After sludylng this chaptor the students will be able to:

¢ Define biochemistry/molecular biology.
Desaibe Briefly tha different types of bonds found in biology {invdrogen bonds, covalent bonds,
interactlons, lonic, hydrophobic and hydrophillc interactions ete.).
Distinguish carbohydrates, proteing, lipids and rpeleic acids a5 the four fundamental biolagical
malacules.
Desaibe and drew sketches of the condensation synthesis and hydrolysis. reactions for maeking and
breaking of macramolecule polymars.
State the properties of water (high polarity, hydrogen bonding. high specific heat. high heat of
vaporizetion, cohesion, hydrophobic exclusion, ionization and lower density of ice) which allow it to
ke the medium of Iife.
Define carbobydrates and classify them.,
Compare ard comtrast the propertias and roles of monosaccharides and write their formulae.
Compare the Isomers and stereolsomers of glucose
Distinguish tha properties and roles of disacchardes.
Desaibe glvcosidic bond in disaccharides.
Desaibe the structure properties and roles of polysaccharides starch, glycogen, cellulose and
chitin.
Define protein, amino acid and recognized essential aming acid and structural farmula of aming
acid.
Cutine the synthesis and breakeqe of peptide linkages.
Justify the significance of the sequerce of amino acids through the sample of sidde cell
hzemoglohin,
Clessify proteins 65 globular ard fibrous proteins.
List the roles of structural protelns and functional proteins with 3 examples.
Define lipids.
Desaibe the properties and roles of acylglvcancls, phospholipids, terpenes and waxes.
lllustrate the molecular structure (making and breaking) of an acyiglycerol, a phospholipid and a
terpene,
Evaluate stercids and prostaglandins as important groups of lipids.
Desaibe nucleic acids and molecular structure of nudeotides.
Distirquizh among tha nitrogenous bases Taund [n the nucleatides of nuklel: aclds.
Qutline the examples of a mononuclectide {(ATP) and a dinuclectide {NAD).
lllustrate the formation of phosphodiester bond.
Explain the double helical structure of DNA as proposed by Watson and Crick
Explain the general structure of RNA,
Distinguish in terms of functions and roles, the three types of RNA
Discuss the Cantral Dogma.
Deflne conjugated molecules and dascribe the roles of common conjugated molecules Le.
glycolipids, ghxoproteins, lipoproteins and nucleoproteins.
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Recall “levels of biological organization™ that you have studied in your
previous classes. You got a brief introduction about biological molecules in
reference of levels of biological organization. Now you would get detailed study of
carbohydrates, proteins, lipids and nudeic acids as well as the importance of water
and the role of conjugated molecules.

Blochemistry

Biochemistry is the study of Recalling
chemical components and chemical LHe of an organism depends upon the
processes, occurring in living organism. All  ceaseless chemical activities In lts celle All
slfructure.'.-'. of Ii:urim_:.; organisms have :ET:" ;;ﬁ&"ﬁlﬁﬁaﬂﬁith
biochemical organization and all functions processas In metabolism may be elther
occurring in them are due to biochemical anabolism or cotabolism. In anabolism,
processes taking place in this organization. simpler substances are combined to form
Therefore, a basic knnwledge of complex substances and in camhn!ism
biochemistry is helpful to understand ST eleuie sy feken deen e

simpler ones.

anatomy and physiology of living
organisms. Photosynthesis, respiration, digestion, contraction etc. can be described
in biochemical terms.
4.1- BIOLOGICAL MOLECULES

Life on Earth evolved in water, and Organic molecules have carbon-based core with
all life still depends on water, At least Spedal groups of atoms attached. These groups

. - are called functonal groupa for exarnple OH,
80% of the mass of SVMGJorganenR 8, e, Nk ot Mot biochamial reactions

(protoplasm} is water, and almost all oo w0 4ot of B functional e
chemical reactions of life take place in one molecule to another, or the breaking of

aqueous solutions. The other chemicals <arbon-carbon bond,

that make up living things are mostly organic macromolecules and certain inorganic
molecules. The molecules synthesized by cells and containing carbon are known as
organic molecules. They occur naturally only in the bodies of living organisms or in
their products and remains. Carbohydrates, proteins, lipids and nucleic acids are
important organic molecules in living erganisms. They make 93% of the dry mass of
living organisms (Table 4.1). The remaining 7% comprises of small organic molecules
(like vitamins} and inorganic molecules (like carbon dioxide, acids, bases, and salts).

Tabla 4.1: %age =f majsr arganie malegulex in the dry mass of
Group name % Dry mass

Proteins 50

Nucleic acids 18

Carbohydrates 15

Lipids 10




macromolecules. Many macromolecules are in the form of polymers. A polymer is a
molecule consisting of many identical molecular units, called monomers. Important
macromaolecules like carbohydrates, proteins, and nucleic acids are the polymers of
simple monomers i.e, sugars, amino aads and nucleotides respectively.

4.2- TyrESOF BONDS IN BICLOGY

Different types of bonds and interactions play vital roles in the structure and
function of biological molecules,

Carbon is the basic element of arganic molecules. It is tetravalent and can
react with many other known elements like H, O, N, P and 5. Carbon and hydrogen
bond {C-H bond) is the potential source of chemical energy for cellular activities.
Carbon-oxygen association in glycosidic linkages provides stability to the complex
carbohydrate molecules. Carbon combines with nitrogen in amino acid linkages to
farm peptide bonds and forms proteins which are very important due to their
diversity in structure and functions.

Covalent bonds form when two atoms share electrons (Figure 4.1). These
bonds are often found in organic molecules like proteins and nucleic acids,
providing stability to the molecules.
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Flgura 4.1; Covalent band betweaen two sioms
lonle honds are formed when one atom donates an electron (becomes a

positive ion, or cation) and another atom accepts the electron (becomes a negative
ion, or anion) (Figure 4.2}, The electrostatic attraction between these oppositely
charged ions farms the ionic bond. lonic bonds are relatively strong in the solid state
and are formed mostly in inorganic molecules like sodium chiaride.
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Flgura 4.2: lonlc hond betwaan sodium and chiorine stoma
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Hydrogen bonds are weak attractions that occur between a hydrogen atom
and an electronegative atom {such as oxygen or nitrogen). These bonds are
important in maintaining the structure of large molecules like proteins and nucleic
acids, as well as in various biclogical processes like DNA replication.

Flgure 4.3: Hydrogen bond betwesn water molecules

Hydrophobic interactions occur between nonpolar molecules which tend
to cluster together in aqueous environments to minimize contact with water molecules,
This phenomenon is crucial for the folding of proteins and the formation of lipid bilayers
in cell membranes.

