able to
* Introduce biochcmisl

Ty and describe (he approximate chemical composition of
protoplasm,

* Distinguish carbohydrates. proteins, lipids and nucleic acids as the four
fundamenta| kinds of biologicy| molecules.

* Describe ang draw sketches of the dehydration-synthesis and hydrolysis
reactions for the making and breaking of macromolecule polymers.

* Explain how the properties Of water (high polarity, hydrogen bonding, high
specific heat, high heat of vVaporization, cohesion. hydrophobic exclusion,
lonization and lower density of ice) make itthe cradle of life

* Define carbohydrates and classify them

* Distinguish the Properties and roles of monosaccharides, write their empirical
formula and classify them.

* Compare the isomers and stereoisomers of glucose

* Distinguish the properties and roles of disaccharides and describe glycosidic
bond in the transport disaccharides

* Distinguish the properues and roles of polysaccharides '.md relate them with the
molecular structures of starch. glycogen, cellulose and chitin,

B jusm‘y that the laboratory-manufactured swcctfucxs are "Icft-hnndcd" Sugars
and cannot be metabolized by the “nght-handed cuzymc.s.

*  Define proteins and amino acids and flm\\ .1hc alrfxclut.ul tormula of amingo acid,
Outline the synthesis and breakage of I‘CPWC l"“\*"ll.t_‘*-‘ | »

*  Justify the significance of the sequence of amino acids through the EXample of
i moglobin. |

. 2::];:; ;::::cjng as globular and fibrous proteins.

.

Listexamples and the roles of structural and functional proteins,
Define lipids and describe the properties

1C slesiof acylglycero)s,
Phospholipids, terpenes and waxes,




Introduction

All material things in this world

clements are composed of atoms. The atoms.are joined together forming molecules
and compounds. The bodics of living organisms arc made up of sofic of these
chemical elements. The most common elements in the bodies of lwing organisms are
carbon, hydrogen, nitrogen, oxygen, phosphorus and sulphur. Of these, carbon,
hydrogen agd OXYygen constitute about 95%, of human body by weight. Other elements
are present in small proportion. Biochemistry is the science of biology that deals with
the structure, composition and function of molecule

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

1 them.
The bonding of hydrogen, Oxygen, nitrogen and other atoms to carbon atom

fonns 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.e. organic compounds and inorganic
compounds. These compounds are present in somewhat different proportions in
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
different compounds present inside it

arc made up of chemical clements. These

percent composition of

Table: 2.1 Approximate chemical percent composition of a Bacterial and a
Mammalian animal) cell

Contents Bacterial Cell Mammalian Cel)

Water 70 70
Proteins 15 18
Carbohydrates 3 4

Lipids 2 3

DNA I 0.25

RNA 6 1.1
Enzymes, Hormones etc 2 2
Inorganic lons elc | |

o



4 B’

‘ﬂ?’ Fundamental Biological Molecules
- ’;”.“»- There are four types of fundamental biological molecules present
toplasm. These are carbohydrates, proteins, lipids and nucleic acids.

es arc distinguished from one another on the basis of their chemical structures,
osition and functions.
~ The organic molecules in living things such as fatty acids, amino acids, and
drates have characteristic functional groups. These functional groups add to
- the diversity of organic molecules. Some functional groups are hydroxyl (alcohol)
- group, earboxyl (acid) group, aldehyde group, amine (amino) group etc.

~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

anic salts are present in small quantities but they are important for most

sl Ly

‘brochemical functions.
iﬁﬂ@l‘lﬁbndensmon
~ Large organic molecules are called macromolecules or polymers. These are
£ @nnedof panlcular types of small organic molecules or subunits called monomers.
- Two monomers join together when a hydroxyl group (OH) is removed from one
romer and a hydrogen (H) is removed from another. This is called condensation

delgxdratmn) In the process water molecule is removed e.g.

.'f

1ino acids join together to form a molecule called a dipeptide. The OH from

Ay oo

1 group of one amino acid combines with a hydrogen atom from the amine
e other amino acid to produce water (blue) in the equation below.

]

HRH O

H




2.1.2 Hyvdrolysis (Hydro-water; Ivsis-splitting)

o hP(()llryx’nct:s (mgcromolcculcs) are broken down into monomers by @ proces®
ca ydrolysis. It is the reverse of condensation. In this process hydroxyl groupP
glo;x;d \;at::o attgchcs to one monomer and a hydrogen attaches to the other. This 15

ydrolysis reaction because water (hydro) is used to break (lyse) a hond €.£-

Sucrose + Water —————» Glucosc + Fructose

Both condensation reactions and hydrolysis need specific enzymes.

