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STUDENTS LEARNING OUTCOMES (SLO’s)

After studying this um't, the students will be able to

Define biochemistry/molecular biology? '
PeSCflf::? Bn?ﬂy' the diﬁerenf types of bonds found in biology (hydrogen bonds, covalent bonds,
interactions, lonic, hydrophobic and hydrophilic interactions etc.).

Distinguish carbohydrates, proteins, lipids and nucleic acids as the fou ntal biological

r

molecules.

Describe and draw sketches of the condensation synthesis and hydrolysi Qions for making and

preaking of macromolecule polymers. .

State the properties of water (high polarity, hydrogen bonding, High specific heat, high heat of

vapori;ation, cohesion, hydrophobic exclusion, ionization and |oyve(g?ty‘ of ice) which allow it to be

the medium of life.

Define carbohydrates and classify them. s ) © .,

Compare and contrast the properties and roles of mon ides and write their formulae. Compare

the isomers and stereoisomers of glucose. '

Distinguish the properties and roles of disaccharides. E@be glycosidic bond in disaccharides.

Describe the structure properties and roles 0 Eccharides starch, glycogen. cellulose and

chitin. ' : .
SBntial amino acid and structural formula of amino

Define protein, amino acid and recognized

acid. ‘
Outline the synthesis and breakage of p inkages.
of amino acids throug

Justify the significance of the se

haemoglobin. g ,
Classify proteins as globular angsi s proteins.
| s with 3 examples. Define lipids.

" List the roles of structural pr d functional protein
Describe the properties a phospholipids, terpenes and waxes.
llustrate the molec lycerol, a phospholipid and a

terpene. : :
Evaluate steroids @prostaglandin; as important groups ©

molecular structure of nucleotides.
Distinguish among the nitrogeno
examples of a mononucleotide
phosphodiester bond.

Explain the double helical structur
structure of RNA.

D'S'fi“QUish in terms of functions and rol
fo'nQ conjugated molecules and descri
glycolipids, glycoproteins, lipoproteins and nucleoproteins.

h the example of sickle cell

of acylglycerols,
thre (making and breaking) of an acylg

f lipids. Describe nucleic acids and

des of nuchic acids. Outline the

us bases found in the nucleoti
Nustr te the formation of

(ATP) and a dinucleotide (NAD).

e of DNA as proposed by Watson and Crirk Explain the general

es, the three types of RNA. Discuss the Contral Dogma.
be the roles of common conjugated motecules i.e.
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INTRODUCTION

In your previ '
biologica[: m'TUS classes, you learned about the levels of biological organization and were by,
olecules. In this chapter, we will explore these molecules in greater detail, focusi Y ntrog,
+ “PCUSING on carpyy ey,

rotei ipi TP . : .
P ns, lipids, and nucleic acids. We will also examine the importance of water and the role of conjugateq Yo,
2] <

in living organisms. This study falls under the domain of biochemistry. Recalling \%
BIOCHEMISTRY Life of an organism depeng |
S Upop, u.ﬂ!

I‘t ‘deals with the chemical components and processes that occur in | ceaseless chemical activities ip ity ¢ |
i ; e f H . . Ile

IlVIng organisms. Every structure and function within a living organism 1S the chemical reactions taking p|acef,e-"".“! |

based on a biochemical foundation Understanding biochemistry is cell are collectively called metaboli';:h';’?

essential for grasping how anatomical structures work and how | Processes in metabolism may b, i)
physiological processes such as photosynthesi .

is, respiration, digestion, a’nabolism or catabolism. |n anabofisy
i + & . M, |
and muscle contraction operate at the molecular level. : simpler substances are combined 1o foy, |
) complex( stlgstances and in catabﬂ.”
. Vilsm |
es.

compléx lecules are broken down i,
si i
4.1 BIOLOGICAL MOLECU .

Nosition, and structure in detail,

rganic molecules have carbon-based core

withspecial groups of atoms attached. These

x groupsare called functional groups for example
OH, CO, COOH, NH2 etc. Most bicchemical [

reactionsinvolve the transfer of a functional

group fromone molecule to another, or the

breaking ofcarbon-carbon bond. ;

@ What are biological molecules? Discuss their types,
life still depends.

Ans. Life on Earth evolved in -water, and all
water. At least 80% of the mass of living organisms (protoplasf) |
water, and almost all chemical reactions of life take i

aqueous solutions.
The other chemicals that make up living things are m
macromolecules and certain inorganic molecules

ganic

Table 4.1 %age of majo aniic molecuies in the dry mass of cell
Group name % Dry mass
Protein 50
Nucleic acid 18
| Carbohydrates 15
Lipids ° 10 : i
s. They occur naturaly

s and containing carbon are known as organic molecule
s or in their products and remains. Carbohydrates, prote
ules in living organisms. They make 93% of the dry mass of livin

The molecules synthesized by
only in the bodies of living grgg
acids are important organic mdlef

ins, lipids and nucle}c
g organisms (Tabee
cules (like carbon

4.1). The rgmaining 7% ises of small organic molecules (like vitamins) and inorganic mole
dioxide, acids, bases, i '
~ Most of the ¢ sholécules are large in size and biologists call them macromolecules. Many macromolecuIes
[are mnthet form o Ier:'.l. :\ polymer is a molecule consisting of many identical molecular units called monome™
mportant macr cules like carbohydrates, proteins, and nucleic acids’ i P
: : 3 t g s are the je monome
sugars, amino acideind nuclectides respectively. PRFREn ) SOpN
T - /
1. :val:::? percentage of a iiving organism's mass is 3.  What type of molecules are synthesized by oot
4) 50% & it and contain carbon? /
C) 30% D) e A) Inorganic molecules B) Organic molecul®s
¢ C) Radioactive ifici lecules
2. W':n:re do most chemical reactions of life take 4 0 i il o Amﬂcfal i
o . rganic molecules naturally occur in:
A)In fhe air o il et A) Onl)./ labor.at.ories B) The Earth's ‘crUSt
C) In aqueous soluti 15y D) in dry environments C) Bodies of living organisms or their remains
D) In the atmosphere orily
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which of the following is not an organic molecule? 8. What are large organic molecules called?
S \) Proteins B) Lipids A) Atomns B) Elements
) Nucleic acids D) Carbon dioxide v C) Macromolecules vy ~ ) lons
) what percentage of the dry mass of living 9. What is a polymer?
& organisms is made up of carbohydrates, proteins, A) A molecule made up of salts
lipids, and nucleic acids? B) A molecule made up of many identical
A) 100% B) 93% v~ monomersy”
C) 50% D) 7% C) A molecule with no carbon
which molecules make up the remaining 7% of dry D) A single molecule only
" mass in living organisms? 10.  Proteins are polymers of which monomer?
A) Water and glucose B) Only salts A) Sugars” B) Amino acidsy”
¢) Small erganic and inorganic molecules v C) Nucleotides D) Eatty acids
D) Only amino acids

“~ ] 1. Whatis the significance of water in the evolution and survival of life
Ans. Life on Earth evolved in water, and all life still depends on water. At Ieﬁ
organisms (protoplasm) is water, and almost all chemical reactions of life take pla u
What types of molecules primarily make up living organisms?

The other chemicals that make up living things are mostly organic mM@ecuies and certain inorganic

of the mass of living
eous solutions.

Ans.

molecules.

What are organic molecules and how are they formed? ¢ (b

Ans. The molecules synthesized by cells and containing carbon are know@anic molecules. They occur naturally
only in the bodies of living organisms or in their products and refhaj

4 Which organic molecules are most.important in living o X
mass? : : _ : ) C oo

Ans. Carbohydrates, proteins, lipids and nucleic acids are import@ganic molecules in living organisms. They make
93% of the dry mass of living organisms (Table.4.1). .

5. What makes up the remaining 7% of the dry mass organisms?

Ans. The remaining 7% comprises of small organic m es’ (like vitamins) and inorganic molecules (like carbon
dioxide, acids, bases, and salts). '

6. What are macromolecules and polymers

Ans. Most of the organic molecules are large in si

are in the form of polymers. A polymegai

and what is their contribution to dry

@cal context?
nd biologists call them macromolecules. Many macromolecules
olecule consisting of many identical molecular units, called

monomers. } )
1. What are the monomers of carbohydrates, proteins, and nucleic acids?
Ans. Important macromolecules like ca ates, proteins, and nucleic acids are the polymers of simple monomers

ie, sugars, amino acids and nucleofides respectively.

8. What is the importance of c % in biological molecules?

Ans. Carbon is the basic elem@ ganic molecules. It is tetravalent and can react with many other known
elements like H, O, N, . Carbon and hydrogen bond (C-H bond) is the potential source of chemical
energy for cellular a &arbon-oxygen association in glycosidic Iir)kages provides stability to the complex

Carbohydrate molecmarbon combines with nitrogen_in .amino acid linkages to form peptide bonds and

forms proteins which are very important due-to their diversity in structure and functiors.

- 4.2 TYPES OF BONDS IN BIOLOGY

@ Describe the different types of bonds and interactions important in biclo :al molecules.

Ans, Differenf types of bonds and interactions play vital roles in the structure and function of bioogical molecules

. = -~ 15 A
Carbon s the basic element of organic molecules. It is tetravalent and can react wth many ather known

fl : d (C-H bond) is the potential source of chemical energy for
cernents like H, O, N, P and S. Carbon and hydrogen bon (nkages orovides stability 10 the complex carbohyrate

Ular actjyiti " association in glycosidic li : et
Molecy|eg C::ebinc:;a?tzn‘;?a?t?\ nitrogen in amino acid linkages to form peptide bonds and forms proteins whi

e vary, « M W, ctions.
Very Important due to their diversity in structure and fun



https://v3.camscanner.com/user/download

Covalent bonds form when wo atoms. s.h
4 nucleic acids, providin
Unpaired
valence Electrons

molecules like proteins an

Atom 1 Atom 2

are electrons (Figure 4.1). These bonds are often found in ot

les. .
Sharing of Available
valence Electrons

g stability to the molecu

—

9anjc

Covalent Molecule

Fig. 4.1: Covalent bond between two atoms

lonic bonds are formed when one atom donates an

atom accepts the electron (becomes a negative ion, or anion) (Figure .4.2). The elet.jtr
oppositely charged ions forms the ionic bond. lonic bonds are relatively strong

mostly in inorganic molecules iike sodium chloride.

Chlorinc atom

’ deiufn atom
Fig. 4.2: lonic bond between
Hydrogen bends zre weak attractions that occur

as oxygen or nitrogen). These bonds are important in m
nucleic acids, as well as in various biological processes

the formation of lipid bij in cell membranes.

electron (becomes a positive ion, or cation) and an,,
ic attraction Detween ¢
solid state and are fo

ther
hese
fMmeg

od_t‘@nd chlorine atoms ,
N ydrogen atom and an electronegative atom (such

ng the structure of large molecules like proteins ang
replication.

8;"‘"""
B

: ; el : 5% S :
‘ @ -3: Hydrogen bond between water molecules

' Hydrophobic- iptgra RS “Occur between nonpolar molecules which"tend to cluster together in aqueoss
environments to minimize ct with water molecules. This

phenomenon is crucial for the folding of proteins ad

Hy_drcph,lic i gHiQns accur between polar molecules and water molecules. These interactions are essentd
for the dissoluti r and ionic compounds in water.

as nutrient tranoéud chemical reactions within cells.

These interactions help in various biological processes such

&

R

1.. Which element is considered the basic element of | ©) C-H bond (source of chemical energy)v’

organic molecules? D) Hydrogen bond '

A) Oxygen B) Carbony” 4.°  What type of linkage stabilizes complex carbohyd™*

C) Nitrogen D) Phosphorus molecules? 3

What is the valency of carhon? A) Peptide linkage B) Glycosidic linkage‘/

A) 2 B)_ 3 C) Hydrogen bond D) Disulfide bond

Qav’ D)6 5.  Peptide bonds are formed between which two at°
3. What type of nd forms between carbon and A) Carbon and oxygen B) Hydrogen and sulfur

hydregen? . ., QCarbon and nitrogenv” ‘D) Nitrogen and phosph?

A) lonic bona B) Peptide bond 6.  Covalent bon<< ar~ #~~ned when:



https://v3.camscanner.com/user/download

A) One atom loses electrons C) Relatively strong v’ D) A.lways broken ‘
g) One atom gains protons 9.  What type of bond is responsible for holding the two
() Two atoms share electrons v strands of DNA together? .
D) Molecules repel each other A) Covalent bond B,) Hyflrf»gpn bond
ic bonds form due to: C) lonic bond D) Peptide bond
‘o I‘:nShaﬂ'nQ of neutrons 10. What kind of interaction occurs between nonpolar
; Transfer of electrons between atomsy” molec.ul-es in wga:‘?
¢) Exchange of protons A) lonic interaction -
D) No interaction » B) klydropluqbic mte'rnclmn \ - bondine
what is the strength of ionic bonds in solid state? C) Covalent interaction J) Hydrogen baonding
: A) Weak B) Unstable
1. What is the role of covalent bonds in biological molecules? ‘ '
Ans. Covalent bonds form when two atoms share electrons. These bonds are of found in organic
molecules like proteins and nucleic acids, providing stability to the molecules.
2. Whatis the function of ionic bonds in biological molecules?
Ans.

mostly in inorganic molecules like sodium chloride.
3. What role hydrogen bonds play in biological molecules?

Ans. ] : L
as oxygen or nitrogen). These bonds are important in maintaining t

and nucleic acids, as well as in various biological processes like
4 Differentiate between hydrophobic and hydrophilic intera

atom accepts the electron (becomes a negative ion, or anion). The electro's
oppositely charged ions forms the ionic bond. lonic bonds are relatively strw
[ J

Hydrogen bonds are weak attractions that occur between a hydrogen

action between these
solid state and are formed

lonic bonds are formed when one atom donates an electron (becomes a positive @nr cation) and another
K5

®
nd an electronegative atom (such

ture of large molecules like proteins
ation.

nd their biclogical roles.

Hydrophilic Interactions I

I

. I

Polar molecules ' |

| Aspect Hydrophobic Interactions %
'iMolecuIes Involved [[Nonpolar molecules
Tend to cluster together to minimiz tact with
water :

iB(:havior in Water

Readily interact with and dissolve in water

}Bio’logical Role Crucial for protein folding and@ ion of iipid

_E_ssential for the dissolution of polar and
ionic compounds in water

Function in Ceilular
|
Processes

bilayers in cell membranes "\
Heip maintain structure an partmentalization

in cells . '

Facilitate nutrient transport and chemical

reactions within cells

- 4.3 CONDENSATION (SYNTHESIS) AND HYDROLYSIS

gﬁi Explain condensath esis) and hydrolysis in biological molecules.
o

Ans. Condensation (Synthesis
: Proteins, nucleic acids;
biomolecules join their rs by condensation or dehydration
Process. During condens -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
9roups means the removal of a water molecule. The formation of

0

amdrat_es; and lipids are assefnbled from different kinds of monomers. All these

Energy is required to break chemical bonds
when water is extracted from monomers,
So, cells must supply energy to make

macromolecules

Maltose by two glucose monomers is an example of a condensation reaction.

Glucose Glucose
L
OH O OH OH

H,

Maltose

L Waier
Fig. 4.4: Making of macromolecules (Dehydration syathesis)
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Hydrolysis Reaction

Along with making polymers by combining thelr monome;ss, cie:Isv:(:ieéE
on breaking polymers too. Hydrolysis is a chemical ;)roce Mgl
macromolecule (polymer) is broken down into smaller.ragmmheSis' P
addition of water molecules. It is the reverse of dehydrationt :ys ocars, OM
break bonds between monomers by adding water to them. cI’n ; np'oins i
group from a water molecule joins to one monomer and hydrogen |

This breakdown of
macromolecules is essentja) in
various biological processes,syct,
as digestion and cellular
respiration, where smaller

addition of a water molacy|. -
second monomer. Breakdown of maltose into two glucose monomers by the cule i .

example of hydrolysis.
Maltose

Water

=TT

Glucose

H

Glucose

+

Fig. 4.5: Breaking of macrom::lecules (Hyt)@

S

mOs©Y

1. What type of reaction is used to join monomers in
biological macromolecules?
A. Hydrolysis B. Oxidation
C. Condensation (Dehydration synthesis) \/
D. Respiration
What is removed from the monomers during ‘a
condensation reaction?
A Two hydrogen atoms ‘
B. An -OH group from one monomer and an -H a
~ from another v
C. A glucose molecule
D. An oxygen atom and a nitrogen atom
What is another name for condensa
A. Hydrogenation
C. Photosynthesis
D. Dehydration synthesis v~

2.  What happen&
Ans. During cond 10N,

1.
Ans. Proteins

- . o e
4 P the following is an example of 2

cond tion reaction?
%rnation of maltose from two glucose monomersy’
Q)igestion of proteins into amino acids
\I. Breakdown of fats into fatty acids
D. Addition of water to break polymers
What is hydrolysis?
A. Joining monomers by removing water
B. Breaking polymers by adding water v
C. A process of respiration
D. Synthesis of glucose
What happens to the water
hydrolysis?
A. It evaporates
B. Its -OH joins one monamer and H joins the othery/
C. It freezes '

Whi
[ ]

molecule during

—

D. It becomes oxygen and hydrogen gas

What are

All these biomole

an -OH group is removed
monomer, |t

removal of a water molecule,

3. Givean example of a condensation reaction,
Ans. The formation of maltose b
4,

Ans. Hydrolysis is a chemical

What is hydrolysis and how does it work in cells?

ogical molecules that are assembled from monomers?
IC acids, carbohydrates, and lipids are assembled from different kinds of monem=*
their monomers by condensation or dehydration process.
condensation or dehydration synthesis? ¥
from one monomer and an -H atom is removed from a
50 known as dehydration synthesis because the removal of OH and H groups me?® |

y two glucose monomers is an example of a condensation reaction. |

en
- i : : er fragm
process in which macromolecule (polymer) is broken down into small o

|
s
e

oas n mOn
the addition of water molecules. It is the reverse of dehydration synthesis. Cells break bonds betwee

by adding water to them
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How does a water molecule participate in the hydrolysis reaction?
" |n hydrolysis, OH group from a water molecule joins to one monomer and hydrogen joins to the second
Ans: mor{omer. Breakdown of maltose into two glucose monomers by the addition of a water molecule is an example

of hydro!ysis‘

g 4.4 IMPORTANCE OF WATER
i ) '
4,  Discuss the importance of water in biological systems.