Hydrophllic Interactions occur between polar molecules and water
molecules. These interactions are essential for the dissolution of polar and ionic
compounds in water. These interactons help in various biological processes such as
nutrient transpeort and chemical reactions within cells,

4.3- CONDENSATION (SYNTHESIS)AND HYDROLYSIS

Proteins, nucleic acids, carbohydrates, and lipids Energy is required to break
are assembled from different kinds of monomers. All chemical bonds when water is
these biomolecules join. their monomers by edracted from monemers. 3o,
condensation or dehydration process. During cells must supply energy to

% ! make macromolecules.
condensation, an -OH group is removed from one
monomer and an -H atom is removed from another monomer. It is also known as
dehydration synthesis because the removal of OH and H groups means the removal
of a water molecule. The formation of maltose by two glucose monomers is an
example of a condensation reaction,
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Flgure 4.4: Making of macromolscules (Dehydration synthssis)
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. ?‘Iong w Ui miking pajynirs- by This breakdown of magomolecules is
combining their monomers, cells keep o ggantial in various biological processes,
breaking polymers too. Hydrolysis is a  such as digestion and cellular respiration,
chemical process in which macromolecule where smaller malecules are needed for
(polymer) is broken down into smaller =T Aroqection.
fragments by the addition of water molecules. It is the reverse of dehydration
synthesis. Cells break bonds between monomers by adding water to them. In this
process, OH group from a water molecule joins to one monomer and hydrogen joins
to the second monomer. Breakdown of maltose into two glucose monomers by the
addition of a water molecule is an example of hydrolysis.

Maltoe Glucose Glurose
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Water
Figurs 4.5: Breaking of macromoleculas (Hydrolysis)

4.4- IMPORTANCE OF WATER

An oxide of hydrogen, water has the chemical formula Hz0Q. This seemingly
simple molecule has many surprising properties, which give it the status of "the
medium of life”, About two third of our bodies are composed of water and we
cannot exist without it. In fact, it is the most abundant compound found in all
organisms. Its concentration varies from 65 to 89 percent in different organisms. In
multicellular arganisms, its concentration varies from tissue to tissue. For example,
bone cells are made up of about 20 percent water and brain cells contain 85 percent
water. Water plays important roles in making and maintaining the matter of life
(protoplasm) and in establishing suitable environment, necessary for the working of
life. Water has many important properties which make it essential for life.
Solvent Properties

The ability of water to dissolve a wide variety of substances is due to its two
properties, the polarity of water molecules and the ability of water molecules to
form hydrogen honds.

The water molecule has distinct ends, Hydrogen bonds help in maintaining the
eacrl with a_pfartial charge., Hydrogt?n ator:n is :‘: ﬁ":::;:':"ﬂlm:iif%ﬁfm
partially positive and oxygen atom is partially




negative. Such molecules are called polar
molecules.

i ; Without hydrogen bonding water would
Partial n\-egatwe charge at one erft:! of @ | - 80 ¢ and fresze at — 100 €.
water molecule is attracted to partial positive of making Iife impessible,

another water molecule. This weak attraction is
called a hydrogen bond. Water forms a network of such bonds. Many of the
properties of water are due to hydrogen bonds in water.
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. Charged or polar molecules such as
i.jj_l'l"hl":-l-r‘:'gen bond salts, sugars, amino acids dissolve
iy readily in water and so msre called
o hydrophillc. ~ ('water  loving).

o, .;.,fo Uncharged or non-polar molacules

{:y' L O such as lipids do not dissolve in water
and are called hydrophoble [“water
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Figure 4.8: Hydrogan bands amongwatsr molecules
Due to the polar nature of water molecules, they gather around any other
molecule that has an electrical charge, whether in the form of full charge (ions) or
partial charge (polar molecules). For example, when sodium chloride {a salt) is placed
in water, it bresks into positive (Na*) and negative ions (CI}. These ions are
surrounded by opposite polar ends of water molecules {Figure 4.7).
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Figura 4.7: Water as & solvent of inorganic molecules (NaCl)

Similarly, when a glucose is placed in water, the molecules of water form
hydrogen bonds with polar hydroxyl groups of glucose molecules, In this way,
glucose dissolves in water (Figure 4.8). It means that charged or polar molecules are
soluble in water, In the state of solution, ions and molecules can react with each
other easily. So, water provides a medium for chemical reactions i.e., metabolism of

cells,
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Figurs 4.8: Water as a solvent of organic molecules (glucoas)
So, charged or polar molecules are
soluble in water. In the state of solution, ions RN pfanulas such a¢. SA SUa,
. . and amino acids dissolve readily in
and molecules can react with each other easily.  water and are called hydrophilic
So, water provides a medium for metabolism  (water-loving). Uncharged or non-

{chemical reactions in cells). g?hrw':#mlﬁa:"‘h fd"pids e l'::;
1580 In waer B are o8
Hydrophoble Excluslon hydrophobic {water-hating).

Non-polar or uncharged molecules are
insoluble in water because water molecules do not make hydrogen bonds with
them. When they are placed in water, water molecules move them out. The inscluble
molecules make hydrophobic associations with one another. For example, lipids
molecules are insoluble in water. When they are excluded from water, they make
strong associations ‘among themselves. Therefore, lipids help to maintain
membranes of cells.

Figured.$: Hydrophoblc association of oll (lipkd) with wabter moleculag
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Heat Capacity

Spedfic heat capacity is defined as the number Specific heat of water is twice

of calories (amount of heat) required to raise the then that of most carbon
compaunds and s nire tlnnes

temperature of 1 gram of a substance from 15°C to o0 ot of iron,

16°C (i.e,1°C). Water has a high specific heat capacity

i.e, 4184 Joules. It means that water has great ability to absorb and releasing heat

with minimum change in its own temperature. Most of the heat energy absorbed by

water is used to break hydrogen bonds between its molecules. Due to this breakage

of hydrogen bonds, individual water molecules start moving more freely and

temperature of water rises.

Due to high specific heat capacity, water heats up more slowly. Similarly,
when it is given a cooler erwvironment, it holds its temperature longer. Water thus
works as temperature stabilizer not only for organisms® intemal environment but
also for their external environment.

Heat of Vaporization

It is the amount of heat required to change a Evagorstion of 2ml of water out
liquid to gas. Water has high heat of vaparization, $0;, of 1 litre lowers the temperature
it absorbs much heat while changing from liquid  of the remaining 538 ml water by
state to gas. Its heat of vaporization is 574 Kcal/kg L
which means a considerable amount of heat energy (574 Kcal) is required to change
1kg of liquid water into vapours.,

Due to this property, Earth's temperature is kept moderate. It also provides
cooling effects to plants and animals when they transpire and perspire {sweat). Every
gram of water that evaporates from plant or animals’ body surface removes 574
calories of heat from the body.

Cohesion

Hydrogen bonds among water molecules enable
them to "stick together". This type of attraction between
same type of molecules is called cohesion. Inside water,
molecules have high cohesion. The cohesion of water is
important for living world. Plants depend on cohesion
among water molecules for the transport of water and Figure 4.10: A water
nutrients from roots to leaves. The evaporation of water strider walking on the
from a leaf exerts a pulling force on water within xylem surface of water
vessels of the leaf. Because of this cohesion, the force is relayed through xylem
vessels all the way down to roots. As a result, water rises against the force of gravity,




Hydrogen bonds also give water high surface tension, Water behaves as if it
were coated with some invisible film. You can see in Figure 4.10, the insect water-
strider walks on water without breaking surface.
lonlzation of Water

When the covalent bonds among the atoms : : :
of water molecule break, water is ionized to form ﬂs tambllg. WithNEI- i

) E gy H* lons In medium and
hydrogen ions (H+) and hydroxyl ions (OH-). At make medium aidic, Similary bases
normal conditions, this reaction is reversible and combine with H* ions, leaving OH-
equilibium is maintained. At room temperature (25 !ors in medium, and make medium
°C), in a litre of water one molecule out of each 550 e
million is ionized and thus the concentration of each of H" and OH" in pure water
remains at 107 moles/litre.