2.2 Biological Importance of Wates

{ Water is essential for life. There is no existence of life without waler. Allah the
Almighty 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
prqtoplasm cannot survive ifits water content is reduced as low as 10 percent. Because
of its immense importance water is present in sufficient amount in most of places on
earth. The chemical and physical properties of water are S0 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 electronegative

bearing a partial negative charge and the hydrogen end is clectropositive 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 na

and is therefore regard

ture of water it dissolves almost all types of polar substances
ed 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 to 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

tissues.
c. Cohesive and Adhesive Force of Water
The water molecules remain attached together and do not separate because of
hydrogen bonding. This develops cohesive forcc among them and therefore water
flows freely without breaking apart. Water molecules also adhere (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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Oxygen
N\
| &
rogen Hydrogen Distriution of partial
"”Ehctrom from hydrogen charges in a water
molecule

a. Electron shells In a walor
molecule

Fig:2.2 Chemical configuration of water

d. High Specific Heat and High Heat of Vaporization

Water has high specific heat Specific heat is the amount of heat energy required
to raise the temperature of one gram of water by one degree celsius. [t means that
water absorbs or releases large quantities of heat energy with Ittle change
lemperature. This is why the temperature of water rises and talls more slow lv as
compared to other liquids. This Property helps the Iganisms to maintain body
internal lemperature and protect them from rapid lemperature Changes. W aleralso has
high heat of vapourization. Heat of vapourization of water js the heat
convert one gram of liquid water into vapours at jts boiling point, High heat
vapourization helps animals and Plants to et rig of excess bods he %
and transpiration respectively. '

.Th_c Presence of hydrogen bonds among the water molecules cayse Water 1
remain liquid rather than change to ice of Steam. Without hydroge ‘1 A it
would boil at — 80 °C and would freeze 3y 100°C. In such congirs . ONdS: Water
organismswouldbccomcimpossiblc. ‘ Raitions life for iy o

required ¢

atduring sweatir .
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o. Water Expands at Low Temperature
qucr has a unique property. as it expands when temperature falls below 4
C. Water 1s most heavy at 4 'C. Therefore ice (solid water) 1s less dense than llqﬂld

water and this is the reason that ice floats in liquid water. Water body freezes on the

surface at low temperature.
f. lonization of Water ) .
Water molecules may ionize into hydrogen 1ons (H ') and hydroxyl ions (OH ').
of ions 18

Very few molecules out of a very large number may ionize. The presence

important for the normal functioning of enzymes.
2.3 Carbohydrates
' Carbohydrates are polyhydroxy aldehydes
yield such compounds on hydrolysis. Carbohydrates conl

ketone as functional groups attached to one of the carbon atoms. The
- ormore hydroxy! groups. They arc the most abundant organic biomolecules in nature.

Carbohydrates are organic compounds that are mainly c ymposed of carbon, hydrogen
y are hydrates of carbon in which

and oxygen. The name carbohydrates means that the

hydrogen and oxygen is present in the same ratio as in water that is 2; 1. Butnow many

carbohydrates are known that contain hydrogen and oxygen in different proportion.
h. cellulose ete. Carbohydrates

Examples of carbohydrates are glucose, sucrose, stare
are classified into three groups, i.c. monosaccharides, oligosaccharides and

polysaccharides.

or ketones or substances which
4in cither aldehyde or
y also contain two

)
Y
T /‘\
Aldehyde group

3
O
" o

H—C




Monosaccharides: (Mono =one; Saccharum = .?'ugarl)’ s
Monosaccharides are simple sugars. They are not hydroly/.cd( ro c? Tohwn
¥ ."if? on of water) into more simple units. [hey are ':;mIy.sqlublc‘m'wau,r. | c);
:fé aste. They have empirical formula (CH ( ), containing lh:. sakme ratio o
nand oxygen as in water, i.c. 2:1. They contain cither aldehyde or keto g{rohup.
ye carbon backbone that may contain from three to seven carbon atoms. They
pes which end in—ose. Those with three carbon atoms are celled trioses, with
0ses, with five atoms-pentoses, and so on.

; H=C-OH
~ CHOH fructose

Fig: 2.4 Fructose containing keto group

© simplest monosaccharides with three carbon atoms.
with a dehyde group. Ribose is a pentose. It also contains
its keton '»c form. Glucose, fructose and galactose are
formula (CH,.0,) but different structural
ipirical formula byt different structures are
€ fructose is ketone. Therefore glucose,

~LN
nler-

S are white crystalline
ers are joined up in the
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CH,OH
/4“‘0\
H—'.'.' '# ";l H 0, H;—OH ”9 H \H
¢ § oH H
TR HO OH " ik
H H H  OH
Glyceraldehydes Ribose Glucose
(Glycerin) (Pentose) (Hexose)
(Trios)

Fig: 2.5 Some examples of various ty pes of Monosaccharides.

2.3.2 Oligosaccharides
Oligosaccharides are hydrolyzed

] H
to form (break up) from two to ten oy Lo
simple monosacharide units. The | . et e
units or monomers are bonded o4 o i R
together by glycosidic bonds. The s =g 7/ H
oligosaccharides that are |H—¢ on HW=C—OH o— ¢ HARR)
hydrolyzed into two simple units | #-¢ on H=C—om uo\c_ oM
are called disaccharides, those H—Jl —on H=C—OH b
hydrolyzed into three units are 1 "
trisacchrides and so on. Fructose ((:Ll:ﬁm” G_luco;e
Disaccharides are the most (ning 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.