=@

AnS. Introduction N
An oxide of hydrogen, water has the chemical formula H,0. This seemingly simple molecule has many surprsing
poperﬁES which give it the status of "the medium of life”. About two-third of our bodzes‘ are composed of \{vater a;nd
we cannot exist without it. In fact, it is the most abundant compound found in all organisris. Iteaconcentration varies
vom 65 to 89 percent in different organisms. In multicellular organisms, its concentratior vag#
tor example, bone cells are made up of about 20 percent water and brain cells contain 85 @

water plays important roles in making and maintaining the matter of life (protoplasm) an stablishing a suitat?le
environment, necessary for the working of life. Water has many important properties v@ ake it essential for life.

solvent Properties )
The ability of water to dissolve a wide variety of substances is due to \' ; S
its two properties, the polarity of water molecules and the ability of water en bonds help in maintaining the
molecules to form hydrogen bonds. ' r dlmenSIonal'.structuIes of proteins
The water molecule has distinct ends, each with a partial charge.\} . the Sl hel sihuhee 50 T00A
Hydrogen atom is partially positive and oxygen atom is partially negati &
Such molecules are called polar molecules. Partial-negative charge a0 Without hydrogen bonding  water
end of a water molecule is attracted to partial positive of anotlm: er | would boil at - 80 € and freeze at — 100
mofecule. This weak attraction is called a hydrogen bond. Wa s a | C. making life impossible

network of such bonds. Many of the properties of wat due to
fydrogen bonds in water.

; Charged or polar molecules such as saits,
' | sugars, amino acids dissolve readily in water
and so are called hydrophilic (“water

( + } Hydrogen b loving")Uncharged or non-polar molecules
such as lipids do not disselve in water and are
0 called hydrophobic ("water hating”)

’ Q;Q") ®y
g e

Fig. 4.6: Hydrogen bonds amon; water molecuies

Wy 2:19 to the polar nature of wate:r molecules, .they gather around any other molecule that has an el_ectrical charge,

St (e |m the‘ ferm of full charge (ions) or partla! charge (polar molecules). For example, when sadium chloride (a

Marepaced In water, it breaks into positive (Na") and negative ions (CI). These iuns are surrounded by opposite
"ds of water molecules.
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Natl

Fig. 4.7: Water as a solvent of in

Similarly, when a glucose is placed in water, the mo|ecg|es ot
groups of glucose molecules. In this way, glucose dissolves in wa eeré.'(
soluble in water. In the state of solution, ions and molecules can ¥

medium for chemical reactions i.e., metabolism of cells.

Polar molecules such as salts, sugars, and

amino acids dissolve readily in water and
are called hydrophilic (water-loving).
Uncharged or nonpolar molecules such as
lipids do not dissolve in water and are
called hydrophobic (water-hating).

—’ 8"3"- e0D

organic molecules. (NaCl)

f water form hydrogen bonds with polar hydy, y
it means that charged or polar malecyles 4,
t with each other easily. 50, water proy; 'iﬂs;

Fig. 4.8: Water as a solv rganic molecules (glucose)

Hydrophobic Exclusion
Iuble‘in water because water molecules do not make hydregs

Non-poler or uncharged molecules are j
bonds with them. When they are placed in Water,

of cells.

¢

Fig. 4.9: Hydrophobic association of oll (lipid)

Heat Capacity

Spec'ific heat c‘apacity is defined as the number of calories (amount of
heat) requured to raise the temperature of 1 gram of a substance from 15°C
to 16°C (i.e, 1°C). Water has a high specific heat capacity i.e,, 4.184 Joules. It
means that water has great ability to absorb and releasing heat with

ater molecules move them out. The insoluble molecules mak
example, lipids molecules are insoluble in water. When they &

hydrophobic associations with one an, th@ |
excluded from water, they make strong% ons among themselves. Therefore, lipids help to maintain membrané

. . tmﬂ
Specific heat of water is twicé »

that of most carbon compo:lof o
is nine times more than tha
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change in its own temper'atu.re. Most of the heat energy absorbed by water is used to break r?ydrogen

inif™ etween its molecules. Dug to'this breakage of hydrogen bonds, individual water molecules start moving more
pon S od temperature of water rises. |

10 high specific heat capacity, water heats up more slowly. Similarly, when it is given a cooler environment,

D;Jeits temperature longer. Water thus works as temperature stabilizer not only for organisms’ internal

it holdment but also for their external environment.
jron
wt of vaporization
eat =" heat required t iqui i
tis the gmgunt of neat requ d to change a liquid to gas. Water h'as high Evaporation of 2mi of water out
f vaporization. So, it absorbs much heat while changing from liquid state of 1 lve lowers the
healaos its heat of vaporization is 574 Kcal/kg which means a considerable temperature of the remaining
o g3s- - . Kl , .
;mount of heat energy (574 Kcal) is required to change 1kg of liquid water into | oo0" o0 by 1°C
/ ours. ¥ ‘
o pue to this property, Earth's temperature is kept moderate. It also provides \
ling effects t0 plants and animals when they transpire and perspire (sweat). Every gram @i water that evaporates
fci;:n plant or animals’ body surface removes 574 calories of heat from the body.
Ml

Cohesion : )
Hydrogen bonds among water molecules enable them to “stick

ogether”. This type of attraction betwgen same type of mole.cules is callefi \ y

cohesion. Inside water, molecules have high cohesngn. The cohesion of water is (b

important for living world. Plants depend on cohesion among water molecu.n\

for the transport of water and nutrients from roots to leaves. The evapor

of water from a leaf exerts a pulling force on water within xylem vess h
alhthe

esf. Because of this cohesion, the force is relayed through xylem ve Fig. ‘”g';, ‘:’::"s‘u‘,r";j: :;’f:t'; :"’”‘i”g
way down to roots. As a result, water rises against the force of gravit

Hydrogen bonds also give water high surface tension. Water behams it were coated with some invisible film. You
can see in Figure 4.10, the insect water-strider walks on water wi reaking surface.
lonization of Water , ' %
When the covalent bonds among the atoms of watg
(H) and hydroxyl ions (OH"). At normal conditions, this
and equilibrium is maintained. At room temperature 25
one molecule out of each 550 million is ionized and
each of H* and OH™ in pure water remains at 107
H" and OH™ ions take part in'many chenfi
hydrolysis of macromolecules. Relative co
determine the acidity and alkalinity of
affects the biochemical reactions. Enzy

le break, water is ionized to form hydrogen ions
jon is reversible
in a litre of water
e concentration of

- Acids combine with OH- ions,
leaving H+ ions in medium and

make medium acidic. Similarly bases

combine with H+ ions, leaving
eactions in the cells 9. | OHions in medium, and make
ions of H* and OH™ ions | medium basic |
ium i.e, pH of medium. The pH
rk best at specific pH.

@ " L 5\ p : i s

24 4 gy &7

%\Water molecule Hydroxyl ion Hydrogen ion

. H,O HOH"™ HH*

M Fig. 4.11: lonization of water

ilumum Density at 4°C S

. Water exhibits it maximum density at 4°C. Its density decreases when the temperature lowers. It is because of
the Ydrogen bonds which keep-water molecules relatively far apart. When temperature falls to 0°C, water freezes but
o ;: Sulting ice s less dense than liquid water, because at this temperature, hydrogen bonding keeps water

IUIe_S further apart than in liquid water.

than " fivers, streams or lakes, ice is formed on the surface water due to falling of temperature. As ice is less dense
this "ater, it floats on surface. It acts as an insulator and does not allow heat to escape from the water beneath it. In

3quatic organisms are protected.
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Table 4.2: Properties of water and benefits to life

T - its to life
L Properties ” Bonding jl , — Ben-efl::eactions Q
[Best solvent [[Potarity ._H_J[l;;ovides medium for chemlce-x i
. Keeps temperature constant internally andﬁ
Maximum heat capacity ||Hydrogen bonding organism

rnally for \
\\\J

Change in hydrogen
bonding

Maximum density at 4°C

Ice floats on water

%‘

EHigh - Hydrogen bonding Moderates Earth's temperature i
[vaporization _— - ——
[lonization |icovalent bond breaking  |[Determine the acidity and alkalinity of medium !
j;Cnhesicm 1|folarity, Hydrogen bonding IIWater and nutrients are transpo ted from roots to leaves

1. What is the chemical formula of water?
A) H;0, B) HO
Q H.OV D) OH,
2. What percentage of the human body is made up pf
water?
A) About one-third B) About two-thirdsy”
C) About 30% D) About 50%
3. What is the water content in bone cells? -
A) 10% B) 20% v
C) 50% D) 80%
4 Brain cells contain approximately how much water?
A) 65% B) 75%
) 95% D) 85%v”

5. . Which property of water makes it a good so
A) Polarity and hydrogen bondingy”
8) Non-polarity

C) Low boiling point D) High de%@
6.  What are molecules with partial char led?
A) Non-polar molecules B) Polar: ulesy”
C) Neutral molecules D)C molecules
7.  Whatisa hydrogen bond? C)
A) A covalent bond betweenffn en atoms -
B) A weak attraction be r moleculesy”
C) A bond between tw en atoms '
D) A bond in metals @
8. What happens w (NaCl) is placed in wate
A) It forms a ga% B) It sinks : ‘
C) It dissociates inte/Na* and CI jons
D) it burns .
9. Which functional
bonds with water?
A) Carboxyl B) Hydroxyl v’
C) Amino D) Carbonyl
What role does water play in metabolism?
A) Prevents reactions
B) Acts as a medium for chemical reactionsy”
C) Breaks bonds Permanently
D) Blocks enzyme function

t?

groups in glucose form hydrogen

10.

that do not dism

.11.  What are mole
called? s ’ _
A) Hydropho! B) Hydrophilic
C) Polar o D) Aqueous
12. - Whi of molecules are moved oyt by w ter

m@:ue to lack of bonding?
_ c: : ’i B) Non-polary”

(o)
ar D) Charged
hat structure is maintained by lipid associations
ater?
A) Ribosomes B) Chloroplasts
C) Cell membranesy” D) Cell wall
14.  What is specific heat capacity?
A) Energy required to boil a liquid !
B) Energy to raise temperature of 1gby 1°Cv”
C) Heat lost during freezing
' D) Heat of reaction
What is the specific heat capacity of water?
A) 2.1 Joules B) 3.5 Joules
C) 4.184 Joulesy” D) 5.5 Joules
Why does water resist temperature change?
A) Because of its density
B) Due to hydrogen bond-breakage absorbing energyY’
C) Because of its color '
D) Due to low boiling point
What is heat of vaporization?
A) Temperature at which water freezes
B) Temperature water boils i
C) Heat required to convert liquid to gasv”
D) Heat required to melt ice
18. * What is water's heat of vaporization?
A) 400 Kcal/kg B) 450 Kcal/kg
C) 574 Keal/kgv” D) 600 Kcal/kg o
How does water help in cooling during persp!
A) It contracts the body  B) It blocks pores ”
C) Each gram removes 574 calories as it evap@
D) It adds salt to the skin

20. What is cohesion in water?

15.

16.

17.

19.

. A) Attraction between similar moleculeS\/
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) Repulsion between molecules ' C) By breaking covalent bonds into H* and OH"y”
¢) Movement agalns.t gravity : D) Through electrolysis
D) Adhesion with solids 24. What is the concentration of H* ions in pure water at
What helps water move upward in plants? 25°C? ,
. A) Gravity A10°M B)10°° M
B) Cohesion among water moleculesy” C) 107 M\/ D)10*M
©) Sunlight D) Oxygen 25. Why is ice less dense than water?
2 What is surface tension in water due to? F A) It contains air
A) Temperature B) Hydrogen bonds vy B) Hydrogen bonds keep moleculeg further aparty”
C) Air pressure D) lonic strength C) It evaporates easily '
23. How is water ionized? , D) It is heavier
A) By sunlight B) Through boiling
=~ ) 1. Whatisthe chemical formula of water?
Ans. Water is an oxide of hydrogen and its chemical formula is H,O. Thisdsimiple molecule has
extraordinary properties that make it essential for life. )
2. What proportion of the human body is made up of water? O
Ans. About two-thirds of the human body is composed of water. It plays a critical role i@ntaining bodily functions
and structure. \.
3. How does water content vary in different tissues of multicellular organi
Ans. Water concentration varies from tissue to tissue in multicellular orga?\m)r example, bone cells contain
about 20% water, while brain cells contain about 85%. . - -
4. Why is water known as the “medium of life”? 0 '
Ans. Water is called the "medium of life" because it is essential for \ud maintaining protoplasm &nd supports
all cellular processes. It is also the most abundant compound in nisms. )
5. What properties of water make it a good solvent? 9 _
Ans. The polarity of water molecules and their ability to form ogen bonds make water an excellent solvent. These
properties allow it to dissolve a wide range of substan
6. Whatis a hydrogen bond in water molecules? -
Ans. A hydrogen bond is a weak attraction between ially positive hydrogen of one water. molecule and the
partially negative oxygen of another. These ' o@ form a network among water molecules.
1. How do water molecules interact with ion odium and chloride?
Ans. Water molecules surround the positive ; gative ions due to their polarity. For example, Na* icas are
attracted to the negative ends of water, g&e‘s, while CI" ions are attracted to the positive ends.
8. Why do glucose molecules dissolve Qter‘? [ -
Ans, Water forms hydrogen bonds wi polar hydroxyl groups of glucose molecules. This allows glucose to
dissolve easily in water, making,i ble for metabolic processes. ‘ 4
% What role does water play bolism? _ |
Ans. Water acts as a medium,i h%ions and molecules can dissolve and react easily. This makes it crucial for
chemical reactions, incl ose involved in metabolism,
:\:‘s ::’hy are non-polar ules like lipids insoluble in water? :
* Non-polar molecules dd” not form hydrogen bonds with water. As a result, water molecules push them out, a
i ‘oncess called hydrophobic exclusion. b
P hat happens when non-polar molecules are placed in water? . ' ’ J L
B Water molecules exclude non-polar molecules and force them to associate with each other. This helps in the
2, :fmation' of structures like cell membranes. :
il L'o'w do lipids contribute to the structure of cells? . e Rl
'Pids are hydrophobic and form strong associations among themselves in water. These associa
i, :‘vil“'"ta.in the integrity of cell membranes. :
'Ans. Wata:Tl: o Sl.)ECific h'e.at o o.f yvater g vy SIg“w“:a“t"?c This means it can absorb-a lot of heat
as a high specific heat capacity of 4.184 Joules per gram per "C.

Without 3 significant rise in temperature, helping to stabilize temperatures in living organisms.

L4
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isms?
14. How does water’s heat capacity affect temperature' reg_ulation in 0:\93:“:::: helps maintain a stable inte;
Ans. Water heats up slowly and cools down slowly due to its high specific heat. al
and external environment for organisms. )
i i ter
15. What is meant by the heat of vaporization of wa o . I —— ~
Ans. The heat of vapoxzation is the amount of heat needed to convert hgund water into ga 1S value i
high—574 Kcal/kg—making it effective for cooling through evapc.)ratmn. —
16. How does water help regulate Earth’s temperature anc.l cool ||.ving c:rgan s £ B X o
Ans. Water absorbs a large amount of heat during evaporation, wh.|ch Ihe ps relgs 1t alsq
provides a cooling effect during transpiraticn in plants and sweating in animals.
17. What is cohesion in water, and why is it important?

Ans. Cohesion is the attraction between similar molecules, and in water, it occurs due to hydrogen bondlng, Thi

property is important for processes like the upward transport of water in plants.
18.

- . 2 ?

How does water move upward in plants against gravity _ )

Ans. Water moves upward due to cohesion among water molecules. Evaporation fro ves creates a puliing for,
- that is relayed down through xylem vessels. -

19. What is the role of hydrogen bonds in water’s surface tension?

Ans. Hydrogen bonds give water a high surface tension, making it behave as i@red with a film. This allows s
organisms like water striders to walk on water.

20. Why is ice less dense than liquid water, and how does it help a iedife?
Ans. Ice is less dense because hydrogen bonds keep water r.nolecukis _
surface and insulates the water below, protecting aquatic orga

4.5 CARBOHY

apart in the solid state. It floats o the
om freezing.

Carbohydrates

Carbohydrates are naturally occurring organic c ds essential to all living organisms. The tem

“carbohydrate” is derived from the words "hydrated carb pdicating that these molecules are composed of carbon
and water. Chemically, carbohydrates are synthesized primary products of photosynthesis. During this process

carbon dioxide (CO,) is reduced using energy fro ight, and the resulting carbohydrate molecuie contains the

elements carbon, hydrogen, and oxygen.
The elements in carbohydrates occur.in
Hence, the empirical formula for a carboh)b'
atoms in the molecule.
Classification of Carbohydrates %
s

Carbohydrates are also know
Based on their structure and co

1. Monosaccharides
2. Disaccharides
.3. Polysaccharides

S S—— ‘

ucture and chemical composition of monosaccharides along with examples.

lar ratio of 1:2:1.for carbon, hydrogen, and oxygen respectivel
eprgsgnted as C(H20),, where 'n' indicates the number of carbon

‘Saccharides", derived from the Latin word “Saccharum®, meaning sug¥
mp:e ity carbohydrates are classified into three main categories:

OR Distinguish th perties and roles of
Ans. Monosaccharides (Simple Sugars)

Monosaccharides are the most basic units of carbohydrates, consisting of a single sugar molecule. Th«se‘:‘:
soluble in water and generally contain between 3 to 7 carbon atoms. Depending on the number of carbon 2
monosaccharides are further subdivided. Among these, pentoses (5-carbon sugars) and hexoses (6-carbon ¥
are the most common and are found in all

living organisms.
Hexoses Play a central role in biological energy storage. One of the most important hexoses is 9'“‘5
serves as the primary energy-storage molecule. It contains seven energy-storing carbon-hydrogen (CH)
has the molecular formula CgH,,0s. ’

monosaccharides and classify them,

{ lf-n
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3; classitication of nionosaccharides

? b:‘ef;.:charides Carbon atoms [Formula [Examples
Mo : :
imoses 3 ' C3HeOs  [Glyceraldehyde, Dihydroxyacetone
10565 4 CiHgO4  [Erythrose, Erythralose (intermediate in photosynthesis in bacteria)
!pentoSGS 5 | CsH1005 Ribo-se, Deoxyribose (C;HwOQ
;Hr/exos/e:’—f 6 CeH1206  [Gluco. 2, Fructese, Galactose
. %He?;;s’— 7 C7H1407 |Rare in nature (intermédiate in photosynthesi
amers of Monosaccharides ‘ O

Menosaccharides can exist in different structural forms known as isomers. Iso are molecules that have the
me molecular formula but differ in the arrangement of atoms within the molek .