H+ and OH- ions take part in many chemical reactions in the cells eg.,
hydrolysis of macromolecules. Relative concentrations of H+ and OH- ions
determine the acidity and alkalinity of medium ie, pH of medium. The pH affects
the biochemical reactions. Enzymes work best at specific pH.

pg- fv'}

Water molecule Hydromyl ion  Hydrogen kon
K0 OH H
Flgure 4.11: lonkzation of water

Maximum Denslty at 4°C

Water exhibits its maximum density at 4°C. Its density decreases when the
temperature lowers. It is because of the hydrogen bonds which keep water
molecules relatively far apart. When temperature falls to 0°C, water freezes but the
resulting ice is less dense than liquid water, because at this temperature, hydrogen
bonding keeps water molecules further apart than in liquid water.

In rivers, streams or lakes, ice is formed on the surface water due to falling of
temperature. As ice is less dense than water, it floats on surface. it acts as an
insulator and does not allow heat to escape from the water beneath it. In this way
aquatic organisms are protected.

Table 4.2: Propertles of water and beneflts to Iife

Proparties Bonding Benefits to IHe

Best solvent Polarity Provides medium for chemical reactions

Maximum heat capachty Hydrogen bonding Keeps temperatura constant Intemnally and
externally for organism




Maximum dersity gt 4 *C Change in hydrogen Ice flcats on water
bonding
| High heat of vaporization Hydrogen bonding Maderates Earth's temperaturs
lenization Covalent bond breaks Datermine the acidity and alkalinity of
medium
Cohesion Polarity, Hydrogen Water and nutriants are transported from
bonding roots to leaves

4.5- CARBOHYDRATES

Carbohydrate are naturally occurring organic compounds. The word
“carbohydrate® literally means *hydrated carbon®. Carbohydrates are synthesized as
the primary products of photosynthesis. During photosynthesis, when reduction of
CO2 ocours, the resulting carbohydrate molecule contains carbon, hydrogen and
oxygen in the molar ratio of 1:2:1. Their empirical formula is C{Hz0)n where 0’ is the
number of carbon atoms,
Classification of Carbohydraies

Carbohydrates are also known as “Saccharides” (Latin: “Saccharum® meaning
sugar) and are classified into three groups after this name: 1. Monosaccharides 2.
Disaccharides, and 3. Polysaccharides.
1- Monosaccharides

Monosaccharides (simple sugars) are made of single sugar molecule. They
are easily soluble in water. They may have 3 — 7 carbon atoms. They are further
classified into subgroups on the basis of number of carbon atoms. Pentoses and
hexoses are most common and feund in all living organisms. Hexoses play central
role in energy storage. The primary energy-storage molecule is glucose with seven
_energy-storing CH bonds. Its molegular formula is CeHi20s.

Table 4.3: Classification of monosaccharides

Mon csaccharides :;r;:" Formula | Examples

Trioses 3 CsHsOs Glyceraldehyde, Dihydroxyacetone

Tetroses 4 CsHaOy4 Erythrose, Erythrulose
{intermediate in photosynthesis in
bacteria)

Pentoses 5 CsH1aOs Ribose, Deoxyribose (CsHioQud),
Ribulose

Hexoses 6 CsHi20s Glucose, Fructose, Galactose

Heptoses 7 CiH1 Oy Rare in nature (intermediate in
photosynthesis)
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lsomers of monosaccharides

The molecules which have the same
number of atoms {same molecular
formula) but differ in how the atoms are
amanged {different structural formula) are
called isomers of each other. For
example, glucose is not the only
monosaccharide with the formula
CsHi20s. Fructose and galactose also
have the same molecular formula but
their structural formulas are different. The
structural and orientation differences

have important consequences in the
making of polymers.

In fructose, the double-bonded oxygen is
attached to an intemal carbon (no. 2) rather than to a

terminal one. In other words, glucose and

structural Ilsomers. Glucose and galactose have a
difference in the orientation of one hydroxyl {OH)

group at carbon no. 4 (Figure 4.12). k

glucose and galactose are stergoisomers

Aldose Ketose Aldose
b4 H H
| | |
.E =) H-——Ii a3 'E =0
o e [ e 0 [ =y H-—-'i: o
| I
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I | |
—L —0H H—rfiﬁ-DH PO—0C —H
i |
H_If —OH H—-'.'I.' S CcH H—-'i' =0
— |; —{H H— ll —CiH H-—-_I‘.' — O
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Giliicnse Friscioge Ceiariose

Figung 4.12: Strociursl and stereolsomen of glacoss
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Common five-carbon or pentose sugars | @um 415 Structums of Riboas
include ribase and deoxyribose (found in nucleic acids and ATP) and ribulose (which

occurs as a precursar in photosynthesis).

Ring Structures of Monosaccharides
When in solution, most of the monosaccharides form ring structures. Ring
formation ocours when an oxygen-bridge develops between two carbon atoms of

the same sugar molecule {(Figure 4.14).

CH.OH
H |'*'— H
| H | 1
N OH i
HO T %/ OH is formed.
H OH

In case of glucose, oxygen-bridge develops between
carbon number 1 and 5. So, a six comered ring
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In galactose too, oxygen-bridge is formed between
carbon number 1 and 5. It again gives a six-
carnered ring.

In fructose, oxygen-bridge is formed between
carbon number 2 and 5, So, a five cornered ring
is formed.

When nbase goes in solution, oxygen-bridge
develops between carbon number 1 and 4, So, a five
cornered ring is formed.

Figure 4.94: Ring structuras of givtoss, galactose, fructoss, and ribose

There are two forms of D-glucose 1.8, alpha-D-glucose
and beta-D-glucese. They differ only in the direction of J—Q
OH groups on carbon 1. The a-D-glucose has OH OH
group on the lower side while the B-D-gluccse has

OH- on above side When many alpha-D-glucose O
muolecules Join together, they form a polymer called

CH,OH

starch. When many beta-D-glucose molecules join ; s
together, they form a polymer called cellulose. a-D-glucose p-D-glucose
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Fischer and Haworth projections CHO
are two ways to represent the structure H

|
-C—0OH
of sugar molecules. The Fischer m_'J:_H ki
projecion was devised by German Mt o (linea form)
chemist Emil Fischer in 1891, In a Fischer H—II:I:—CII-'-
projection the carbohydrate is shown in o
y : :  CH3OH
its open chain form, rather than a cyclical
one. The Haworth projection is named WCHOH "‘\,_ L CHOH
after British chemist Sir Norman v | : ) B
Haworth. It shows sugars in their cyclic 3 om H
forms. O .
2. Dizaccharides H O
ThE}' are made from two a-D-ghinose p-D-placose

mongsaccharides by the process of

dehydration synthesis. The covalent bond between two monosaccharides is called
ghycosidic bond. On hydrolysis, they yield monosaccharide monomers, of which
they are made. As compared to monosaccharides, they are less soluble in water.
Physiclogically important disaccharides are:

Maltose {Malt Sugar)

It is made up of two glucose monomers. The glucose molecules are attached
by 1.4-glycosidic bond between carbon 1 of one and carbon 4 of the other glucose.
It is found in many cereals (wheat, com ete) and is also formed (as an intermediate
product} during the digestion of starch (Figure 4.15).