CH,.0, CH,0, C.H 20,
o o synibesis 0 0
——l
— + HO
OH HO
glucose . fructose : sucTose * Water
monosaccharide + monosaccharide  ——= disacchande ¥ water

Fig: 2.7 Formation of disaccharides from monosaccharides monomers

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

Hydrolase
Lactose + Water L—-_’
actase

The covalent
glyc

Glucose + Galactose

fisaccharide found in fruits. It is composed of two glucose units and is
gestive tract asaresult of starch digestion.
Hydrolase

Maltose + thcrmﬂlucose + Glucose

polymers of monosaccharide units (monomers). They are

re than ten monomers of glucose units. They are tasteless and are
er. Examples of polysaccharides are starch, glycogen, cellulose, chitin
arides act as macromolecules (polymers) for the carbohydrate
ants %glucose during photosynthesis, which is immediately
starch. plant needs glucose, starch is again converted into
rch is stored in plant cells. Starch is a polymer made up of many glucose
together forming unbranched or branched chain. Glycogen is stored in
-Itisalso a polymer made up of glucose monomers forming extensively

~ Cellulose is another polysaccharide, formed of unbranched chain of glucose
ts. It is the buildin, material of green plant cell walls and is probably the most
in nature. The bonds linking glucose units in a cellulose
;g{]iﬂﬂ‘gcnﬂyfromstarchandglycogcn.Celluhscmfmtoampof

. \_},hydrolynccllulooe.lnhmdigesﬁvesystanthismzyme
arc example of cellulose. Chitin is a polysaccharide. It is
_W‘@y‘mmmuisalsoapolymerof
1,) group .‘ia ittached to each molecule. Like cellulose chitin

units. |

lllll



Cellulose fibers

Cellulose structure

CH,OH ~ CHOH k|
H B
O m
H
= OH CHOH " oH A"

Fig: 2.8 Cellulose is a polysaccharide, formed of unbranched

chain of glucose units.

Storage Molecules

Carbohydrates
27 % glucose. Honey

are stored in the cells as reserve food. Grapes contain as much as
contains large amounts of glucose and fructose. Some of these

polysaccharides such as starch and glycogen excess amount of food is stored for future

use.

OUf infr)rgv

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.
Amino acids, the building blocks of proteins, are
almost all left-handed--our bodies can't manufact

proteins out of the right-handed version. (The cell
walls of bacteria are one exception; they contain
right-handed amino acids.)




Structural Building Materials

Cellulose a complex carbohydrate is the major structural component of cel|

walls of green plants, Similarly chitin another complex carbohydrate is the structural
omponent of exoskeleton of arthropods.

B Proteins are the most abundant organic compounds of the cell. They play most
ortant role in cellular functions.

0 They contain elements carbon, hydrogen, oxygen
d nitrogen. Some proteins also contain sulphur. Proteins are macromolecules
olymers) formed of units (monomers) called amino acids. A large number of amino
e known. Of these, only twenty different types of amino acids combine in
humber and different sequence forming hundreds and thousands of different

SA5F

ﬁy&éogan

SR 0 S
R
R-group
(variant)
~ Fig: 2.9 Structure of Amino Acig

/,:fh‘ i
3

e ALL

 f ur different groups attached to
roup, hydrogen of alpha carbon
he alpha carbon are constant
1 one i.e. R-group is



Glycine

» (Gly) N\,
H
0
+ | /7,
HN'— ¢ — (‘\/
H 0
H.N S Lysine

Phenylalanine

| 7 (Lys) ~
Gy = £ A
!
CH,
i
CH
2 O
=g /,
HN—C—-c”
- I N
H 0

~ o (Phe)
-
CH, 0
& s
HN:=6=CC
H O

Fig: 2.10 Different types of amino acids
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Reaction
"\ H O H o
womed wogether o make a protein. The N_é-;-:g;g}e-N-—G—c\OH
order of the ammno acuds determines H” [ fg‘ ,,’, -
w hach protem will be made. When two RIS R
amino 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 witd

won atom
« B s
r
e
R
M ——
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lf.:m amino acid 15 not occupying its specific position in a protein molecule it will
fail to pcrf.nrm is func_llon. For example if one out of 574 amino acids if a
hncmugh.)hm molecule is not present in its specific position then h:ncmogiobin
changes its normal globular shape and becomes sickle-shaped. As a result the
disc-shaped red blood cells also become sickle-shaped. In sickle cell haemoglobin
molecule glutamic acid is replaced by valine. Such type of haemoglobin cannot
perform its function and the person with sickle cell h:;cnmgluhin dies.The size O
protein molecule depends upon the number and kinds of total amino acids present
in the molecule. '

1D

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 ’
cause their RBCs to change shape. Instead of being 3
flexible and disc-shaped, these cells are more stlfT and

curved in the shape of the old farm tool known as a
sickle — that's where the disease gets its name. The ,
shape is similar 1o a crescent moon. Red blood cell Normal red :

: s A WX q. Cl 00U CClis blood cell Sickle CO“
with normal haemoglobin(haemoglobin 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
ttially "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, R

b. Globular Proteins
Globular proteins, as the name indicates, are globular or spherical in shape
due to folding of polypeptide chains. They are usually water-soluble. Examples of

s

-



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

e .

