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' ENTRANCE TEST
1. Which organelle is bounded by two membranes?
A Ribosome B Lysosome C Mitgchondrion D Nucleolus
2. Fluid mesaic model of plasma membrane states thet protein molecules float in a fluid bilayer.
A. Galactese B. Glucose C. Phospholipids D. Carbohygdrate
3.  Whichone of the fo!lou:)‘ns cell structure is invelved in the synthesis of lipids?
A. Endoplasmic reticulum 8 Centriole C Goigi complex D. Mitochondrion
4. The inner membrane of mitochondnia form extensive infoldings called:
A Cristae 8. Lameila C. Cisternae D. Biiidae
S The basic structure of plasma membrane is provided by:
A_ Proteins B. Phosphoiiprds C. Cholesterols D. Cytoskeleton
6. Out of the given option, choose the one which shows the structures found only in plants:
A Vacuole, chloroplast, nbcsomes 8. Chlorop'ast, cell wall, mitochondrnia
C. Chloroplast, microtubules, peroxisomes D Chloroplast, cell wall, vacuoie
7.  Cilia and flagelia are absent in: |
A. Viruses B. Higher plants C. Bacteria D. Lower animals
8. Ribosome present in prokaryotes are:
A. 805 8. 508 C. 605 D. 708
9.  The enzymes required for Kreb’s cycle are foundin ______ :
A.F, particles B. Cytoplasm C. Lysosomes D. Matrix
10. Ribosomes are made up of and
A. Proteins and carbohydrates B. RNA and proteins
C. RNA and lipid D. RNA and carbohydrates
11. These structures are involved in the breakdown of old organelles:
A. Leucoplasts B. Glyoxisomes C. Peroxisome D. Lysosomes
12. The prckaryotes possess small ribosome of size:
A. 405 B. 655 C. 70S D. 60S
13. 1f 15 um size object Is observed under light microscope using 5X eyepieces and 10X objective, its magnified icup
size will be:
A. 250um B. 750um C.50pm 0. 500um
14. Smooth endoplasmic reticulum is responsible for the metabolism of:
A. Carbohydrates B. Nucleic acids C. Protelns D. Lipids
15. Site of protein synthesis Is:
A. Ribosome B. Golgl body C. Lysosome D. Cisternae
16. Among followings which cellular organelle contains circular DNA similar to those found in bacteria?
A. Ribosome B. Chloroplast C. Lysosome D. Nucleus
17. The structure present in eukaryotlc cell but absent in prokaryotic cells is:
A. Nucleus B. Ribosomes C.DNA D. Cell surface membrar¢
18. The finger like infoldings which are formed by inner membrane of mitochondria are called:
A. Matrix B. Cristae C. Porin D. Ribosomes
19. Which cell organelle is responsible for cell secretion?
A. Mitochondrion B. Ribosome C. Chloroplast D. Golgl body
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After studying this chapter, the stugents wili be sble to:

ulycohpids, glycoproteins, lipoproteins and nucleoproteins.

# ShdentCeaming Out

i

Define biochemistry/malecular biclogy.

Describe Sriefly the d:fferent types of honds found in biology (hvdrcgen bonas, covalent bonds,
interactions, lonic, hydrophobic and hydrophilic interactions etc.).

Distinguish carbohydrates, proteins, ipids and nucleic acids as the four fundamental biological molecules
Describe and draw skefches of the cendensation synthesis anc hyarolysis reactions for making ana
breaking of macromolecule polymers.

State the properties of water (high polarity, hydrogen bonding, high specific heat, high heat of
vaporization, cohesion, hydrophabic exclusion, ionization and lower density of ice) which allow it to
be the medium of life

Cefine carbohydrates and classify them

Compare and contrast the properuas and roles of monosaccnaridas and wnie their formulae.
Compare the isomers and stereocisomers of glucose

Distinguish the preperties and roles of disaccharides

Describe glycosidic bond in disaccharides

Describe the structure properties and roles of polysaccharides starch, glycogen, cellulose and chitin.
Define protein, amino acid and recognized essential amino acid and structural formula of amino acid
Outline the synthecis ind breakage of peptide linkages

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

Classify proteins as globular and fibrous proteins

List the roles of structural proteins and functional proteins with 3 examples.

