounds and inorganic
n somewhat different proportions in

Table: 2.1 Approximate chemical percent composition of a Bacterial and a
Mammalian animal) cell
Contents Bacterial Cell Mammalian Celj
Water 70 70
Proteins ) 18
Carbohydrates 3 4
Lipids 2 3
DNA I 0.25
RNA 6 1.1
Enzymes, Hormones etc 2 2
Inorganic lons etc l I
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'Q.lgl" Fundamental Biological Molecules
- - There are four types of fundamental biological molecules present i

-

These are carbohydrates, proteins, lipids and nucleic acids.
are distinguished from one another on the basis of their chemical struc

- f:.‘ Pt . % m‘.
composition and functions. ]
- The organic molecules in living things such as fatty acids, amino acids, and
carbohydrates have characteristic functional groups. These functional groups add to

: diversity of organic molecules. Some functional groups are hydroxyl (alcohol)
- group, earboxyl (acid) group, aldehyde group, amine (amino) group etc.

ol ~Inorganic compounds such as water and inorganic salts are also present in the
- protoplasm. Water is vital for the life of living organisms and without sufficient
~ quantity of water the protoplasm is unable to perform normal functions. Though

ganic salts are present in small quantities but they are important for most
- biochemical functions.
- 2.1.1 Condensation

-~ - Large organic molecules are called macromolecules or polymers. These are

! ;ﬁﬁnedofpm'ucular types of small organic molecules or subunits called monomers.
& ’m&omers Join together when a hydroxyl group (OH) is removed from one
~monomer and a hydrogen (H) is removed from another. This is called condensation

¥

) tzC«jelly‘drauon) In the process water molecule is removed e.g.

| J 0 acids join together to form a molecule called a dipeptide. The OH from
the carbo ; yl group of one amino acid combines with a hydrogen atom from the amine
-y e R L act s OB . . o
foup of the other amino acid to produce water (blue) in the equation below.
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2.1.2 Hydrolysis (Hydro-water; Ivsis-splitting)

Polymc(s (mz}cromolcculcs) are broken down into monomers by @ process
called hydrolysis. It is the reverse of condensation. In this process hydroxy! group
from water attgchcs to one monomer and a hydrogen attaches to the other. This 15
called hydrolysis reaction because water (hydro) is used to break (lyse) a hond €.8-

Sucrose + Water ——————» (Glucose + Fructose

Both condensation reactions and hydrolysis need specific enzymes.
2.2 Biological Importance ol Wate
_ Water is essential for life. There is no existence of life without water. Allah the
Almlghty has created all living organisms from water. The bodies of living organisms
contain 70 % to 90 % water. It is essential for existence of protoplasm because
prqto;?lasm can{lot survive ifits water content is reduced as low as | () percent. Because
of its immense importance water is present in sufficient amount in most of places on
earth. The chemical and physical properties of waler are 50 designed that they are
absolutely important for the vital processes of life.

a. Polar Nature of Water
Water is polar molecule. The oxygen end of the molecule is clectronegative

bearing a partial negative charge and the hydrogen end is electropositive bearing a
partial positive charge. Water molecules are bonded to one another through hydrogen
bonds. Hydrogen bonds are much weaker than covalent bonds but they still cause

water molecules to remain attached together.

b. Universal Solvent
Due to polar nature of water it dissolves almost all types of polar substances

and is therefore regarded as universal solvent. This facilitates chemical reactions
both inside and outside the living cell. Water provides the medium for most chemical
reactions in cells. For example when sodium chloride is put into water,the
electronegative ends of water molecules are attracted 1o the sodium ions and the
electropositive ends of water molecules are attracted to the chloride ions. As a result
the sodium and chloride ions separaic and dissolve in water. Water dissolves all
minerals present in soil which are absorbed by plant roots and transported to other
tissucs.
c. Cohesive and Adhesive Force of Water

The water molecules remain attached together and do not separate because of

hydrogen bonding. This develops cohesive force among them and therefore water
flows freely withoutbreaking apart, Water molecules alsoadhere (stick) to surfaces
It can fill a tubular vessel and still flows so that dissolved molecules are evenly

distributed throughout a system.
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. Water Expands at Low Temperature
Water has a unique property. as it expands when temperature falls below 4
%C. Water is most heavy at 4 'C. Therefore ice (solid water) 1s less dense than liquid
water and this is the reason that ice floats in liquid water. Water body freezes on th
surface at low temperature.
f. lonization of Water ,
Water molecules may ionize into hydrogen tons (H ') and hydroxyl 10ns (OH )
few molecules out of a very large number may ionize. The presence of ions 18

important for the normal functioning of enzymes.

2.3 Carbohydrates :

Carbohydrates are polyhydroxy aldehydes or ketones or substances which
yield such compounds on hydrolysis. Carbohydrates contain cither aldchy_dc or
ketone as functional groups attached to one of the carborn #l0ms. They also contain two
or more hydroxyl groups. They arc the mostabundant organic biomolecules in nature.
Carbohydrates are organic compounds thatare mainly composed of carbon, hydrogen
and oxygen. The name carbohydrates means that they are hydrates of carbon in which
hydrogen and oxygen is present in the same ratio as in water that is 2: 1. Bul now many
carbohydrates are known that contain hydrogen and oxvgen in different proportion.
Examples of carbohydrates are glucose, sucrose, starch, cellulose ete. Carbohydrates
are classificd into three groups, i.c. monosaccharides, oligosaccharides and

polysacchandes.

/O
\ Aldehyde group




Monosaccharides: (Mono =one; Saccharum = sugar) e

Monosaccharides arc simple sugars. They are not hydrolyzcd (hm Lfl 1t.Jhwn

dition of water) into more simple units. They e casily soluble m"wau,r." c);_

o . ste. They have empirical formula (CH ¢ J), containing lh‘c .s.;:ne ra 1ouo

sgen and Bxygen as in water, i.¢. 2:1, They contain cither aldehyde or keto g{roh p.
ve carbon backbone that may contain from three to seven carbon atpms: "cy

:s which end in—ose. Those with three carbon atoms are celled trioses, with
with five atoms-pentoses, and so on.

o)
- CH,0H fructose

\

. Fig: 2.4 Fructose containing keto group

. the simplest monosaccharides with three carbon atoms.

with aldehyde group. Ribose is a pentose. It also contains
s nic form. Glucose, fructose and galactose are
! @'o'n?ula (CH,.0,) but different structural

ea} fonnula but different structures are

e

fuctose is ketone. Therefore glucose,

o) I-IT’. D ” f




CH,OH
(0]
G 9,090 o A N
gg{g — NG oH
HO OH |
H H H OH
Glyceraldehydes Ribose Glucose
(Glycerin) (Pentose) (Hexose)
(Trios)

Fig: 2.5 Some examples of various types of Monosaccharides.