2.4.3 Levels of Structure (Organization)

There are four levels of organization of protein molecules. This is because

each tYl’e of polypeptide chain bends, folds and twists in particular way within a
protein m°l°c‘fl°- 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
n who determined the sequence of amino acids in insulin molecule. :
A polypeptide chain having a linear sequence of amino acids is d
: structure. When a polypeptide chain of amino acids become spirally
coiled, the structure is called a secondary structure of protein. When tj)é
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 into
a large sized molecule, it is called a quaternary structure €.g. haemoglobin. &

2.4.4 Functions of Proteins S~

Proteins perform the most important functions in the life of livingorganisms
f cellular membranes called

Proteins are the structural and building matenals o
They speed up biocltrn'l'i&l'

lipo-protein membranes. All enzymes are proteins.
i of living organisms. The digestive enzymes are

important for the process of digestion. Without their presence food cannotl:g
digested. Some hormones such as insulin are proteins which regulate bnocheuieal
processes. Myosin and actin fibers play an important role in the contraction of
and movements. Haemoglobin is oxygen-carrying protein of red blood

ost structures such as skin, nails, hairs, claws,

muscles -
_In animals’ proteins form m j law:
colls . stored in most seeds for the future ggﬁ‘do,‘fﬂp

proteins are d
embryos e.g. bean, pulses, pea elc. A

L are a group of different types of organic compounds. They €CHE-E
carbon, ligid(:)gen axﬁo oxygen. Other elements such as nitrogen and f short
may also be present in lipids. Most lipids are no:)-polar and are insol
(hy obic). They are easily soluble in organic solvent such as €

petrol, alcohol etc. They usu
oxygen as compared to_carbqby
such as acylglycptol, phospholipids, waxes,



2.5.1 Acylglycerol

Acylglycerol are lipids which are composed of glycerol and fatty acids.
The most common acylglycerol are triglycendes containing one glycerol
molecule and three fatty acids. Glycerol is a three-carbon compound, 10 each
carbon a hydroxyl group is attached. Hydroxyl 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__f!;__n
o)
R COOH + HC—OH -ca—taﬂ& HC _.o-—g——n' + 3H0
- 0
R"COOH HC—OH u,c—o—'cl:—a"
l-‘::y":dds Glycerol Triglyceride

Fig: 2.13 Formation of Triglyceride from fatty 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
rbon 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
and usually yield twice
as much energy per gram
as that of carbohydrate.

2.5.2 Phospholipids

\

For yMaﬂon

Ghee with saturated fatty acids is prepared from
vegetable oil by passing hydrogen through it. Intake
of ghee should be minimized as it may store in blood
vessels reducing their flow capacity increasing risk of

\hean attack. v

Phospholipids are composed of one glycerol molecule, (WO 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: It is 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.

2.5.3 Waxes

Waxes are formed by long chain fatty acid bonded to long chain alcohol. They
are solid at normal temperature 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
buckbone 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
representative example of the steroids. It plays a role as an essential component in
antmal cell membrases. Cholesterol is also a precursor of all steroid hormones
such as abdostorone. wx hormones and vieamin D Aldosterone helps to regulate

the sosbium .onmewt of the

characterivtin +

Ml Sex hormones help 1o mamtain male and female
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a. Cholesterol bh. Aldosterone

c. Testasterone

Flg: 2.14 Some l’l‘[)l'rwnl.\uw exumples of the sterolds.

2.5.5 Terpenoids

Terpenoids are lipids that like the steroids do not contain fatty acids. They are
lipid soluble and water insoluble substances The terpenoids are formed of units called
isoprenoid units. They join by the process of condensation and give rise to different
types of compounds such as rubber, carotenoids, etc.

CH,

2.15 An Isoprenold units

Fig:
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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 sceds 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
 lipo-protein membranes. Lipids provide insulation to various organs and to the
bodies of animals 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. '

2.6 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.
4 -.. ibonucleic acids (DNA) and ribonucleic acids (RNA). DNA is formed of
de xynbonucleoudu while RNA is formed of ribonucleotides.