Aldose Ketose " Aldos
H ' H

H—O—0H|
oo g
HO‘—@—H
Q—-OH
H—O©—OH
H—@—OH

H
Glucose

Compare the structural isomers and stereoisomers of glucose. (from Exercise) '@
r

Fructose Galactose

o Fig. 4.12: St l and stereoisomers of glucose :
For example, glucose, fructose, and gala@ | have the same molecular formula (C¢H120¢), but their structural

formulas vary. A (b' e
\@Q [
% AR it

 Fig. 4.13: Structure of Ribose
These differences have important'biological consequences, especially in the synthesis of polymers.
Structural Isomers: Glucose and fructose are structural isomers. In fructose, the double-bonded oxygen atom
is attached to an internal carbon atom (carbon 2), while in glucose it Is attached to a terminal carbon. atom.
Stereoisomers: Glucose and galactose are sterecisomers. The difference lies in the orientation of asingle
hydmxy! (OH) group on carbon number 4. This slight variation affects how these sugars interact in the
I formation of macromolecules.

Mant Pentose Sugars
Among fiverarhon sugars, the most important ones are: :
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* Ribose and Deoxyribose - Found in nucleic acids (RNA and DNA) and ATP.
* Ribulose - Functions as a precursor in the ptocess of photosynthesis.
Ring Structures of Monosaccharides gy ti
In aqueous solutions, most monosaccharides adopt ring structures. This ring formation occurs when an OXygep
bridge forms between two carbon atoms within the same sugar molecule.
There are two standard ways to represent sugar structures: ) ) :
« Fischer Projection: Developed by German chemist Emil Fischer in 1891, this method displays the
carbohydrate in an open-chain form. :
« Haworth Projection: Named after British chemist Sir Norman Ha\_ﬂorth, this format §i1<i)\{\/5| th? sugar
molecule in its cyclic (ring) form, which is more representative of its actual structure in biological Systems.

CH,OH

I,

6

In case of glucose, oxygen-bridge develops bétweer carbon
number 1 and 5. So, a six cornered ring is form

N\
° @

-@ formed between carbon
&i .

sixcornered ring

- In_galactose too, o
number 1and 5. It a

gén-bridge is formed between carbon number 2
five cornered ring is formed.

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

Ribose

Fig. 4.14: Ring structures of glucose, galactose, fructose, and ribose

CH,OH CH,OH

0 0 There are two forms of D-glucose i.e., a|pha-D-g|uco‘sﬂ
- and beta-D-glucose. They differ only in the direction of
OH OH groups on carbon 1. The a-D-glucose has OH
OH group on the lower side while the B-D-glucose has
' OH OH- on above side. When many alpHa-D-glucose
OH © OH molecules join together, they form a polymer called
a-D-glucose B-D-glucose starch. When many beta-D-glucose molecules join

: together, they form a polymer called cellulose

e —
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,GHO
H—C—OH
HO—C—H  D-glicose
H—¢ — OH (linear form)

i
H—C—OH
(CH.OH
6CHOH 7 TN\ OCHOH
5

H H

H OH H OH
a-D-glucose p-D-glucose

'6.  Describe the structure and chemical composition of disaccharides along v&amples.

oR pistinguish the properties and roles of diséccharides.

AnS. Disaccharides .
Disaccharides are formed when two monosaccharide units are linked togeth@ough a process known as
gehydration synthesis, in which a water molecule is removed. The resulting cw’c. ond between the two sugar
snits is called @ glycosidic bond. _ @ .

Disaccharides can be broken down into their monosaccharide com'&e by hydrolysis, a reaction that
olves the addition of water. Compared to monosaccharides, disaccharid@- ss soluble in water.
some physiologically important disaccharides include: _ \
Maltose (Malt Sugar) - .

Maltose consists of two glucose molecules. These gluco are connected by a 1,4-glycosidic bond,
neaning the bond forms between carbon 1 of one glucose and m 4 of the other. Maltose is commonly found in
cereals such as wheat and corn and is also an intermediate proex

during the digestion of starch.
‘ ¢CH,OH

1,4-glycosidic linkage
: Maltose
A Fig. 4.15: Dehydrati hesis of one maltose by the condensation of two glucose
Cose (Milk Sugar) . 5y ' l
' ‘undtianctose is made up of @ose and one galactose unit, joined through a 1-4 glycosidic bond. It is primarily
; Mammalian milk a es as a major source of energy for infant mammals.

OH H -
Galactose Glucose

subunit 1,4-glycosidic linkage ~ subunit
Fig. 4.16: Structure of lactose
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Sucrose (Cane Sugar or Table Sugar)

Sucrose is a disaccharide formed by one glucose and one fructose unit, joined through a'1-2 glycosid

is the most familiar disaccharid
CH,0H

HO

Glucose
subunit

e and is widely used as a sweetener in food. Its molecular formula is CizH,,0,,.

ic bong, It
CH,OH

Fructose
subunit

1,2-glycosidic linkage
Fig. 4.17: Structure of sucrose

In plants, sucrose is transported through phloem vessels, acting as a transport

conduction of glucose between various parts of the plant.

-~

ccharide. It facilitates the

By 1950, food sweeteners were taken from sucrose extracted from sugarcane and beet. | . ke
sweeteners were obtained by breaking down the starch of corn into glucose monom@cause glucose is only

half as sweet as sucrose, this method was not a serious rival to cane and be suga

developed to convert the glucose, obtained from corn starch, into its isomer i.e.jfn\so. Fructose is even sweeter
than sucrose. The resulting high-fructose corn syrup is inexpensive and has

rep.
® :
foods. The manufacturers of soft drinks “Cola”, were the largest commeraa\‘s&)f sucrose in the world. Now
they have almost completely replaced sucrose with high-fructose corn syl

all part of market,

1980s, a method was

sucrose in many prepared

4

What does the term “carbohydrate" literally mean?
A) Complex sugar B) Hydrated carbony”
C) Organic compound D) Energy source

Which process primarily synthesizes carbohydrate
nature?
A) Respiration B) Digestion .
C) Photosynthesisy” - D) Fermenta
What is the general empirica mula of
carbohydrates? . . AT
A) CHO B) Cnk: '
C) C(H20)nv" D) CiHn
Carbohydrates are also k'n'o% S
A) Polymers ds - :
C) Saccharidesv” Qroteins :
Which of the foll i@ onosaccharide?
A) Maltese B) Lactose
O) Glucosey” D) Sucrose
How many carb8n atoms are typically found  in
monosaccharides?
A) 1-2 B)3-7v" .
C) 8-10 D) 10-12

Which type of sugar is most common in energy
storage?

A) Ribose B) Fructose

C) Galactase D) Glucosey”

Which of the following are isomers?

A) Glucose and maltose  B) Glucose and fructosey”
C) Fructose and sucrose D) Ribose and deoxyribose

in §

10.

i

" . A) Disaccharides

12.

13.

14,

15.

Fructose is different from glucose because:
A) It contains no carbon '

B) It has a terminal oxygen

Q) Its oxygen is bonded to an internal carbony”
D) It has no hydroxyl groups \

Glucose and galactose differ in:

A) Number of carbon atoms

B) Presence of hydrogen

C) Orientation of hydroxyl groupy”

+ D) Number of oxygen atoms

Ribose and deoxyribose are examples of:
B) Pentosesy”

C) Hexoses D) Polysaccharides .
What structure do monosaccharides usually form #
solution? ‘

A) Chain B) Ringv"

C) Spiral D) Double helix

Which projection shows sugar in a ring foﬂ"_" /
A) Fischer projection B) Haworth projection
C) Lewis structure D) Kekulé structuré
Disaccharides are formed through what P
reaction?

A) Hydrolysis

C) Dehydration synthesisy”
D) Neutralization

The bond formed between

B) Oxidation

]
two monosﬂf-‘h"w

called: A ’ |
A) Hydrogen bond B) lonic bon o
C) Peptide bond D) Glycosidic
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12

{1

2.

Ans.

3

Ans.

4

Ans.

5

Ans,

6.

Ans,

1.

is the composition of maltose? 1 21.  Which monosaccnarides contain three carbon atoms?

what cose + Galactose B) Glucose + Glucosey” A) Tetroses B) Hexoses

2 G:Scose + Fructose D) Fructose + Galactose C) Triosesv” D) Heptoses

: Gtose is commonly found in: 22.  What is the molecular formulz of pentoses?

LacSugafCane B) Fruits A) CeH1206 B) CsHeOs

o ik SySETRE C) CsH1Os v D) C1HvO

g,cmse is a combination of which two sugars? 23.  Which monosaccharides are components of nucleic

p) Glucose and maltose B) Glucose and galactose acids'?

() Glucose and fructose( ‘ A Trioses B) Pentosesy”

0) Galactose and ribose . ~ C) Hexoses _ D) Heptoses

fhe molecular formula of sucrose is: - 24. Which class of monosat.:charides is rare.in nature but
C12H24012 B) C10H20010 - acts as an intermediate in pho‘tosyntheﬂs?

() C11H22011 v D) C6H1206 A) Tetroses B) Heptoses

In plants, sucrose acts as: C) Hexoses .

p) Storage sugar B) Structural sugar 25. Whi‘ch of the following is a heXose sugar?

() Transport disaccharide v’ A) Ribose

D) Reducing sugar €) Fructosev” ceraldehyde

1. What are carbohydrates and what does the term mean? ‘ q

Ans. Carbohydrates are naturally occurring organic: compounds esseﬁg‘{tg iving organisms. The term
“carbohydrate” literally means “hydrated carbon,” as they contain carbon a r elements in a specific ratio.
How are carbohydrates synthesized in nature? ' W ’

Carbohydrates are synthesized through the process of photosynthes@w this process, carbon dioxide (CO2)
is reduced, resulting in a compound composed of carbon, hydro gen.

What is the general formula of carbohydrates? % .

The empirical formula of carbohydrates is C(H20)., where a esents the number of carbon atoms. This
indicates that for every carbon atom, there are two hydro pne oxygen atoms :

>

Why are carbohydiates called saccharides?
The term “saccharide” is derived from the Latin wo@or , which means sugar. Carbohydrates are called -
saccharides because many of them taste sweet and afg structurally related to sugars.

What are the three main types of carbohydrat ' ‘
Carbohydrates are classified into monosacchati

based on the number of sugar units they cont

What are monosaccharides? ' : ‘ ;
Monosaccharides are simple sugars n@up of a single sugar molecule. They are soluble in water and may

disaccharides, and polysaccharides. This classification is

contain 3 to 7 carbon atoms.

Which monosaccharides are Q:monly found in living organisms?

Ans. Pentoses {5-carbon sugars) oses (6-carbon sugars) are the most common menosaccharides in living
organisms. They play crucial imbiological functions like energy storage and nucleic acid structure.
L Whatis the primary en torage monosaccharide? ‘ '

I ; -
\Cose is the primary ene

“

ns,

I,

~Storage monosaccharide. It contains seven energy-storing CH bonds and has the
Molecular formula CgH1206. ' N
What are isomers in the context of monosaccharides?

'somers are molecules that have the same molecular formu
Glucose, fructose, and galactose all have the formula CeH120s

How is fructose different from glucose structurally? _ '
N fructose, the double-bonded oxygen is attached to the second carbon atom, which s an internal carbon. In

Contrast, glucose has this oxygen bonded to a terminal carbon atom.

hat kind of isomers are glucose and fructose?
Weose ang fructose are structural isomers because they have the sam

R s
Nnectivity of atoms.

la but different structural anma: gements. For example,
but differ in structure. .

e molecular formula but different
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12. How do glucose and galactose differ? —— onaenos & P8 ks .
Ans. Glucose and galactose differ in the orientation of a hydroxy! ( g
sterecisomers. -
13.  Name some important pentose sugars and their ft.mct ow
Ans. important pentose suqars include ribose and deoxynbose.
ribulose, which acts as a precursor in photosynthesis. -
14.  What happens to monosaccharides in aquefous s")m“?:,rtwf“- Wia ccturs dué 10 She Seamation of s o
' i ring structures. .
Ans. in agqueous solutions, most monosaccharides form .
bridge between two carbon atoms in the same molecule.

15. What are Fischer and Haworth projections? ha;in form, developed by Emil Fischar

i ir open-c
Ans. Fischer projection is a way to represent sugar molecules In theal:soig e yiipg a i
Haworth projectinn, introducad by Norman Haworth, shows sug

i i formed?

16. What are disaccharides and how are they . _ |

Ans. Disaccharides are carbohydrates made from: two monosaccharide units. The rmed by a dehydratq,
synthesis reaction, creating a covalent glycosidic bond.

i i lysis? : :
. What happens to disaccharides during hydroly . v ' . Q ) _ ‘
1A-:\s Dur?ng h;:reolysis gisaccharides break down into their monosaccharide @ nents. This reaction requires the

addition of water. _

i ®
18. What is maltose and where is it found? o - '
Ans. Maltose is a disaccharide made up of two glucose units cpnneete\ »1,4-glycosidic bond. It is found in cerez)s

_like wheat and com and also forms during starch digestion. Q
y

s. . .
hich are found in nucleic acids and ATP. Anothe, i

19. What is lactose and what is its biological importance

Ans. Lactose is made up of glucose and galactose linked by & N
is an important energy source for infant mammals.

20. What is sucrose and what role does it play in pIa@l3 _ .

Ans. Sucrose is made of one glucose and one fructo nd is known as table sugar. In plants, it is transportsd
through phloem and acts as a transport disacct%or distributing energy.

21. What are tricses? Give examples. , :

Ans. Trioses are-monosaccharides that containthre®carbon atoms and have the chemical formula C3HgO;. Examples
include glyceraldehyde and dihydroxy. . ’ ‘

22. What is the significance of pento. ological systems? . _ _
Ans. Pentoses are five-carbon sugars wi formula CsH100s. Important examples include ribose and deoxyribosé

which are key components @acids (RNA and DNA). ‘
23. Name any two hexoses 2n on their molecular formula. :
Ans. Two common hexcses zrgsg e and fructose. They both have the molecular formula CHy2Og and are vital
energy production in livianisms. ,
24. What are tetrosas? G @ xamples, ' 3 Ies
Ans. Tetroses are mon%. ides that contain four ‘carbon atoms with the molecular formula CiHeOx Examp”
include erythm& rythralose, which serve as intermediates in photosynthesis in certain bacteria.
25. Why are he@; onsidered rare, and where are they found? known &
Ans. Heptoses are seven-carbon sugars with the molecular formula C;H,40;. They are rare in nature but aré
function as intermediates during the process of photosynthesis.

coéidic bond. It is found in mammalian milk and

POLYSACCHARIDES
@ What are polysaccharides? Explain their types with examples and structural features. ‘
Ans. Introduction in naturé Theds: !
Polysaccharides are the most complex and most abundant carbohydrates found N cosidic lb::nd\
e

g I
macromolecules are composed of long chains of many monosaccharides joined _togemgrsgg c?nytheif 0
Polysaccharides serve various structural and storage functions in both plants and animals. Ba
chemical structures, s. reral important types of polysaccharides are identified.
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. plant Storage Polysaccharide |
nar‘St'arch is the primary storage polysaccharide found in plants. It is insoluble in water znd forms starch granules

Lany plant cells. Due to its insolubility, starch does not alter the water potential of p ant cells, thus preventing
\mn.: fr'L m taking in water through osmosis.
theli

starch is not a pure compound but a mixture of two different types of glucose polymers: amylose and
~ mylopecti™ . , , .

ose consists of unbranched chains of glucose monomers linked by 1,4-glycosicic bonds. Though the
' chains are straight, they tend to coil into a helical shape.

Amylopectin also contains glucose monomers linked by 1,4-glycosidic bonds, but it has additional branches

connected by 1,6-glycosidic linkages. Due to these branches, amylopectin has more terminal ends, which can
be broken down faster by amylase enzymes. ‘

goth amylese and amylopectin are hydrolyzed by the enzyme amylase into maltose, alth

they break down
, gifferent rates due to their structural differences.
s

Fig. 4. i8: (a) amylos ylopectin
Glycogen - Animal Storage Polysaccharide

Glycogen is the storage polysaccharide in ani Is%is structurally similar to amylopactin. It coﬁsists of glucose
monomers linked by 1,4—glycc_>sidic bonds and also es branches connected by 1,6-glycosidic bonds.
Glycogen is highly branched and is stored

in muscles and liver tissues. The extensive branching allows
glycogen to be rapidly broken down into glucdsé miolecules when energy is needed, making it a readily accessible
energy source for animal cells. ' e ’

Fig. 4.19; Glycogen

Cell
Wlose - Structural Polysaccharide in Plants
Cellulose j '

' Congisgs found exclusively in plants, where it forms the primary structural comps. "ent of plant cell walls. It
. ; of glucose monomers connected by 1,4-glycosidic bonds, but unlike starch and glycogen, it is made up of
Slucose unjts, : .

[ : ; . ;

. b'e‘a;‘glucose, the hydroxyl (OH) group on carbon 1 points upward, unlike in alpha-ghicose (used in starch and

5 : . 270 & : TP lucose
N -"WI ere it points downward. This difference in isomer structure leads to an alternating inversion of gluc

| unik ¥
i
Cellulose chains.
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Alpha 1-4 glycosideic
bonds in starch .
0

Beta 1-4 glycosidic
bonds in cellulose

Cellulose

OH

Fig. 4.20: Difference between starch and cellulose

The alternating
together by hydrogen bon
structures are very strong an
plant stems.

ds, forming cellulose microfibrils,

d rigid, providing mechanical strength to plant cell

orientation results in the formation of straight chains rathe
which further gro

coils. These ¢hains are helq
orm cellulose fibrils. Tres;
and materials like paper, cotton, an4

; Cell wall
Cellulese

fibrit

Plant cell

The beta-glycosidic bond cannct e |
broken by amylase. It requires a speciic
cellulose enzyme. Some bacteria and

-some protozoans are only organisms

that possess  cellulase  enzyme
Herbivore animals, like cows and
termites whose diet is mainly celluios
have mutualistic bacteria in their guts
These bacteria digest their celiuioss
Humans cannot digest celiulose, and 1
is referred to as dietary fibre

e

Chitin - Modified Form cf Ce!

