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L FEE A O L BOBIBHEMISTRY
Biochemisiry i15'a krench 'z¥'biology, which deals with the study of chemical components
ardlthe chemical processes in living organisms.

“ % Raie of Bicchemistry
A basic knowledge of biochemistry is essential for understanding anatomy and
physiology, because all of the structures of an organism have biochemical organization.
For example, photosynthesis, respiration, digestion and muscle contraction can all be
describe in biochemical terms.

Chemical Compounds of Living Organisms
All living things are made of certain chemical compounds, which are generally classified
as organic and inorganic.

o Most important organic compounds in living organisms are carbohydrates, proteins, lipids and
nucleic acids.
o Among Inorganic substances are water, carbon dioxide, acids, bases and salts.

Typically an animal and a bacterial cell consist of chemicals as shown in following table.
% total cell weight

Chemical Components

Bacterial Cell Mammalian Cell

1. Water 70 70

2. Proteins 15 18

3. Carbohydrates 3 4

4. Lipids 2 3

5. DNA 1 0.25

6. RNA 6 1.1

7. Organic molecules 2 2 .
(enzymes, hormones, e
métabolites) =2 A

8. Inorganic ions 1V . T o \NY [ Palo~
(Na*,K*,Mg*?,ch, SO 4 ol ) : _'_'___'-;'_"-_-_i_- B

Importance of Chemicals

The survive] of an giganism 'j“pendg upon I's dul"f\ {0"iake some chemlcals from its environment
and use @wrn th\méki chemic 2ls pr ite: tiving matter. For this reason, cells of every organism are
constantiy taking fn ew suksstances and change them chemically in various ways i.e. building new

[Rgelilar _nraterials dnd obtaining energy for their needs. Life of an organism depends upon the

J .. W | edaseless chemical activities in its cells.
QUESTION RELATED TO ABOVE ARTICLE

Explain term Biochemistry and describe the significance of biochemistry in survival
of an organism.
Write percentage of Chemical Compounds in bacterial & mammalian cell.
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Chapter—z Biological Molecules

2.1.1 Metabolism
All the chemical reactions taking place within a cell are collect-"ﬂv called -as
metabolism. '
Types '
Metabolic processes are charactefized as-anaiiolic reag tion: (anc bohsr.‘) and catabolic
reactions (catabolism). . L |
1) Anabolic Reacticns

o Reactices, 'n wrhicis s Dl‘l sLﬁsturme) aré combined to form complex substances are

called ahancli¢; eactions.
- Andtolic réactinns néed energy (Endothermic).

6. | Ekarhgts is photosynthesis.
i) ~.'  Catabolic Reactions

o Reactions in which larger substances are broken down into simpler one are called catabolic
reactions.

o Energy is released during these reactions (Exothermic)

o Example is respiration.

Coordinated Catabolic and Anabolic Activities
Anabolic and catabolic reactions go hand in hand in the living cells. Complex molecules
are broken down and the resulting smaller molecules are reused to form new complex
molecules.
Interconversion of carbohydrates, proteins and lipids that occur continuously in living

cells are examples of coordinated catabolic and anabolic activities.
What is metabolism? Explain its types.

Introduction
Carbon is the basic element of organic compounds. Due to its unique properties, carbon
occupies the central position in the skeleton of life.

Features of Carbon

0] Carbon is a tetravalent.

(i) It can react with many other known elements forming covalent bonds.

(ili)  When a carbon atom combines with four atoms or radicals, the four bonds are arranged
symmetrically in a tetrahedron and result to give a stable conflguratlon o

(iv)  Stability of carbon due to tetravalency makes it a favourable elnment ar-ize yntn35| Jf
complicated cellular structures. | -

(V) Carbon atoms also can comhine niutiiallyfarining s*aL Ie braﬁcneu or ur.:‘:w nched chalns
or rings. C-C bonds form 1nferert yne's o ska etnn in\e, viriety o' C rganic molecules as
shown in (.—|1 2 1) ' \

. H

l|l ll—(l'—ll

[ H IIEI_L! “I !i! lll'. LN \(‘/II H ‘ H
; [ [ 8] O ’ I I
J M) -H'(lﬂ]-('- -(l—(|"ll 1 (“ II—("—( —(I'—II
& |
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H Il'-(| —H
H
Unbranched chain Ringed structure Branched chain

Fig. 2.1 Unbranched and branched chains, and ring structure formed by C-C bonds.
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Chapter—z Biological Molecules

Combinations of Carbon with other Elements
Carbon combines commonly with H, O, N, P and S. Combinations with_these and othe.
elements contribute to the large variety of organic compounds. '

o Carbon and hydrogen bond (C-H bond) ls-ihe potentizi-souvce Cf! cwe.n-\,al AR (0]
cellular activities.

o Carbon-oxygen (C-O-C bnd) assaziation-ia glvcosidic linkanes p ovides stability to the
complex carpohydrate.molecules.

o Carboit_combiries witir nitlogan {(C-N qnrwu, in amino acid linkages to form peptide
bonds &nai ¥oria! pioteins) whicn exe-very important due to their diversity in structure and
function

bmptrtance/of (Carson (,ontammg) Organic Compounds

P Liarge organic molecules (macromolecules) such as cellulose, fats, proteins, etc. are
generally insoluble in water and hence;

o They form structures of cells.

o They also serve as storage for smaller molecules like glucose, which in turn are
responsible for providing energy to the body.

> Small molecules (micromolecules) such as glucose, amino acids, fatty acids etc. and are
generally soluble in water and hence;

J Serve as a source of energy.

o Serve as subunits to build macromolecules.

o Some small molecules are so unstable are immediately broken down to release energy

e.g. ATP. Such substance serves as immediate source of energy for cellular metabolism.
QUESTION RELATED TO ABOVE ARTICLE
Discuss the Importance of Carbon.
Describe importance of carbon in the skeleton of life. (SGD 2019, FSD 2021)
Why carbon occupies the central position in the skeleton of life. RWP 2021
2.3 IMPORTANCE OF WATER
Introduction
Water is the medium of life. It is most abundant compound in all organisms.
Amount
It varies from 65 to 89 % in different organisms. Human tissues contain about 20 % water
in bone cells and 85 % in brain cells.