.6. | Nucleotides

In a typical nucleotide, the NH,
ﬁ--;- ous base is attached to carbon N /Cl\
IC <I of pentose sugar while phosphate = C// ('i \I;I
{-‘ ; lsat!achedtocarbonNo 5 ofthe S o
pentose sugar. The bond formed (l) N~ = N=
between phosphoric acids (H,PO,)and | = | itrogenous
dr 'yl (OH) groups of pentose 0 ﬁ O-CH, o base

leonde chain one phosphonc Phosphate. H
anached to the OH group of |  group

No 3 of pentose sugar while OH OH

acid is attached to Sugar

Fig: 2,16 Skeleton of a nucleotide

H

ses are classified into two main types, Pyrumdmw and
msle ﬁng componnds while Purines are double ring

.‘.,



n. Deoxyribose

Phosphodiester
bond

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

mononucleotide is the adenosine triphosphate OH

(ATP). It is a nucleotide with three phosphates. b, Phosphodiester linkage
Adenine base linked to pentose sugar (ribose) OH

forms a structure called adenosine. When

adenosine is bonded to a single phosphate it will O=—=P=—0H

form a nucleotide called adenosine |

OH

hosphate. This reaction needs energy.
e ¢. Phosphoric acid

Pyrimidines

n.ﬁ
N "

Purines
"\,‘/“

Fig: 2.17 Chemical structures
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Adenine + Ribose (pentose sugar) — Adenine-Ribose (Adenosine)

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

Adenosine Monophosphate is a nucleotide with one phosphate group. Another
phosphate is bonded to this molecule when energy is supplied; it forms adenosine
diphosphate (ADP). With the addition of a third phosphate and energy to it
ydenosime 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
E and P and almost 7 Kcal energy is produced.
n T

ATP + H;O — > ADP + P + 70K Cal

.’1

2

cnosi Triphosphate Adenosine Diphosp Phosphate
NN OOD = Q| + @ -TKal
I ATP_ T — ADP + (P+ Energy

\f s " Fig: 2.18 Hydrolysis of ATP molecule.

e G,

~ ATP molecules are produced during respiration when food molecules are broken
down into simpler substances and the stored chemical energy is released. This

en usec }in the generation of ATP molecules.

ides are linked together, a structure called dinucleotide is
eotide contains adenine as nitrogenous base, then it will be
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The adenine dinucleotide n

cc.)mbl.nallonr with .dlffcrcnl NiFOlﬁﬂllﬂll}lCi\':l vitamin called nicotinic acid
vitamins orm  important (n,ac,n)_ Flavin is also s vitamit dtiod
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.

= = — |

[ g
\P

P P Nicotinic Acid
\ s / R S /

Structure of NAD : Structure of NADP

Adenine Adenine

| P\S/

Nicotinic Acid

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
for their 1953 determination of the structure of deoxyribonucleic acid (DNA).
According to this model the DNA molecule is double helix. The double helix can
 be visualized 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

3,‘;,- of nucleotides. These nucleotides are named after the base present in them

ey are: Adenine deoxyribonucleotide, Guanine deoxyribonucleotide, Thymine
soxyribonucleotide and Cytosine deoxyribonucleotide.

- These four types of nucleotides are used as building blocks of DNA molecule.
N Leotldes in the DNA molecule are bonded to one another in such a manner that
k he sugar of one nucleotide is linked to the phosphate group of the next one. In this way
e nu geohdm 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
- .'{ d. The sequence of the nucleotide in one type of DNA is constant while it is
differen ﬁ'om other type of DNA molecule.

Sugar (deoxyribose)

Phosphate group

Sugar-phosphate
backbone

n T, m oppome direction to each other
by N bonds between purine and
wnth ademnine in the
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There are two hydro
gen bonds between adeni :
bonds between guanine and c)'tosincc.cn adenine and thymine and three hydrogen

2. Ribonucleic Acid
Ribonucleic acid is also a
RNA contains pentose sugar as

adenine ribonucleoti : . :
ribonucleotide 1;\?‘:‘:;' g‘.’:"".‘c "bO"UC'CO"dc, cytosine ribonucleotide, uracil
. cotides in the RNA molecule are linked in the same manner as

in the DNA molecule. RNA is a s . :
occurs instead of the base lhylrf\?nimglc polynucleotide strand. In RNA the base uracil

-
G

N S e
gt

> 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.

¢. Ribosomal RNA (rRNA)

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



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) to pathogenic form,
W on Avery, Mcleod and McCarty provided experimental evidence to prove
llm the virulence of Preumococcus, which is due to its outer surface, can be
fransmitted through DNA to bacteria that have lost their virulence.

~ Allgene ic information 1s encoded
A e 1€ ot Yoy, TP e n lhc DNA mOlCC 1
Bene 18 a unit of heredity i - (:. - : ule in the form
b -B’%@ gf ,_aheredj. .ty na living Organism, AJ| living things depen d(:)n g:f. icnc.
hey: spec , as