Chitin is a modified

lobsters, 2nd insects, and

Like cellulose, chiti polymer of glucose with

in chitin has been ch lly modified by the additio

chitin added strength and rigidity. Only a few organisms possess
' CH,

aride similar in structure to cellulose. It is
e cell walls of fungi.

group
Fig. 4.22: A part of the chitin molecule

beta 1,4-glycosidic linkages. Howev
n of a nitrogen-containing
the enzymes required

: Cellulose fibrils in plant cell wall

found in the exoskeletons of crab®
ucose mone™

er, each g .
dification 9%

group. This mo
to digest chitin.

\—Glocose
w—— Nitrogen-containm
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|
|

othe’

ccharides N
Pdf‘?n and Lignin: These are additional structural
’ :ntribute to cell rigidity and support.
c

polysaccharides found in plant cell walls, where they

r- Found in the cell walls of red algae, agar is used as a thickening agent in foods. It is also an essential
Agzigm for growing bacteria and fungi in laboratories due to its gel-forming properties.
= rein: Also known as peptidoglycan, murein is a sugar-peptide polymer tound in the cell walls of
:::I,karyotes. It provides strength and shape to bacterial cells.

mQs(Y

me following is the most abundant type of

i

5.

6.

-~

i,

\\C%
)
: n

S. Polysaccharides are complex carbohydrates made of long chains of monosaccharides linked by
Ic bonds}. They are the most abundant carbohydrates found in nature.

carbohydrate in nature?
A) Monosaccharides
() Polysaccharides v

B) Disaccharides
D) Nucleotides

what type of bond links the monosaccharides in
polysaccharides?

A) Peptide bond B) Glycosidic bondy”
() Hydrogen bond D) lonic bond

which of the following is a plant storage
polysaccharide? ‘ :

A) Glycogen B) Cellulose

0 Starchv” D) Chitin

Why is starch ideal for storage in plant cells?
Al Itis sweet ‘ ‘
B)Itis insoluble and does not affect water potentialy”
() It digests proteins D) It dissolves easily
Starch is a mixture of:

A Amylose and Amylopectiny”

B) Glucose and Maltose

() Glucose and Fructose

D) Amylose and Celiulose

Amylose consists of glucose monomers joined by:
A) 14-glycosidic linkages v
8) 1.6-glycosidic linkages
O) Peptide linkages D) Ester bends @
Amylopectin differs from amylose becaus¢’i
A)Is shorter ¥ 3
B) Has 1.6-glycosidic branchesy” % '
G ls soluble in water
D) Forms straight chains
se
‘ %atease
Glycogen is primarily stored in which animal tissues?
Skin ang lungs B) Muscles and livery”
H.eart and kidneys D) Brain and bones

h Polysaccharide is most structurally similar to
imylop 4 i

i .
Which enzyme breaks down&@lomponents‘l

A) Amylage v

O Cellylage

A
 Cllulose B) Glycogenv”

D) Agar

1.

12.

13.

17.

18.

19.

20.

14..

15.

Cellulose is composed of which type of glucose?
A) Alpha-glucose only
Q) Fructose

What is the key structural diff
glucose and beta-glucose in
A) Position of OH group or. ¢
B) Number of hydrogen at@
C) Carbon count

D) Type of linkage
What kind of ch

A) Straight chai

B) Beta-glucosev”
D) Mixed sugars

dqes qellulose form?
B) Coiled chains

C) Branched®chai D) Cross-linked rings
What are &e microfibrils made of?

A) Ardylepéetis chains .

B) bonded cellulose chainsy”

Q) in‘bundles D) Fatty acids

polysaccharide is found in exoskeletons and
| cell walls?

Glycogen B) Agar
C)Chitiny” D) Cellulose
What distinguishes chitin from cellulose?
A) It's made of lipids

. B) It contains nitrogen-containing groupsv” *

C) lt dissolves inwater = D) Itis not a polymer

‘Which polysaccharide is used in laboratories as a

culture medium? ,

A) Glycoéen ' B) Cellulose

C) Agary” D) Pectin

Where is agar found naturally?

A) In fungi 8) In red algaev”

C) In animals D) In bacteria :

Which polysaccharide is a sugar-peptide polymer
prokaryotes?

A) Pectin - ~ B) Cellulose
C) Agar D) Mureiny”

What role do pectin and lignin play in plants?
A) Transport of sugars

B) Structural support in cell walls v
C) Digestion D) Water transport

What are polysaccharides?
g'VCOsid'


https://v3.camscanner.com/user/download

2.  Whyi : : :
Y Is starch suitable for storage in plant cells? of plant cells. This prevents water from entering ",

Ans. Starch is insoluble, so it does not affect the water potential
by osmosis, making it an ideal storage material.
3. What are the two main components of starch?
Ans. Starch is composed of amylose and amylopectin. Amylos
branched. .
4. How is amylose structured? '
Ans. Amylose is a straight, unbranched chain of glucose mOonoMers
into a helical shape.
5.  What makes amylopectin different from ;';3;"::;? contains branches formed by 1,6-glycosidic linkages, Thig

Ans. Amylopectin has a similar structure to-am '
break it down more quickly.

4 branching allows enzymes to : d mylopectin'l
, th amylose and a
6. What enzyme breaks down bo :1’ amylose and amylopectin into ma|t®ever, they are broken doin

e is unbranched and helical, while amylopecj, ‘

linked by 1,4-g|ycosidic bonds. It tends g i

Ans. The enzyme amylase breaks down l?ot
at different rates due to structural differences.

i is its function?

7. Where is glycogen found, and what is its . Q |

Ans. Glycogen i found mainly in the liver and muscles of animalz. It serves: ck source of energy because it
kly

be rapidly broken down into glucose.
8. What structural feature allows glycogen to be broken dcipw_n\T . _ . 3
Ans. Glycogen is highly branched with many ends for enzymatolc m his makes it a readily available source ¢
glucose when needed. - v ; \ - '
9. What is cellulose and where is it found? g Q '
Ans. Cellulose is a structural polysaccharide found only i i “ivforms the main component of the plant cell wal,
s in cellulose and starch?.

10. What is the difference between the glucose mo _
Ans. Cellulose coritains beta-glucose, whereas starch ceqtains alpha-glucose. This small difference results in differer

structural properties.

11. Why are cellulose chains straight instead iled?
_Ans. The alternate arrangement of beta-g@it causes cellulose chains to remain-straight. These chains a

linked by hydrogen bonds to form str rofibrils.

12. What is chitin and where is it fou

Ans. Chitin is a modified form of cellfilg und in the exoskeletons of crabs, lobsters, insects, and in fungal ¢
walls. It contains glucose units ﬁj d with nitrogen-containing groups. ‘ '

13. How is chitin different fro
Ans. While both have beta 1,461
makes chitin stronger
14. What are pectin and i : ’
Ans. Pectin and lignin @ ructural polysaccharides found in plant cell walls. They help strengthen the cells
" support the pla ucture, ' ‘ '

lose? :
e linkages, chitin's glucose units have added nitrogen-containing groups- L

e rigid. ¢

. 15. What is thé) agar and murein? " ' . ' &
Ans. Agar, fro ‘Elgae, is. used in food and labs as a thickening or growth medium. Murein is a Sugaf'Pepﬂ
polymer found in bacterial cell walls, providing strength and shape. ~ /

4.6 PROTEINS ‘ ERE

gg__ Define proteins and amino acids and outline the synthesis and breakage of peptide inkag®*

OR Déscribe in detail the str : i .
Ans. Introduction Vets Al Iemiol composition of proteins.

Definition: . ;

process F::' ;Z?V are defined as polymers of amino acids, and they play a crucial role in nearl
S T g ns are the most abundant organic compounds found ; : od
- 'N€ Importance of proteins is so significant that J. ). Berzelius | The diversity in biological ¥

’comed the term “protein” in 1838 from the Greek word Proteios, | reflection of the diversity of st
' - function that exists in proteins
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cules of the first rank.” This term reflects their primary role in the structure and functioning of living

| " e i ) .
meaning n;?.:,teins serve as the building blocks of life, forming the structural framework of cells and performing
~nisimSs: : 3 ‘. |
"’g.gzls biological functions.
ari X |
V e orig i i id ers. The number of amino
e large macromolecules made by the interlinking of amino acid monomers.

eins are’ . & 5 :
.P“: protein can vary from a few to several thousand. For example, insulin consists of 51 amino acids, whereas
acids I

haemoglobin has 574 .aminc? acids. .
ino Acids: The Basic Units of Proteins .
Amamino acid is an organic molecule that consists of:
An An amino grou;S (-NH2)
A carboxyl group (-COOH)
A hydrogen atom (-H) : .
A distinctive side chain (R group)
All these groups are attached to the same carbon
stom, known as the alpha carbon.

Although about 170 amino acids are known to
occur in nature, only about 25 types are found in living
organisms. Most proteins are composed of 20 standard
amino acids, and the chemical properties of each amino
aid are determined by the structure of its side chain
(R group). For instance: .

« Glycine has a hydrogen as its side group.
+ Alanine has a methyl group (=CHs) as its side

group. . s

.

, Fig. 4.24: General @res of glycine and alanine
Essential and Non-Essential Amino Acids . : L

Of the 20 standard amino acids: Q'

* The human body can synthesize ino acids. These are called
non-essential amino acids and ’ ' i |

* alanine, arginine, asparagine,

Like disaccharide, the production

_ ac.id, cysteine, glutamic acid, of a dipeptide is dehydration

9lutamine, glycine, proline, nd tyrosine. | synthesis
* The remaining 9 amin ust be obtained through diet and are
called essential amin . These include:
. g’egm)nine, valine, t an, isoleucine, leucine, lysine, threonine, phehylalanine, and histidine (essential for
ahies).

Peptide Bonds and Polypeptides : :

A Peptide bond is a covalent bond that links two amirio acids. When the amino group of one amino acid

::V'lth the carboxyl group of another, a dehydration synthesis reaction occurs. This results in the rglease .of a
Olecule and the formation of a peptide bond between the nitrogen and carbon atoms of the two amino acids.

" Adipeptide is formed from two linked amino acids (e.g. glyeylalanine from glycine and alanine).

DiPePtides have a free amino group at one end and a free carboxyl group at the other, allowing further amino
acids to attach.

A polypeptide is a long chain of amino acids linked by peptide bonds.

feact
Wate
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> T + (_s"ﬂ

Alamne

Glycylalanlne
dv &

Peptide bond
Figure 4.25: Formation of peptide bond between glycine and alanine

A protein may consist of one or more polypeptide chains. For example: .
¢ Insulin has two polypeptide chains.

* Haemoglobin has four polypeptide chains. @ . e _
The shape and fgunctnon of a protein depend on the number, types, and seque amino acids in its polypeptig

chains.

Glycme

" lpeptide bo |
th 4.26: Section an olypeptide chain

@ Dlscuss the structural Ievels of org

&%ion of proteins in detail.
Ans. Structural Levels of Protems Ot A .

Proteins exist in four levels of structural. AU | These ate Gver 10,000 proteins in human body and
1. Primary Structure % ach of these has its specific primary structure, ie,

This is the simplest level of prote Cture. It is the | specific number, specific sequence and specific
linear sequence of amino acids in a tide chain. The | types of amino acids

exact order and number of amino re specific to each
protein and are crucial for its pro;@nctlon :

* Insulin has two chain
o Alpha chai ino acids
o Betach "@mino acids
¢ Haemoglobin chains:

o Tw chains (141 amino acids each)
o T@ta chains (146 amino acids each)

...............
'~
.,

....... S~ S bounds
. A Chain

@ 5 chain

Fig. 4.27: Chains of Insulin
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) . , s
primary structure is genetically determined by the sequence of nucleotides in DNA. Any error i
;r:: ﬁan result in a malfunctioning protein.
ceque

example, in sickle cell anaemia, one amino acid (glutamic acid) is replaced by vah.ne at position six .r; the
;"fn of haemoglobin. This causes the red blood cells to become sickle-shaped and impairs osygen transpor
- dhal
peta €

Valine HHistidinelteucine HThreonir;H pro|ineﬂ‘j,'§gam'c}{g’c‘t’f’"’c =) 0

Amino acid sequence in normal Haemoglobin Nosmal
. v red blood cell

Valine HHistidineH Leucin%reonineH ProlineH Valine Kgcl?c}amlc [eza-0

Amino acid sequence in sickle cell Haemoglobin Sickle shape
Fig. 4.28: Difference in amino acid sequence in normal and sickle cell hae in

2.Secondary Structure

This structure arises when the polypeptide chain folds or coils in specific patter e to hydrogen bonding
between amino acids. The two common secondary structures are: \0 '

¢ Alpha helix (a coiled shape) ° @
+ Beta-pleated sheet (a folded, sheet-like structure) \
Hydrogen bonds stabilize these structures and contribute to the all shdpe of the protein.
3. Tertiary Structure \

This is the three-dimensional globular structure that forms n'the secondary structure folds further. The
folding is stabilized by several interactions: )

* Hydrogen bonds O
* lonic bonds %
* Disulphide bridges
* Hydrophobic interactions
Hydrophilic (water-attracting) amino acids are
repelling) amino acids are buried inside. This st
omplex proteins.

4. Quaternary Structure

f This structure is formed when two or @ polypeptide chains, each with its own tertiary structure, combine tn
oM a functional protein. The chains ar‘b ogether by:

ly exposed on the su.rface, while hydrophobic (water-
etermines the functionality of many enzymes and other

Hydrophobic interactions
* Hydrogen bonds
* lonic bonds %

An example is haemo%, hich-consists of four polypeptide chains that function together to transport
OXygen, % ; 2 ,
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Alpha helix

peated sheet
—

\’wcnndmy structire / Tertiary structure

(alpha helix) (folding in sec rotary. Structure)

%
Secondary structure
pPrimary structure (plea\ed sheet)
(chain of amino acids) o

Y
Vo S, N
>
L
‘4‘

Quaternary structure
(aggregation of ter. Structures)

. y ’ 1
Fig. 4.29: Levels of protein str.uNo he

@ Outline the different basis of classification of pr@

Ans. Proteins are highly diverse organic compounds ess h tife. Their functions and structures vary wid',
allowing them to participate in almost every biological proc ue to this diversity, proteins can be classified base
on different criteria. One of the most important and s 'fically recommended classifications is based on ther

structure.

Basis of Protein Classification S ] '
Proteins can be classified according to @I - in living organisms or according to their structurs

configuration:
e Based on Role: ’ @
at

o Structural Proteins: Thes ins form the structure of cells and tissues. :
eins perform specific functions such as catalyzing reactions,

o Functional Proteins: T
transporting molecul k%defending against pathogens.
¢ Based on Structure: . e
o Fibrous Protein%
o Globular ProQ

(a) ~(b)

Fig. 4.30: (a) Collagen - a fibrous protein, (b) haemoglobin - a globular prote(f-
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The structural classification is widel

y accepted and helps in understanding the physical and chemical properties
ins more precisely.
of protEI

11. Compare the characteristics and examples of fibrous and globular proteins.

.. Structural Classification of Proteins
A structural classification divides proteins into two major types:
5 Fibrous Proteins
© These proteins are generally long and thread-like. They are primaril

fissues, skin, hair, and other supportive frameworks of the body.
b, Globular Proteins !

These proteins are more compact, spherical in sha
enzymatic activity, immunity, and transport.

comparisen of Fibrous and Globular Proteins

The table below provides a clear comparison between the two types of proteins:
Table 4.4: Characteristics of Fibrous and Globular Proteins
TEINe S

r'cmcteristics |L : Fibrous Proteins
shape __|Iin the form of fibrils

Structure 1|ﬂimary or secondary

Role l@ru ctural

y structural and are found in connective

pe, and perform a wide range of biological functions such as

I](:rystallizatit:onjlN_on-cry'stalline and elastic IR
Solubility Insoluble : : ‘ in salt, acid or base colutions and in aqueous

@isorganizatioﬂlDo not disorganize easily

Examples - I S}Ik fibre: Forms the webs of silkworm
spider

Ll

rganized with changes in enviro=ment

Enzymes: Act as biological catalysts (biocatalysts)

l ‘I - Actin: Present in muscle cells LAntibodies: Active against invading antigens T
| - Fibrin: Forms blood clots Bome Hormones: Regulate body activities _ j

- Keratin: Found in nails, hai . ckity atc. Haemoglobin: Oxygen-carrying protein in rgd
. , blood cells
- Collagen: Found in thd'm rix of connective |~ . \

tissues

——

lg 12. Describe the stl@and functional roles of proteins in the life of living organisms.

Ans, Introduction \ ‘

Proteins are essen iomolecules that perform virtually all structurai and functional activities i_n Iivfng
9enisms, From forming cellular structures to catalyzing biochemical reactions and regylgting physnolognc_ai
ProCesses, Proteins play an irreplaceable role in life. Their diversity in function is a key to maintaining life processes in
both Simple and complex organisms. :

"oteins as Components of Plasma Membranes | :
Per Proteing ar: :n important part of the composition of all plasma membranes. They contribute to the selective

Meability and functionality of membranes, 4

Channel proteins: these proteins control the movement of materials in§o aqd mrJt of the cells. They f
Channels and pores that allow specific molécules to pass t_hrough the lipid br'n ayio.Lmd e
Sodium-Potassium Pump: A specific example is the sodlu.m-p.otassmn; ﬁ? (p': i D gt
Neurons. This protein structure actively transports Na.\’ (.sodlum ions) an
Nerve cells, which is crucial for nerve impulse transmission.

e of
t of
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Fibrous Proteins as Structural Materials
Certain fibrous proteins form the structure of tissues and external body parts. o
* Collagen: This protein makes up a significant part of cartilage, provi@i.ng strength an’d flexibility.
* Keratin: Found in hair and nails, keratin gives these structures durability and protection.
Proteins as Enzymes
Enzymes are a diverse class of proteins that act as biological catalysts. .
* Function: They accelerate metabolic processes within cells without being consumed in the reactions,
e . Examples:
o Proteases catalyze the breakdown of proteins.
o Polymerases catalyze the synthesis of polymers such as DNA and RNA.
Proteins as Hormones
Some hormones are protein or peptide in nature, performing critical regulatory roles in the body.
e Insulin: Regulates blood glucose levels by promoting glucose uptake into cells.
« Antidiuretic Hormone (ADH): Increases water retention by the kidneys, aidingiin Water balance.
e Oxytocin: Helps in the regulation of milk production and plays a role in soci&g and childbirth,
Transport Proteins :
Many globular proteins transport vital substances throughout the body.