Importance

)] Almost all the reactions of a cell occur in presence of water. It also takes part in many e
biochemical reactions such as hydrolysis of macromolecules.

i) It is used as raw material in photosynthe3|s —_— AN

Some other properties Y I PR L WY BN —

1) Solvent properties h s -~

o Due to its polarity, water i$ a exssfie qt sotverlt fol polut sub itanceks.

o lonic substances when ""sc.ol'md in‘water, dissuciatesnto positive and negative ions.

o Non-icnic 'SU')-»[aI’”‘eS navi nq cnarepd areuss in their molecules are dispersed in water.

Importance \

i) When in, sl mn fohs arid molecules move randomly and are in a more favourable state

(TG react-ykith 'sther molecules and ions.

Wi |t isoecause of this property of water that almost all reactions in living organisms occur

in agueous media.
iii) In cells, all chemical reactions are catalyzed by enzymes, which work in agueous environment.
iv) Non-polar organic molecules such as fats are insoluble in water and help to maintain
membranes, which make compartment in the cell.
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2)

Heat capacity

The specific heat capacity of water is defined as the number of calorles r:q-ured foraica
the temperature of 1g of water from 15 to 16°C. '
Specific heat capacity of water is 1 cal/ g % or 4.184-)ig~C

Importance

3)

This is because much of thiz eneicly, isiLseld 10 nieak 1yd|or1°r. won«s'water thus works as
temperdiiire | stabitizer_ for! organisms, \in“tne ‘efivifonment and hence protects living
materia} aqur st sifaden cherinal charges.

Heat of'vaporization

Araplnt pfiheat equired to convert a substance from its liquid to gaseous state without
“clhazgein temperature is called heat of vaporization.

It is expressed in calories per gram or kilocalories per kilogram.
The specific heat of vaporization of water is 574 Kcal/kg.

Importance

i)
i)

4)

It plays an important role in regulation of heat produced by oxidation.

It provides cooling effect to plants when water is transpired or to animals when water is
respired.

Evaporation of only 2 ml out of one liter of water lowers the temperature of the
remaining 998 ml by 1°C.

lonization of water

Water molecules ionize to form H* and OH" ions:

H>O dd HY+ OH-
This reaction is reversible but equilibrium is maintained. At 25°C the concentration of
each of H* and OH"ions in pure water is about 107" mole/litre.

Importance

The H* and OH" ions affect and take part in many of the reactions that occur in cells.

5) Protection

Water is effective lubricant that provides protection against damages resulting from
friction. For example, tears protect the surface of eye from the rubbing of eyelids.
Water also forms a fluid cushion around organs that helps to protect them from trauma.

QUESTION RELATED TO ABOVE ARTICLE
Water is medium of life. Discuss.

Describe importance of Water by discussing its varlous o opel *lu.s (E’V\ID 20149
Explain various aspect of importsiice of watein | || | AN 2021)
Describe importance of viater forivying erganisms. 1\ | | _(GFV/ 2022, RWP 2022)
Describe tse importarce (f\v;\tc oriforllifa. ) “(exercise Question i)

-mmmtmn.'m_

Introduction

Carp )hydrutﬁs Hcur auundantly in living organisms. They are found in all organisms and
N naul néetaii parts of the cell.

nkﬂnmg

The word carbohydrate literally means hydrated carbon. They are composed of carbon,
hydrogen and oxygen, the ratio of hydrogen and oxygen is the same as in water.

Their general formula is Cx(H20)y, where x and y are the whole number from three to
many thousands whereas y may be the same or different whole number.
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Chapter—z Biological Molecules

Definition

o Chemically carbohydrates are defined as polyhydroxy aldehydes or ketesss or comnisy
substances, which on hydrolysis yield polyhydroxy aldehyde o “Xerone suburis.’
(Hydrolysis involves the breakdown of Targe mc'ecties 1o smillerctnes iiikzing
water molecules). \

Source . BASEY

The sezree ' of carberiydra tex/ are green plarts—nese are the primary products of

photosysihesis) Otiericomnour .15 @i paritsare produced from carbohydrates by various

chemice |l changes.|

Examnples | '

| ehulese-or wood, cotton, and papers, starches present in cereals, root tubers, cane sugar

and milk sugar are all examples of carbohydrates.

Conjugated Molecules of Carbohydrates
Carbohydrates in cell combine with:

o Protein forming glycoproteins

. Lipids forming glycolipids
Glycoproteins and glycolipids have structural role in the extracellular matrix of animals
and bacterial cell wall. Both these conjugated molecules are components of biological
membranes.

Classification of carbohydrates
Carbohydrates are also called ‘saccharides’ (derived from Greek word ‘sakcharon’
meaning sugar) and are classified into three groups;

i) Monosaccharides

i) Oligosaccharides

iii) Polysaccharides

1) Monosaccharides
These are simple sugars.

Features

)] They are sweet in taste

i) They are easily soluble in water and they cannot be hydrolyzed into simple sugars.

Composition

o Chemically they are either polyhydroxy aldehydes or ketones.

o All carbon atoms in monosaccharides except one, have a hydroxyl group
o The remaining carbon atom is either a part of an aldehyde group or a-k2t0.group.
. The sugar with aldehyde group is called aldo-sugar &g guymraiuehy eC_ar_d Witthe

keto group as keto-sugar e.g. dihyargxyacefoiye:
These are indicated in the ‘a* e of tveGitrioses s.\c\tc ned lwelow

1| SO\ VA NS (lli Ol

PRR\L (o AN C=0

\] NN 9 e on é‘nzou
| Aldehyde form Keto form

Fig. 2.2 Structure of glyceraldehydes, a 3C Sugar (CsHgOs). The aldehyde form is glyceraldehydes,
whereas ketonic form is dihydroxyacetone.
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Types
In nature monosaccharides with 3 to 7 carbon atoms are found. They are-called trioses
(3C), tetroses (4C), pentoses (5C), hexoses (6C) and heptoses f7C")' Ivhey have|genarall
formula (CH20)n. Where n is the whole nuricer frorr' thiee to s2ven, |

Examples

o Two trioses mentioned | ahove 1.2, ql'ycem.loef-‘yoe\-‘. ar:d" dihydroxyacetone, are
intermegigtey in resniraticn'aricl pnoosyntliesis.

o Tetrosea-ara rase irrnacute and Heclir.in s0ime bacteria.

o Pentose; ard '\fiexodes, arel most common. Form the biological point of view most

imnortarit Hexose-is giticose, which is an aldose sugar.
L Siidtures of ribose and glucose is give below.
CHO
CHO !

| Heon
HCOH '
| M H
HCOH
[ HCOm
HCOH |
I HWCOH
CHLO0H I
2 CH,OH
Ribose Glucose
(A pentose sugar) (A hexose sugar)

Fig. 2.3 Structure of Ribose and Glucose
Ring formation
Most of the monosaccharides form a ring structure when in solution. For example ribose
will form a five-cornered ring known as ribofuranose, whereas glucose will form six-

cornered ring known as glucopyranose.
HO—CH,
|

= o \t(')ll S K

CH HC /H :

AN 14! C, !