ns. Thcsc information are

{
“1,"“\

o Protemns and functiong) RNA chaj



For yourliﬁmaﬂon

Uy UCuU A G
Phe AU uG U
U [Yued ™™ ucc Tyr Cys
U Leu UGG — AA Stop/UGA Stop A
 |cuc |, cccT CAU i |CG U
Fist |G [Syx |-eu|SSC |pro|CAC™ CaC (arg | C
position cucd |ce CAA lGin [CGA A Third
(5'end) — G- CA CG G_| position
AUU ACU — AAU |, |AGU U | (3%end)
AUC e |ACC Mc__'m AGC ’ Ser
A s Thr aGc_| Ser| ¢
I |ACA lAAg],_ys AGA T arg| A
AUG ACG - AA AGG_ G
GUU™ GCU™ GA Asp GGU™ U
G [SUC |val |GCC |aia [GAC [P lGGC gy | C
GUA GCA GAA 1y, GGA A
. GAG |GGG .. G |
Amino acids names
Ala = alanine Gin = glutamine Leu = leucine Ser = serine
Arg = arginine Glu = glutamate Lys = lysine Thr = threonine
Asn = asparagine  Gly = glycine Met = methionine Tp=
Asp = aspartate His = histidine Phe = phenylalanine Tyr = tyrosine
Cys = cysteine lle = Isoleucine Pro = proline Val = valine
Fig: 2.2} Various combination of Genetic 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
spetic information takes place in two steps:

i B

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

' the transfer of the genetic code from a mRNA toa sequence of
imino acids in a polypeptide.
gugated Molecules
A conjugated molecule is defined as a molecule that is formed by the
of two different molecules belonging to different categories. For
en a carbohydrate molecule combines with protein, a conjugated
| glycoprotein is formed. Other cxamples are nucleoproteins.

are formed by the combination of lipids and proteins. Lipoproteins
tural framework of plasma membrane and all other types of

s are formed by the combination of nucleic acids with proteins. A
rosome is basically a nucleoprotein that is formed by the DNA and

htly acidic and soluble in water.
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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 1o make different organic compounds,

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

n down

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

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

haemoglobin.
Globular proteins may be primiry 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.

» Triglycerides are with three fatty acid chains bonded to one molecules of
glycerol.

« Fatty acid may be saturated or unsaturated.

 Lipids are important as storage molecules ,building material, insulators

and help in the fat digestion and speeding up of vital activities.

~ » The two nucleic acids are Deoxyribonucleic acid (DNA) and ribonucleic

- acids (RNA).

DNAhnfourniuogmbawsmmelymne.gumine.cywweand

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

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

~ RNA) and transfer RNA (t RNA).

* Mononucleotides may have single phosphate group .e . g. Adenosine

~ (AMP), two phosphate groups .¢ .g . Adenosine diphosphate (ADP) and

‘three phosphate group ¢.g. Adenosine triphosphate (ATP).

. ‘Whenmaethantwonucleouda;omwgmmeyformpolynucleondes

a.g.DNAandRNA.

ofconjuguemleculecmglyeoptuuns.nnclmm




EXERCISE 7.

Choose the correet smswers fuw i 1.0 -

A.
; 1. Which of the following w & B harige
¢ Frectone
b. Lacw | d Galactose
2. :/mélh of the following has the greatest number of glycosidic S "
" ucose €. Cellulose
., SUCrose d. Maltose

3. The main.com_ponent of cellular membrane is:
a. nucleic acid ¢. 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 n
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 EXCEFT
a. nucleus ¢. nbosome
are mt a0 v ommodated Dec s o

b, Presenceof double
'€ Presence of triple bon

B L coc of bond between carben s
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EXERCISE

% “energy as compared
9. Lipid molecules have the capacity to store double d"n(;un;:y::’bzrof{:. "
R to same amount of carbohydrate bccau;c Orhlg(" 'll-l bonds
a. C-Cbonds ; »nds
é -O bonds
¢. C-Nbonds d. = l ient away from
erifa g'n cules orien ‘ay Irg
10. The "tails™ of the hydrocarbons in the pOSpRONIpIE IO el o8 < fr:)m \.\ ater?
. 4 3 o L » v /& L' -
water. Which of the following describes the tail's movm.lcnt away
a. Polar G
c. Hydrophilic g1 yCophobic

L1. Lactose is a disaccharide formed by the formation of a glycosidic bond betw cen
glucose and

a. glyucose
C. Sucrose

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

¢. H,PO, and COOH
13. How many nitrogenous base

b. galactose

d. fructose

cal reaction between:
b. H,PO, and CH

d. H,PO, and OH
sareinvolved in the form

ation genetic codes?
a2 b.3
c.4 d .5
B. Write short answers to the following questions,
I. Define the following:
(a) condensation
(b) hydrolysis

2. What are diffe nt kinds of carboh
3. Compare the isomers and stereoi

ydrates? Give two €xample of each
SOMers of glucpge.

glycosidic bond.

on-synthesis and hydmlysis feactions g
Snihen A re used
6. Outline the is and b, mlymm




C. Write detailed answers to the following questions. 7 d

1. Explain how the properties of water make it important for life? f
2. Describe the properties and roles of disaccharides. -~
3, Classify proteins. List examples and roles of structural and functional proteins- '~q.