« Haemoglobin and Myoglobin: Transport oxygen and some cargon diexide.
« Cytochromes: Act as electron carriers in the electron transport
chain during cellular respiration. : °
Osmotic Regulation ,
Proteins help maintain the osmotic balance in blood and @
body fluids. :

 Albumin: A blood protein that maintains the osmo :
concentration of the blood, thereby supporting pm lood
flow and distribution of fluids between tissueg sels.

|

ood ferritin levels are measured in |
patients as a diagnostic tool of anaemia.
If ferritin is high there is iron in excess. if
ferritin is low there is a risk for lack of
iron which sooner or later could lead to
anaemia

Blood Clotting Proteins ,
Proteins play a crucial role in preventing bl through clot formation.
e Fibrinogen and Fibrin: Fibrinogen is ctive protein present in the blood. Upon injury, it is converted into

fibrin, which forms a fibrous netwerk thétjhelps in clotting and stops bleeding.
Proteins in Movement and Contractio'wnb -

Proteins are responsible for all ty, ontraction and movement in living organisms.
e Actin and Myosin: The pri@ oteins found in muscle cells; they are responsible for muscle contraction

e  Tubulin: This protein form dle fibers that are essential for chromosome movement during cell division.
Defense Proteins (Antibodies

Antibodies are speciali

teins involved in the immune response.
e Function: They r, e and bind with foreign substances (antigens), such as bacteria and viruses, and.
neutralize or them, protecting the organism from infection and disease.
lon-Binding and Sterage/Proteins "
Some protein e essential ions in specific body regions.
« Ferritin: The main protein that stores iren inside cells, especially in the liver, spleen, and bone m?’;":“
e Casein: A protein found in milk that stores calcium and potassium ions, especially important for i
nutrition. '
Regulatory Proteins
Some proteins regulate gene expression and cellular activity.

' - ences an’
 Repressor Proteins: These proteins control gene expression by binding to specific %NAh:g‘:\ee ed.
preventing the synthesis of RNA. As a result, they allow genes to work only when and W
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Fibrinogen activated into fibrinc

and malﬂng clot
Al

Ayoglobin

four-*in hy;
W )

% ) Actm (yeilow/red)

Repressor protein attached
with gen/e

mysin (blue)

Fig. 4.31: Different proteins of human b,od\ .

@5@’

-0

Who coined the term “protein”?

A) Robert Hooke B) J.J). Berzeliusy”

() Watson D) Linus Pauling
What are proteins made of?

A) Nucleotides B) Monosaccharides
C) Amino acidsy” - D) Fatty acids

What is the function of proteins in cells? -

A) Genetic information storage

B) Energy storage

C) Building structure and functiony”

D) Hormone secretion only

How many amino acids are commo

2

proteins?
A) 10 - B)20y O '
030 D) 50 ?

A) Number of amino groups

B) Presence of sugar @ g

C) Type of R groupy”
of an amino acid?’

What determines the identify Qﬁ\o acid?

D) Length of carbon ¢

What is the basi¢ stru

A) One carboxyl group only

B) A sugar ring

C) Amino group, carboxyl group, hydrogen andR
groupy”

D) Phosphate and sugar

Which of the following is an essential amino acid?

-A) Glycine B) Alanine

O Valiney” D) Serine .
Which amino acid is essential only for babies?
A) Histidine v B) Glutamic acid
Q) Glycine

D) Alanine

10.

12.

13.

14.

1.5Q

16.

17.

. A2

How aretwofamino acids linked together?

n bond B) lonic bond -
ptide bondv” D) Disulphide bond
formed when two amino acids link together?
@olypeptide B) Dipeptide v
%2‘ Monopeptide . . D) Lipid
hat is a long chain of amino acids called?
A) Fatty acid B) Monomer

C) Polypeptide v D) Disaccharide

How many polypepude chains does haemoglobin
have?

B) < 08

04y’ D)5 |

What is the smallest chain of insulin composed of?

A) 30 amino acids B) 21 amino acidsv”

C) 50 amino acids D) 146 amino acids

What is the primary structure of a protein?

A) Folding of a chain B) Number of peptide bonds

C) Linear sequence of amino acidsv’”

D) Interaction with DNA -

What determines the sequence of amino aclds in a

protein? °

A) Type of lipids present  B) Tempe_rature

C) DNA nucleotide sequence\/

D) Presence of sugars

What disorder is caused by a mutation in the primary
_ structure of haemoglobin?"

A) Diabetes B) Haemophilia

C) Sickle cell anaemiay” D) Asthma

What is the secondary structure of a protem?

A) Disulphide linkage

B; ConIqu and folding like alpha helix and beta sheetv”
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29,

Q) Genetic code D) Protein breakdown

Which bond stabilizes secondary structures in
Proteins?

A) Disulphide bond B) lonic bond
C) Hydrogen bond v* D) Covalent bond
What is the tertiary structure of a protem?
A) Linear sequence
B) Arrangement of nucleotides
©) 3D folding of a polypeptide v
D) Double helix
What bonds maintain the tertiary structure of a
protein?
A) Peptide and covalent bonds only
B) Hydrogen, ionig, and disulphide bondsv”
Q) Glycasidic bonds D) Ester bonds
What happens to hydrophobic amino acids in tertiary
structure?
A) They stay on the surface
B) They dissolve in water
Q) They aggregate inside the protem\/
D) They convert to hydrophilic
What is the quaternary structure of a protein?
A) Sequence of amino acids
B) One folded chain
C) Association of multiple polypeptide chalns\/
D) Chain of sugars
Which interaction is not mvolved in quaternary
structure?
A) Hydrogen bond B) lonic bond
C) Peptide bondy” D) Hydrophobic interaction
What is. an example of a protein with quate
structure? - :
A) Glycine B) Insulin @
C) Glucose D) Haemoglobi
Why is the structure of proteins importa '
A) It affects color B) It determi

C) It defines the protein’s function e Q

D) It is unrelated to function !
On what basis are proteins n‘bonly classified in
r chemical formula

biology?
héir color

A. Shape of cells
ctural classes of proteins?

A type

C. Their structurey”
What are the two
A. Active and Passi
B. Essential and Non-essential
C. Fibrous and Globulary”

D. Primary and Secondary

What is the shape of fibrous proteins?

A. Circular B. Thread-like v

C. Spherical D. Oval

What kind of structure do globular

. glol proteins typically
A. Primary B. Secondary

C. Tertiary or Quaternary v’ D. No defined structure

30.

31.

32.

33.

34.

35.

36.

39.

4,

42,

43,

40.

Which type of protein is non-crystalline and elastjc

mes B. Fibrous
/C\- érl‘g)ular D. Hormonal
Which proteins can be crystalljzed?
A. Structural B. Fibrous
C. Globular D. Collagen
Which proteins are soluble in salt, acid, or base
lutions?
:\ot:hrous B. Structura!l
C. Collagen D. Globulary”

Which type of protein disorganizes easily with
environmental changes?

A. Keratin 8. Fibrous

€. Globulary” D. Silk

Which type of protein fogms the structure of najj
‘and hair?

A. Collagen’ Fibrin

C: Keratiny” Q' D. Actin :

What type of p aemoglobin?

A. Fibrous C) B. Structural

C. Hormon D. Globulary”

role do flbrous proteins mainly

What N
B. Structuraly”’
D. Transport

of the following is a fibrous protein involved
Iood clotting?
. Fibriny” B. Insulin
C. Myosin D. Aibumin
What characteristic of fibrous protems helps them
resist environmental changes?
A. Tertiary structure B. Elasticity
C. Insolubility v D. Tough peptide bonds
Which protein forms silk fibers in spiders and sik
worms?

A. Actin . B. Collagen
+ C.Silk protein\/ D. Myosin
Which of the following is a hormone and a globular
protein?
A. Fibrin B. Keratin
C. Collagen D. Insuliny’

What is the main role of enzymes in the body?

A. Storage B. Baocatalystw/

C. Defense D. Structure

Which of the following is not a fibrous protein?
A. Collagen B. Keratin

C. Enzymev” D. Actin

en fibro¥

What is a key structural difference betwe
and globular proteins?

A. Number of amino acids B. Solubility

C. Shape D. All of the abOVe‘/ I‘th‘"
What makes globular protems more function®
fibrous ones? d shBPe‘/
A. Linear structure
C. Eiasticity

B. Compact, folde
D. Insolubility
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provides strength in connective a) Carbon dioxide b) Oxygen\/

hich pl’otei“
5 W es? . ¢) Water d) Sodium ions
b ges B Insuiin ;
Actin . 51. Which protein maintains the osmotic concentration
- Jlagen D. Haemoglobin of blood?
¢ pficih P.-otein in _the plasma me.mbrane controls the a) Fibrinogen by Albumin w4
i :ln\’ove ment of. sodium and potassium ions in ll\eurons'l ¢) Myosin d) Tubulin
a)He ¢ IObtm sium pump o 52. What protein is converted-into fibrin to form blood
dium-potas clots after injury? '
0 :K)umin . d.) Fibrinogen a) Albumin i b) Actin \
hich fibrous ?rotem is primarily responsible for the c) Fibrinogen\/ d) Myoglobin
il gructure of hair and “a'|$7b) N -t. v 53. Which proteins are mainly responsible for muscle
1 Collagen pravn contraction? ‘
2 Actin . d) Myosin a) Keratin and collagen b)-Actin and myosiny”
B what is the main function of enzymes in cells? ¢) Tubulin and fibrinogen d) Albumin and haemoglobin
- tansportoxygen . 54. - What role do antibodies play i immune system?
p) Catalyz€ metabolic reactionsv” a) Transport oxygen
¢ Stere ions : b) Catalyze chemical reaction :
4) Form structl_Jral components ' ¢) Recognize and neutraliign antigens\/
" which protein hormone regulates blood glucose d) Store ions
jevels? ' : . 55. Which protein stores inside cells?
3) OX){'(?C'“ _ b) "_’SU_“”‘/ : : ; a) Casein Ne® b Ferritiny
q Antidiuretic hormone d) Fibrinogen ) . ¢) Myoglobin @ d) Albumin

g, Haemoglobin primarily transports which molecule in
the blood? : ; 3
——— 2 i :
1. What are proteins and why are they important 5
Ans. Proteins are polymers of amino acids and are the bundant organic compounds in cells. They
are vital for the structure and functioning of cells and organi ' ' :

2 Who coined the term “protein” and what does it me )
uns. The termi "protein” was coined by J. J. Berzelius in omes from the Greek word "Proteios,” meaning
‘molecules of the first rank,” to highlight their impogtaheg. - - ' g . :

3, What are amino acids? ‘ @ . . .
Ans. Amino acids are organic molecules that serv ‘building blocks of proteins. Each amino acid has an amino -

group, a carboxyl group, a hydrogen atom, nique side group attached to a central carbon atom.

i How many types of amino acids are Co@lly found in proteins? s

s, About 20 types of amino acids are ¢ nly found in proteins. These amino acids vary by their side groups,
which give them unique chemical p S. - '

5. What determines the identity ino acid? A ; _
rmined by its side group (R group). This group varies between amino acids

hs. The identity of an amino acids
and affects how they beh cQ}ni Ily.
:'n What are essential ami &ids? : :
5. Essential amino acids aré ghiose that the human body ¢
include valine, leucine, methionine, and others.
5 What are non-essential amino acids?
+ Non-essential amino acids are produced by th
. \;Vhat i.s a peptide bond? : -
ti\zept{de bond is a covalent bond that joi
amino group of one amino acid and th
(g2t is 2 dipeptide?
Orr:’eptlde is a molecule made
ed from glycine and alanine-

annot synthesizé. They must be obtained from food and

e human body. They include alanine, glycine, serine, and others.

ns two amino acids. It forms through a dehydration reaction between

e carboxyl group of another.

n example is g|yqlalanine,

by linking two amino acids through a peptide bond. A
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1A(:;S \"\Vhat isap.olyp_eptlde'l ' _ b iaims proteins consist of one or mope
« A polypeptide is a long chain of amino acids joine
polypeptide chains.
11, How many polypeptide chains are found in insu
Ans. Insulin has two polypeptide chains, while haemoglobin cont
their different biological functions.
12, What is the primary structure of a protein?
Ans. The primary structure is the specific sequence of
unique function and shape.
5 T Sy primary seasture oF & protaln detfetrr':lt:;?r:asponding gene in DNA. Any change in this sequenc,
Ans. it is determined by the nucleotide sequence ©
can affect the prou{in's function.

14. What causes sickle cell anaemia? o b haemoglof imValine replaces glutamic acid

d by peptide bonds.

lin and haemoglobin?

ains four. This structural variation contributes
; !

nino acids in a polypeptide chain. It determines the proteip
ar {

. 2 r
Ans. Sickle cell anaemia is caused by a change in the primary RIC

at position six in the beta chain, altering the red blood cell shape.

in? '

15. What is the secondary structure of a prote . . ' -

Ans. It refers to localized folding patterns in the polypeptide chain, such as helices and beta-pleated sheets
These are stabilized by hydrogen bonds. °

16. What is the tertiary structure of a protein? ° % . . o

Ans. Tertiary structure is the overall three-dimensional shape of a ide chain. It is maintained by hydrogen

bonds, ionic bonds, disulphide bridges, and hydrophobic integacti
17. How do hydrophilic and hydrophobic amino acids a i
Ans. Hydrophobic amino acids are buried inside the pr
exposed on the surface. This distribution stabilizes th
18. What is the quaternary structure of a protein? Q
Ans. Quaternary structure arises when two or more P
held together by various bonds like hydroge
19. How is a protein's structure related to it:
Ans. The structure, especially the sequence

small changes can render a proteindpeffecti
20. Why is the study of protein struc%w
X

pe of amino acids, determines a protein’s specific function. Even

or harmful. ‘

portant? :

Ans. Understanding protein structur plain how proteins work and how mutations can cause diseases. Itis
essential in fields like genetics, @ve, and biotechnology. ' |

21. On what basis are proteinsicommonly classified?

Ans. Proteins are commonly d based on their structure. This classification divides them into fibrous and
globular proteins. ' ‘
22. What are structura unctional proteins?

Ans. Structural proteirzjL uild and support the structure of cells and tissues. Functional proteins perfor
h as catalysis, defense, and regulation.

biological fu

23. What are ﬁ%' roteins?

Ans. Fibrous pro are elongated, thread-like proteins that mainly serve structural roles in organisms. They hav
primary or secondary structures and are usually insoluble in water.

24. What are globular proteins? ' :

Ans. Glopular proteins are compact, spherical proteins that play various functional roles in the body. They havé
tertiary or quaternary structures and are generally soluble in water and other solutions.

IZ\S. ::ow do fibrc?us and globular proteins differ in solubility? : | ‘ i

ns. '?f Ous proteins are insoluble in water and other common solvents, In contrast, globular proteins are soluble "

salt, acid or base solutions, and in aqueous alcohol | '

26. i i : :
Describe the crystallization Properties of fibrous and globular proteins.

Ans. Fibrous proteins i . !

s are non-crystalline and elastic j ins, hc e
: ei cin : e e
e S & nature. Globular proteins, however, can be cry

d undef |
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what happens to fibrous and globular proteins when enyironmental conditions chaige? .

£ Fibrous proteins do not disorganize easily and maintain their shape under various conditions. Globular proteins,

on the other hand, can be discrganized when exposed to changes in their environment.

Give two examples of fibrous proteins and their roles. .

Keratin is @ fibrous protein found in nails, hair, and skin. Collagen is another fibrous protein that provides

structural support in the matrix of connective tissues.

Give two examples of globular proteins and their functions. o

Enzymes are globular proteins that act as biocatalysts to speed up chemical reactions. Antibodies are also

globular proteins that help defend the body against invading antigens.

30. Whatis the significance of the table comparing fibrous and globular proteins?

Ans. The table clearly outlines the differences in shape, structure, function, solubility, and e ple§ of fibrous and
globular proteins. It helps in understanding the unique roles each type of protein plays ia\bi gical systems.

31. What role do proteins play in plasma membranes? Pei

Ans. Proteins are essential components of plasma membranes, where they control the @ ent of materials in and
out of cells. For example, the sodium-potassium pump in neuron membranes s the flow of Na* and K’
ions, which is vital for nerve function. ' 6

32. How do enzymes function as proteins in living organisms? ‘ \;

Ans. Enzymes are proteins that act as biological catalysts, speeding up meta ctions without being consumed.
~ Different enzymes specialize in different tasks, such as proteases brea down proteins and polymerases
synthesizing polymers like DNA.

33. What is the importance of haemoglobin and myoglobin?
Ans. Haemoglobin and myoglobin are globular proteins resp
dioxide in the body. Haemoglobin carries oxygen in the blo
34. How do fibrinogen and fibrin contribute to blood clo
Ans. Fibrinogen is a protein in the blood that, when acti
networks that trap blood cells and form a clot, prevefitis
35. What is the function of antibodies as pfoteins
Ans. Antibodies are proteins that identify and bind
helps remove harmful pathogens, playing

Ans.

28.
Ans.

29.
Ans.

Xr transporting oxygen and some carbon
ile myoglobin stores oxygen in muscle tissues.

y injury, converts into fibrin. Fibrin forms fibrous
essive blood loss.

ign substances called antigens. This binding neutralizes or
ole in the immune defense system.

.7 LIPIDS

of acylglycerols, phospholipids, terpenes and waxes. OR
ation, chemical composition and functions of lipids.