2.3.2 Oligosaccharides

Oligosaccharides are hydrolyzed " H
to form (break up) from two to ten H~C—OH C=0
simple monosacharide units. The

S -0 H(-0H CHOH
units or monomers are bonded ) G e
together by glycosidic bonds. The ! el B » /% .
oligosaccharides that are [H-¢ on o =3 on &
hydrolyzed into two simple units | #-¢ on H=C —om WO\ . om
are called disaccharides, those "-4' —on H=C—oH )
hydrolyzed into three units are | " it
trisacchrides and so on. Fructose Glucose Glucose
Disaccharides are the most S ) {fing form)
common oligosaccharides. Fig: 2.6 Isomerism and stereoisomerism in glucose.

Common disaccharides are '
sucrose, lactose and maltose. Sucrose is present in sugarcane and is hydrolyzed into
glucose and fructose.

I CH,0, CH,,0, C.H..0,
o o synihesis 0 O
K >| hydrolysis OO * HO
OH HO
glucose . fructosc AUCTORe . watcr

——
-

monosacchanide + monosaccharide  —— Casecharide ) ot

Fig: 2.7 Formation of disaccharides from monosaccharides monomers

e —
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Sucrose+ Water +Sucrase (enzyme ) —» Glucose + Fructose + Sucrase
The covalent bond that is formed between two monosaccharide units is called
slycosidic bond. Lactose is found in milk that contains galactose and glucose.

: Hydrolase
Lactose + Water ‘L—_’ Glucose + Galactose
N actase
fisaccharide found in fruits. It is composed of (w0 glucose units and is
digestive tract as a result of starch digestion.
Hydrolase

";',f + w!tcrmclucose + Glucose

harides are polymers of monosaccharide units (monomers). They are
 than ten monomers of glucose units. They are tasteless and are
xamples of polysaccharides are starch, glycogen, cellulose, chitin
des act as macromojecules (polymers) for the small carbohydrate
ants prepare glucose during photosynthesis, which is immediately
' starch. When plant needs glucose, starch is again converted into
tarch is stored in plant cells. Starch is a polymer made up of many glucose

s bonded together forming unbranched or branched chain. Glycogen is stored in
al cells. It is also a polymer made up of glucosec monomers forming extensively

~ Cellulosc is another polysaccharide, formed of unbranched chain of glucose
mits. It is the building material of green plant cell walls and is probably the most
sohydrate in nature. The bonds linking glucose units in a cellulose
;Wyﬁomsthandglycogen.Ccﬂuhscmfmtoampof

e .,hyaolyuccnummmmdiguﬁvesyuanmisenzynw

arc example of cellulose. Chitin is a polysaccharide. It is
such as crabs and insects. Itis also a polymer of

attached to each molecule. Like cellulose chitin

e

'5. =9 |

il d



Cellulose fibers

CH,OH H

Fig: 2.8 Cellulose is a polysaccharide, formed of unbranched

chain of glucose units.

Storage Molecules

Carbohydrates are stored in the cellsas re
27 % glucose. Honey contains large amounts o
polysaccharides such as starch and glycogen exc

use.

your inforieliiely

The shape of a molecule affects lots of things besides
its smell. Our bodies, for example, can only use right-
handed sugar; left-handed sugar is indigestible.

almost all left-handed--our bodies can't manufacty
proteins out of the right-handed version. (The cell
walls of bacteria are one exception; they contain
right-handed amino acids.)

Amino acids, the building blocks of proteins, are

serve food. Grapes contain as much as
f glucose and fructose. Some of these
ess amount of food 1s stored for future



Structural Building Materials

Cellulose a complex carbohydrate is the major structural component of cell
walls of green plants. Similarly chitin another complex carbohydrate is the structural

of units (monomers) called amino acids. A large number of amino
[ these, only twenty different types of amino acids combine in
different sequence forming hundreds and thousands of different

Hydrogen
--Amino Ca |
H 4 'l‘ 'béiy
. [ B
H = \P
R
R-group
(variant)
~ Fig: 2.9 Structure of Amino Acid

03 el J e
- 8 4mino groups. Each amino acid has a
. Ther © four different groups attached to
oup, hydrogen of alpha carbon
ipha carbon

-----



Glycine
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Fig: 2.10 Different types of amino acids
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womed wogether o make a protein The “\N—%
R

order of the sowno acuds determines H7 g H
w huch protem will be made. When two - R
amine acids are joined together, a Peptide group

dipeptide 1s formed. Fig: 2.11 Peptide bond between two amino

A special chemical bond called a peptide bond holds together two amino acids..
Proteins usually consist of multiple amino acids, forming chains, that are held
together by peptide bonds. For example, Haemoglobin and insulin.

Haem molecule wit
st

—~‘




l'f an amino acid is not oc-cupyi!lg its specific position in a protein molecule it will
fail to pcrljurm is fllllc.ll()ll. For example if one out of 574 amino acids in &
haemoglobin molecule is not present in its specific position then haemoglobin
changes its normal globular shape and becomes sickle-shaped. As a result
disc-shaped red blood cells also become sickle-shaped. In sickle cell hncmoglobin
molecule glutamic acid is replaced by valine, Such type of haemoglobin cannot
perform its function and the person with sickle cell haemoglobin dies. The size O
protein molecule depends upon the number and kinds of total amino acids present:
in the molecule. '

Sickle cell anemia is a blood disorder that affects

heamoglobin. Sickle cell anemia occurs when a person i
inherits two abnormal genes (one from each parent) that 7
cause their RBCs to change shape. Instead of being
flexible and disc-shaped, these cells are more stff and .