CHIDH  CaOH . TH;-IJH -ltmcm
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|/H"_[\1 1fH—\L. H’r‘@ ‘\El |/,. \l
N \?' “/ i) ‘T” e,
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Glucose Glurose 1,4-glycosidic linkage

Maltose

Figure 4.1%: Dehydnation synihesls of one maltoss by the condensetion of bwo glucoss
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Lactose (Milk Sugar)

It is made up of one
glucose and one galactose
subunit ie, it is galactose 1-4 '"I
glucase. K is found only in H Y
mammalian milk, and is the '
main source of energy for infant il
mammals. subunit i 4-glycosidiclinkagd  subunit
Sucrose (Cane Sugar) Figure 4.1&: Structurs of aeicss

It is made up of one
glucose and one fructose
subunits ie, it is glucose 1-2
fructose. It is the most familiar
disaccharide and is also known
as table sugar.  acts as a
sweetener in our food. Its
molecular formula is
(C11H2O41). It is also found in 1,2-ghycosidic linkage
phloem vessels of higher plants
where it acts as a transport
product for the conduction of glucose to and from different parts of plant. That is
why it is also known as transport disaccharide.
By 1950, food sweeteners were taken from sucrose extrected from sugarcane and beet, In a
small part of market, sweatenars were obtmined by breaking down the starch of com imto
glucose monomers. Because glucose is only half as sweet as surrose, this method was not a
serious rival to cane and beet sugear, In-1980s, a method was developed to comver; the
glucose, obtained from corn starch, into fts isomer i.e, fructose, Fructose is even sweeter
than_ sucrose. The resulting high-fructose com syrup is inexpensive and haes replaced |
sucrese In many prepared foods. The manufacturers of soft dinks *Cola”, were the largest
commencial users of sucrose in the world. Now they have almost completely replaced sucrose with
high-fructase com syrup.
3. Polysaccharides

Polysaccharides are the most complex and most abundant carbohydrates
found in nature. They are long chains of many monosaccharides joined together by
glycosidic bonds. There are three important polysaccharides:
Starch

Starch is the plant storage polysaccharide. It is insoluble and forms starch
granules inside many plant cells. Because it is insoluble, it does not change water
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potential of plant cells. So, it does not cause the cells to take up water by osmosis.
Starch is not a pure substance, but is a mixture of amylose and amylopectin (Figure
4.18).
Amylose is a chain made of glucose
monomers (with 1.4-glycosidic linkages).
It is straight and unbrandched. However, it
tends to coil up into a helix.
Amylopectin is also a chain of glucose
monomers (with 1,4-glycosidic linkages).
It also has branches (with 1,6-glycosidic
linkages). In this way, it has more ends
that can be broken more quickly by
amylase enzymes. Both amylase and o}
amylopectin are broken down by the Figure 4.18: (a) Amylose, (b} Amylopectin
enzyme amylase into maltose, though at
different rates.
Glycogen Sy peta,  socog,

It is similar in structure to ¥ 2
amylopectin. It is a chain of glucose :
monomers (with 14-glycosidic linkages) & .o oo™ ooan,, & g
with branches (with 1,6-glycasidic linkages). s -
It is made by animals as their storage =~ § & -
polysaccharide, and is found “mainly in - g 5 o
muscles and liver. Because it is so highly
branched, it can be broken down to glucose
very quickly.
Cellulose

Cellulose is only found in plants, where it is the main component of cell walls
It is a chain of glucose monomers (with 1,4-glycosidic linkages), but with a different
isomer of glucose. Starch and glycogen contain alpha-glucose, in which OH group
on carbon 1 sticks down from the ring, while cellulose contains beta-glucose, in
which OH group on carbon 1 sticks up. This means that in cellulose, alternate
glucose molecules are inverted (Figure 4.20).
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Figurs 4.19: Giycogan

105




i s !."rf . ."J"" : K
\ \
' g INoAY oAl | Figume 420
HED 1 .\ " T . r \a 1y o Diforencs
s
prpr——s betwsen
;:?r-. I!;“ii’:? ; oturch end
i calhulazs

/Nl TN N

Berin 1-dl gravomnde
[P T

This apparently tiny difference makes a huge difference in structure and
properties. The alpha 14 glucose polymer in starch coils up to form granules. On
the other hand, the beta 1-4 glucose polymer in cellulose forms straight chains,
Hundreds of these chains are linked together by hydrogen bonds to form cellulose
microfibrils. These microfibrils make cellulose. fibrils (Figure 4.21}. They are very
strang and rigid, and give strength to plant cells, and therefore to young plants and
also to materials such as paper, cotton etc

The beta-ghcosidic  bond
canrot be broken by amylase. k
requires a spedfic cellulase
erzyme. Some bacteria and
some protozoans are only
. grganisms that POssEss
» callulase enzyme. Herbivore
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animals, llke cows and termltes
whose diet s mainly cellulose,
have mutualistic bacterda in
their guts. These bacteria digest
their ¢ellulose, Humans cannot
digest cellulose, and it is
referred to as dietary fibre.

Flgure 4.21: Celluloas flbrila In plant call wall
Chitin

i is a modified form of cellulose. It is found in the exoskeletons of crabs,
lobsters and insects. It also makes the cell wall of fungi. Like cellulose, it is also a

polymer of glucose. The linkage between glucose monomers is also like that found
in cellulose. However, in chitin each glucose molecule has been modified by the
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addition of a nitrogen-containing group (Figure 4.22). Only few organisms can digest
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Figurs 4 22: A part of the chiin molscule

Pectin and Lignin: They are also the polysaccharides used as building
material. They are present in the cell walls of plant cells.

Agar: It is found in the cell walls of red algae. It is used as a thickener in
foods. Kt is also used as & medium on which bacteria and fungi are grown in
laborateries.

Mureln: It is a sugar-peptide polymer and is found in the cell walls of
prokaryotes.

4.6- PROTEINS

The most abundant organic compounds
in cell are proteins. They may be defined as the The divensity In bloleglcal world Is the
polymers of amino aclds Proteins are f”uﬂncﬁ:‘"mftt:i;”;”;’mﬁi“m” and
regarded as the principal compounds of cells. J. '
J. Berzeliys {in 1938) coined the term “protein” {Greek "Proteios”™- molecules of the
first rank) to emphasize the importance of this group of macromalecules. Proteins
are important for the structures of cells and organisms and participate in everything
they do. In this way, they act as the building blocks of life.
Structure of Proteins

Proteins are the polymers formed by the inter-linkage of monomers called
amino acids. Different proteins may have a few to 3000 amino acids in their make-up
(e.g. Insulin has 51 amino acids, Haemoglobin has 574 amino acids).
Amino acid

Amino acid is the basic structural unit of proteins. It is an organic molecule,
in which four groups; an amino group {NH3), a carboxyl group (COOH), a hydrogen
group {H) and a side group (R); are attached to the same carbon atom (alpha

carbon).
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Figure 4.23: 8tructure of an amino ackd

Although many different amino sdds occur in nature, about 170 types of
amino acids have been reported to occur in living organisms (in cells and tissues). Of
these, about 25 types of amino acids may take part as building units of proteins.
Most of the proteins are, however, made of 20 types of amino acids.