= (‘._(1/" HO ?u :‘l./ OH

ol OH |
H OH

(a) Ribese (b) Glacese

Ribofuranese (D-Ribose) Glucopyranose (D-glacose)

Fig.2.4 Ribose and glucose form ring shaped structures.
Glucose a common example

o Glucose is naturally produced in green plants, which take carbr\r '1|c xuv o th( dll’ ol o )
water from the soil to synthesize glucose. "% | WoN | (O O

lightepergy ~& 1\ |\

6CO; + 12H,0 Ch'oruphy'l 4% (. 6|.11,(*.~ 3 oO + 6H20
o As ind-i'éatbd'in e er“ atn1 nné‘“ﬁqf i5"cons u..led in this process which is provided by
sunlighi. Thatis Wh thel prgf‘e~:s is-Called photosynthesis.
o Fargynthesis of! 1Cg'o¥ giucose 717.6 Kcal of solar energy is used. This energy is stored

. [k elucose molecules as chemical energy and becomes available in all organisms
J SO tehhen it is oxidized in the body.
A In Free State, glucose is present in all fruits, being abundant in grapes, figs and dates.
Our body normally contains 0.08% glucose.
In combined form, it is found in many disaccharides and polysaccharides. Starch,
cellulose and glycogen yield glucose on complete hydrolysis.
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2) Oligosaccharides

Features

1) These are less sweet in taste.

i) These are less soluble in water. R

i) On hydrolysis, they yield from twq o ten 0! naseccharides. |

iv) The covalent bond betweeh two morusaccharides s called Bl /czusu iq linkage.
Types

. Those vieldirrg w0 Menosat chqridm (o] hvdruiysis are called disaccharides.
o Those yietaing h|=e are <n)/vr as-trisaccharides and so on.
Examples -
o | oPhysiolodicanry |mportant disaccharides are maltose, sucrose and lactose.
TN Glucose + Galactose ————» Lactose

Glucose + Glucose —_— Maltose

Glucose + Fructose @~ ——» Sucrose

Most familiar disaccharide is sucrose (cane sugar), which on hydrolysis yields glucose

and fructose, both of which are reducing sugars. Its molecular formula is C12H22011. Its

structural formula is given below.
5]

H O _H
z " HO
HOC CHOH
3 4 8
H OH
f—Fructnse Sucross Wiater

a-1, 2- Glycosidc linkaga
Fig. 2.5 A disaccharide. Note carefully the glycosidic linkage between the two monosaccharides.

3) Polysaccharides
Polysaccharides are the most complex and most abundant carbohydrates in nature.
Features
i) They are usually branched and tasteless.
i) They are formed by several monosaccharide units linked by glycosidic bonds.
iii) They have high molecular weights.
iv) They are sparingly soluble in water

Examples

Some biologically important polysaccharides are

starch, glycogen, cellulose, dextrins, agar, pectin and _—

chitin etc. ? @ "9 o :7 3
1) Starch i 4

. . . . ,{&\- ‘\_ & -

> It is found in fruits, grains, seeds and tubers., e, _{,, -r~' ’j \‘_ ,.-.-,Z
> It is the main source of carbohydrates for animals; | || (1< % : %’
> On hydrolysis, it yields gliccse motgulss,— |\ L L S '/}7 L’i} g8 "\y
> It glves blue.colour W_Ith IO“r'e P R I Flg.2.6Ponsacchar|des arepolymers
> It occu fS iy twotypes; - L R S W of monosaccharides
o Amylosc starcties! have .Jnm arrr‘r adgtains of glucose

and zre 50iJble, in not, waisr
) A*T’ y|oDectinistal chies have branched chains and are insoluble in hot or cold water.

WP u:Wl‘Oth

It is also called animal starch. It is the chief form of carbohydrate stored in animal body.
Found abundantly found in liver and muscles, though found in all animal cells.

It is insoluble in water.

It gives red colour with iodine solution.

It also yields glucose on hydrolysis.
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3) Cellulose

It is the most abundant carbohydrate in nature. _
It is the main constituent of cell walls of plants and is highly.irsul utle irvwater. Cdtton s
the pure form of cellulose. . \ - )

On hydrolysis, it also yielc's glucosa-nole (.,U|e‘

It gives no_colour to iodine'solutign:

It is nat digestee-oy  heman digesti e tract_in'the herbivores, it is dlgested because of
microoiganisray ' (hacteria, |, veasts,” protozoa) in their digestive tract. These
micyopor@anismsisesrete aienzyme called cellulase for its digestion.

SYIESTION RELATED TO ABOVE ARTICLE

. Describe the monosaccharide in detail.

Write note on oligosaccharide.
Compare monosaccharide with oligosaccharide.

Explain polysaccharides with examples. (LHR 2017)
What are polysaccharides? Discuss starch and glycogen in detail. (LHR 2019)
What are monosaccharide? Give their characteristics. (DGK 2019)
Write a note on carbohydrates. (DGK 2021)
Describe polysaccharides in detail. (RWP 2019, SGD 2021)
What are polysaccharides? Give details of some biologically important polysaccharides.

(LHR 2022)
What do known about polysaccharides? (Exercise Question ii)

2.5 LIPIDS

Introduction

The lipids are a heterogenous group of compounds related to fatty acids. They are
insoluble in water but soluble in organic solvents such as ether, alcohol, chloroform and
benzene.

Lipids include fats, oils, waxes, cholesterol and related compounds.

Functions

)] Lipids as hydrophobic compounds are components of cellular membranes.

i) They also store energy, because of higher proportion of C-H bonds and very low
proportion of oxygen, lipids store double the amount of energy as compared to the same
amount of any carbohydrate. ]

iii) Some lipids provide insulation against atmosnherlc heat and_cc:d and 'uIS) ?ul EN Wauer o0t
material. ~ - \ .

iv) Waxes, in the exoskeletori of insec wand cutiny ale 'an adc itional protective Iayer on the
cuticle of en! idermis of some, p ant orjai, L eaves, frats and-seeds etcare some of the main
examples! | | "~ .