curved in the shape of the old farm tool known as a

sickle — that's where the discase gets its name. The Nl

sl_upc is similar 10 a crescent moon. Red blood cells .blm d cell Sickle Cell
with normal haemoglobin(hacmoglobin A, or HbA) move

easily through the bloodstream, delivering oxygen to all

the cells of the body. Normal RBCs are shaped like discs or doughnuts with the centers
ially "scooped out” and are soft and flexible. They can casily “squeeze® through even very
all blood vessel. :

2.4;2 Shape of Proteins

As regards the shape, proteins are classified into two types: fibrous
proteins and globular proteins

.a. Fibrous Proteins

The molecules of fibrous proteins are composed of one or more
polypeptide chains, which are linearly arranged in the form of fibers. They are
water insoluble. Some of these may form sheet-like structures. Examples of
fibrous proteins are keratin found in hairs, nails, fur, outer skin, myosin present in
muscle cells, collagen which is the most abundant protein in higher vertebrates
found in skin, ligaments, tendons, bones and in the cornea of the eyes, ¥

b. Globular Proteins ’
Globular proteins, as the name indicates, are globular or spherical msbapé
due to folding of polypeptide chains. They are usuvally water-soluble. Examplesof 2>

__-—h .:&;&b-.a



globular prmcins are hemoglobin, albumen of egg white, enzymes, antibodies and
the proteins of cell membranes.

243 Levels of Structure (Organization)

There are four levels of organization of protein molecules. This is because
each type of polypeptide chain bends, folds and twists in particular way within a
protein molecule. This gives protein molecule a characteristic structure that
classifies protein into four different types. The primary structure is the sequence
of the amino acids joined together by peptide bonds. Sanger in 1951 was the first
person who determined the sequence of amino acids in insulin molecule. -

. A polypeptide chain having a linear sequence of amino acids is cﬁ
primary structure. When a polypeptide chain of amino acids become spirally
coiled, the structure is called a secondary structure of protein. When | :
secondary structure of protein is arranged into a three dimensional structure,it is
called a tertiary structure. When two or more polypeptide chains are arranged

P

a large sized molecule, it is called a quaternary Structure €. haemoglobin.

2.4.4 Functions of Proteins b g0

Proteins perform the most important functions in the life of livingorganism:
Proteins are the structural and building materials of cellular m«:mbramas}g;.l[eds
lipo-protein membrancs. All enzymes are proteins. They speed up biochemical
reactions inside the body of living organisms. The digestive enzymes are
important for the process of digestion. Without their presence food cannot be
digested. Some hormones such as insulin are proteins which regulate biochemical
processes. Myosin and actin fibers play an important rplc in the con
muscles and movements. Haemoglobin is oxygen-carrying protein of red blood
form most structures such as skin, irs,

cells. In animals’ proteins .
hooves etc. In plants proteins are stored in most seeds for the future need

embryos e.g. bean, pulses, pea elc.

2.5 Lipids g e
Lipids are a group of different types of organic compc nds. They contar

carbon, hydrogen and oxygen. Other elements such as nitrogen am
may also{» present in lipids. Most lipids are no:}-polar and are inso
(bydropbobic) They are easily soluble in organic solvent such as.

ol etc. They usuall contain more carbon
1, alcohol etc. They Y o s are classified i



2.5.1 Acylglycerol

Acylglycerol are lipids which are composed of glycerol and fatty acids.
The most common acylglycerol are triglycendes contaning one glycerol
molecule and three fatty acids. Glycerol is a three-carbon compound, 10 each
carbon a hydroxyl group is attached. Hydroxy! groups are polar and therefore
glycerol is soluble in water. The acid portions of three fatty acids react with three
hydroxyl groups of the glycerol so that a triglycerid and three water molecules are
formed. This reaction is condensation. The triglyceride molecule can be
hydrolyzed into its components i.e. glycerol and three farty acids.
Triglycerids are stored in animals as fats.

A fatty acid consists of a long hydrocarbon chain with a carboxyl (acid) group (-
COOH) at one end. Most of fatty acids in cell contain 16-18 carbon atoms per
molecule. Fatty acids may be saturated or unsaturated.

RCOOH H,C— OH H.C —o—-i——ﬂ
(o]
ccoon oy . —o—b g +3HO
s o
R*COOH HC—OH u,c—o—':l:—n"
F:‘:y":dd' Glycerol Triglyceride

Fig: 2.13 Formation of Triglyceride from tatty acids and glycerol

Saturated fatty acids have no double bond between carbon atoms. Such
molecules cannot accommodate any more hydrogen atoms if added to them.
Acylglycerol with saturated fatty acids such as palmatic acids are called fats and
are solid at room temperature. Saturated fatty acids dre stored in animals as fats.

Unsaturated fatty acids have one or more double bonds between some
carbon atoms (C=C). In such molecules the number of hydrogen is less than tvo
per carbon atom. Any more hydrogen can be added to these molecules.
Unsaturated fatty acids such as oleic acids are stored in plant seeds. Acylglycerol
with unsaturated fatty acids are usually liquid at room temperature.



The triglyceroids
have high caloric value | Ghee with saturated fatty acids is prepared from
and usually yield twice | yegetable oil by passing hydrogen through it. Intake
as much energy per gram | of ghee should be minimized as it may store in blood
as that of carbohydrate. vessels reducing their flow capacity increasing risk of
\ heart attack. 4

m———

2.5.2 Phospholipids

Phospholipids are composed of one glycerol molecule, two fatty acids and
one phosphoric acid molecule usually linked to some nitrogen group.

A triglyceride molecule is converted into phospholipid when a fatty acid is
replaced by one phosphate. A phospholipid molecules has two parts. A phosphate
head: Itis polar and is therefore soluble in water or hydrophilic (hydro-water; philic-
loving) and two hydrocarbon tails they are non polar and are insoluble in water or
hydrophobic (hydro-water; phobos-fear). Phospholipids arrange themselves in a
double layerin the presence of water in the plasma membrane of the cells.

253 Waxes

Waxes are formed by long chain fatty acid bonded to long chain alcohol. They
are solid at normal temperaturc because they have a high melting point. They are
hydrophobic. They are stable compound and are resistant to degradation. They form a
waterproof layer (cuticle) on the surfaces of some plant parts such as leaves, fruits and
in this way reduce the rate of water loss. Water barrier waxy layer generally covers
bodies of some animals such as sheep and insects.