The identity and unique chemical properties of each amino acid are
determined by the nature of its side group (R}, covalently bonded to alpha carbon.
For example, R may be a hydrogen atom as.in glycine, or CHi as in alanine, or any
other group. (Figure 4.24),

G d &3

Figure 4.24: Genemnl strxtures of glycine and alanine
Essential and Non-sssential Aminoe acids

Cut of 20 amino acids, our bodies can make eleven amino acids. These are
called non-essantial amino acidsand indude alanine, arginine, asparagine, aspartic
acid, cysteine, glutamic acid, glutamine, glycine, proline, serine, and tyrosine. The
remaining nine amino acids cannot make our bodies on its own and must obtain
these amino acids by eating various foods. These are called essentlal amino acids
and include methionine, valine, tryptophan, isoleucine, leucine, lysine, threonine,
phenylalanine and histidine {necessary only for babies).

A covalent bond that links twa amino acids | jke disaccharide, the preduction of
is known as a peptide bond. Note that each amino & dipeptide is dehydration synthesis.
acid has an amino group at one end and a carboxyl group at the other end. When
two amino acids are brought closer, dehydration synthesis occurs between the
amino group of one and the carboxyl group of second amino acid. It results in the
release of a molecule of water and formation of a peptide bond between "N* and
*C" of adjacent amino acids.
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The amino acids, which are linked by peptide bod, are called psptides. A
dipeptide is formed by the linkage of two amino acids. For example, glycylalanine (a
dipeptide) is formed by the linking of glycine and alanine (Figure 4,25},

¢ld &

Ghycine ~a Alanina
Ha O

Glyeylalanime

Flgurs 4.25: Formation of peptitle band befwéen gigeine and aianine

A dipeptide has an amino group at one end and a carboxyl group at the
other end of molecule. So, both reactive parts are available for further peptide
bonds. Addition of amino acids ultimately leads to polypeptide chains (Figure 4.26).
A protein is composed of one or more polypeptide chains, e.g. insulin protein
contains two polypeptide chains while haemoglobin protein has four polypeptide
chains. Polypeptide chains assume different shapes on the basis of number, types
and sequence of amine acids. It gives different levels of structure to proteins.
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Figims 4.28: Section from a polypeptida chaln
Structural Levelsof Protsins
The diversity of proteins ranges from simpler {consisting of linear chains of
amino acids) to complex proteins (structural modifications in linear chains). The
following are different levels at which proteins are built {Figure 4.27).
Primary Structure
The primary structure of a protein These are over 10,000 proteins in human
molecule is formed by the linear arrangement D°dY and each of these has it specific
; ; primary structure, ie, specific number,
of amino acids. It represents the number and cnacific sequence and specific types of
sequence of amino acid molecules in a amino adds
polypeptide chain. All protein molecules (whether simple or complex) have specific
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primary structures. The primary structure of insulin reveals that it is composed of two
polypeptide chains. The smaller alpha chain has 21 amino acids while the longer
beta chain is made of 30 amino acids (Figure 4.27).
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Flgura 4 27: Chalna of Insulin
Similarly, the primary structure of haemaoglobin shows that it is made of four

polypeptide dhains ie, two alpha (141 amino acids in each chain) and two beta
chains (146 amino acids in 2ach chain).

The number, sequence and types of amino acids is highly specific in the
primary structure of a protein, for its proper functioning. This specificty in primary
structure is determined by the order of nucleotides in DNA. Any change results in
abnormal protein that fails to carry out its normal function. For example, sickie cell
haemoglobin is formed by a mistake in the arrangement of only one amino acid in
position six in each beta chain. In sickle cell haemoglobin, amino acid vallne is
present in the place of glutamic acld: Due to sickle cell haemoglobin, red blood
cells get sickle shapes and abnommal haemoglobin cannot transport sufficient
oxygen. This disease is known as sickle cell anasmia (Figure 4.28).

1 | [ A | | T
Valirie Histidine = Lewcifie SThfecfine Profine = Gf‘-!}‘ti"mt!_ G'I..l-‘tilll'llr': =
i\ . i atid [ meid

Amino acid sequence in mormal Heemogiobin

i Valine Histidne = Lewcing .,fhmunmc!. Profme £ Valine I E;:’Iramlc ="

Amino acld sequence in sickle cell Haemoglobin ickle chaped

Figure 4.228: Diferenca In amine acld sequanca In nermal and sickle cell hasmoglobin

SecondaryStructure
In many proteins folding or coiling patterns occur within a polypeptide chain.

This structure is called secondary structure. Coiling of a polypeptide chain results in
alpha hellx while folding makes a pleated sheet. Bath these structures are
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maintained by hydrogen bonds between amino and carboxyl groups of nearby
amino acids in the chain.
Tertlary Structure

When the secondary structure further folds up and gets a complicated
globular shape. It is called the tertiary structure of protein. These are more complex
proteins. The globular shape is maintained by ionic, hydrogen and disulphide bonds.
These bonds contribute to the overall stability and shape of the protein.

Amino acids in a polypeptide chain interact with water to give the most
stable tertiary structure in the form of a globular shape. These are hydrophilic and
hydrophobic interactions. The hydrophobic {non-polar} amino acids aggregate in
such a way that they disrupt hydrogen bonding of water molecules and so are
buried inside. At the same time the hydrophilic (polar} amino acids turn out, towards
the surface of water.

Quaternary Structure

When two or more polypeptide chains with tertiary structures are held
together by hydrophobic interactions, hydrogen bonds and ionic bonds, they form
most complex proteins. This aggregation of tertlary structures makes the
quaternary structure of protein.
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Classlification of Protelns

Proteins make a wvery diverse group of crganic compounds in living
organisms. They can be classified on different basis. For example, on the basis of
their role in living organisms, these are “structural proteins® and “functional
proteins”. The recommended classification of proteins is based on their structure. In
this classification proteins are classified as *fibrous proteins® and “globular preteins®,
We can describe the characteristics of both these classes by a comparison in table
44,

Table 4.4: Characteristics of Flbrous and Globular Proteins

Characteristics | Flbrous proteins Globular protsins
Shape In the form of fibrils Spherical or ellipsoidal
Structure Primary or secondary Tertiary or quaternary
Role Structural Functional

Crystallization Non crystalline and elastic Can be crystallized

Solubllity Insoluble Soluble in salt, acid or base
solutions and in aqueous

alcohol

Disorganization | Do not disorganize easily Disorganized with changes in

environment
Examples Silk fibre-form the webs of Enzymes — biocatalyst
silk worm and spider Antibodies — active against
Actin in muscle cells invading antigens
Fibrin —in bload clots Some hormones — regulate

Keratin — in nails, hairs, beak, | body's activities

skin etc. Haemoglobin — oxygen camying
Collagen —in matrix of protein
connective tissues




Role of Protsins in life

Proteins carry out virtually all

activities of living organisms. Some of
their remarkable structural and functional
roles are given below.

= Proteins are an important part of the
composition of all plasma
membranes.

Channel proteins in the membranes of
cells control the movement of
materials in and out of cells. For
example, proteins make sodlum-
potassium pump in the cell
membrane of neurons. This pump

(D)

Figure 4,30 (a) Collagen— a fibrous protein,
{b] haamoglobin — a gicbuler protain

controls the movement of Na* and K* ions in and out of nerve cell.
Some fibrous proteins e.g. collagen and keratin make almost whole structures

of cartilage and hair, nails respectively.