LIpIdS favie bt&'] G Icss‘f|=d alp )

1) Acyiplycerpls |

i [N YYakes :

‘8) | ‘Pnospholipids

4) Sphingolipids

5) Glycolipids

6) Terpenoids-lipids including carotenoids and steroids.

The structure of some of them is given below.
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Biological Molecules

1) Acylglycerols
It is one of the most important groups of lipids.

Chemical Composition
o Acylglycerols are composed of glycerol anzi fatty ar-'“s u\nmh,ally e “wlcn Cer 1

defined as esters of fatty acids and'alcohal.-
o An ester is the compound pr(;dl'ut'u al the(resuitiol a ch=mn ak cac icn of an alcohol with
an acid anil & water maieCie IS 17 leasen as shiovyri-eeiow.
s C2H50COCH3 + H20

Exaq m[e

| 2|150H F HOC L,CI"
! Acetic acid

Ai“oncl

An ester

Water

~hAans

D oul

lbé

The. meat W|dely spread acylglycerol is triacylglycerol, also called triglycerides or neutral
lipids

Fatty Acids

l{—("‘ —OH
0

R—(UJ—OH
0

Il
R—C—0OH

Three fatty |

acids

'l{
HO—C—H
HO—C—H
H( (l' H

H

Glycerol

(I_i} ]ll
R—C—0—(C—H
| |
Enzyme Il
= R-C—0—C—H + 3H0
a
It
R—C—— 0 (.I'——II
H
Ester bond *
Triacylglycerol

Fig. 2.7 Triacylglycerol is composed of one glycerol and three fatty acids molecules

o Fatty acids contain even numbers (2-30) of carbon atoms in straight chain attached with
having an acidic groups COOH (carboxylic group).
o There may be two types of fatty acids i.e.,

)] Saturated fatty acids which contain no double bonds.

i) Unsaturated fatty acids, which contain upto 6 double bonds.

o In animals, fatty acids are straight chains.

o In plants, they may be branched or ringed.

o Solubility of fatty acids in organic solvents and their meltmq Jo-mfa “ine reg| >rﬂ v '|*h

increasing number of carbon atoms in chair:™, . -
For example palmitic acid (C16) with thmg pont E3J ‘C is muct "‘-Jre soluble in
< 1) withy m) eltmg pcmt

organlc solvents than butym acig
(“n, "QOEL

Cll3 (,Hs ! H’
-qﬂ"cuybhbcnz

COOB

II i 5
|
L 1
‘\-\.H. 1
"
o
k -

=

.cupcnbcnbﬁnpénbéubénb
CH, .CH,.CH,.CH,. CH,.COOH

18 17 [ 15 4 3 12 1 10 9
CH3 .CH: .CH; .CHz . CHz .CH: .CH: . CH;. CH=CH.
CH,.CH,.CH,.CH,.CH,.CH,.CH,. COOH

iﬂ or'\ | [
Acetic Acid (Cy)
Butyric Acid (Cy)

Palmitic Acid (Cy)

Oleic Acid (Cys)
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Fig. 2.8 some fatty acids with carbon numbers 2-18 are shown. Oleic acid is an unsaturated fatty
acid (note a double bond between Cq and Cyo). Other fatty acids are saturated

Types of Fats ]

o Fats containing unsaturated fatty acids are usuaty liquid at recim umpwutt re-dnd aie, SAitH e
oils. Animal fats are solid at room temerature, wieiees incsi of this plaits feits'are Liguids.

o Fats containing saturated Htl/ ar-'!', are’sciid atircom t=mp==r atLire ard are simply said as
fats.

Fats ai‘d oils ‘are inghter thai water.ana h Ved prCifiC gravity of about 0.8. They are not
crystalling Lut ‘ome can be crvstatiized under specific conditions.

2) \Waxps .

Chacirigs! Cormpasition

| “Chnemically, waxes are mixtures of long chain alkanes (with odd number of carbons
ranging from Cas to Czs), and alcohols, ketones and esters of long chain fatty acids.

Characteristics

) Waxes are widespread as protective coatings on fruits and leaves.

i) Some insects also secrete wax.

iii) Waxes protect plants from water loss and abrasive damage.

iv) They also provide water barrier for insects, birds and animals such as sheep.

3) Phospholipids
They are widespread in bacteria, animal and plant cells and are frequently associated with
membranes.

Chemical Composition
Phospholipids are derivatives of phosphatidic acid. Which are composed of glycerol,
fatty acids and phosphoric acid.
Nitrogenous bases such as choline, ethanolamine and serine are important components of
phospholipids.

Example
Phosphatidylcholine is one of the common phospholipids.

ICH,0.COR 1CH,0.COR’® = N\ Polar (hdrophitc
| ( region-phosphate

'CH.0.COR" 'CH.O.COR" Contalaing region
| 9 |9

‘('HTO'P*()ll ‘C"z-().l'-().(‘l'z-("2.\ .((llj]'! \on-pohr (h\drophobic)

(l) H (l)H reglon-fatty acids
Phosphatidic Acid ~ Phosphatidylcholine A WA | o \o=Z
Lecithin [ \ 'msp hon; 1d Mo ‘ecile", =

Fig. 2.9 Phosphatidic acid is conpoled of q-'f,\,r*ro 2 fﬂtty cids (on ard © 2)hang a phosphorlc acid on C; of
glycerol. In phospholipids a mtrogmoms Jage ( e v ho me\ is| d“tac,. .cd tC pwaphorlc atig-is in phosphatidic acid.

4) Terpenoids | «M
Terpenmus argla rery Ia g€ and m";{,.tant group of compounds, which are made up of a
S|mn'e repeating unis, ise srenoid units.
S THES lunil, Yoo .uensatlon in different ways give rise to compounds such as rubber,
\Lireteroids, steroids, terpenes etc.