2.5.4 Steroids

Steroids are lipids that do not contain fatty acids. Each steroid is formed of a
backbone of four fused carbon rings containing 17 carbon atoms. They differ
from one another by the type of functional group attached. Different steroids have
important functions in the bodies of humans and other animals. Cholesterol is a
representutive example of the steroids. It plays a role as an essential component in
anumal cell membrases. Cholesterol is also a precursor of all steroid hormones
such an ahlosterone. wn hormones and vissmin D Aldosterone helps to regulate
the woadium .onmrut oA dha Bormones help 1o mamtain male and female
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bh. Aldosterone

¢. Testasterone

Fig: 2.14 Some representative « wamples of the steroids.

2.5.5 Terpenoids
Terpenoids are lipi
lipid soluble and water inso
isoprenoid units. They join b
Wofcompounds such as rubber, caroten

CH,

ds that like the steroids do not contain fatty acids. They are
I'he terpenoids are formed of units called

juble substances
lensation and give rise to different

y the process of cone
onds, etc.

Fig: 215 AN prnnold units
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2.5.6 Functions of lipids

Lipids are long-term energy storage molecules in plants and animals. Plants
usually store lipids in seeds as oils (unsaturated fatty acids) while animals store
them as fats (saturated fatty acids). Lipids store greater amount of energy than
carbohydrates because they contain less oxygen and more C-H bonds than
carbohydrates. Lipids are the building materials of the cellular membranes called
ipo-protein membranes. Lipids provide insulation to various organs and to the
bodies of ani.mals as a whole. Some hormones are lipids that regulate various
processes inside the bodies of plants and animals. Examples of plant hormones
are auxins, gibberellins, cytokinins while that of animal hormones are
 aldosterone, testosterone. '
216 Nucleic Acids
Nucleic acids are polynucleotide chain (polymers) formed by the linkages
of units called nucleotides. There are two types of nucleic acids i.e.
" soxyribonucleic acids (DNA) and ribonucleic acids (RNA). DNA is formed of
‘ xynbonucleouda while RNA is formed of ribonucleotides.

.1 Nucleotides

- In a typical nucleotide, the NH,
‘:'.. pgenous base is attached to carbon N C'Z
no. I of pentose sugar while phosphate BT =N
prou }uatnchedtocarbonNo 5 of the o O g\ LR
pentose sugar. The bond formed (|) N~ ~N#=
-’_‘ een phosphonc acids (H,PO)and | 1 Nitrogenous

..'; yl (OH) groups of pentose 2 ﬁ O-CH, o base
sugar is called ester linkage. In a

‘s* cleotide chain one phosphoric | . copare 1 H
‘-,-f:-w to the OH group of group
No 3 of pentose sugar while OH OH
P acid is attached to Sugar
of wbon No 5 of pentose Fig: 2,16 Skeleton of a nucleotide

es are classified into two main types, Pyrimidines and

‘ e ling ‘compounds while Punna are double ring
> furt qlmiﬁed into three types, i.e. Thymine,
._y;' ~inlotwotypeu.c.AdemncandGuaumc
1) e are mononucleotides dinucleotides

-.4



OH H
n. Deoxyribose

Phosphodiester
bond

2.6.2 Mononucleotides
' As I!lc name indicates, a mononucleotide
exists as a single nucleotide. One of the common

mononucleotide is the adenosine tniphosphate OM
(ATP). It is a nucleotide with three phosphates b. Phosphodiester linkage
Adenine base linked to pentose sugar (nibose) OH

forms a structure called adenosine. When
adenosine is bonded to a single phosphate it will
form a nuclecotide called adenosine |

monophosphate. This reaction needs energy OH
¢. Phosphoric acid

O—P=—0H

Purines : Pyrimidines
H
T AR
L
H | Thymin
Adenine I
kel e
| Cytosine
VA
i e B
Guanine L ad of thymine (T). itis not
| part of DNA.

Fig: 2.17 Chemical structures




Adenine + Ribose (pentose sugar) — Adenine-Ribose (Adenosine)

Adenosine (Adenine-Ribose) + phosphate —» Adenosine Monophosphate
(AMP)

denosine Monophosphate is a nucleotide with one phosphate group. Another
phosphate is bonded to this molecule when energy is supplied; it forms adenosine
sphate (ADP). With the addition of a third phosphate and energy to it
jenosime triphosphate (ATP) molecule is formed.

AMP + Phosphate —» Adenosine Diphosphate (ADP) * A-P~-P™
(A- stands for adenosine; P for phosphate)

ADP +P » ATP (Adenosine Triphosphate) * A-P~P~P "

Adenosine triphosphate is an energy rich molecule and is commonly called
~ energy currency. It provides energy to cells of all living organisms for their
~ functions. The wavy bonds between the phosphate groups indicate high-energy
~ bonds. Usually the bond between the second and third phosphate breaks up
releasing the energy used by the cell. An ATP molecule is hydrolyzed into ADP

~and P and almost 7 Kcal energy is produced.
ATP + H;O0 — > ADP + P + 7.0K Cal

\dcno Triphosphate Adenosine | [Diphosphate  Phosphate

D [— - | + @ -7Kal

= ATP I — ADP + (P)+ Energy
| i ' Fig: 2.18 Hydrolysis of ATP molecule.

s moleculesare produced during respiration when food molecules are broken
nto simpler substances and the stored chemical energy is released. This
used in the generation of ATP molecules.
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The adenine dinucleotide 1n

c‘.’mb'.““"o" with .d'ﬂcrem Nicotinamide is a vitamin called nicotinic acid
vitamins  form  important (niacin). Flavin is also a vitamin called
compounds  called  co- | riboflavin (Vitamin B2).

enzymes, Three important co. =

enzymes are NAD (Nicotinamide Adenine Dinucleotide), NADP (Nicotinamide
Adenine Dinucleotide Phosphate) and FAD (Flavin Adenine Dinucleotide).

These coenzymes can exist in two forms; a reduced and oxidized form. In the
oxidized state they function as hydrogen acceptor. NAD and FAD are both active

in the electron transport chain of respiration where they act as electron carriers.
In the process they are alternately reduced and oxidized.