Define lipids.

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

lllustrate the molecular structure (making and breaking) of an acylglycerol, a phospholipid and a terpene.
Evaluate steroids and prostaglandins as important groups of lipids.

Describe nuclelc acids and molecular structure of nucleotides.

Distinguish among the nitrogenous bases found in the nucleotides of nucleic acids.

Outline the examples of a mononucleotide (ATP) and a dinucleotide (NAD).

lllustrate the formation of phosphodiester bond.

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

Explain the general structure of RNA.

Distinguish in terms of functions and roles, the three types of RNA.

Discuss the Central Dogma.

Define conjugated molecules and describe the roles of common conjugated molecules Le
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e Recall "Levels of Biological Organization" you have studied in m . Most of the organic molecules are large in size and biologists call them macromotecules. Many s are in
your previous classes. You got a bnef introduction about | e Ufe of an organism depe-yy e form oFbblymers
bological molecules in reference of levels of b.olog1cal ceaselcsslchem-ulm. . the poly
rmanization o Metabolism: Al the o Polymer: A polymer is a molecule consisting of many identical molecular units, calied monomer
Organizatio . reactions taking place withe | .
e Now you would get detailed study of carbohydrates, proteins, are collectively called mu. » Important Macromolecules:
lipids and nucleic acids as well as the importance of water and The processes In metabeiss o e Carbohydrates, proteins, and nucleic acids are the polymers of simple monamers i e, sugars, amino
the role of conjugated molecules. either 2nabolism or catabg -~ acids and nucleotides respectively.
-4 ; 5 (a) Anabolism: In wher
< Biochemistry: _ substances are BT
s Definition: The study of chemical components and chemical to 'o;mrcombleug:u- . TYPES OF BONDS IN BIOLOGY
+ s hien
processes, occurring in living organism is called biochemistry. (&) f:ﬂt::re" O
s All structures of living organisms have biochemical organization down into simpler cre: « Different types of bonds and interactions play vital roles in the
and all functions occurring in them are due to biochemical structure and function of biological molecules. m{ e b..x»..—-.\-r,_b« e

processes taking place in this organization chemistry and biology, and why is it

» Importance of Carbon:

essential for understanding living

e Carbon is the basic element of organic molecules. organisms?
e Tetravalent: It is tetravalent and can react with many other

» Importance of Biochemistry in Biology:
*  Abasic knowledge of biochemistry is helpful to understand anatomy and physiology of livingcr;-

s Examples of Biochemistry: Photosynthesis, respiration, digestion, contraction of muscles etc Mot alerments: e DN, Pand S
R e C-H Bond As Source of Energy: Carbon and hydrogen bond (C - H bond) is the patential source of
BIOLOGICAL MOLECULES chemical energy for cellular activities

e Forms Glyosidic Bond: Carbon-oxygen association in glycosidic linkages provides stability to the complex
carbohydrate molecules.
o Carbon Forms Peptide Bond: Carbon combines with nitrogen in amino acid linkages to form peptice

~ Macromolecule Importance of Water:

* Life on Earth evolved in water, and all life still depends on water. | 1 why is biochemistry imperr bonds and forms proteins which are very important due to their diversity in structure and functions
« Component of Living Organism: At least 80% of the mass of living " :’;“’E';';’s‘.’d';‘:":fvbc':'c‘f]f:tff:’f" (i) Covalent Bonds:
orgamisms (protoplasm) is water 8) It reveals how c,‘m““, ,,'. ®* A bognd formed when two atoms share electrons (Figure). Covalent bonds are often found in
* Place of Chemical activity: Almost all chemical reactions of life sustain life functions organic molecules like proteins and nucleic acids, providing stability to the molecules.
C) It is used to study the g3~ Unpaurea Sharng of Avaladie

take place in agueous solutions.