=

CHs
1 2| 3 4
H.C= C-CH=CH:>
Isoprenoid unit
(2 methyl- 1, 3 — butadiene)
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QUESTION RELATED TO ABOVE ARTICLE
What is lipids? Give its importance.
Write note on acylglycerol and waxes.
Write note on phospholipids and fnrpencia;.
What is fatty acid? Explaiii its typs? . \
What a note on acylglycerols rncIudLrg alty'acids b AL - | (GRW 2018)

Write @ note on-Acyiclycaiol. (LHA 2018, GRW 2017, MTN 2019)
Write gncrt ricte'on hiowds, | | (LHR 2021)
How: phiospholipidsiarz foimed; also draw the structure of lecithin. (MTN 2022)
NI 2.6 PROTEINS
: ! introduction

Proteins are the most abundant organic compounds to be found in cells and comprise over
50% of their total dry weight. They are present in all types of cells and in all parts of the

cell.
Function

Proteins perform many functions. Some of their important functions are;
)] They build many structures of the cell.

i) All enzymes are proteins and in this way they control the whole metabolism of the cell.

iii) Some hormones are also proteins and regulate metabolic processes.

V) Some proteins (e.g. haemoglobin) work as carriers and transport specific substances such as
oxygen, lipid, metal ions etc.

V) Some proteins called antibodies, defend the body against pathogens.

Vi) Blood clotting proteins prevent the loss of blood from the body after an injury.

vii)  Movement of organs and organisms and movement of chromosomes during anaphase of
cell division, are caused by proteins.

Amino acids as units of protein

> Proteins are polymers of amino acids, the compounds containing carbon, nitrogen, oxygen and
hydrogen.

> The number of amino acids varies from a few to 3000 or even more in different proteins.

o About 170 types of amino acids have been found to occur in cells and tissues.

o Out of these about 25 are constituents of proteins.

o Most of the proteins are however made of 20 types of amino aC|ds

Chemical composition of amino acids | ALY
All the amino acids have an amine-group rf—l\‘l—lg) aid -c‘arhof(yi' grour (:CS0QH-attached
to the same carbon atom, &is@ knoveras aipnaicarnon. Thel have tie general formula as:

Aminc gioup, — - RS
~., . L

. . | Carboxyl group
. BN oot
e [ NN : |\
TR\ - Alpha carbon
' R may be Hydrogen atom as in glycme and CHz group as in alanine. So amino acids
mainly differ due to the type or nature of R group.
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Linkage between amino acids

o Amino acids are linked together to form polypeptide proteins. The amine-group of eine
amino acid may react with the carboxyl group of another, releasinga ingiecule cfiwater.
For example, glycine and alanine may comuiie and forria dlpo},no'

o The linkage between the hyvdroxy: aroup-<f zarbpxyligroup) of one amisu aC|d and the
hydrogen of amino group ¢f Lno,.., amina zcid \eizase F1.Ct and C/N link to form a bond
called pantid, bond. A\ '

o The resutant chmsaunai g /L‘y[- lariirie, has-two amino acid subunit and is dipeptide.

o A dipegtice hes an eming draup at one end and a carboxyl group at the other end of the

rialebulé. S0 bpth resctive parts are again available for further peptide bonds to produce
inipetices; ietrapeptides and pentapeptide etc, leading to polypeptide chains.

Peptide bond

H H o H CH O H H ) C'H 0

| 1= | 7

N\
— N == == C = N| = —( H.O
|\ /| [l ] N\

I H (O 1] H ol 1 H Hl H o1l
Glycine Alanine Glycylalanine Water
(a dipeptide)

Fig. 2.10 Peptide linkage-formation of peptide bond
Arrangement of amino acids in proteins

o There are over 10,000 proteins in the human body, which are composed of unique and
specific arrangement of 20 types of amino acids.

o The sequence of amino acid in protein is determined by the order of nucleotides in the
DNA.

o The arrangement of amino acids in a protein molecule is highly specific for its proper
functioning.

o If any amino acid is not at its normal place, the protein fails to carry on its normal
function.

Example

The best example is the sickle cell haemoglobin. In this case only one amino acid in each
beta chain out of the 574 amino acids do not occupy the normal place in the proteips i
the heamoglobin fails to carry any or suff|C|ent oxygen hence. Ienuhm {0 Ceath OT twe'
patient. '
Size of protelns
The size of protein molecvle» is dqefrrmcu b/ the typ= 01 ammo \agids and the number
of amino #cids compr'° ng the partic urar pro eln molecule.
Structure of Rratairs ™ . " M
Each prpteia ta» specitic, pIGDPftIL-.o, WhICh are determined by the number and the specific
sequince ofarninolacics in a molecule and upon the shape, which the molecule assumes
\4etne eheéint fsids into its final, compact form.

' Tne. e are four levels of organization, which are described below.

i e 1
T

1) Primary structure
Primary structure comprises the number and sequence of amino acids in a protein
molecule.
F. Sanger was the first scientist who determined the sequence of amino acids in a protein
molecule.
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Example

o F. Sanger concluded that insulin is composed of 51 amino acids in two chzins. One of tie
chains has 21 amino acids and the other has 30 amino acids and fhev av: vield'tog neu YA
disulphide bridges.

o Haemoglobin is composed of four (hamc t\\n alpha and twe bata chiains, Each alpha
chain contains 141 amino «citls, A "ne eackietaichiain contdiris. r46 amnino acids,

2) Secondarystructure
Second'arystitictdre i€iis Us ab'\m the 1c'w ouucture or other regular configuration of
polypeytice chiaing. .
Pnlweptwde “hnms du_rotiie flat They usually coil in a helix or into some other regular

| gerdigusation)

. I3 'clnplc

AN e One of the common secondary structure is a -helix. It involves a spiral formation of the
basic polypeptide chain. The a-helix is a very uniform geometric structure with 3.6
amino acids in each turn of the helix.

o The helical structure is kept by the formation of hydrogen bonds among amino acid
molecules in successive turns of the spiral

o Ppleated sheet is formed by fold backs of the polypeptide.

3) Tertiary structure
Usually a polypeptide chain bends and folds upon itself forming a globular shape.
Tertiary structure tells us about shape of protein after bending and folding.
Tertiary structure is maintained by three types of bonds, namely ionic, hydrogen and
disulphide (-S-S-).