@E Descﬁbe the properties I
Explain the structure, Im

Ans, Introduction :

Lipids are a loosely define .of non-polar molecules that | An ester is the compound produced as
share a comion characteristic: insoluble in water but soluble in | the result of a chemical reaction of an
organic solvents such as etl@ alcohol. Due to their non-polar | alcohol with an acid and a water
Nature, lipids do not diss if“aqueous environments but are easily .| molecule is release
dissolved in non-polar sc@s.
Classification of lipids :

Lipids are a highly diverse group of molecules and are classified into several major categories, including
acylglycerols (fats and oils), waxes, phospholipids, terpenes, steroids, and prostaglandins.

o A<Ylglycerols (Fats and Oils)

Mposition and Types i :

Acy|glycerols are made up of two subunits: glycerol and fatty acids. The state c. acylglycerols at room
erature determines their classification: those that are liquid at room temperature are caiied oils, whereas those

: 3 o < C “r
. at are solid are called fats. In animals, most acylglycerols are fats, while in plants, most are cils, such as peanut o
O oil, and castor oil. '

tEmp
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Chemical Nature : lycerol). They are synthesizeq
Chemically, acylglycerols are esters formed from fatty a'CldS ande(?'fcr Z:?ltr(,g );Icohol and a hydrogen atom (H)
dehydration synthesis, a reaction where a hydroxyl group (OH)tISr f,:';o:n ester bond.
is removed from the fatty acid, resulting in the formation of wate .
Stru y ides or neutral lipids), where thr
CtT‘Il\reer:::tcgﬂ?::;ofI:rm of acylglycerols is triacylglycerols (a[s - ;a::)e: :-,?ng;)l’: egrl'yCerol backbone. "
fatty acid molecules (which may be the same or different) are estggg‘:l . 4.0
C,H,OH + HOOCCH; —— > A il
acid an ester roup (OH). This forms th
Gl A3 aal:l:c:‘: ::icc::;‘ert:\::lerule with each carbon attached to a hydroxyl group ( e
ycerol: A 3-c - : . .
backbone of the acylglycerol molecule. o boxyl (-COOH) group. These chains usually have an
4 chains ending in a car " y ; : ; ture, bej
gl Ad‘:,s. Lgfn?a?ggrr\zc?ar:;i':\g from 4 to 30. Fatty acids vary in their chain len d §truc e bemg
even number '

straight in animals or branched/ringed if‘ plants.
c
G| R=C—OH| |
o=
o] i
S | R— C—{OH| [ HC
S
£ i
=| R—C-OH .
&3 3 Fatty acids  Clycerol - , w1 Triacylglycerol
Fig. 4.33: Dehydration sy is ofa triacylglycerol

Types of Fatty Acids: : Q ' 5 :
* Saturated Fatty Acids: These contain no d *bonds between If a fatty acid has one double bond it
carbon atoms. All internal carbons are full ed- with hydrogen is called mono-unsaturated and if
atoms, resulting in straight chains and higher Melting points. 1 there are roare thas one double
* Unsaturated Fatty Acids: These contaif,on& or more double bonds bond, it is ¢alled poly-unsaturated
(up to six) which reduce the numb drogen ‘atoms attached.

The double bonds cause bends in'the n and result in lower melting points.

9® |Unsaturated fatty acid

Saturated fatty acid

& Fig. 4.32 Fatty acids

. The solubilib@atty acids in organic solvents and their melting points increase as the length of the carb”
chain increases, : : 3

Energy Storage Role
e nds_ |
Tingiy ﬁ;’é’_gly ferols are efficient energy storage molecules due to the high number of carbon-hydrogen (C-H) b -
Polar nature m

. . : ; i in Organis
axes them insoluble in water, allowing them to be stored in specific locations in orga™
hey cont®

s“;'tttf‘l;ttlz :I:rupting cellglar water balance. Animal fats tend to have more energy than plant oils because t Gt
e atty acids with more C-H bonds, whereas plant oils contain more unsaturated fatty acids and f

Organis S fe w0 }
ganisms convert = -es¢ Glucose inte fats or oils for long-term energy storage.
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waxes .
2 ical CQmPOS‘?“.’n and Properties

waxes are lipids derived from acylglycerols but differ
micaly- They have high melting points and are solid at room
che ature due to .thelr long carbon chains. Waxes consist of
te_r:(‘tfl’"es of long-chain alkanes (usually with an odd number of their combs, where honey is stored. In
i~ toms, 25-35), alcohols other than glycerol, ketones, and 23::?25, wax is| secreted by glands of the

. ' ar cana:

on .
,c:,:;-chain fatty acids.

ical and Biological Roles
oot ares C\r’:leaT;iagz::\n ?nd Stronq|y hydrophobic. They act as protective coverings and water barriers for
lving organisms. only coat fruits and leaves to prevent water loss. Animals such as insects, birds, and
heep also secrete waxes on their skin for protection. - , |

uses of Waxes . ‘
Waxes are usef:l industrially for waterproofing paper and. cards, polishing furniture twear, and vehicles,
making candles, and in colored wax products such as crayons and colored pencils. :

Honeyl?ees produce wa: s and use it to
make six sided (hexagon il) chambers of

oy - ——

Wax on cuticle of leaves  Candles made Wi N
of wax

Fig. 4.34: Some uses@ es

membranes of cells. Chemi
olecule attached to two fatty aci

Waxy polish

Phospholipids

structural Role in Membranes
Phospholipids play a critical structural role in formi

derivatives of phosphatidic acid, which consists of a

acid (phosphate) group. - _ i g ing different
A nitrogenous base such as choline, ethan e, or serine attaches to | oy g

phospholipids such as phosphatidyl cholin in), phosphatidyl ethanolamine, and phosphatidyl serine. For.

example, phosphatidyl choline is a major CC) nt of the lipid blla_yer in plasma membranes.

Molecular Structure | ' -
Phospholipids have a dual nature-, A

s The head is polar and hyd ic, containing the it
¢ The tail is non-polar an hobic, consisting of

%

cally, phospholipids are
ds and one phosphoric

the phosphate

rogénous base and phdsphate group.

two fatty acid chains.
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Hddgﬁﬂ'

Gt W
Glycerol
Phosphatidic acid

Phosphatidyl choline ;
Fig. 4.35: Phosphatidyl choline-a phos@id

3. Terpenes 2 :
@ ene units. An isoprene unit is a brancheg

Terpenes are a very large and
unsaturated hydrocarbon chain with the formula CHz=

Terpenes form many biologically important compounds, i
pigments in the eyes. Vitamin A and natural rubber are als

/é e O i &
N N

' H
Isoprene uni @
g. 4.36: Structure of terpenes
4. Steroids T

Steroids are lipids characterizedby a carbon skeleton bent into four fused rings: three six-membered rings &

one five-membered ring. All sigfoi are this ring structure. -
. ;holesterol is a com oid found in animal cell membranes and serves as a precursor for other steros
including male and femal< rmones.
_ | |
CH,- CH, CH,

< ’ R
XN ' cH cﬁz 4
CHy N

diverse group of lipids compos.ed
C(CH;)_—CH=%
uding pigments like chlorophyll in plants and reting

CH,

Fig. 4.37: Cholesterol: a steroid

The s : : Loy gk
ynthesized anabolic steroids resemble male sex hormone (tesiosterone) and cause general build-up I
roduced anabolic

muscle 2 ;
Steroid: ?:rdt::’;‘:e;:nszntiunfng_ puberty in m.ales. In 1950s some pharmaceutical companies P : r
RS Sty 3 & ) g.engral anaemia. Scme athletes began using anabolic steroids to build-up ! :'n
s e st R 16.'1c_e their pe'rformance. Today, anabolic steroids are banned. Anabolic steroids ¢

- cal a 4 mental probiems e.a., deep depression, liver damaae etc. ;
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smglandins N . B
" gaglandins are a group of lipids derived from modified fatty
pros

taining non-polar tails attached to a five-carbon ring. They are ﬁ?;mi': n;;ypr;:s:zg(;l::ini:\r;g ':::;t?o:
1 coN i [ . '
aC'ds('j in many vertebrate tissues where they act as local chemical pain, and fever
foun ers.
sse:gstaglandins regulate various physiological functions such as
r

h muscle contraction and relax
ng smoot

stimU'a" tory responses to infection.

ation, constricting or dilating biood vessels, and mediating
inflamm?

C C
|

or S
Fig. 4.38: A prostaglandin

.-
gﬂ Describe the role of lipids in life. _ .\(D

Ans. Role of Lipids in Life C ' .

+ Energy Source: Lipids are the most energy-dense nutrients, O

kilocalories of energy, which is more than twice the energy pr
proteins (5.6 kcal/g).

* Membrane Components: Lipids are essential structural

C r@ents of all cellular and subcellular
membranes, maintaining membrane integrity and fluidi
* Vitamin Carriers: They serve as biological carriers for fat-s le vitamins A, D, E, and K, facilitating their

lipid provides approximately 9.5
by carbohydrates (4.1 kcal/g) and

absorption and transport. -
Source of Fatty Acids: Lipids provide essential ids necessary for various metabolic functions,
Mechanical Cushion: Lipids act as cushioni ial to protect vital organs from mechanical injury.
Thermal Insulation: Fat deposits beneath t sulate the body against extreme temperature variations.
Steroid Functions: Steroids, such as chole:t

naintain membrane structure and are precursors to
Important biomolecules like vitamin D, bi ids,

steroid hormones (androgens, estrogens), adrenal
hormones, and corticosteroids. C) : .
* Which of the following best desc ids? 5. Whatis the backbone of a triacylglycerol molecule?
- A Polar molecyles soluble in wat - A. Fatty acid B. Phosphate group
- Non-polar molecules solub Mr _ C. Glyceroly” D. Glucose
| C Non-polar molecules inso kwater\/ _ 6. Saturated fatty acids contain:
B Polar Molecules soluble i S A. One double bond ~ B. Multiple double bonds
B €omponents make up acylglycerols? C. No double bondsv**  D. Triple bonds
A Glycero) and glucose 7. Which fatty acids have a lower melting point?
-Fatty acids and alcohol - g A. Branched fatty acids B. Saturated fatty acids
-Glycerg| ang fatty acids v :

- C. Unsaturated fatty acids v

] Wh. SPhate and glycerol D. Long-chain fatty acids
t

Ay are fats and oils collectively called? 8. Why are acylglycerols good energy-storage
3xes ' B. Triacylglycerols molecules? | b
4 .Acy|9|YCer0ls\/ D. Steroids A. They z;e polar PR :s ?ey contain oxyg
‘ acylg is solid at room | C. They have many C-
“"'an:; . - D. They are acidic e
: i B. Wax 9. What causes the hydrophobic nature of lip
C Faty” 3

D. Phospholipid A. Polar bonds B. lonic groups
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B. Vitamin Ay

B A Cholesterol
C Non-polar structurey”  D. Hydroxyl groups ¢ Lesithin D. Te:;o;terone
10.  Which type of lipid stores more energy? 47. Whatis the structure of a steroid based on?
A Plant oil 7’ B. l\.;l;saturated lipid *AM branchzd ht;z:crli:gs
C. Animal fat D. Wax 8. Four fused €ar
11.  Waxes are mainly used in living organisms for: C. A phosphate group
A Insulation B. Structural support D. A triacylglycerol
C. Energy production D. Protective coalings 18 Cholesterol is a type of: '
" : A, Wax B. Protein
: D. Phospholipid

What is a common use of waxes in daily life?
B. Strengthening bones C. Steroid

12
mbranes R, -ro
Prostaglandins are invo :

': :’Aal'kiln'g P;O‘e".'t‘s ev’ D. Building cell me .
shshing furniureé v . /
13. Whic::h lipigd forms the bilayer of plasn.u. membranes? 1 % b formation. | |
A Waxes B. Phospholipids 8. Muscle contraction and inflammationy”
€. Steroids D. Triacylglycerols C. Membrane synthesj
14. Which partofa phospholipld is. polar? b, Vitamin D prod
A.Both head and tail ¥ 20. How much ener kilocalories) is provideq by
C. Headv” D. Glycerol only gram of lipid i
15. What is the basic building unit of terpenes? & 41kl A
A. Glucose B. Glycerol * Sk kol 0 s
C. Isoprene D. Carboxyl group
16. Which of the following is a terpene? : ® (ias
1. What are lipids and what is their solubility char |c:) '
Ans. Lipids are non-polar organic molecules that ar w _Ie in water but soluble in organic solvert;
lcohol. This insolubility is due to their hydrophobic (non-polar) nature.

such as ether and a
2. What are acylglycerols and how are they classifi

Ans. Acylglycerols are lipids composed of glycerol an

temperature and cils if liquid at room temperaturQ, ’~
3. Whatis the difference between fats and oils s of origin?
e solid at room temperature. In plants, they usually oceur

a\acids. They are classified as fats if solid at rogn

Ans. In animals, most acylglycerols exist as fats
oils, which are liquid at rocm temperattire,

4. Whatis a triacylglycerol (triglyceride

Ans. A triacylglycerol is a lipid in which,th
are also called neutral lipids and s

5. What is the structure and fun glycero! in lipids?
Ans. Glycerol is a three-carbon with each carbon bearin
acylglycerols where fatty acids attach to form fats and oils.

6. What are saturated fa s? /
Ans, Saturated fatty acids no double bonds in their hydrocarbon chains, and all internal carbon atoms

saturated with hyd toms. These fatty acids form straight chains and have a high melting point. -
7. What are unsatutate y acids and how do they differ structurally?
Ans, Unsaturated f ids contain one or more double bonds in the hydrocarbon chain, replacing some hydres®
| atoms. This bends in the chain and results in a lower melting point. |
8. Why are acylglycerols efficient energy-storage molecules?
Ans. A?"Ql)’cerols have a high nurnber of carbon-hydrogen bonds, which store large amounts of energy. Thef
. m‘ar :atur? allows them to be stqred in specific tissues without dissolving in water.
3« r3r!‘al¢;:tm,:nal fats store more energy than plant oils? it

e acidsswi ta;? saturated fatty acids, whi'ch contain more C-H bonds. In contrast, plant oils contain e
5 W ewer C-H bonds, hence slightly less energy. |
AR i a)fes and what is their function in nature? q a0

e © are mixtures of long-chain hydrocarbons fatty acids, alcohols, and ketones, and aré soli ?
Mperature. They act as protective, hydrophobi yarriers 16 bia o '
» hydrophobic barriers in plants and animals.

acid molecules are attached to a single glycerol molecule. Th

nergy storage molecules.

g a hydroxyl group. It forms the backbone ¢
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what are some uses of waxes in dalily life?

' Waxes are used for waterproofing paper, furniture polish, and making candles. Coiored waxes are used in
- crayons and colored pencils.

what is the structure of phospholipids and their role in cells? |
', phospholipids are made from glycerol, two fatty acids, and a phosphate group aitached to a nitrogenous base.
" They are the main components of cell membranes and form lipid bilayers.
13. What is a terpene and what are some examples?

ans. Terpenes are lipids made from isoprene units and are highly diverse in function Examples include chlorophyll,
retinal, vitamin A, and natural rubber.

14. What are steroids and how are they structured?

Ans. Steroids are lipids composed of four fused rings: three six-membered and one five-memifdrgd Cholesterol is a
common steroid and precursor to many hormones.

15. What are prostaglandins and what is their biological role? _
Ans. Prostaglandins are modified fatty acids with a five-carbon ring and non-polar zaH@-/ act as local chemical

4.8 NUCLEIC ACIDS

messengers involved in muscle contraction, blood flow, and inflammation.
\ .

gﬁ What are nucleic acids and what are their main types? : —wtufe and components of
nucleotides..

Ans.

Nucleic Acids and Their Types
Nucleic acids are polymers made up of repeating units
called nucleotides. They are essential biomolecules responsible
for storing and transferring genetic information in all livin

organisms. There are two major types of nucleic acids:
1. Deoxyribonucleic Acid (DNA) - Mostly found in
chromosomes, and also in mitochondria and chidfo

Linus Pauling concluded that DNA s a
substance and the fibre is coiled into a

= In 1951 Erwin Chaigaff provided an
ormative data and it was found that adenine
and thymine are equal in ratic in DNA and sc are
guanine and cytcsine.

sts. -

2. Ribonucleic Acid (RNA) - Located in the.nu ribosomes, | Recalling:
and cytosol, In eukaryotes, small amount (about 2%)
e of Nucleotide h of DNA are aiso present in mitochendria
éur the molecular level structure of n e.) From Chapter | 2"d chloroplasts
Cise

A nucleotide is the basic building bl ucleic acids. It consists of three main components:

1. A nitrogenous base (b'

2. A pentose sugar
3. A phosphoric acid ,
The nitrogenous base ntose sugar together form a
Nicleoside, which then @ with phosphoric acid to form a
Mucleotide ‘ﬁk

'¥pes of Nitrogenous !@ :
Nitrogenous bases in Alicleic acids are divided into two categories:

* Pyrimidines (single-ring structure):
© Cytosine (C): found in both DNA and RNA
o Thymine (T): found only in DNA
© Uracil (U): found only in RNA

* Purines (double-ring structure):
o Adenine (A): found in both DNA and RNA
o Guanine (G): found in both DNA and RNA

In the chromosome of bacterum £
coli each swand of DNA contans
about § million bases aranged in a
Particular linear order 1t has genes,
each consisting of ieveral
hundredbases

Each nitrogenous base attaches to carbon 1 of the pentose sugar to form a nucleoside.
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Pentose sugar

Phosphonicacids )

Nucleic
acid

Fig. 4.39: Components of nucleic aclds

gﬁ How are nucleotides connected to form nucleic acids? Explain the phosphodiester linkage and
polynucleotide chain formation. ' & ’
Ans. Phosphoric Acid and Ester Linkages LN -
A nucleoside becomes a nucleotide when it forms an ester linkage with phosph id. The phosphonc acid is
attached to the carbon 5 (C-5) of the pentose sugar. The backbone of nucleic acids@ade of repeating sugar and
nhosphate units.

NH
|

N (0]
Uracil

2
Cytosine nucleotide

¢
o

4

Thymine nucleotide
NH

2
A
N

Adenine

Uracil nucleotide

3 2
Adenine nucleotide

Guanine nucleotide
Fig. 4.41: Nucleotides of RNA and DNA
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tion of Phosphodiester Bond
fo e phosphonc ?ad in one nucleotide not only forms an ester bond with C-5 of its own sugar but also forms
other ester bond with C-3 of the sugar of another nucleotide. This dual linkage is known as a phosphodiester
bond. which connects successive nucleotides and builds the polynucleotide chain.
ucleotide Chains
Nucleotides in DNA are called deoxyribonucleotides, while those in RNA are called ribonucleotides. They are
named pased on the nitrogenous base they carry. In a polynucleotide chain, the 5' phosphate end and 3° hydroxyl
end are always free. :
. RNAis composed of a single polynucleotide chain.
DNA is composed of two polynucleotide chains that form a double helix.

SRS

N
OSO
1 <’

Phosphodiester
o
O
e
Nz Zz
w 25 I
/)
/

’[ lg 17. What_are the roles of special nucleotides &A and NAD in the cell?

| Ans. ATP - The Energy Currency z{
Adenosine Triphosphate (ATP) is a nucleotide ing of adenine, ribose sugar, and three phosphate groups.