vawence Electrons alerce Flectrons

pull on organisms

»  Organic & Inorganic Molecules: D) It explains the weather's £+
. 1 wildlife behavior
* The other chemicals that make up living things are mostly organic E

macromolecules and certain inorganic molecules

* Organic Molecules: The molecules synthesized by cells and | , Organic molecules have ¥
contaiming carbon are known as organic molecules, They occur based core with special &=
naturally only in the bodies of living organisms or in their atams. attachag, Thest.#

called functional groups 'o ¢ Figure: Covalent bond between two atoms
products and remains. OH, CO, COOM, NHzete (il) lonlc Bonds:
o Examples: Carbohydrates, proteins, lipids and nucleic acids are | * Most bicchemical reactic * Abond formed when one atom donates an electron (becomes a positive lon, or cation) and another

in livi i the transfer of a functiond i*
important organic molecules in living organisms. They make 93% from one molecule to ancthe * atom accepts the electron (becomes a negative ion, or anion) is called ionic bond. (Figure)

of the dry mass of living organisms (Table). breaking of carbon-carban & * The electrostatic attraction between these oppositely charged ions forms the ionic bond
* lonic bonds are relatively strong in the solid state and are formed mostly in inorganic molecules like
sodium chloride

e The remaining 7% comprises of small organic molecules (like
vitamins) and Inorganic molecules (like carbon dioxide, acids, bases, and salts) -
Table: %age of major organic molecules in the dry mass of

! ¥ . . Groupname . | _ .%Drymass
* Proteins * 50%
o Nucleic acids o 18%
e Carbohydrates o 15% Sodium atom Chiorine atom Sogium chioride
e Lipids e 10% Figure: lonic bond between sodium and chlorine atoms

——
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(ih) Hydrogen Bonds:

* A weak attractions that occurs between a hydrogen atom and an electronegative atom (syey ,,

oxygen or n.irogen; is ¢alied hydrogen boad.

* These bonds are important in maintaining the strecture ot large molecules like proteins ang nule,
3C0s, as well as in vancus bivlogical processes like DNA raplication.
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Figure Hydrogen bond between water molecules
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3. Inliving organisms, the formatign o
a peptide bond between aming
Jcids Is an example of:

A) Hydrolys's

B) conuensation reaction

C) 1enic bonding

D) Hydrogen bonding

s Hydrophobic Interactions: A type of molecular interaction where non—polar molecules cor;
together to avoid contact with water These interactions help in processes like protein folding 24

membrane formation.

« Importance: This phenomenon is crucial for the folding of oroteins and the formation of (ips

Duayer. i+ celi n.o mbranes.

= Hydrophilic Interacticns: A type of molecular interacticr where polar or charged molecules ar

attracted to water and interact easily with it

* These interactions allow substances to dissolve in water and participate in biochemical reactions
« Importance: These interactions are essential for the dissolution of polar and ionlc compounds n
water These interactions help in various biological processes such as nutrient transport and

chemical reactions within cells.

CONDENSATION (SYNTHESIS) AND HYDROLYSIS

e Proteins, nucleic acids, carbohydrates, and lipids are assembled from different kinds of monomers &
these biomolecules join their monomers by condensation or dehydration process.

e During condensation, an -OH group is removed from one monomer and an -H atom is removed fror
another monomer. It is also known as dehydration synthesis because the removal of OH and H grou%

means the removal of a water molecule.

W. Describe ...d draw sketches of dehydration synthesis reactions.

[eatod

(1) Condensation: (Dehydration)

* Atype of chemical reaction in which two molecules join together
to form a larger molecule, with the removal of a small molecule
like water.