- — |

V[ Adenine P Adenine
| \ 3 / \ . /
\ p
P Nicotinic Acid " Nicotinic Acid
\S / "y » >

Structure of NAD ! Structure of NADP

Fig: 2.19 Some examples of co-enzymes.
2.6.2 Polynucleotides (Poly:many)

When many nucleotides are linked together they form a structure called
polynucleotide. DNA and RNA molecules are polynucleotide chains (strand).
There are different types of RNA molecules, each type performs specific function
under the instructions of DNA. Nucleic acids are of two types:

1. DNA: Deoxyribonucleic Acid — made of deoxyribonucleotides
2. RNA: Ribonucleic Acid - made of ribonucleotides

1. Deoxyribonucleic Acid (DNA)

In 1962 James Watson (b. 1928), Francis Crick (1916-2004), and Maurice

Wilkins (1916-2004) jointly received the Nobel Prize in physiology or medicine
.fu their 1953 determination of the structure of deoxyribonucleic acid (DNA).
\ I 1o this model the DNA molecule is double helix. The double helix can
UOW as spiral stair case wound around a central axis. Watson and Crick
suggested that base pair always consists of purine pointing toward pyrimidines,




keeping the molecule diameter at a constant 2nm. The base pair are flat with a
distance of 0.34 nm between them.

' DNA contains pentose sugar as deoxyribose. It is formed of four different
types of nucleotides. These nucleotides are named after the base present in them
hey are: Adenine deoxyribonucleotide, Guanine deoxyribonucleotide, Thymine
goxyribonucleotide and Cytosine deoxyribonucleotide.

i'l'lme four types of nucleotides are used as building blocks of DNA molecule.
4_' icleotides in the DNA molecule are bonded to one another in such a manner that
ar of one nucleotide is linked to the phosphate group of the next one. In this way
f & nu 1eotxda form a linear molecule called a strand in which the backbone is made
up of's garaltcmanng with the phosphate group. The bases are projected to one side of
;f.,;,-.- tr: n : The sequence of the nucleotide in one type of DNA is constant while it is
different f; mothertypeofDNAmoleculc

Sugar (deoxyribose)

in opposue direction to each other
' n bonds between purine and
vmh ademnine in the



e —

There are two hydrogen bonds be
bonds between guanine and cytos
2. Ribonucleic Acid

::‘vcc ¢n adenine and thymine and three hydrogen

adenine ri i : : ; :
ribonu:lcolt)i(:izu';‘:,?ud? guanine ribonucleotide, cytosine ribonucleotide, uracil
3 nucleotides in the RNA molecule are linked in the same manner as

in the DNA molecule. RNA is a sin le : :
oceurs instead of the base thyiine gle polynucleotide strand. In RNA the base uracil

l.(:
v @
oo_g_o Yon n*o =
‘-
\
' Fig: 2.21 Chemical structure of DNA Fig: 2.22 Chemical structure of RNA

There are three types of RNA molecules; messenger RNA (mRNA), transfer RNA
(tRNA) and ribosomal RNA (rRNA).

a. Messenger RNA (mRNA)

Messenger RNA carries messages from the DNA to the ribosome for protein
synthesis.

b. Transfer RNA (tRNA)

Transfer RNA transfers the specific amino acid from the cytoplasm to the
ribosome for protein synthesis.

c. Ribosomal RNA (rRNA)

Ribosomal RNA in combination with protein forms the body of the ribosome.

N —



2.6.3 DNA as Hereditary Material

Chromosome is composed of DNA and proteins. Biologists conducted
experiments and proved that DNA is the genetic material and is responsible for
the transfer of genetic information from parents to offspring.

. In 1928 Griffith conducted experiments using bacteria that causing
~pneumonia in mice. He used two types of bacteria; pathogenic and non-
-~ pathogenic bacteria. He observed that the non-pathogenic bacteria have absorbed
genetic material (DNA) from the pathogenic bacteria. As a result they have been
- transformed (changed) 1o pathogenic form,
W"“ Avery, Mcleod and McCarty provided experimental evidence to prove
that the virulence of Pnewmococcus, which is due to its outer surface. can be
transmitted through DNA 1o bacteria that have lost their virulence.

_ Hershey and Chase who Studied the life history of bacteriophages
. PfOVIdedfnnher conclusivc.cvidcncc. Bacteriophages consist of DNA enclosed in




LuU ., focu= A G
U [uue Pheluce QC_JU’ Tyr |UGU ICys u
Y Leu el AA StopUGA Stop A
__E%:M-GE%‘ G_Stopuce Trp | G
Fist | C [S05 [Leu SEC |pro|CAC™ IcGC || C
(5'end) — CA CGG.. G_| position
leé ACUT  |AAU [ 4gn/AGU T T U | (3'end)
| A Ay le [ACC Thr |1AACL AGC_ C
UA-1  |ACA |AAA | s [AGA™ ] org| A
AUG ACG~  laa AGG_ G
GUU™ GCuU™ GA Asp |GGU™] )
G GUC |y, |GCC |Ala |GAC_ GGC Gy | €
GUA GCA GAA 1~ IGGA A
J_loac |”"lgeg) |G
Amino acids names
Ala = alanine Gin = glulamine Leu = leucine Ser = serine
Arg = arginine Glu = glutamate Lys = lysine Thr = threonine
Asn = asparagine  Gly = glycine Met = methionine Tp=
Asp = aspartale His = histidine Phe = phenylalanine Tyr = tyrosine
Cys = cysteine lle = Isoleucine Pro = proline Val = valine
Fig: 2.23 Various combination of Genetie Codes

There is a lot of information stored in the DNA. If we had to write down all the
information in the DNA, it would make 900 volumes, each of 500 pages. All
this knowledge has been fitted into a tiny molecule that we cannot see with our
naked eye. Who has fitted all this information in DNA. Certainly this is the

work of supreme intelligence,He is Allah with His supreme intelligence,
limitless knowledge and eternal power, Who created the universe.




There are four nitrogenous bases involved in the formation of many codes;
adenine, guanine, thymine and cytosine. These four nitrogenous bases make
sufficient codes for the 20 different amino acids which synthesize a large number of
different protein molecules,

2.6.5 RNA as a carrier of genetic information
Three types of RNA molecules, mentioned earlier, are involved in the
ransfer of genetic information from DNA to synthesize proteins.This transfer of

netic information takes place in two steps:

! ~

This is the transfer of genetic code from DNA molecule to RNA molecule.