4. Describe the properties and roles of acylglycerol, terpenes and phospholipids- J
5. Define conjugated molccule and describe th roles of common conjugated moleculeS:
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.




i el § Wilhmlt being umd in |hc pnx,ev,n
fdiving things is facilitated by an

1o .j,tu'gu |1vmg thing carries
d by metabolic

'o‘uris s meubohsm M&ty activities in hvii'i' :
of them

pﬁmys in which a series of interrelated step .

S;l"'&xyme Structure

‘while w of the protem acts as "tnmcwork" Thc amino acids around .
&_Mhﬁe substrate molecule and hold it in position while the reaction
| > This makes the enzyme specific for one reaction only, as other mole
hm the active site.

£ Enzyme Action
Foitowmg two hypotheses explains mode of enzyme action

: Loct and Key Hypothems



ihink of way  vour hand change: (0} lock-and-key model
" [ R ‘

| b s Lt ¥
shape »lightly when You shake ,
PR hand “h'l. Hre thie ‘4 |
Wavy of thinkmg about gnzyi J
vatalysix Fhey all describe the v';s“

\."'“\"”I‘\ NN, ,lh'li’l"l it difrerent

VAL i
wavs, and vou should know
about each of them
(h) Induced-1ir maodel
A Reaction Mechanism substrates
Inany chemical reaction. il ‘.
d substrate (S) is converted into 4 5 W ' j} . R
pl"l\]UCl(P)I g’_, |
enzyme 'nzyme-substy RZVIDe product |
S~P omple .
)

There may be more than one substrate and more th

LtNAat Nne proci 1 L\-;- -"«,.'
: 1an “ PIOGUCL, DUt that
doesn't matter here. In an ehzyme-catalyzed reaction, the subst

active stte of the enzyme to form an “Nzyme-substrate (ES) compiex. then the
substmt? IS converted. into product while attached to the enzyme, and finall the
producusrelegsed. This mechanism can be shown as in the Fig 3.2 The enzyme is th
free to start again. &-.<. 10 enzyime 1s then
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ale 1irst binds to th
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e products é
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o1 Ve ﬂic Ofﬂlﬁ enzyme molecule like a ey

ae slightly, distorting the molecule

2 product. For exampleif a
: = cnzyme makmu

SR e ﬁp"';ubstmtc molecule fit
ﬁ,"-,'m“wulock Once there, the enz v
in the acﬁve site, and making it more likely to chan;
;' “mdmthe substrate is to be broken, that bond rmght
;},more likely to break. Alternatively the enzyme can mﬂb
~ active site quite different from

;;haseoumde(suchaspﬂ water
" concentration, charge), so that

‘the reaction is more likely to

r. AT
’ 'f._‘

l?‘

C. Energy Changes &
¥ 'I‘hc ‘way enzymes work can | 5 7
abo be shown by considering E el::;gaymos
ﬂz ene:gy changes that take ﬁ

p!m during a chemical
 reaction. We shall consider a
io Wﬁtbcproduct has a
ergy than the substratc,

‘ifhoﬁmction of the produet), Before it van change 8o w&&,ﬁ

come an "energy barrier" ealled the activation efeigy (¥, 1
e slower the renction will b bevaue only & ow X

hance h ficient energy (0 avercome (he ACTIVATON SRy M\'@S WW
dmmuuu:ny rcduca the activation enerizy of i FeAUHHN, 80 TAL s WV TN VA RN 4
over the m,uwuun energy barrier and quickly i o prshivg T é\% %3\

2H,0, w=p 21,0 L),
i 86 kJ mol = with no catalyst and just | el e e



m. or ired 10 Sorm the WansTion mate,
: e gyl psom - s stzie. sl they do
s within the active sitc of the enzyine.

, £ S P Wofm and rrmlecak:fs that join with earymes
m”‘:’:‘, making them functional. One can think of these cofactors as
%% for activating an enzyme. If the cofactor is 2 aon-protem ike 2
mma.e.m, copper, or iron ) it is referred 1o 25 2 prostheticgroup. Some
s are small organic molecules called coenzymes. Like enzymes they zre not
tly altered in the reactions.

3 Mmy of these coenzymes are derived from vitamins and minerals that are |
ﬁir life. The absence of these cofactors can lead to vitamin and mineral
di B produces beriberi . Examples of coenzymes

diseases e.g lack of Vitamin
FAD’, NADP

fizymes but not all end in the suffix “ase”. (exceptions:
e namec formcsubstmzetheyactonortheactionﬂty erfon
are the six major enzyme categories. i
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Table 3.1 Enzvme Nomenclature by Substrate

Substrate * Enzyme

L Lipid Lipase

: Urea Urease
; Maltose . . Maltase
R
Ribonucleic Acid RNAase

L (RNA)
ATP ATPase
. Dextrose Dextrase
Protein Proteinase

4. Lyases

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

- 3 Isomerases
This is a heterogeneous group of enzymes which catalyze several types of
intermolecular rearrangements. E pimerases and mutases are the ex amples.

e

6. Ligases
Ligases catalyze bond formation between two substrate molecules. The energy
for these reactions is always supplied by ATP hydrolysis.