¢ Example: The formation of maltose by two glucose monomers is
an example of a condensation reaction,

* Energy is required 1o break chemd
bonds when wiater is extracted from
monomers.

e So, cells must supply energy 1o make
macromolecules.
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Figure: Making of macromolecules (Dehydration synthesis)

() Hydrolysis:
e Hydrolysis is a chemilcal process ir which macromolecule importance of Hydrolysis

(polymer) is broken down irto smaller fragments by the addition | * '€ bredkaownof macromolecules s

essentia in vanous b:ologica’

of water molecules. AR AP i A

« Reverse of Dehydration Synthesis: Aleng v/ith making polymers celiutar respiration where smaller

by combining their monomers, celis keep on breaking polymers molecules are needed for energy
too. It s the reverse of dehydration synthesis. production

e Cells bresk bonds between monomers by adding water to them.

» In this process, OH group from a water molecule jeins to one
monomer and hydrogen joins to the secend moncmer. 4. Why is hydrolysis critical  for

« Example: Breakdown of maltese into two glucose monomers by digestion and cellular metabolism?
the addition of a water molecule 1s an examp'e of hydrolysis.

_Maltose Glucosa Glucos?
== +
C
OH I OH CH Or OH CH

/0
7N\

H( R

Water

Figure: Breaking of macromolecules (Hydrolysis)

IMPORTANCE OF WATER

e Chemical Formula: An oxide of hydrogen, water has the chemical formula H;0. This seemingly simple
molecule has many surprising properties, which give it the status of “the medium of life".

e About twc third of our bodies are composed of water and we cannot exist without it

¢ Infact, itis the most abundant compound found in ail organisms.

¢ Its concentration varies from 65 to 89 percent in different organisms.

* In multicellular organisms, its concentration varies from tissue to tizsue

* Example: Bone cells are made up of about 20 percent water and brain cel's contain 85 percent water.

* Water plays important reles in making and maintaining the matter of life (protoplas™) and in
establishing suitable environment, nacessary for the working of life,

Explain how the properties of water make it the medium of life. [Exorcise 1.O.3)
Properties of Water:

v ’D’

Water has many important properties which make !t essential for hfe,
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(1) Solvent Properties: e Hydrogen bonds help in maingy,, .

the three-dimenslonal StuClures C’
proteins and the double hely
structure of DNA.

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

* Polar Molecules: The water molecule has distinct ends, each witha
partial charge. Hydrogen atom is partlally positive and oxygen atom
is partially negative, such molecules are called polar molecules.

* Hydrogen Bonding: Partial negative charge at one end of a water
molecule is attracted to partial positive of another water molecule. Establish weak attraction among
water molecules called a hydrogen bond. Water forms a network of such bonds.

* Many of the properties of water are due to hydrogen bonds in water.

« Without hydrogen bonding watey
would boil at - 80°Cand freeze 3 100
C making life impossible

Check Understandmg|
S. Why Is water called the “univeryy
solvent”?
A) Rdissolves nonpolar molecules easiy
B) It has a neutral pH
C) 1t can dissolve a wide range of poly
and ionic substances
D) Itis only found in living organisms

—

)
. }Hyaregen bond

e Charged or polar molecules such
salts, sugars, amino acids dissolve
readily in water and so are calleg
hydrophilic ("water loving”)
Uncharged or non-polar molecules
such as lipids do not dissolve in water
and are called hydrophobic (“water
hating"”).

Figure: Hydregen bonds among water molecules .
e Water Gathers Around other Molecules: Due to the polar nature
of water molecules, they gather around any other molecule that
has an electrical charge, whether in the form of full charge (ions)
or partial charge (polar molecules).
* Example: When sodium chloride (a salt) Is placed in water, it breaks into positive (Na‘) and negative ions
(CL). These ions are surrounded by opposite polar ends of water molecules (Figure).

Figure: Water as a solvent of inorganic molecules (NaCl)

* Similarly, when a glucose is placed in water, the molecules of water form hydrogen bonds with pols
hydroxyl groups of glucose molecules. In this way, glucose dissolves in water (Figure). It means th¥
charged or polar molecules are soluble in water. In the state of solution, ions and molecules can react
with each other easily. So, water provides a medium for chemical reactions 1.e., metabolism of cells.

E Hydrogen 63

Hydroxyl
group

Check Understanding!