ATP serves as the ener
gy currency of the cell. Ene eleased when ATP successively loses its phosphate groups
| and converts to ADP (adenosine diphosphate) P (adenosine monophosphate). it e
NAD - A Coenzyme
Nicotinamide Adenine Dinucleotide is a co-enzyme that functions as a hydrogen acceptor during

OXidati : :
Xidation-reduction reactions within the cel

Nicotinamide
Adenine e e
P —

- R q"‘fu |
HO-£=Q P=0—p-0 # N,/I Rlbose[ "
Ribose o-z

OH OH
Phosphate groups HOH Ao [ /Adenine
Adenosine Nicotinamide Adenine
Triphosphate Dinucleotide

Fig. 4.43: ATP and NAD

5

18. Explain the double helical structure o
% |

f DNA as proposed by Watson and Crick

Describe the structure of DNA according to Watson and Crick’s model. How is DNA organized in

different organisms?
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Ans. Discovery and Structure
d Francis Crick in 1953, baseq
The double helix structure of DNA was first proposed by Jamez":’:“;:‘inznm'es discovered by Chargaff, g
the data from Rosalind Franklin and Maurice Wilkins, as well as the base p "
Key Features of DNA Structure

* DNAis composed of two polynucleotide chains. ing a twisted ladder.
e  The two stra‘;ds twist arou't:d Zach other to form a double helix, resembling

ides of the ladder.
* The sugar-phosphate backbone forms the si -y
*  The rungs of the ladder are formed by pairs of nitrogenous o
Base Pairing ' g '
* A purine always pairs with a pyrimidine. . n bonds.
i ine (T) via two hydroge
@ . Atbeoine TAl prics vl TS (C) via three hydrogen bonds.

ine (G) pairs with Cytosine (€)' 4 Tl g & ir5to3'
e The ?wo‘sitl:::é:eaie )ar‘:ti-parallel, meaning they run in opposite directions "&’f il

orientation.

| 1 (a) (b ¥ ‘ SETELR
Fig. 4.44: (a) Wats6Tand Crick model of DNA, (b) The detailed structure of DNA
Location of DNA i & ‘ .
* Ineukaryotes, DNA is |0gated in the nucleus (mainly in chromosomes).
¢ In prokaryotes, whi a defined nucleus, DNA is found in the cytoplasm.
 Inviruses, DNA i t as a core molecule encased in a protein coat. :
19. What Qological significance of DNA? How dbes DNA control cellular activities?

blueprint or “pr * that directs all cellular activities.
Genes and Proteiff Synthesis
e Agene is a specific sequence of nucleotides in DNA that codes for a polypeptide (protein).

* When a gene is turned “ON”, its nucleotide sequence is first transcribed into RNA.
* This RNA is then translated into a specific protein,
[ ]

Through this process, DNA indirectly regulates the structure, function, and behavior of a cell.

; : o , : o, i t
Ans. DNA is thE tary material in almost all living organisms (except some viruses). It carries the gene

@E Explain the general structure of RNA and differentiate between the three types i

OR  What is RNA? Describe its types and their functions d
_ ' Nhat is F ’ . ; res. -
: i R’-\IA.(R'bon"de',c Acid) is a nucleic acid composed of ribonucleotides. It is synthesized during thel: M’"d
ranscription, where it is formed as a complementary copy of one strand of DNA. There are three ma
RNA, each with a specific role in protein synthesis,

n
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engel' RNA (mRNA)
Consists of a single strand of ribonucleotides.
s s sequence is complementary to one DNA strand

it constitutes 3--4% of total cellular RNA. '

= f::;t:):( tCRa’:Ir;f)s the genetic information from DNA to ribosomes for protein synthesis.

", . Hasa cloverleaf-like helical structure.
Makes up 10-15% of the cell's RNA.
function: Transports amino acids to the ribosome and alig
synthesis. )

somal RNA (rRNA)

synthesized in the nucleolus from DNA.

Joins with proteins to form ribosomes.

Constitutes about 80% of the total RNA in the cell.

Function: Acts as a structural and functional component 0

Mess

ns them in the correct order during protein

3. Ribo

f ribosomes, facilitatingyth synthesis of proteins.

Sugar-Phosphate bacbone

Fig. 4 .45: A model of ucture .

of molecular bi @ Explain transcription and translation.
plains how DNA

24. Whatis the central dogma
tion within a biological system. It ex

a describes the flow of geneti
tute and function of a cell.

Ans. The central dogm
directs the synthesis of proteins, which determine th

Steps of Central Dogma _ ‘
1. Transcription: @
o The process by which a segm NA is used to produce an RNA copy.

s

o Occurs in the nucleus ine y
ng the instructions encoded in DNA.

o RNAactsasa messeng
2. Translation: - |
o The RNA messagé i ed to assemble a specific sequence of amino acids, forming a protein.

asm, usually on ribosomes. ' .

o Takes placeint
o3 000t
\ - Transcription l

0.) (DNA -> RNA)
M ANA

Translation
(RNA -> protein)

protein

¢ i et 0 Central dogma
. Fig. 4.4 6: Flow she f trols the Pmp.rtlos and activities of the cell,

‘ i |ation, DNA con
T of transcription and trans '
g gt tionality of organisms.

Utimately defining the phenotyPe and func
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mas( —
1 of
e - o o 11.  Who proposed the double helix model of DNA?

; ind Franklin  B. Chargaff
' i B. Fatty acids A. Rosalin :
2' QT;?&?&ES: v D. MOZ\osaccharides C. Watson and Crickv” 2 A;/ery a::’t:'ﬁCCarty
2 V\.lhich sugar is found in DNA? 12 How many hydrogen bonds form ¢en adenine
: ' d thymine?
A. Glucose B. Ribose ' ;nOney B. Twov”
C. Fructose D. Deoxyribosev” Cj Three D. Four
3. Wh;;h ni.trogenous base is ;r(e:;e‘g: ic:;ly in RNA? 13.  Which RNA type is most abun:::: in the cell?
A. Thymine . B.t
C. Uracily” D. Adenine lc\' :Rz'x/ , D.sARNA
4.  Which of the following is aBP\;:n; !i)naese? 14, What holds the two DNA d tog ether?
‘é' S{;‘Z;me b G:anine v A. lonic bonds: Péptide bonds
5 Inl which organelles is DNA found apart from the C. Hydrogen bonds - Covalent bonds
) nucleus? 15. What percentage the cell is tRNA?
A. Lysosomes and ribosomes A 3-!2% B. 10-15% v~
B. Mitochondria and chloroplasts v’ C.50% & D. 80%
C. Endoplasmic reticulum and Golgi bodies 16. What kind is present in RNI.\?
D. Ribosomes and nucleolus : ' A Glucb& B. Deoxyribose
6. What is the function of mRNA? C.Rib D. Maltose
A. Transport amino acids . 7. at ne?
B. Synthesize ribosomes \)somd structure
C. Carry genetic information from DNAv” quence of amino acids
D. Store lipids : . A DNA segment that codes for a polypeptidey”
7. What type of bond connects nucleotides together? - | : An RNA fragment
é‘- sfe\g;f:oz(i):sc:er e ; Glycosidic bond \hoatDehl:zmé is involved in the synthesis of RNA
. : rom
D. Hydrogen bond - A. DNA polymerase
8. What s the structure of tRNA most similar to? B. RNA polymerase v
: . y
A. Spiral B. Rod @ ; C. Ligase
C. Clover leafy” D. Ladder b D. Helicase
9. :Vhsrt\l i: ATP :rimarily used for in cells? _’ 19.  Where is rRNA synthesized?
. synthesis B. Structura rt " A Cytoplas i
C. Energy supplyv” D.Protejffdigestion = | - ¢ G)étlg?bo:':es BD T\;E(cjlsgl‘i‘fﬁ
10. Wh . ' . k
A ;::; t-':ep::,:;:' iog;':. _°f m iology? 20. Whllch t:lf ;he following is NOT a component of a
: nucleotide
B. RNA = —_ i -
Z. Ok = gm > '; : 2:2'_“ - A. Phosphate group B. Nitrogen base
. i o fod o 18 : : - C Fatty acidv” D. Pentose sugar

- DNA is primaril

- RNA is found i

) :rji; ar: I:rtge biomPIecuIes t.ha_t are made up of repeating units called nucleotides. They
g and transmitting genetic information in all living organisms.

Where is DNA mainly foun

y found in the chromos
organelles like mitochon
located in cell?

n seve

also present in
Where is RNA

re
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Ans.

Ans.

Ans.

Ans.

Ans.

10.

Ans.

1.

Ans.

12,

Ans.

13.

Ans.

14,

Ans,

15.

Ans,

16.

Qns.

19,

Ans,

20,

Ans,

_nucleotide units of DNA, which contain deoxyribose sugo

+ Which base pairs are m
- Adenine pairs with&'c

What are the components of a nucleotide?

A nucleotide consists of three components: a nitrogenous base, a pentose sugar (either ribose or deoxyribose),
and a phosphate group. These components join together to form the basic unit of nucleic acids.
What is the difference between a nucleotide and a nucleoside? )

A nucleoside is made up of a nitro
nucleoside, it becomes a nucleotide.
What are pyrimidine bases?
pyrimidine bases are nitrogenous bases that
cytosine, thymine (in DNA), and uracil (in RNA).
Which pyrimidine bases are found in DNA 2+ 1 RNA?

Cytosine is found in both DNA and RNA. Thymine is found only in DNA, while uracil is f only in RNA.
What are purine bases?

Purine bases are double-ring nitrogenous bases found in nucleic acids. The two 6 , adenine and guanine,

gen base and a pentose sugar. When a phosphate group is added to a

contain a single ring structure. The main pyrimidine bases are

are present in both DNA and RNA. ‘

What type of bond connects phosphoric acid to the pentose sugar? < ?
t

An ester linkage connects the phosphate group to the C-5 carbon of tw sugar. This bond is crucial for

the formation of the nucleotide structure.
What is a phosphodiester bond? °

A phosphodiester bond is formed when a phosphate group |inki’t) arbon of one sugar to the C-3 carbon

of another sugar. This bond helps join nucleotides into long chain§ in fucleic acids.

What are ribonucleotides and deoxyribonucleotides?
Ribonucleotides are the nucleotide units of RNA, which

ribose sugar. Deoxyribonucleotides are the

What is ATP and its function? r T
ATP (Adenosine Triphosphate) is a nucleotide thaAas the main energy currency of the cell. It provides
energy by losing phosphate groups and converting to\ADP or AMP.

What is NAD and its role? '
NAD (Nicotinamide Adenine Dinucleotide) i
hydrogen acceptor, helping in energy me
What is the structural model of DNA
Watson and Crick proposed that
strands are held together by base
What holds the two strands
The two strands of DNA are
These bonds provide the '

@. zyme involved in redox reactions in the cell. It functions as a

ed by Watson and Cﬁck?

sists of two polynucleotide strands arranged in a double helix. The
rming a ladder-like structure,

ogether?

ogether by hydrogen bonds between complementary nitrogenous bases.
needed for the double helix structure. . ’

DNA and how many hydregen bonds do they form?

through two hydrogen bonds, while guanine pairs with cytosine through three
ific pairing ensures accurate DNA rep|ication. -

hydrogen bonds. This
What is a gene?

- Agene is a specific sequence of DNA nucleotides that contains the instructions for making a particular protein. It

Plays a key role in determining the traits and functions of an organism.

Nam es of RNA. . - a
oy t:rtel:: t;:;:::otfy:NA are messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA). Each type

Plays a distinct role in the process of protein synthesis.

w | dogma of molecular biology? . _— .
Th:actc::t::ledc:gnr:\r: descgribes the flow of genetic information from DNA to RNA to protein. It |nvo§ves two main

. ions,
steps: transcription and translation, which together control cellular function
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4.9 CONJUGATED MOLECULES ——

gz—_{-_ Define conjugated molecules and describe the roles of common conjugated molecules

ecules with examples,

OR What are conjugated molecules? Describe the different types of conjugated mol
Ans. Introduction to Conjugated Molecules

Conjugated molecules are complex biomolecules that are forme
types of molecules, each belonging to different chemical categories.
unique structures and functions that are essential for the structure
molecules often serve important roles in cell membranes, gene regulation, : s ; ;
Some of the most significant types of conjugated rnolecules include glycoproteins, glycolipids, lipoproteins, and

nucleoproteins.

d by the combination of two or more differen

These conjugaticns result in compounds wity,
and function of biological systems. Thega
transport, and structural stability.

1 Glycoproteins ‘
Structure: . : .
Glycoproteins are formed by a covalent linkage between a protein anc rbohydrate polymer. The
carbohydrate chains are often attached to the amino acid side chains of the protein @ gh glycosidic bonds.

QOccurrence and Functions: . - '
Glycoproteins are widely distributed in nature and play diverse roles i

iologteal systems. They are found:
i ! o .
As integral structural components of cell membranes @ ,
. .\,

L]
e Inblood serum

« As cellular secretions

« In various body tissues such as cartilage, eyes, and skin

These molecules contribute to cellular recognition, signal i}gune responses, and structural integrity.
2.  Glycolipids ’
Structure: : - ; Q »

Glycolipids are formed by the covalent linkage be ipid and a carbohydrate. The carbohydrate portion is
usually a short chain of sugars, and the lipid compone anchor the molecule in the cell membrane.

Occurrence and Functions: - # _
Glycolipids are essential structural components,of tell membranes. They play crucial roles in:
e Maintaining the stability of the cell me 3 '
e Facilitating cell-cell interactions b
¢ Acting as receptors for certain toxinsiwisuses, and hormones .
3. Lipoproteins -

Structure: : . ;
Lipoproteins are biomolecu lexes formed by hydrophobic interactions (rather than covalent or ionc
bonds) between lipids and protei ese interactions allow the formation of spherical structures that can transpot

lipids through the aqueous e (@ ent of the bloodstream. ‘
Occurrence and Eunction% ' ' ' \ _
. Lipoproteins serv asic structural framework of all types of plasma membranes. They are part
important in the tran lipids in the blaod. One common form of lipoprotein involved in lipid transport i -
low-density lipoproteins (VLDLs). These molecules are essential for distributing triglycerides and choleste
throughout the body. : '
4. Nucleoproteins
Structure:

Nucleoprotejns are conjugated molecules formed by ionic bonds between chromosomal DNA 2
One of the most important examples of nucleoproteins is the association of DNA with histone protein
structure called the nucleosome.

Functions:
Nucleoproteins have two major roles in eukaryotic cells:

¢ Stabilizing the chromosomal structure: The interaction between DNA and histones compact
molecules so they can fit inside the cell nucleus. '

rticularly

nd prote™
forming ?

A
s the lond N
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Regulating gene expression:,The pgsitioning and modification of histone lay a critical role in turning
genes ON or off, making nucleoproteins essential in gene regulation mechanis

mQs(y

sms.

monjugated molecules composed of?
1 p) Similar molecules only _
g) Molecules from the same category
() Two or more molecules from different categoriesy”-
p) Only proteins and carbohydrates
g Glycoproteins are formed by the linkage of whitc’ two
" components?
A) Protein and lipid
B) Carbohydrate and lipid
() Protein and carbohydrate v/
D) Lipid and nucleic acid
3. Where are glycoproteins commonly found?
A} Only in the skin
B) In bones and teeth
C) In membranes, blood serum, and secretionsy”
D) Only in the digestive system '
4. Glycolipids are a combination of:
A) Lipids and nucleic acids
~ B) Proteins and carbohydrates
C) Lipids and carbohydratesy”
D) Proteins and lipid

5. What type of bond forms glycolipids?

A) lonic bond’ B) Hydrogen bond
() Covalent bondy” D) Peptide bond
6. Lipoproteins are formed through:
A) Covalent bonds B) lonic bonds
C) Peptide bonds

D) Hydrophobic interactions v

11.

12.

13.

14.

15.

" A) Enzymes

A) Lipids and DNA B) Proteins and RNA
C) Chromosomal DNA and proteinsy”

D) Carbohydrates and RNA

What type of bond forms nucleoproteins?

A) Covalent bond - B) Peptide bond

Q) lonic bondv” D) Hydrogen bond
Histone proteins bind with DNA

rm:

A) Liposomes B) E es

C) Nucleosomesy” D) Glycoptoteins

What is the role istone proteins in
nucleoproteins?

A) Energy production Digestion

C) DNA stabilizatiw gene regulationv”

D) Transport of e

Where are glyc commonly located?

A) Inside th us B) In the cell membraney”
Q) In the mitocHondria D) In the Golgi apparatus

Gl ins serve which of the following functions?

A) Ctural B) Only enzymatic
ral and signalingy”
y storage , ‘
hat kind of interaction holds lipoproteins together?
Peptide bonds B) Hydrogen bonds
C) Hydrophobic interactions v '
D) Glycosidic bonds

Lipoproteins are the structural framework of:

B) Plasma membranesy”
C) Ribosomes

_ D) Chromosomes
Which of the following is NOT a %ated 18. Which conjugated molecule is involved in gene
molecule? . expression regulation? ]
A) Glycoprotein B) Lipidv” 0 ' ~ A) Glycolipid )} -Lipoprotem'
Q Glycolipid D) Lipoprdfteiny, : C) Nucleoproteiny” D) Glycoprotein
Lipoproteins play an important 19. - What are nucleosomes?
A) Rlood clotting - A) Protein-carbohydrate complexes
B) TranSponing lipids in blood B) Lipid tr.ansport vesicles
C) Making enzymes sting carbohydrates C) DNA-histone structures\/I '
% (VLD re involved in D) Carbohydrate storage molecules
:I::s s .del-tsity Iipop@l e 20. Which conjugated molecule is most directly related
A) Gl: o B) Water ' to immune recognition and cellular communication?
cose ; R
0 Triglycerides v D) DNA : A) Glycoprotein v g)) l;;;dA
NA - v
_Nudeoproteins are made by the combination of: OR

1. What are conjugated molecules?

Structural and functional roles in living organisms.
' What are glycoproteins composed of?

: ; inkage b
« Glyc s composed of a covalent .Im ] \ Rk
Ca{b:a;?itre;:‘esisazzu‘ally :ttached to specific amino acid residues bt

etween a protein and a carbohydrate polymer. The

in through glycosidic bonds.
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Ans,

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

10.

Ans.