'T is thc transfer of the genetic code from a mRNA toa sequence of
iminc  acids in a polypeptide.

-~

? ’-,_._-_ Molecules

njugated molecule is defined as a molecule that is formed by the
omb 2 two different molecules belonging to different categories. For
example when a carbohydrate molecule combines with protein, a conjugated
r.‘é‘f-'?-n -_; "“5,, Aglycopmlein is formed. Other examples are nucleoproteins,

i1 il
e D oy~toraat)
-

- - BN

otein are formed by the combination of lipids and proteins. Lipoproteins
: hmeworkofplasnamembnncmdallotheﬂypwof

WWMWQfmlmc acids with proteins. A
' 3 thui:fonnedhytheDNAmd



KEY POINTS

Biochemistry is the branch of biology that deals with biochemical basis
of life.

In higher plants inorganic compounds are obtained from the environm
and are used to make different organic compounds.

Water is one of the best solvents, regulate temperature of the body and has
high absorbing capacity to absorb different materials.

Condensation is a process in which large organic molecules are

synthesized and water molecules is removed.

Hydrolysis is a process in which large organic molecules is broken down
and involves the addition of water molecules,

Carbon is present in all organic compounds with a covalent bonding
capacity of four.

Carbohydrates are generally the hydrated carbons which are composed of
carbon Jhydrogen and oxygen

Carbohydrates are classified into monosaccharides, oligosaccharides and
polysacchandes.

Starch is a common storage product in plants and glycogen in animals.
Cellulose is a common polysacchanides found in plants,

Carbohydrates provide energy, a building material of different body

structure and are storage molecules,
Proteins contain carbon, hydrogen, oxygen and nitrogen as four essential

ent

elements.
Proteins are made up of amino acids.
The amino acids bond together by peptide bonds which produce

polypeptides chains,
Protein molecules may be fibrous ¢ g keratins or globular ¢.g,

haemoglobin.

Globular proteins may be primary secondary., tertiary and quaternary
depending on their different levels of structural organization.

Lipids are mainly composed of carbon, hydrogen and oxygen and some
other elements particularly phosphorous and nitrogen and include animal

fats, vegetables oils, waxes, steroids etc,




e Vegetable oils and animals fat are called triglyecrides.

. ﬂ‘l\iy&olycuuumwhhmw.mdchnm bonded to one molecules of

» Fatty acid may be saturated or unsaturated.

e Lipids are important as storage molecules ,building material, insulators

A g:.l?inlbefudiseﬁonmdspeedingupofvimwviﬁu.

- nucleic acids are Deoxyribonucleic acid (DNA) and ribonuclei
- acids (RNA). (BN "

DNA has four nitrogenous bases namely ,adenine, guanine, cytosine and

,. thymine. RNA has the nitrogenous base uracil instead of thymine.

® RNA molecule are of three types messenger RNA (m RNA) ,ribosomal (r

o, RNA) and transfer RNA (t RNA).

- Mmonwleoudecmyhnvesinglepboopbaﬂem.e g. Adenosine

(AMP), two phosphate groups .c .g . Adenosine diphosphate (ADP) and
; .‘ﬂnac M“’MNP ¢.g. Adenosine triphosphate (ATP).

- two nucleotides join together form polynucleotides

DNAandRNA. s RN

dmpmmhcmumﬂymnwm

s and lipoproteins.




EXERCISE 3

A.Mﬂlm SRwers for the follerw g
1. which of the following i & duc harige

, -y G]W ¢ Frocwose
2 W"’g’ of the following has the greatest number of glycossdic s *
;: : ucose C. Cellulose
nse d. Malose

3. The main component of cellular membrane is:
a. nucleic acid c. carbohydrates

b. cellulose d. protein
4. The kmds of amino acids which are involved in the synthesis of
proteins are :
a. 20 c. 40
b. 30 d. 50
5. Amino acids mainly differ from each other by the difference
their:
a. R —group ¢. amino group
b. carboxyl group d. alpha group
6. Keratin is a type of protein found in:
a. silk fiber c. blood cells
b. nails d. muscle cells
7. DNA is more or less present in all of the following EXCEFY
a. m ¢ nbosome
b. chro mes 4 mtochondnon
et s o ainted Do s o

8. Insaturated fatty acids more hydrogen &7
a mﬁzof single bonds between GaiRE A
b, Presence of double bonds bEr= SRS ERSES
Presence of triple bonds Per* =" v
nd between

Absence of bo




EXERCISE 3.

: ‘energy as compared
' lecules have the capacity to store double amount of en &. p
9. Lipid molecules h ‘ ) cause of high number of:
to same amount of carbohydrate b“m"b C-H bonds
a. C-Cbonds i .
N C-O bonds
¢. C-Nbonds d.

R *cules orient away from
10. The “tails”™ of the hydrocarbons in the phospholipids molecule X

: e way from water?
water. Which of the following describes the tail's movement a y
a. Polar b.

Adhesive
¢. Hydrophilic d. I-lydmpho?is
L1. Lactose is a dis:;ccharidc formed by the formation of a glycosidic bond betw een
glucose and :

a. glyucose
C. Sucrose

12. Ester linkage is a bond which involves a chemi
a. H,PO,and COH

b. galactose
d. fructose
cal reaction between:

b. H,PO, and CH
¢. H,PO, and COOH d. H,PO, and OH
13. How many nitrogenous bases are involved in the formation genetic codes?
a2 b.3
c.4 d.s
B. Write short answers to the following questions,
L. Define the following:
(2) condensation
(b) hydrolysis

2. What are differe example ae
3. Compare the isomers and Stereoisomers of glucose. = sach,
4. Give the chemical nature of the glycosidic bond.