Example
In aqueous environment, the most stable tertiary structure (conformation) is that in which
hydrophobic amino acids are buried inside while hydrophilic amino acids are on the surface of
the molecule.

e -

Gy Kl el b al 4

(a) Primary structure

Double coiled

F N

(¢ Tertizrvistructure

(b)S-co -nr\ siruiture L)
F-Jc 2112 Thrize.! e\,els of protein structures compared with a telephone wire
Ak .(llzl'x‘m-.ermrj shucture
. J N\ {18 many highly complex proteins, polypeptide tertiary chains are aggregated and held
h% KN - together by hydrophobic interactions, hydrogen and ionic bonds. This specific
arrangement is the quaternary structure.
Example
Hemoglobin, the oxygen carrying protein of red blood cells, which exhibits such a
structure.
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Classification of proteins )
Because of complexity of structure and diversity in their function, it isvery difficultte |
classify proteins in a single well-defined fashion. However, a'\,crdlmrj w-telr suructore,
proteins are classified as follows: LA \ | 3!

1) Fibrous proteins . B !

J They consist, of molecules na\;mg oile Dr mole pL Iypent de ‘,hams i-tne form of fibrils.

J Secondary strucidre’is “MOs! imnovtent lin-thediv

. They ara intolble in &glebus media.

. '*ey' are, non-Crisstaltine and elastic in nature.

b | ey p,.iurm structural role in cells and organisms.
{'qu nples

Examples are silk fiber (from silkworm and spiders’ web), myosin (in muscle cells),
fibrin (of blood clot) and keratin (of nails and hair).
2) Globular proteins

o They are spherical or ellipsoidal due to multiple folding of polypeptide chains.

o Tertiary structure is most important in them.

o They are soluble in aqueous media such as salt solution, solution of acids and bases or
aqueous alcohol.

o They can be crystallized.

o They disorganize with changes in the physical and physiological environment.

Example

Examples are enzymes, antibodies, hormones and hemoglobin.

Globular Haem unit
protein

asr "2 4§ -t
s e S,
Keratin fiber
(fibrous njiﬁin“;

=

Haemoglobin

(globular prol‘m \ bl f
Fig. 2.1%- D Iypeptlde chainsin! kerdti) (1fbrnus p"teif'_) ang“1n_hemoglobin (globular protein) are held
together 42’ fcrm r‘spestlve fL nct |cna aro 1| ns.
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QUESTION RELATED TO ABOVE ARTICLE|
What are proteins? Give its importance.
Discuss the different structural level of proteins.
Describe the different classes of rm teins. .
Explain primary, secondary arg lemaFy striscture 01, protes 1s
Descrike, in¢, classificaticn| ofprotein!
DescrifzZ-tne siruciure of provein.

Describz sarondaly ard tcruary structure of protein. (GRW 2021)
“\Mrite 2 nofe-6in amino acids. (SWL 2021)
{ I Write different structures of proteins (primary and secondary) (MTN 2021)

Describe the primary and secondary structure of protein
(LHR 2019, MTN 2019, GRW 2019, LHR 2021, DGK 2021)

Write down any six functions of proteins. How fibrous proteins are different from

globular proteins. (BWP 2022)
Explain the primary structure of protein with example of insulin and hemoglobin.
(SGD 2022)

Describe the structure of amino acids and importance of proteins.
(SWL 2022, FSD 2022)
Write a short note on amino acids. (Exercise Question iii)
2.7 NUCLEIC ACIDS (DNA and RNA)

Introduction

Nucleic acids are important component of cells, which control all the activities of cell.
Discovery

Nucleic acids were first isolated in 1869 by F. Miescher from the nuclei of pus cells. Due

to their isolation from nuclei and their acidic nature, they were named as nucleic acids.
Types of nucleic acids

There are two main types of nucleic acids i.e,

Ribonucleic acid (RNA)

Deoxyribonucleic acid (DNA) ~ .

Their chemical composition is described as -follows;_ R Y I
Nucleotide ' -

Nucleotides are units of nu? Ie|c amds vrh[uh arglir: l(“d ¢ ehcliother Jy ester linkage to

form paiyiiucleatice chairis) '

. DNA ig rraie Ff 0°( X)I’I 0! mci%*'uco
o RN is made ¢firiborsc leotides.
; .'_‘Ju"a,|'rii_dai'C¢_}r 15)osition of nucleotide
J AN |'yp'ically a nucleotide is composed of three components i.e.
T e Pentose sugar
o Nitrogenous base
o Phosphoric acid
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Adenine
I 1 )
NH2 = |
NZ e\ - C WS ARAY A
|, I ¢HC 4L U Hightetergy banos
CHix £ 4 A\ SR : -
AN | - i Ah AR
F AV LMD o, T (RS R
LSS A O )
NI I/UI\H H/ % wy Wy
|\ H \\ 7
o
OH OH Phosphate

Ribose

Fig. 2.13 Structural formula of ATP (a nucleotide)

Pentose Sugar

Pentose sugar in RNA is ribose (CsH10Os)
Pentose sugar in DNA is deoxyribose (CsH1004)

2) Nitrogenous Bases

i)
i)
3)

Nitrogenous bases are of two types:

Single-ringed pyrimidines, which include cytosine (C), thymine (T) and uracil (U).
Double-ringed purines, which include adenine (A) and guanine (G).

Phosphoric Acid

Phosphoric acid (HsPO4) has the ability to develop ester linkage with OH group of
pentose sugar.

In a typical nucleotide, the nitrogenous base is attached to position 1 of pentose sugar while
phosphoric acid is attached to position 3 of pentose sugar in front and position 5 of pentose sugar
behind it.

Since phosphate forms a double ester linkage with pentose sugar, the linkage is known as
phosphodiester linkage.

- \ j |.~-,'\||J:’_ S

Formation of a nucleotide

A compound, nucleoside is formed by combination of a_hasz-and & “pentode <mar Pl
nucleoside and a phosphoric acid co.mblne 0 I‘orm e Ie(n.de N[ F A

As we know pentose sugar-in RNA_

is  ribose _while in DNA/
deoxyr.ibq;-:'e. \
formed=cm!|
one _oxygki Aiom O-I r‘"oup at
--(ar,hcnnmteu '

also an important
nucleotide used as an energy
currency by the cell.

2.7.1 Deoxyribonucleic acid (DNA)

'|J | Adenthe |

) Seaxyritose" xlé
|b se by I°T10\/ nQis LA

1 )

R | -J||ﬂ1.-|-n ery Bt

P = LR

A T P s phite -.‘-_[ Phussphate I=‘-i Phasphnte l]

ko S .