Enzymes are a class of proteins that catalyse the metabolism of cells. They are a
much diverse class of proteins. For example, proteases catalyse the breakdown of
proteins, polymerases catalyse the synthesis of polymers.
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Figure 4.31: Different proteins of human body




» Some very important hormones of animals are proteins or peptides in nature. For
example; Insulin (controls blood glucose level), antidluretlc hormone (increases
water retention by kidneys), oxytocin (regulates milk production).

¢ Some globular proteins work to transport different materials throughout the
body. For example; hasmoglobin and myoglobin transport Oz and some CO,,
and ¢ytochromeswork in electron transport chain as electron carriers,

» Albumin is a blood protein that maintains osmotic concentration of blood and
keeps its ability to flow.

» Blood clotting is important to prevent the loss of Blood ferritn  levels  are
blood after an injury. Fibrinogen protein is measured i patients as a
present in blood. When an injury ocours, ‘f’e':?t'.m."“ btk ot anueiiip. I

. F 7 2 z . in is high there is iron in
fibrinogen is activated into fibrin. The fibrin makes - aycase I ferrtin Is low there Is a
fibres and a clot is formed. risk for lack of iron which sooner

» All types of contractions in living matter are due to ©r later could lead to anaemia
the actions of proteins. For example, actin and myosin are main proteins of
muscles. They are responsible for muscular contractions. Tubulin protein makes
spindle fibres.

o Antibodles are important proteins. They recognize and combine with foreign
substances (antigens) and convert them into harmless products.

» Some ion-binding proteins store ions in different parts of body. For example,
forritin is the main intracellular iron storage protein. Similarly, casein is a milk
protein that stores potassium and calcium ions.

* Repressors are the proteins that regulate gene action by preventing the
synthesis of RNA. These proteins allow genes to work where and when required.

4.7- LIPID8

Lipids are a loosely defined group of non-polar molecules that are insoluble
in water but soluble in organic solvents (e.g., ether, alcohol, etc.). They are a diverse
group of molecules and are classified as acylglycerols, waxes, phospholipids,
terpenes, steroids and prostaglandins,

Acyiglycerols (Fats and Oila)

Acylglycerols are composed of two subunits; An ester is the compound
glycerol and fatty acid. The acylglycerals which are c"h':‘r:::::f‘m:‘ cﬁ:r:umltalgh;
liquid at room temperature, are called olls. The wh an acld and a water
acylglycerols which are solid at room temperature, are molecule is released
called fats. In animals, most acylglycerols are fats. In plants, most acylglycerols are

oils; for example, peanut oil, com oil, castor oil etc.
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Chemically, acylglycerols are the esters of fatty acids and alcohol. They are
synthesized through dehydration synthesis (OH is released from alcchol and H from
an acid) as shown below.

C H Ol « HOOCCH CHOCOCH. + MO

conol 1cetic acid 3N ester

The most widely found acylglycerols are triacyliglycerol (trighycerides), also
called neutral lipids. In triacylglycerols, three molecules of fatty acid (same or
different) are joined to a single glycercl backbone.

Glyecerol: It is a 3C alcohol and each of its carbon bears a hydroxyl group. The 3
carbons of glycerol form the backbone of acylglycerol molecule, to which three fatty
acids are attached.

Fatty aclds: These are responsible for all the ., fatty acid has one double bond it
characteristics of acylglycerols. Fatty acids are 5 called mono-unsaturated and if
long hydrocarbon chains (with carbon in even there are more than one double bond,
number 4 — 30), ending in a carboxyl (-CQDH) & <alled poly-unsaturated.

group. They vary in length and may be as straight chains {in animals) or branched or
ringed (in plants). They are of two types:

* Saturated fatty acids contain no double bond ‘in their hydrocarbon chain. In
saturated fatty acids, all internal carbon atoms possess hydrogen side-
groups. These fatty acids make straight chains, and have a high meltiing
point.

» Unsaturated fatty acids !‘J“ BEE OO 1
have double bonds (6 bi,ﬂ;*@w@‘f“‘ i”” aturatad fatly acid
maximum) between one or ¢Ree
more pairs of carbon atomns. e e 1
The double bonds replace |@$M
some of the hydrogen
atoms. Therefore, Figure 4.32 Fatty acids
unsaturated fatty acids
contain fewer than the maximum number of hydrogen atoms. These fatty
acids form bent chains, and have a low melting point.

Solubility of fatty acids (in organic solvents) and their melting points increase
with increasing number of carbon atoms in their chains.

Acylglycerols are efficient energy-storage molecules. It is due to higher
number of C-H bonds in them. They are insoluble, because of their non-polar
structure. Therefore, they can be deposited at specific storage locations within
organism. Animal fats contain more energy than do plant oils, because they contain
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saturated fatty acids and so contain more C-H bonds. On the other hand, plant oils
have unsaturated fatty acids and contain comparatively lesser number of C-H bonds.
When organisms have to store glucose for long periods, they usually convert it into
fats or oils.
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Figure 4,33: Dehydration synthesls of adrfacyligiyceml
Waxes

- Honeybees produce waxes and use it
Waxe:s are t.ierwe::! from acylglycerols. Vo ke ¥ Nided Pganal
They have high melting points, because of arge  champiers of their combs, where honey

number of C atoms and so are solid at room s stored, In-humans, wax is secreted by
temperature. Chemically, waxes do not have any _ glands of the outer ear canal.
well-defined structure and composition. They are mixtures of long chain alkanes
{with carbon atoms in odd number; 25-35), alcohals {other than glycerol), ketones
and long chain fatty acids.

Waxes are chemically inert. Like other lipids, waxes are strongly hydrophobic
So, they act as protective coverings and water barriers for living organisms. Waxes
are widespread as pratective coatings on fruits and leaves. Some animals like insects,
birds, sheep etc. also secrete waxes over their skin.

Waxes are used to waterproof paper and cards. Waxes are also used in wax
polishes for furniture, footwear and vehides. Waxes are also used to make candles.
Waxes with coloured pigments are used in making crayons and coloured pencils.

Wax on cutiche of legwes Candles made Wax crayom ‘Wany poilksh
of was

Flgure £.34: Someuses of waxes
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Phospholipids

Phospholipids play impeortant structural roles in making plasma membranes.
Chemically they are the derivatives of phosphatidic acld. Phosphatidic acid is
composed of one glycerol, two fatty acids and one phosphoric acid {phosphate), Any
nitrogenous base e.g. choline, ethanolamine or serine attaches with its phosphoric
acid and makes phosphalipid. Common examples are phosphatidyl choline {lecithin),
phosphatidyl ethanolamine and phosphatidyl serine. Phosphatidyl choline (Figure
4.35) forms lipid bilayer in plasma membranes.
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Figuw® 4.35; Phogphatidyl choline—a phosphollpld
Phosphelipids have two parts of their molecules i.e, head and tzil. Head is
polar and contains nitrogenous base and phosphate group while tail is non polar
and contains the two fatty acids.
Terpenses
It is a very large and diverse group of lipids. All terpenes are made of
isoprene units. An isoprene unit is a branched unsaturated hydrocarbon chain with
the formula CHz=C{CH3)-CH=CH,. Terpenes form many biologically important
pigments, such as chlorophyll in plants and retinal pigments in eyes. Vitamin A and
rubber are also terpenes.
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Flgurs 4.36: Sucturs of terpanes
Sterolds
Steroids are lipids whose carbon skeleton is bent to form four fused rings. All
steroids have the same ring pattern i.e, three 6-comored rings and one 5-cornored
ring. Cholestercl is 2 commoen steroid in animal cell membranes. Animal cells also
use it for making other steroids e.g., male and female sex hormones.