11.
Ans.

12.
Ans.

13.
Ans.

14
Ans.

_ functions. In contra@ e molecules consist of only one type of biomolecule and usually have m

15.
Ans.

Where are glycoproteins commonly Tounua ms we- —— siaws. Thoy un dion
G|Y§°Pf0telns are commonly found in cell membranes, blood serum, and secre ; y present
cartilage, eyes, and skin, playing structural and communicative roles.

What are some functions of glycoproteins? " tural stabilit i
Glycoproteins assist in cellular recognition and signaling. They also contribute to SAFUERIFa) SLaRIIEY and ifwriny
system functioning.

What is a glycolipid? ' . S b
A glycolipid is a conjugated molecule formed by the covalent bonding of a lipid and a carbohydrate. Theg,

molecules are typically found in the outer layer of cell membranes.

What is the role of glycolipids in the cell membrane?
Glycolipids help maintain membrane stability and facilitate ce
specific molecules, including toxins and hormones.

How are lipoproteins formed? e
Lipoproteins are formed through hydrophobic interactions between lipids a

ionic bonds. This allows them to transport hydrophobic lipid molecules in @-
What is the function of lipoproteins in the human body? ga

Lipoproteins play a major role in transporting lipids such as cholew.
also a fundamental part of plasma membrane structure.

What are very low-density lipoproteins (VLDLs)? S I . :
VLDLs are a type of lipoprotein that transport lipids in t@od. They are especially involved in moving

triglycerides from the liver to other tissues. \

What are nucleoproteins made of?
Nucleoproteins are formed by ionic bonds between somal DNA and proteins, especially histones. This

structure helps in organizing and stabilizing DNA w'@he cell nucleus.

What is the function of nucleoproteins in eu cells? ' ',
In eukaryotic cells, nucleoproteins help stabj chromosomal structure. They also play a critical role in

regulating gene expression.

How do histone proteins contribute t oproteins? .
Histone proteins bind to DNA and forg %osomes, which compact the DNA. This compaction is necessary for

fitting the DNA into the nucleus and @ agulating access to genetic information.

Why are conjugated moleculesw ant in biology?
Conjugated molecules are im t because they perform complex and essential functions in biologicd

systems. They contribute to st re, transport, signaling, and gene regulation.
How do conjugated mol@ differ from simple molecules? ,

Conjugated molecule sist of different types of biomolecules' linked together, providing s

Il recognition. They also act as receptors for

preteins, not through covalent o
s environments like blood,

triglycerides in the blood. They are

pecialize_d
ore basi¢

roles.

What is the si ﬁh\ce of combining different molecular categories in conjugated molecules?
The comblnatl f different molecular categories allows conjugated molecules to carry out mu
roles. This structural diversity enables cells to perform complex processes efficiently.

itifunctiond
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SOLVED EXERCISE
MULTIPLE CHOICE QUESTIONS 1

l /) the correct answer,
fic

ich domain of life is characterized by organisms that i
wmmembranes with ether-linked lipids? v at often inhabit extreme environments and have

cell mET
(a) Bactena (b) Archaea v
() Eukarya - (d) Protista
X which cl?ara‘ctenstlc of water molecules is responsible for most of the unique properties of water?
2) Small in size (b) Held 1ogether by covalent bonds
) Can easily separate from one another (d) Stick together v/
; To which group of lipids do the human sex hormones belong?
- (a) Steroid v , (b) Waxes O
() Prostaglandins ' (d) Phospholipids
. Which of the following is NOT a protein? Q
(2) Heemoglobin (b) Cholesterol v o
(c) Pepsin - (d) Antibody (b
' ;. Which one is the largest carbohydrate? , _ °\
(2) Cellulose v* (b) Ribose O
(c) Glyceraldehyde (d) Glucose ‘ \
;. What compound would be manufactured with difficulty when(s s a shortage of phosphorous?
(a) DNA v~ ' (b) Fatty acids
{c) Proteins (d) Cellulose O
1. Acompound whose chemical composition is most cloﬁlated to maltose is:
(a) Starch v ' (b) Prot:
(c) ATP . (dR
¢ Which group is found in all fatty acids? |
(8) POy .
(QC-N ‘ OH v/
% Haemoglobin has: (b'
(&) Primary structure : O (b) Secondary structure
. (© Tertiary structure (d) Quaternary structure v/
- Which s? '
(a) Dige':::,?s S pepﬂ (b) Dehydration s'yntt.\esis v
() HyGroiysis ' Q) (d) Enzyme deactivation
é?\' [CSHORT ANSWER QUESTIONS _}
1,
: D;;::Ty:"::‘: c?rfeg‘c’arr::a:ti:n':vt:\:?: .a molecule is broken down into smaller 'qnss‘ 'b; ,t::jcdmn of water. R
: : in proteins or glycosidic bonds in carbot,di
Pically breaks bonds such as peptide bonds in p Glucose Glus 038
Maltose L &\
| Busasray i (\_ _ ,-“\L
| / m n - OH
| O\o OH -
~ OH / I

is)
Fig ?tnerrcaking of mccromol«ulu (Hydrolys
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y ing structure of glucose and fructose. . ' ) ‘
Mo, Biretnsc st 5 a siy '9 bered ring called a pyranose ring, while fruct(.)se f orms a nve-meiiuereqg fing
i by ] g o . table and commonly found in biological systems,
called a furanose ring. These cyclic forms are more s GCHZOH =

Fructose Glucose
3. Define isomers and stereoisomers. . '
Ans. Isomers are molecules with the same molecular formula but dlfferent- struFturaI prEan mEI:ltS. Stereoisomers -
. a type of isomer where atoms are connected in the same order but differ in spatial Orientation.
4.  Draw the sketch of amino acid. ’ .
Ans. An amino acid consists of a central carbon atom bonded to an amino ﬁ Hz), a carboxyl group Coon,

a hydrogen atom, and a veriable side chain (R group) that defines Q ino acid's unique properties’
@ . .
v (b

c)

¥
i

’ ' ) o Fig. 4.23: Stru of an amino acid

5. Outline the synthesis of peptide linkages. : ‘ ' '
Ans. Peptide linkages forrn when the amino of one amino acid reacts with' the carboxyl group of another
. releasing a water moiecule in a dehyd@ synthesis reaction. This bond, called a peptide bond, links amino

acids into polypepticle chains. :
6. Draw the skeich of acylglycerol, %holipid and terpene. . | g
” ;

Ans. Acylglycerols consist of glycern to one or more fatty acids. Phospholipids have a glycerol backbone
two fatty acids, and.a phos roup. Terpenes are built from isoprene units and form a large’ class o

hydrocarbons.
s : o ;
f } . . “ (it I i TR o
TR R~ CE— O =SkCi
' SR ST
%g O | ESEEE 31,0

21 R- C-OH|[HO-CH, | =

5 Yo — 2 Ester 3 =F

3 Fatty acids  Clycero| bond ——/Triacylglycero

Fig. 1: Dehydration synthesis of a triacylglycerol
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Fatty acid Phosphate Nitrogenous base (Cholin :)

.................. m

Hydrophilic ; %  Hydrophobic
_head ‘ tail

;
hA2. ¢ : o -

| L Glycerol Fatty acids oy 0
‘ Phosphatidic acid

Phosphatidyl choline
Fig. 2: Phosphatidyl choline - a phospholipid \2 *

Glycerol

o

o

o' o
------
.....
o o,
o' 0
0 3
o .,
-------

",

CH, _ | N
: é CH st‘ 'C?“ i
. s Z\‘ H lH2
LY+ AN
H-.

6., - CH, CH, CH,

Isoprene units : .
_ Fig. 3: Structu terpenes
1. Differentiate between nucleoside and nucleégza '

Ans. A nucleoside is composed of a nitrogenous b ched to a pentose sugar. A nuc'eotide is a nucleoside with
one or more phosphate groups attached to @ hgar. '
8. lllustrate the formation of phosphbdl‘h nd.
Ans. A phosphodiester bond forms when phate group of one nucleotide links the 3' carbon of one sugar to
the 5' carbon of another sugar in c}xt nucleotide. This bond creates the sugar-phosphate backbone of

nucleic acid chains. ‘
~ NH,

Phosphodiester

Fig. A dinucleotide
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9.
S ::‘ate the central dogma of gene expression.
) traiscceptrél dogma eXplains the flow of genetic information in a €
ription, where DNA is copied into RNA, and translation, where

Transcription
(DNA -> RNA)

, gm RNA
Translation
(RNA -> Protein) .

OOOOO0O Proten

Fig. Flow si:eet_' of Central dogma

LONG QUESTIONS ' O ;
Q1. Distinguish carhohydrates, proteins, lipids and nucleic acids\a the four fundamental biological

molecules. . .
Ans. . . . @

1. Carbohydrates
e  Elements: Carbon (C), Hydroge xygen (O) O
) Monomers: Monosaccharides (e.g., glucose; fructo \

e Functiorn:
o .Primary scurce of energy (glucose)
@nsects (chitin)

BlomoleculQ

ell from DNA to RNA to protein. It inygy,
RNA directs protein synthesis. &

o Structural components in plants (cellulose
e« Examples: : :
o Glucose, starch, glycogen, cellulose

2. Proteins . \
« Elements: Carbon (C), Hydrogen (H), O (0), Nitrogen (N), sometimes Sulfur (S)

e Monomers: Amino acids (20 differéqt :
¢ Function: : L
en)

o Structurai support (keratj
o Enzymes (catalyze bio | reactions)
o Transport (hemoglobin), gefense (antibodies), and communication (hormones) '

o Examples: @
o Enzymes, insuli oglobin, antibodies

3. Lipids
 Elements: Carbon rogen (H), Oxygen (O) (less oxygen than carbohydrates)

« Monomers: N3€{riepolymers, but composed of glycerol and fatty acids

¢ Function: %
o Long- energy storage

o Insulation ard protection
o Struciural components of cell membranes (phospholipids)
e Examples:
o Fats, oils, waxes, phospholipids, steroids (e.g., ch
4. Nucleic Acids ’ s I S -
: :'I;r::nmt:; s;a;".:'o'r:: (ff)d Hydrogen (H), Oxygen (O), Nitrogen (N), Phosphorus (P)
; GIeo 3 i
B a5 ides (cqmposed of a sugar, phosphate group, and nitrogenous base)
o Spre and transmit genetic information
o Direct protein synthesis
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o DNA (deoxyribonucleic acid), RNA (ribonucleic acid)
»arison of carbohydrates, proteins, lipids and nucleic acids
[ S

'/Mol’K“TE Monomer jL T

H

Key Functions |L Examples \
@ Monosaccharides :NQ"O\‘ Quick energy, structure |

_H—Glucose, starch

W/zei/ns/_}iAmi”o acids jlc H O, N, (S)|1Enzymes, structure, transport, defenseJEnwmeS, antibodies |
@__Jlmycerol & fatty acids|[C, H, O |
L sl

~cieic Acids |Nucleotides ICH O NP |

a2, Describe and draw sketches of deh
Ans. See long Question 3 section 4.3,

3. Explain how the properties of water make it the medium of life.
Ans. See long question 4 and table 4.2.

Q4. Distinguish the properties and roles of monosaccharides and classify them. < : ’ :

Energy storage, membranes, insulation!ﬁe?s, 2iis, phcspholipidsl
Genetic info storage, protein synthesis lIDNA, RNA l
ydration synthesis reactions.

Ans. See long Question 5 secticn 4.5.
Q5. Compare the structural isomers and ster

eoisomers of glucose. \0
Ans. See long Question 5 section 4.5. o (b

Q6. Distinguish the i:roperties,and roles of disaccharides.
Ans. See long Question 6 section 4.5,

Q7. Define proteins and amino acids and outline the synthesis ge of peptide linkages.

Ans. See long Question 8 section 4.6,

Q8. Justify the significance of the sequence of amind acids t
Ans. Hemoglobin: '

The sequence of amino acids in a protein is critical because iﬁ
e

the example of sickle coll haemoglobin.

ines the protein’s three-dimensional

structure, and thus its function. Even asingle change in thj nce can drastically alter the protein’s shape and

impair its function. )
Bample: Sickle Cell Hemoglobin ,
Insickle cell anemia, there is a mutation in the gene

* Innormal hemoglobin (HbA), the 6th a i
acid).
* Insickle cell hemoglobin (HbS), due% 1

es for the B-globin chain of hemoglobin, Specifically:
in the B-chain is glutamic acid (a polar, hydrophilic amino

e point mutation in the DNA, valine (a non-polar;

hydrophobic amino acid) replaces acid at this position. '

Consequences of the Substitution:
* This small change in amino aci

ce causes hemoglobin melecules to stick together under low oxygen
conditions. ™ : 5 a0 '
* Asaresult, red blood cells arigid, sickle-like shape. :
* These sickled cells are | @, get stuck in blood vessels, and have a shorter lifespan, leading to
Symptoms like pain, an ; organ damage. ‘ ‘
Valine Leucine-whrmniﬂProl|;Hg:1dtan}|c‘H§% lamic rorsmd L ETR
X Wl ; : ; Mormal
Amino acid sequence in normal Haemoglobin red blood ceil
.1 1 : lutaimi
Valine HHistidine Leucine HThreonineH Proline ValnneEda“'f RTEap
Amino acid sequence in sickle ce!l Haemoglobin Sickie shaped

Fig.: Difference in amino acid sequence in normal and sickle cell huemoglobin

Q. Dﬂtnbe the properﬁes and roles of acylglycerols, phospholipids, terpenes and waxes.
Ans. See section 4.7 Long Q13.
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Q10. Describe the molecular level structure of nucleotide.

Ans, See long Q.15 Section 4.8, Crick
Q11. Explain the double helical structure of DNA as proposed by Watson and Crick.

Ans. See long Q.18 Section 4.8. NA
Q12. Explain the general structure of RNA and differentiate between the three types of RNA.

Ans. See long Q.20 Section 4.8. _ R —
Q13. Define conjugated molecules and describe the roles of common conjugz” - molecules.

Ans. See long Q22 section 4.9 . 7
INQUISITIVE QUESTIONS I
olyp@ chain? Provide a specif

What happens if even one amino acid is substituted for another ina p

1.

example. i _ _—— @ : _
Ans. Even a single amino acid substitution in a polypeptide chain can significantly“afféct the structure and function
a protein. This is because the sequence of amino acids determines how .the otein folds into its fgnct.uonal thres.
dimensional shape. A change in one amino acid may disrupt this fold ding to a malfunctioning or non.

functional protein. _ \
l : . . - 3 -
o g)gle amino acid substitution in the B-globin

A classic example is sickle cell anemia, a genetic disorder caus i e
chain of hemoglobin. In this condition, the amino acid glutam iSrreplaced by va!ine ?t _the sixth position of the
B-globin chain. This substitution causes hemoglobin molecules to\stick together, forming rigid fibers that distort reg

blood cells into a sickle shape. These misshapen cells can bloﬂod flow and lead to serious health problems,
late to its function?

2. How does the three-dimensional structure of a pr

Ans. The three-dimensional (3D) structure of a protei %:wn as its tertiary structure, is critical to its functiop
This structure determines how the protein interacts with other'molecules. The shape of a protein creates active sites
binding pockets, or structural frameworks necess its specific role in the cell.

For'example, enzymes rely on their 3D structureftof an active site where specific substrates bind and undergo 3
chemical reaction. If the protein loses its prop pe (a process called denaturation, which can occur due to heat
i properly because the substrate can no longer bind effectively.
nformation, and how is this information translated into proteins?
ade genetic information in the form of a specific sequence of for
» cytosine (C), and guanine (G). Each group of three bases (called s

3. How do nucleic acids encode gene

Ans. Nucleic acids, particularly DN

nitrogenous bases: adenine (A), th

codon) specifies a particular amino

The process of converting geneties

~ 1/ Transcription: The D
2. Translation: The

ation into proteins involves two main steps: ,

ence of a gene is copied into messenger RNA (mRNA) in the nucleus.

_ _ vels to the ribosome, where it is read in codons. Each codon directs t
incorporation of&% ific amino acid into a growing polypeptide chain, using transfer RNA (tRNA
~« molecules that% e correct amino acids. - \ '

This entire process, known’as the central dogma of molecular biology, ensures that the genetic code in DNA'S
accurately translated into functional proteins. ‘

|
|
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Self-Assessment Unit 4

yax. Marks: 23 . . Time allowed 60 Mins
g1 Each of the fyllowu.ng Question has f‘_’“" options. Select the correct answer. (10x1=10)
. Which domain of life includes organisms that thrive in extreme environments and possess ether-linked
" jipids in their membranes? 7
(2) Bacteria (b) Archaea (c) Eukarya (d) Protista
2 which property of water molecules accounts for most of water’s unusua! characteristi
(2) Their small molecular size (b) Their covalent bording
(c) Their ability to separate easily (d) Their tendency to cIinﬁg er
;  Human sex hormones are classified under which type of lipid?
(a) Steroids (b) Waxes (c) Prostaglandins 0 (d) Phospholipids
;.  Which of the following is not considered a protein? o
(a) Haemoglobin (b) Cholesterol (c) Pepsin (d) Antibody
< Which of these carbohydrates is the most complex and largest ifi si
(a) Cellulose (b) Ribose (c) Glyceraldeh {d) Glucose
¢ Adeficiency of phosphorus in the soil would hinder the p d@:which biological molecule?
(a) DNA (b) Fatty acids (©) i {d) Cellulose
7. Maltose is most chemically similar in composition to which ofithe following?
(a) Starch (b) Protein (d) RNA
& Which functional group is present in all fatty acid s?
(a) Phosphate (PO,) (b) Sulfate (SO4) %Carbon-nitrogen (C-N) (d) Carboxyl (COOH)
3. Haemoglobin exhibits which level of protein e ‘
(3) Primary (b) Secondary () Tertiary {d) Quaternary
10 Which biological process is responsible fo rmation of peptide bonds?
(a) Digestion (b) Dehydrati esis  (c) Hydrolysis (d) Enzyme inactivation
Q. Write short answers to the followin ns. (5x2=10)
1. Outline the synthesis of peptide linka : '
2 Differentiate between nucleoside eotide.
3. State the central dogma of gen sion.
‘:— Define isomers and stereoisov%
> What is the function of g nsin celf? . :
®. Write detailed answer lowing question. : (4+4=8)
;; Distinguish the propetti les of monosaccharides and classify them.

Explain the double structure of DNA as proposed by Watson and Crick.
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