.':-lll'-"“lllhll' wrsmsg o phuiv A \!_I"

_‘.l.ljl.'nmlnr diphosphate Al |

i Advensine iripohosphate ATE

Fig.2.14Componentsof ATP,anucleotide

DNA is heredity material. It controls the properties and potential activities of a cell.
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Location in cell

Chemical composition of DNA

V....V

\ 72

>

\Apecific

DNA occurs in chromosomes, in the nuclei of the cells and in much lescear amounts in
mitochondria and chloroplast. )

DNA is made of four kinds of nucleotides;
d-adenosine monophospha’e {d-AiviP)
d-guansziite Tlonor\hr:apnatﬁ (4-GMP)
d-cytiai=t, marpliosphete (d-CrF;
d thymidlirg, monopliospliata (d- TMP)
Thask niicizntidesare united with one another through phosphodiester linkages in a
sequence to form long chains.
Two nucleotides join to form dinucleotide e.g nicotinamide adenine dinucleotide (NAD)
which is important coenzyme in several oxidation-reduction reactions in the cell.
Three nucleotides join to form trinucleotide.

Ratio of bases in DNA

In 1951, Erwin Chargaff provided data about the ratios of different bases present in
DNA. This data suggested that adenine and thymine are equal in ratio and so guanine and
cytosine.

Source of DNA Adenine Guanine Thymine | Cytosine
Man 30.9 19.9 29.4 19.8
Sheep 29.3 21.4 28.3 21.0
Wheat 27.3 22.7 27.1 22.8
Yeast 31.3 18.7 32.9 17.1

Physical structure of DNA

Maurice Wilkins and Rosalind Franklin used the technique of X-ray diffraction to
determine the structure of DNA.

Sugar- 5 3
hosphate
Ni Ly SRS AR 8
itrogenous ) lEx
Sugar- base pairs / 3 G I's
phosphate .. 9 g Ly G L
" Y oy @ 4 r_:f R
)y ) & :l
® .
P ? S——
N G G
&g ;
fev- -
c “ 5 f
[ " |
| a7 I:i.‘; S CPRUSS ¢
(i [,Q’\ _ ._-- | AR
| ¥ L} p . L .
| - = - § .
| A b 5 oY
1'. @ {‘, 5 5 c G
| ) 4
W | DNA I {
3| 2) strand 2
1 ' .I : | | i § - r m‘n SI 3‘
IRy A™ strand 1
{a) (b}

Fig. 2.15 Model of DNA. Double helical structure of DNA proposed by Watson & Crick (b). A
hypothetical sequence of nucleotides (on the left side) shows hydrogen bonding between the
complementary bases. Note a double bond between A and T, and triple bond between C and G (a).

At the same time James D. Watson and Francis Crick built the scale to determine the
structure of DNA.
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> All the data thus obtained strongly suggested that DNA is made of two polynucleotide
chains or strands. The two strands are coiled round each other in the form-c¥.double helix
Coiling of two strands is opposite i.e. they are coiled antiparalle!-to eacn Sirer. '
The two chains are held together by weak lrycirogen karis.
Adenine is opposite to thymine and there.se two aydrgen Lords beLwecn them
Guanine is opposite to cytcsiite ardithzre are thiee kydrogensonas.netween them.
The twogirands are-wouridiarouiid each other so that there are 10 base pairs in each turn
of abou24 Angstror units\(one Angstrom = 10 10 = 1/1,000,000,000 of a centimeter).
Amount of DNA .
Arapunt’ of \DNACIs fixed for a particular species as it depends upon number of
“thrainesomes. The amount of DNA in germ line cells (sperms and ova) is almost half to
that of somatic cells.

vV e ® VY

Amount of DNA/nucleus in  Amount of DNA/nucleus in

Type of cell picogram in Chicken picogram in Carp
Red Blood Cells 2.3 3.3
Liver Cells 2.4 3.3
Kidney Cells 2.4 3.3
Sperm Cells 1.3 1.6

2.7.2 Ribonucleic acid (RNA)
RNA is also a polymer of ribonucleotides.

Location in cell
RNA is present in the nucleolus, in the ribosomes, in the cytosol and in smaller amounts
in other parts of the cell.

Structure

o The RNA molecules occur as single strand, which may be folded back on it, to give
double helical characteristics.

o Nitrogenous bases, which are involved, are adenine (A), guanine (G), cytosine (C) and uracil
(V).

o RNA is synthesized by DNA in a process known as transcription.

Types of RNA

There are three main types of RNA i.e.

1) Messenger RNA (MRNA)

2) Transfer RNA (tRNA) o

3) Ribosomal RNA (rRNA) Yy s
All these types of RNAs are synthesized frc m IZ‘NA in the w‘le us.anc tw:n arg'moved
out in cytoplasm to perforin their srecific funchi nn [

Messenger RNA (mRNA) - \ -

o It taket glnetior ecso\gc fron t”\e R Ie ls-tothe rlbosomes in the cytoplasm to form
particular n:oteins, hey.ca_rvf he-genetic information from DNA to ribosomes, where
amifip atids ‘ary arranged according to the information in mRNA to form specific protein

| 1% Mreetiss -

b, Tnis type of RNA consists of a single strand of variable length. Its length depends upon

the size of the gene as well as the protein for which it is taking the message. For example,
for a protein molecule of 1,000 amino acids, mRNA will have the length of 3,000
nucleotides.

o MRNA is about 3-4% of the total RNA in the cell.
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2) Transfer RNA (tRNA)

o It transfers amino acid molecules to the site where peptide chains are being-3ynthesizen. -,
There is one specific tRNA for each amino acid. So the cell wili-iav at-east 20 kinds ot
tRNA molecules. It picks up amino_acids ahd'transfzis, them to rihozorhe’s, inheké thiey are
linked to each other to formproteiins

o Their molecules are small, zach/witi & ¢hein'length Jf 7 Hite 9u aming acids.

. It comprises abouwt 18-2095 'of the.cellular RN,

3) Ribosomnagl RNAYIRNA) | '

o It acts ai niachirierly oriti:e-synthesis of proteins. On the surface of the ribosomes the

IMANA and 2N Amolecules interact to translate the information from genes into a
| o | spesificprotein.
) It is strongly associated with the ribosomal protein where 40-50% of it is present.
o It is the major portion of RNA in the cell, and may be up to 80% of the total RNA.

Draw the structure of ATP.

What is nucleic acid? Explain the nucleotides in detail.

Write note on DNA in detail.

Give a comparison between DNA and RNA.
What is RNA? Explain its types.