The symthesized anabolic steroids resemble
CHy CHs [CHs OHy male sex hormone (testosterone} and causa
K\ 7N / \ .-/ general bulld-up In muszles and bone mass
during puberty In makes, In 19505 some
phamaceutical - companies  produced
anabolic ‘stercids for the treatment of
general angemla, Some athletes began
using anabolic steroids to build-up their
muscles quickly and enhance their
performance. Taday, anabolic sterolds are
banned, Anabolic steroids can cause sericus
physical and mertal problems e.qg. desp
depression, liver damage ete.

GH,
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Figure 4.37: Cholestsrel: 2 sterold

Prostaglandins

Prostaglandins are a group of lipids that are modified fatty acids, with non-
polar tails attached to a five-carbon ring. They occur in many tissues of vertebrates,
where they act as local chemical messengers. Some of them stimulate smooth
muscles to contract and relax; others constrict or expand the diameter of blood
vessels. They are also involved in inﬂammatory response to infection.
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' prostaglandin inhibltor
. and that is why @t
'311‘ A iz ,.Ct': JCHj reduces  inflammation,
,,., T U, LH pain, and fever.
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Figure 4.38; A prostaglandin




Role of liplds In life
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Lipids are important sources of energy {(ATP). In fact, lipids are the most energy
rich of all nutrients. One gram of lipids provides 9.5 kilocalories of energy. The
same amount of protein provides 56 kilocalories while that of carbohydrate
provides 4.1 kilocalories.

Lipids are essential components of all cellular and subcellular membranes.

They serve as biclogical carriers for the absorption of fat-soluble vitamins A, D, E
and K.

Lipids are a source of fatty acids, which are essential for various metabolisms.
Lipids play a role as a mechanical cushion/support for vital body organs.

The lipids (fats) present beneath skin, insulate the body from extreme
temperatures.

Steroids perform a wide range of important biolegical functions. For example,
cholesterol is involved in the maintenance of membranes. It also helps in lipid
transport, It as a precursor of vitamin D, bile acids, and steroid hormones
(androgens, oestrogens), adrenal hormones and corticosteroids.

4.8- NUCLEIC ACIDS

Nucleic acids are the polymers of nucleotide units. There are two main types

of nucleic acids i.e., deoxyribonudeic acid (DNA) and ribonucleic acid (RNA). DNA is
found mainly in chromosomes, with small amounts in mitochondria and
chloroplasts, RNA is found in nucleolus, ribosomes and cytosol, A nuclectide is made
up of a nucleoside and phosphoric acid. A nucleosida is made of a nitrogen base
and a pentose sugar (Figure 4.39).

< Pentose sugar
= ¢

Nucleic
acid

Flgurs 4.38: Componants of nuclale aclds
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Pentose sugars: RNA contains ribose while
DNA contains depxyribose as their pentoses.

Nitrogenous bases: There are two types of
nitrogenous bases in nucleic acids i.e, pyrimidine bases
and purine bases. Pyrimidine is a single ringed
nitrogenous base, There are three pyrimidine bases in
nucleic acids. Cytosine {C) is present in both DNA and
RNA, thymine (T} is present only in DNA, and uracil {J)
is present only in RNA. Purine is a double ring
nitrogenous base. Both DNA & RNA contain two purine
bases i.e, adenine {(A) and guanine (G). One
nitrogenous base is attached with carbon 1 of pentose.
sugar and makes a nucleoside. 9y Figure 4.40: Buparphosphete

Phoaphoric acld:A nucleoside develops ester  backbons of nucielc scids
linkage with a phosphoric acid and becomes nucleotide. In this ester linkage,
phosphoric acid is linked with C-5 of pentose sugar. The backbone of the structure
of nucleic acids is made of sugars and phosphates (Flgﬂmpﬂ-ﬁ]

Figure 4.41: Nucleotides of RNA end DNA
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Formation of Phosphodiester Bond
We know that in one nucleotide, phosphoric acid has an ester Iinkage at C-5

of pentose sugar. This phosphoric acid

develops another ester linkage at C-3 of

pentose sugar of ancther nucleotide. In this p CL.

way, each phosphoric acid has two ester ",‘

linkages with two pentose sugars (one at C-

5 and other at C-3). The two ester linkages

developed by phosphoric acid with two
pentose  sugars are known @ as

Etmptig mele
i nge
s |:
AI

phosphodisster linkage (Figure 4.42). This 5
linkage joins two nucleotides. v
The nucleotides of RNA are known :.; 3l
as ribonucleotides and those of DNA are Figure £.42: A dnuckotide

known as deoxyribonucleotides. Nudeotides are named after the type of
nitrogenous base. The ribonudeotides and decxyribonucleotides are:

Nucleotides also play other critical roles in the life of cell. For example; ATPis
a triphosphate nucleotide of adenine. In ATP, three phosphate groups are attached
with one ribose sugar. You know that ATP is the "energy currency” of cell. It provides
energy by successively detaching its two phosphate groups and changing to ADP
and AMP . Similarly, Nicotinamide Adenine Dinucleatide (NAD}is a co-enzyme. It acts
as a hydrogen acceptor in oxidation-reduction reactions in cell.

_E 0 E __!q-.,,- -:N e | ]
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Adenosime Nigotimsamide Ackenine
Triphosphate Dinucleatide

Figure 4.43; ATPand NAD
Nucleotides join together through phosphodiester linkages to form long
polynucleotide chains. In a polynucleotide chain, phosphate group at 5° end and OH
group at 3’ are always free. RNA is made of a single polynuclectide chain. On the
other hand, DNA is a double hellx and is made of two polynucleotide chains.
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Deoxyribonuclelc Acid{DNA)

Rosalind Franklin {1953) and Maurice
Wilkins {1967) studied the molecular architecture
of DNA. James D. Watson and Francis Crick, in
1953 put forward the model of DNA. The
observation by Chargaff was also of basic
importance in working out the structure of DNA.
Watson and Crick's Model of DNA suggests the
following points:

In 1950, Linus Pauling conduded that
DNA is a fibrous substance and the
fibre is coiled into a helix. In 1951
Erwin  Chargaff provided an
Informative data and it was found that
adenine and thymine are equal in
ratio in DNA and 5o .are guanine and

cytosine.

* DNA is made of two polynucleotide chains or strands.

¢ The two strands are coiled
ground each other and
make a double helix.

®* The double helix is like a
ladder. Its poles are made
of sugars and phosphate
groups. s rungs are
made of nitrogenous base
pairs.