5. ;low _dchydmtion-synthcsis an

nd hydro| 1S reacti
. gofmacromolegule, polymers. & gons
6. Outline the Synthesis ap ‘

15 and
7. Evaluate the roe of sterg breakage

nt Kinds of carbohydrates? Give two

are used for the Making and

of peptide
e y F4T7 ,‘. wi*'

1
‘ y
1 SOme exampleg of gyt




C. Write detailed answers to the following questions. I..q

1. Explain how the properties of water make it important for life” ' Fi
2. Describe the properties and roles of disaccharides. - .
3. Classify proteins. List examples and roles of structural and functional proteins- oy

4. Describe the properties and roles of acylglycerol, terpenes and phospholipids- |
5. Define conjugated molecule and describe the roles of common conjugatcd molectlcs: i
6. Explain the double helical structure of DNA as proposed by the Watson and Crick-

Projects:

« Make amodel exhibiting the hydrogen bonding.

« Make asimple model of ring forms of alpha and beta glucose.

« Create a 3-Dimensional model of Watson - Crick Model of DNA.
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fger lwmg thing carries
s '¢d, by metabolic

_mmys in wl\mh a senes of mtcml.ucd
facilitated by an enzyme.
-3.1 EuymeStnlcture

ction takqs placc in a small part of thc cnzyme calle e
st of the protein acts as "framework". The amino acids around the 4
ach to the substrate molecule and hold it in position while the reaction tak

Th 'fmlmsthe enzyme specific for one reaction only, as other molec

L=

Z\ :Ptmowmgtwo hypotheses explains mode of enzyme action - ;;_;‘ ,
. | k. -Loekmd Key Hypothesis "%‘ :.i'-’ . \:.

' * Fischer in 1890 suggested that each enzyme had a particular shape into whleh
strat ﬁtcxactly Tbis was known as the lock and key hypothcsxs Acco’ din, :
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(h) Induced- 11t model

A\ Reaction Mechanism ubstra

Inany chemical reaction | | 5
a substrate (S) 1s converted into a w w * o _f—‘:‘i
product (P): =\
enzyme NZyme-sut nzym product |
S~p mj

There may be more than one substrate

and more than one product, but that
doesn't matter here. In an ehzyme-catalyzed reaction, the su bstrate first binds to the
active site of the enzyme to form an

thZyme-substrate (ES)

le attached to the
nism can be

compiex, then the
‘hzyme, and finally the
shown as in the Fig 3.2. The enzyme is then

substrate is converted into product wh;j
product is released. This mecha
free to startagain.

ehzyme changes shape

| products .
shightly as substrate binds ‘

=

enzyme ‘products
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~ Thesubstrate molecule fits . he | ive sitc ofthc ensyvie oleCHE Moty

malock Once there, the enzyme ché : e R iy e

in thcnctiw site, and making it more likely to change ek L. pERe- S A
: ‘ an)me making

mm 1de the
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A mdmthe substrate is to be broken, that bond mlght
l’f ’;j; likely to break. Alternatively the enzyme can mlb

.‘eﬁve site quite different from
MOumldc(wchupH water
wnoenn'auon, charge), so that

t‘ ‘the reaction is more likely to
% 2 Energy Changes
- The way enzymes work can

m be shown by considering
ﬁne energy changes that take
plwc during a chemical
mon. We shall consider a

 reactio where the product has a

- ow ¢ energy than the substrac, i 3Rt e

b *M mwlzd‘m::: Fig: 1.3 Energy changes daring \Mﬂm
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Ty of atoms and molecules that 10in with cozymes
Coftactors - are stoms. ErOUP

 their shape and making them functional. One can think of these cof "t
iy witch for activating an enzyme. If the cofactor is = non-prot=in ke 2
an" op-ofl” **

4 k) ion{i.c. Zine, COPPET, or iron) it is referred o as 2 prostheticgroup. Sone
A S are small organic molecules called coenzymes. Like enzymes they aré not
NZ mancatly altered in the reactions.

Many of these

s

S0 &
r
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-

Coenzymes are derived from vitamins and romerzls that age 4
i absence of these cofactors can lead 1o vitamin and rmineral
diseases e.g lack of Vitamin B produces beriberi . Examplesof Coenzymes
,_‘.‘FAD‘, NADP _
e nomenclature
‘ ,.-..« but not all end in the suffix “ase”. (exceptions: Depsin,
e named for the substrate they actonortheacuontheym
: re the six major enzyme categories, . _:f'},, e "’V““'



Table 3.1 Enzyme Nomeénchature by Substrare
. w:

____ Substrate l Enzyme
Lipid Lipase
Urea Urease
Maltose . Maltase
Ribonucleic Acid RNAase
(RNA)
ATP ATPase
Dextrose Dextrase
Protein Proteinase

4, Lyases

Lyases catalyze reactions in which groups (e.g. H.O, CO, and NH,) are removed
1o form a double bond or added to a double bond .Decarboxylases, deaminases and
synthases are examples of Lyases.

5. Isomerases

This is a heterogeneous group of enzymes which catalyze several types of
mtermolecular rearrangements. Epimerases and mutases are the examples.

P

6. Ligases
Ligases catalyze bond formation between two substrate molecule

s. The energy
for these reactions is always supplied by ATP hydrolysis.

3.5 Factorsthat Affect the Rate of Enzyme Reactions
Rate of enzyme reactions depend on the following factors.

A. Temperature
Enzymes works best at an optimum temperature, Enzymes present in mammals
works best at about 40°C. Animals present in different environments are adopted to range
‘of temperature. for example, enzymes of the arctic snow flea work at -10°C whereas in
thermophilic bacteria enzymes work at a temperature of 90°C.Upto the optimum
'm eraty  the rate increases geometrically with temperature (i.e. it's a curve, not a
ight lme),'l’hmtemmesbecause the enzyme and substrate molecules both have

emn

etic energy so collide more often and also because more. mo!?“”!ﬂi‘:; h"” E Gt
nt energy (o overcome the (greatly reduced) activation energy. Themmm“"_ H
mperatur c?ﬂ.bgqlmnﬁﬁedasaQ,;_IO,-which-isthemlative increase fOl"w?gﬂy' i

: ;f’*’{c. ' A\'.'.-



- I'he rate is pot zero at O°C, $0 ENZYMes still work in the refrigerator (and fodd'stil|
goes ofl), but they work slowly. EnZymes can even work in ice, though the rate 1s

extremely slow due to the very slow diffusion of cnzyme and substrate molecules through
the ice lattice ——— . RS - e

’~"f . 3 >l ~ el Soe
: _ " Fig: 3.4 Influence of temperature on the
o S rate of enzyme-catalyvzed reactions.
-~ Enzymes have an optimum

{3 _Q‘Hgtwhich they work fastest. For
- most enzymes this is about pH 7-8
~ (physiological pH of most cells), but [ Enyzme

" ~ a few enzymes can work at extreme | L Lipase (Pancreas)

A » . | | Lipase (Stomach)
pH, such as protease enzymes In e
e Lipase (Castor oil)

mal stomachs, which have an
um pH 1. The pH affects the

the amino acidsat

e icallyicn




reaction. At very high enzyme concentration the substrale concentration may become
rate-limiting, so the rate stops increasing. Normally enzymes are present in cells in

rather low concentrations.