6. How does water’s high heat of
vaporization aid In cooling the
human body?

Figure: Water as a solvent of
organic molecules (glucose)
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o Conclusive Sentence: So, charged or polar molecules are soluble in water. In the state of solution, ions
and molecules can react with each other easily. So, water provides a medium for metabolism (chemical
reactions in cells).

Hydrophobic Exclusion:

« Non-polar or uncharged molecules are insoluble in water
because water molecules do not make hydrogen bonds with
them. When they are placed in water, water molecules move
them out.

e The insoluble molecules make hydrophobic associations with
one another.

» Example: Lipids molecules are insoluble in water. When they are
excluded from water, they make strong associations among
themselves. Therefore, lipids help to maintain membranes of cells

Heat Capacity:

e The number of calories (amount of heat) required to raise the
temperature of 1 gram of a substance water from 15°C to 16°C
(1.e., 1°C) 1s called heat capacity.

¢ High Heat Capacity of Water: Water has a high specific heat
capacity i.e., 4.184 Joules.

Fvgure Hydmphoblc assoclahon of
oil (lipld) with water molecules

o Specific heat of water s twice than
that of most carbon compounds and
is nine times more than that of iron

e It means that water has great ability to absorb and releasing heat with minimum change in its own
temperature.

o Most of the heat energy absorbed by water is used to break hydrogen bonds between its molecules.

e Due to this breakage of hydrogen bonds, individual water molecules start moving more freely and
temperature of water rises.

7. Why is ionization of water important
.. Incells? |

A) It helps form hydrophobic layers

B) 1t provides energy for reactions

C) 1t maintains pH balance for enzymes

D) It raises cell temperature

Importance of Heat Capacity:

e Acts as Temperature Stabilizer: Due to high specific heat
capacity, water heats up more slowly. Similarly, when it is given
acooler environment, It holds its temperature longer. Water thus
works as temperature stabilizer not only for organisms' internal
environment but also for their external environment.

Heat of Vaporization:

s The amount of heat required to change a liquid to gas is called
heat of vaporization

* Water has high heat of vaporization. So, it absorbs much heat
while changing from liguid state to gas. Its heat of vaporization is-,

547 Kcal/kg which means a considerable amount of heat energy {574 Kcal) is required to change 1 kg of
liquid water into vapours.

» Evaporation of 2 ml of water out of 1
Iitre lowers the temperature of the
remaining 998 ml water by 1°C.

Importance of Heat of Vaporization:

¢ Dueto this property, Earth's temperature is kept moderate.

* Cooling Effect: It also provides cooling effects to plants and animals when they transpire and perspire
(sweat). Every gram of water that evaporates from plant or animals’ body surface removes 574 calories
of heat from the body

Cohesion:

——————
* Atype of attraction between same type of molecules is called cohesion.

* Hydrogen bonds among water molecules enable them 10 “stick together”.
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Importance of Cohesion:

lonizaticn of Water:

insice water e emules Rave high cohesion. this cohesion ¢f water s important
for living werld SR
Biantsdep o d on cghesion ameng water molecules for the transport of viater and ‘;;f‘lﬁ,.‘ £ 2
autri2rts from (oot 1o leaves. : 2 ;
Exert Pulling Force for Water Transport: The evaporation of water from 2 12af
exerts a pu'!lng force on water within xylem vessels of the leaf.

Bezause ol this cohesion, the force is relayed through xylem vessels ail the way
down to reots ;

As 3 result, water rises ag'alnst the force of gravity.

High Surface Tension: Hydrogen bonds also give water high
surface tension. Water behaves es if it were coated with some
invisible film. You can see In Figure 4.10, the insect water strider
walks cn water without breaking surface.