* Each base pair (rung) is
made of one purine (A or
G) and one pyrimidine (C
or T) base,

* Two strands are held
together by weak
hydrogen bonds between

Fligure 4.44: (a) Waison and Crick model of DNA, (b)

their bases, The detalisd structurs of DMA

s Adenine in ohe chain

makes hydrogen bonds with thymine in second chain, or vice versa. Guanine in
one chain makes hydragen bonds with cytosine in second chain, or vice versa.
» There are two hydrogen bonds between A and T pair and three hydrogen bonds

between G and C pair.

» Two strands are not in the same direction with respect to their phosphodiester

linkages, but are anti-parallel to each other.




DNA is the fundamental part of
chromosomes and so is located inside nucleus in
eukaryotes. As there is no distinct nucleus in
prokaryotes, their DNA is present in cytoplasm. In
viruses, DNA is located as a core molecule, covered
by a protein coat.

DNA is the hereditary material for all
organisms (except some viruses). DNA contains the
“program” that ultimately directs all cellular
activities. The program in DNA is in the form of
genes. A gene is a sequence of nucleotides of DNA,

Racalling:
In eukaryotes, small samount
{about 2%) of DNA are ako
presert In  mbochondrda and
chloroplasts.

In the chromosome of bacterium E.
coll, each strand of DNA contains
about 5 milllon bases arranged In a
particular linear order. i has genes,
each consisting of several hundrad

bases.

which codes for the formation of a polypeptide.
When a gene is tumed "ON", the sequence of DNA nucleotides is transcribed into
RNA and then translated into specific proteins. In this way DNA controls the
properties and activities of a cell.

Ribonuclelc Acld RNA

It is composed by ribonucleotides. RNA is synthesized by joining
ribonucleotides in front of decxyribonucleotides of DNA by transcription process. All
living cells contain three types of RNA
1. Messenger RNA (mRNA)

It consists of a single strand of ribonuclectides. |ts sequence of nucleatides is
complementary to the sequence of nucleotides of one of the strands of DNA. mRNA
is about 3-4% of the total amount of RNA in cell. It camies the genetic message of
DNA to ribosomes to form particular protein.

2. TransferRNA (tRNA)

It is comparatively small. It is a helical structure and its molecule resembles a
clover leaf. It consists of 10-15% of the total amount of RNA in cell. tRNAs transport
amino acids to ribosome and mRNA, in the process of protein synthesis.

3. Ribosomal RNA (rRNA)

It is synthesized by the DNA of nucleoli, After its synthesis, ribosomal RNA is
joined with ribosomal protein and ribosomes are formed. It comprises about 80% of
the total RNA in cell. rRNA acts as the machinery for synthesis of proteins in
ribosomes.
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Flgure 4 45: A model of RNA structure

Central Dogma
All organisms use the same basic W DNA
mechanism of reading and expressing TraneciiBicn
genes, which is often referred to as central (DMA = RMNA)
dogma. The first step of central dogma is m oA v
the transfer of information from DNA to '“ﬁ% -
- T {
RNA, \'\:’hICh occurs when an RNA copy of the mﬂ;“*"‘“_} = 'l
gene is produced, The process is called
transcripion. The second step of the QOOQOOQ Protein

central dogma is the transfer of information.  Flgure 4.8 Flew sheet of Central degma
from RNA to proteins, which occurs when the information contained in the RNA is
used to direct the synthesis of proteins. This process is called translation, In this way
DNA controls the properties and activities of a cell.

4.9- CONJUGATED MOLECULES

Conjugated molecules are formed by the combination of two or more
molecules belonging to different categories. Some important conjugated molecules
are as follows.
Glycoproteins

They are formed by covalent linkage between a protein and a carbohydrate
polymer. They occur widely in nature as integral structural component of
membranes; in blood serum; as cellular secretions; and in cartilage, eyes, skin etc.
Glycolipids

They are formed by a covalent linkage between a lipid and a carbohydrate.
They are an integral structural component of membranes.
Lipoproteins

They are a class of biomolecules which are formed by hydrophobic
interactions (not covalent or ionic bonds) between lipids and proteins. Lipoproteins
are the basic structural framework of all types of plasma membranes. Lipids are
transported in blood as very low-density lipoprateins.
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Nucleoproteins

They are formed by ionic bonds between chromosomal DNA and proteins.
For example, histone proteins are bound to DNA to form nucleosomes. They
stabilize chromosomal structure in eukaryotes and also play an important role in the
regulation of gene expression.

l EXERCISE ,

SECTION 1: MULTIPLE CHOICE QUESTIONS

1. Which characteristic of water molecules is responsible-for most of the unique
properties of water?
{a) Small in size (b} Held together by covalent bonds
{c) Can easily separate from one another (d) Stick together

2. To which group of lipids, the human sex hormones belong?

{a) Steroid (b) Waxes (c) Prostaglandins  (d) Phospholipids
3, Whidh of the following is NOT a protein?

{(a) Haemoglobin (b} Cholesterol (c) Pepsin (d) Antibody
4. Which one is the largest carbohydrate?

{a) Cellulose (b} Ribose (c) Glyceraldehyde  (d) Glucose

5. What compound would be manufactured difficultly when soil has a shortage of
phosphorous?

{a) DNA (b} Fatty acids (c) Proteins (d) Cellulosa
6. A compound whose chemical composition is most closely related 1o maktose is;
{a) Starch (b} Protein (c) ATP (d) RNA
7. Which group is'found in.all fatty acids?
{a} PO4 {b) SC. (€ C-N (d) COOH
8. Haemeglobin has:
{a} Primary structure (b) Secondary structure
{c) Tertiary structure (d} Quaternary structure
9. Which precess produces peptide bonds?
{(a) Digestion (b} Dehydration synthesis
{c) Hydrolysis (d) Enzyme deactivation
SECTION 2:SHORT QUESTIONS

1. Draw a sketch of hydrolysis reactions.
2. Draw the ring structure of glucose and fructose.




3. Define isomers and sterecisomers.

4, Draw the sketch of amino acid,

5. Outline the synthesis of peptide linkages.

6. Draw the sketch of acylglycerol, phospholipid and terpene.

7. Differentiate between nucleoside and nucleotide.

8. lllustrate the formation of phosphodiester bond,

9, State the central dogma of gene expression.

SECTION 3: LONG QUESTIONS

1. Distinguish carbohydrates, proteins, lipids and nucleic acids as the four
fundamental biological molecules.

2. Describe and draw sketches of dehydration synthesis reactions.

3. Explain how the properties of water make it the medium of life.

4. Distinguish the properties and roles of monosaccharides and classify them.

5. Compare the structural isomers and stereoisomers of glucose.

6. Distinguish the properties and roles of disaccharides.

7. Define proteins and amino adds and outline the synthesis and breakage of
peptide linkages.

8. Justify the significance of the sequence of amino acids through the example of
sickle cell haemoglobin,

9. Describe the properties and roles of acylglycerols, phospholipids, terpenes and
waxes.

10. Describe the molecular level structure of nucleotide.

11. Explain the double helical structure of DNA es proposed by Watson and Crick.

12. Explain the general structure of RNA and differentiate between the three types of
RNA.

13. Define conjugated molecules and describe the roles of common conjugated
molecules.

INQGUISITIVE QUESTIONS

1. What happens if even one amino acid is substituted for another in a polypeptide
chain? Provide a specific example.

2. How does the three-dimensional structure of a protein relate to its function?

3. How do nudeic acids encode genetic information, and how is this information

translated into proteins?