). Substrate conce niration

The rate of an enzyme-
catalyzed reaction shows a curved
dependence on substrate
concentration. As the substrate
concentration increases, the rate
increases because more substrate
molecules can collide with enzyme
molecules, so more reactions will take
place. At higher concentrations the
enzyme molecules become saturated
with substrate, so there are few free Fig: 3.5 Effect of substrais
enzyme molecules, so adding more ot
substrate doesn't make much difference.

X= point of saturation

Rate of Reaction

increasing
concentration does
not affect reaction rate

Substrate concentration

concenti ation

E. Inhibitors

Inhibitors inhibit the activity of enzymes, reducing the rate of their reactions.
They are found naturally, but are also used artificially as drugs, pesticides and research
tools. There are two kinds of inhibitors.

(a) A competitive inhibitor molecule has a similar structure 1o the normal substrate
molecule, and it can fit into the active site of the enzyme. It therefore competes with
the substrate for the active site, so the reaction s slower ¢.g the sulphonamide to an
antibacterial drugs which actas compeutwe inhibitors.

() Anon-competitive inhibitor molecule is quite different in structure from the -
substme tmlecnle ahd dtm not fit into the active site. Tt binds to another part of the

e molecule, changing the shape of the whole enzyme, including the active site.
nd substrate molemles,lnhnnm that bind weakly andeaf

v
\“ “. }u .

T el e e SRR
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The activity of some enzymes is controlled by cc.rlain nulvlcm.nlcs buul.mg 1o a
specific regulatory (or allosteric) Site On the enzyme, distinct lrn@ the active site.
Different molecules can inhibit or activate the enzyme. allowing sophisticated controj of
the rate. Only a few enzymes can do this, and they are often at the start of a long
biochemical pathway. They are generally activated by the substrate of the pathway and
inhibited by the product of the pathway, thus only turning the pathway on when it is
needed.

3.6 Feedback Inhibition

,.%«Another kind of inhibition is called feedback inhibition. In feedback
> here > is a second binding site on the enzyme where the inhibitor binds, so

Ty,

tor i m@gecmsudy similar in structure to the substrate. The absence or
'-." - at this second binding site activates or deactivates the

} Q:.\;‘

’gtlie conformation of the enzyme so that the active site is made

avallable or-un;avallable to the substrate. The inhibitor is usually the product of a
mactwn formed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organisms o
speed upa particular reaction, but during this process these remain unchanged.

Enzymes are very specific in their action acting on a specific substrate.

When an enzymes acts on a specific substrate, enzymes substrates complex is
formed.

When enzyme's shapes are disrupted it loses its characteristics biological
activity.

The non protein part or prosthetic group of an enzyme is called cofactor.
According to lock and key model of enzyme the active site of an enzyme is a
rigid structure.

Modification to the lock and key model suggests that since enzymes are rather
flexible structures, the active site is continually reshaped by interactions with
the substrate as the substrate interacts with the enzyme,

An nhibitor is a chemical substance which can block the acuive site of an

enzyme temporarily or permanently by stopping the activity of the
enzyme.

The factors that affect the rate of enzyme action are: enzymes concentration,
substrate concentration, temperature, pH of the medium,

A cellular control mechanism in which an enzyme that catalyzes the
production ofa particular substance in the cell is nhibited when that substance

has accumulated to a certain level, thereby balancing the amount provided |
with the amount needed.




EXERCISE 7

A. Cheose the correct answersin th(‘ following questions

L Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
c. Lyases d. Peptidases

2z Enzyme catalyzing reaxrangement of atomic groupings without altering
molecular weight or number of atoms is:

a. ligase b. isomerase
¢. oxidoreductase d. hydrolase
. 3 Eﬂz}'m%arepolymers of:
o 8 hexose sugar b. amino acids
bgss . fattyacids d. inorganic molecules

lici \one forms the raw material for coenzymes?

ins b. Carbohydrates
i S d. Metals
T tereactlon ifenzyme is added?
&ereeses b. Rateofreactionincrease

- C.INo€ "_f,‘ﬂwmofreacnon d. Reactionisreversed
6. Whatls mducedﬂtbypodlesw? i
'ﬁ.f. When enzyme change shape due to absence of siiﬁmate

A b.  When enzyme do not change shape due to absence gf s’ubsm
¢. ~ When enzyme change shape due to presence ef substrate

n enzyme do not change shape due to presence of substra
ot Sl me digest’ egg albumin into pepudes and amino a best in

. 118? - ff‘f“ 2 ,;' 2 1. *:



wmehomofthe followirig factors doesno‘ti"

- a. Enzymes concentration 7 e Water °°ncéne"uz§'“° “tion

- b. Substrate concentration - d Temperature

The Optlmum pH value for pepsin toworkls- e
'.c b 4 5 1 s d. 1.5 - "__'1. -."

= B.Wﬁte short answers to the following questions.
w 1. Whatisacofactor? Give examples.
’” 2 What are metal activators? Give three examples.

3. Differentiate the key difference between the Lock and Key Model and
‘i ‘, ~ Induced Fit Hypothesis/model?

5 -;, - 4. HowpH ofa cell affects the enzyme activity? 3 4
i =9 C‘ \i’ﬁfe detailed answers to the following questions. gt

1. Describe the characteristics of enzymes.
} 2. Explain the process of enzyme inhibition. M
~ enzymesinhibitors.
3. Writebriefly the mode of action of anenzyme g
S How do the enzyme and st

iy
ake a list of some cummm :