3.5 Factors that 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
Wﬁtﬁemte increases geometrically with temperature (i.e. it's a curve, not a
- sira it line). Them;e..ipcreases because the enzyme and substrate molecules both have |
¢ hneheenenysp collide more often and also because more molecules have
clent energy to overcome the (greatly reduced) activation energy. The inereaseinmale
il tampm mtecanbe quantified as a Q 1O, which is the relative increase fora_¥099’§§%§-_" e

-




\ he rate is not zero at 0°C, s0 €nZymes stili work in the refrigerator (and foddstill
goes ofl), but they work slowly. EnZyYmes can cven work in ice, though the rate 1s

extremely slow due to the very slow diffusion of enzyme and substrate molecules through
the ice lattice. i et .

" Fig: 3.4 Influence of temperature on the
rate of enzyme-catalyzed reactions.

_ Enzymes have an optimum
~ pH at which they work fastest. For
~ most enzymes this is about pH 7-8

: (physw!ogegl pH of most cells), but Enyzme pH Optimum 1

a few enzymes can work at extreme _Lafpase (Pancreas) 8.0 ,
G ¥E <uch 2 pmm ase enzymes in M(Stomach) 4.0-5.0
LD g Lipas'e (Castor oil) 47

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

1

Pepsin




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

rather low concentrations.
Iy. Substrate concent ration

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
enzyme molecules, so adding more
substrate doesn't make much difference.

X= point of saturation

¢

ln'croasing’ ’
concentration does
not affect reaction rate

Rate of Reaction

Substrate concentration
} 5 Fffect of substraie concs ntration

of reaction

E. Inhibitors

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

(a) A competitivein hibitor molecule has a similar structure to 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 is slower e.g the sulphonamide to an
antibacterial drugs which act as competitive inhibitors.

(b A non-cmnpentive inhibitor molecule is quite different in structure from the

Fasis _submw molecu!e and does not fit mto the actwe site. It binds to another part of the
. anging the shape of the whole enzyme, including the active ite, -
st es nhibitors that bind weaklyandesti
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The activity of some enzyjhes is controlled by cc.n:firx m(‘wlccule bmding o a

specific regulatory (or allosteric) site on the enzyme, distinct from the active site.

Different molecules can inhibit or activate the enzyme, allowing sophisticated control 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

. .. ~An9thcr kind of inhibition is called feedback inhibition. In feedback
h «;her is a second binding site on the enzyme where the inhibitor binds, so
oy .u.. nénqt,gsc&ssardy similar in structure to the substrate. The absence or

e;;" ibitor at this second binding site activates or deactivates the

S enzyme, hﬁngng’theconformatlon of the enzyme so that the active site is made
- available or unavailable to the substrate. The inhibitor is usually the product of a
i mhonformed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organ e
speed up a 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 inhibitor is a chemical substance which can block the active 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 of a particular substance in the cell is inhibited when that substance

hars accumulated to a certain level, thereby balancing the amount provided
withthe amount needed. - '

|
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EXERCISE %

‘ ( hni)S( ibl Correc 'an“'érS‘n 'h" follow; ing (!H\ SUIOnS

1. Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
‘ ¢. Lyases d. Peptidases
2. Enzyme catalyzing reamngemcnt of atomic groupings without altering
molecular weight or number of atoms is:
a. ligase b. isomerase
c. oxidoreductase d. hydrolase
.3. Enzymes are polymers of:
| ~a. hexose sugar b. amino acids
e v fattyacxds d. inorganic molecules
& lich one forms the raw material for coenzymes?
- 1S - b. Carbohydrates
G eins d. Metals
Rat vill happen n to reaction if enzyme is added?
B te of reaction decreases b. Rateofreactionincrease
§5 R CL ‘_ﬂwmteofreacuon d. Reactionisreversed
Whatxs induced fithypothesis? PRI N

‘)-,

a. When enzyme change shape due to absence of sﬁhstrate
~ b.  When enzyme do not change shape due to absence of substmte




- a. Enzymes concentration gt fi "}12:1? ‘;oﬂc
- b. Substrate concentration % PCrature

1. Theoptimum pH value forpepsm to work is: .
SSRGS e 5.
- bias : _ d.1.5

lWﬁte short answers to the following questions.
1. Whatisacofactor? Give examples.
2. What are metal activators? Give three examples.

10 thehoneofthefoilowmgfactorsdoeg &ct ascite °fe“2mmw

- Induced Fit Hypothesis/model?
4 How pH ofa cell affects the enzyme activity?
, .W rite detailed answers to the followi ing questions.
Descnbe the characteristics of enzymes.
St 2 Explam the process of enzyme inhibition.
~ enzymesinhibitors,
- 3. Writebriefly the mode of action of an enzyme
| 4_ How do the enzyme and substrate conc

Make a list of somecoml;m 7

3 Differentiate the key difference between the Lock and Key Model and