Discuss Watson and Crick model of DNA (LHR 2017)
Explain the structure of DNA. (LHR 2018)
Write note on various types of RNAs. (SWL 2019)
Give composition and types of RNA in detail. (FSD 2019)
Write a note on Nucleic Acid. (GRW2021, BWP 2021)
Explain primary and secondary structure of DNA. DGK 2022

2.8 CONJUGATED MOLECULES

Definition
Two different molecules belonging to different categories, usually combine together to
form conjugated molecules.

Examples with Their Role

o Carbohydrates may combine with proteins to form glycoproteins or with lipids to form
glycolipids. Most of the cellular secretions are glycoprotein in nature. Both glycoprotelns
and glycolipids are integral structural components of plasma membrane.

o Lipids and proteins combine to form lipoproteins which are basic stjudzyal framgy /0| '<
of all types of membranes in the cells. = [ | -
o Nucleic acids have special affinityfor basir. plctems 'I hﬁy are coerlreu gemer to form

nucleoproteins. The nucledhistenes: are present in chrdmnsomes) These conjugated

proteing_arenot only of-stiuctiral nut alsn are ef fusctional significance. They play an

important |oln 4|| .e ulati o 'f aerie e&rbw 51
ot

[OUES KIHN HRELRTED TO ABOVE ARTICLE

Dﬂs rlbe th= confugated molecules.
| |
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KEY POINTS
Introduction to Organic chemistry:
The compounds of carbon are called organic compounds. Carbaiiinas, four \au-,n ze)
electrons, so it can form four covalent bondz. It can form dsuisie ov thif le4sonds.
Hydrogen forms single covalent bosd, Oxyqew tso Nl r)grn three, anli nhu:,nhg.us five.
Functional %roups in organic chgmistry:
Q) Alcohol group g—OH?
It is preseriin alcohol-cf-glycarol carLohydrates fatty aCId and wax
2 Orgar.ic. akic gigun circarnoxvlic gcid grodp. (-COOH)
It is present ir. Tattly acidg, aming actis:
(3)  Amine grqup |(NHis;
= MUis|preszny in araizio acids.
(4 | | i nzde-group (-CHO?
{ [ Wi present in glucose. Glucose is an aldo-sugar.
%) Ketone group (RCOR)
It is present in carbohydrates. Fructose is a keto-sugar.
R may be any alkyl group. Like CHs.
Difference between Aldehyde and Ketone:

IN Aldehyde, the carbonyl carbon (C = O) is present on one 0
side of the chain. While in ketone carbonyl carbon is present in
the middle of ring. CH——C CH,

(6) Phosphate group (HsPOy)
It is present In nucleic acids.
(7) Ester linkage
Ester bond is formed between carbonyl carbon (C--) and alkyl group. Bond is formed
between these two by oxygen.
In case of nucleic acid P is present in place of carbon. So it is called phosphodiester bond.
As this P forms two ester bonds so it is called Phosphodiester bond.
(8) Glycosidic linkage ]
In starch of sucrose, glucose molecules are linked by ester ||
bonds. It is called glyc05|d|c linkage. C 0 R
Some terms:
Isoprenoid unit
It is an alkene, propene with two double bonds
ISOPRENOID
“d” FORM means dextrose. It is an isomer of a compound which can rotate in
clockwise. Its opposite is L-FORM.
X-ray diffraction
It is a technique in which crﬁstals of a compound like DNA are formed. X-rays are
passed from these crystals. T
scattering is measured. A model of a compound can be CH,
formed from this pattern. - "
Hydrophobic forces ' e ML ot
It means water resisting or water feou'ng Ve | GRS, O~ —tahe=—=CH,
Hydrophilic forces ' B
It means water loving.
Certair-iaige, comnaliias- like' neemoglubl navewany smaII units. Some parts of these
compoeails i.ef some (nite, are “Aor-polar-{without ions), they cannot interact with water,
SO they mnlse\d@weay! frorn water. '”eﬁ are called hydrophobic parts. But some units are
poles; Tney tan intzract wiin water. They are called hydrophilic part.
Y _Wrnn suchicompounds like haemoglobin are placed in water some parts of it try to move
2 s vay rom water. In this way a force of repulsion is produced. This force is called
riydrophobic force. This make the molecule bend in such a way that its hydrophobic part
moves inward and hydrophilic part comes out side. It causes coiling of the molecules.
Specific Gravity
The ratio of density of a compound to the density of water is called specific gravity. The
specific gravity of water is taken as 1.0. Any compound which have specific gravity less
than water float in on it.

Ester bond
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Q.1
Fill In the Blanks

i)  The sum of all the chemical reactions
taking place within a cell -is called

i) -~ iis the basic-elernan: of
organic canipouris.

iii) All the emrio ‘azids’ hevi an aniirio

arcupjand a ¢erbi.cyl greup attached to
| [thq pavvje - : atom.
i) is the most abundant
carbohydrate in nature.
v)  Adenine and guanine are double ringed
bases and are called

Ans: i) Metabolism i) Carborr
iii) Carbon iv) Cellulose
V) Purines

Q.5. Extensive Questions.

vi) Describe the importance of water for
life.

Ans: (See article 2.3)

i) What do you know  about
polysaccharides?

Ans: (See article 2.4)

i) Write a short note amino acids.

Ans: (See article 2.6)

Q.2.

Write whether the statement is ‘true’ or

‘false’ and write the correct statement, if

it is false.

i) A small proportion of water molecules
are in ionized form. (True)

il)  Many diseases such as polio, whooping
cough, measles, mumps etc. can be
controlled by antibiotics. (False)

EXERCISE

1) The covalent bora be*'wéer. nyo'aming acids
is callzdl ;epr'de nena:
Giycoger, isaléo caliad Dlari srarch
. (False)
Ny .uS IS caused by HIV and it
spreads through sexual contacts,
blood transfusion, by contaminated
syringes or surgical instruments.
(True)
iii) DNA molecule is made of two
polynucleotide strands. (True)
Q.3.

Each Question Has Four Options. Encircle

Correct Answer.

Ans: (For answers to this question, consult
KIPS Obijective Series)

Q.4. Short Questions

Ans: (For answers to short questions
consult KIPS Objective Series)

Q.5. Extensive Questions.

) Describe the importance of water for
life.

Ans: (See article 2.3)

i) What do you know about
polysaccharides?

Ans: (See article 2.4)

iii) Write a short note amino acids.

Ans: (See article 2.6)
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