Figure Aala st

% It

walking on the wrfg‘;
of water

e Acids combine w.ith OH" ions, leaving
H' 1ons in meoium and make megym

acioic.

e Similarly bases combine with H*igng,
leaving OH™ 10ns in medium, ang
make medium basic

Vhen the covalent bonds among the atorns of water molecule
break, water is ionized to form hydrogen ions (H*) 2nd hydroxyl
ions (QH"). At normal conuitions, this reaction is reversible and 0 A —-@'—;’ N0
eoilibrium ic maintsinod W .‘/) g ’
aturg (25°C) na
of each 550 million <10 2eet g 1h
et H and DY inpure water remains at 10 " moles/litre,

At romm tem; tra of water one molecule out | U DT yied |

stherarcentratinn nt cach

H'and On oo s e part inmeary chenucal reactions in the cells
0.5, avdrolysic afmarrgmaelecuies. Pofative concertrations of K
mina tre acidity and atkalinity or medwum e, |

ofects the hochemeral reactiong '
vt at specihic p

% 82 chack Ondetianawigieis |
8 How dous the denvty ar9
watar at 4°C

ind OH wone 2eter

pH ~f medum The oK

supguont

NS e laees?

Maximum Bensity at 47C;

Water exhibnis 1ts crax.mum density at 3°C s cenuty Gecresses vl en the temperature loviers
harzuse of tne hydrogen bonas which keep water molecules reiatively tar apart
Ice Floats on Water: Whnen temper2ture falls to 0°C, wzter freezes but the resulting ice s less doase
than liguid water, because at this temperature. hydrogen bonding keeps water molccules further 2"
than in lquid water
innivers, streams or lakes, ice 1s formed on the surface water due to faliing of tamperature Asice s s
dense than water, it floats on surface.
Importance: it acts 25 an insulator and does not allow heat %0 escape from the water bencathit In s
way eGuatic orgamsms are pretected.

Table: Properties of water and benefits to life

- —_—
Prroperties Bonding Benefits to life =l

Bestsolvent e Oolanty e Provides medium for chemical reactions

* Keeps temperature constant internally i

Maximum heat capacity e Hydrogen bonding

and externally for organism S

2 e Changein hydrcgen {
Maximum density at 4°C EE SISO e Icefloats on water |
b¢nding

High heat of vaporization | e Hydrogen bonding » Moderates Earth's temperature -

* Determine the acidity and alkalinity of l

Covilent bond breaks
medium

lenization .

e Polarity, Hydrogen .
bonding

Cohesion

4’-—-—‘
Water and nutrients are transported fro™
0015 to leaves
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CARBOHYDRATES

The word "carbohydrate" literally means “nydrated caroon”.

Carbohydrate are naturally occurring organic compounds, which are synthesized as the primary
products of photosynthesis

During photosynthesis, when reduction of CO;occurs, the resulting carbohydrate molecule contains
carbon, hydrogen and oxygen in the molar ratio of 1:2:1. Their empirical formula is C(H;0)n where ‘' is
the number of carbon atoms.

s Classification of Carbohydrates:
» Carbohydrates are also known as "Saccharides” (Latin: “Saccharum" meaning sugar) and are classified
into three groups after this name:
(1) Monosaccharides (2) Disaccharides (3) Polysaccharides.
Q. Distinguish the properties and roles of monosaccharides and classify them.
(1) Monosaccharides:

General Characteristics:

Monosaccharides (simple sugars) are made of single sugar molecule.

Solubllity: They are easily soluble in water 9. Asix-membered ring form of glucese

« Most common Monosaccharides: Pentoses and hexoses are | gz, :.:::\I:d(- B) Hexose
most common and found in all kving organisms ) Pyrarose D) Pentose
* They may have 3-7 carbon atoms. They are further classificd into
subrrouns on the basis of number of carbor 31 ve Hewuscs play contral ro'e 17 energy storage
e Prnmary Source of Energy: The primary energy-starage molecule s glucose with seven enerpy storing
CH bends.
¢ Itsemgiricai formula is CgHy: Qg 0r (CH,06)
Table: Classification of monosaccharides
Mon osaccharides | Carbon atoms Formula Examples
l. Trioses 3 C3Hs03 Glyceraldehyde, Dihydroxyacetone
il. Tetroses 4 CH1oOs Erythrose, Ervthrulose (intermediate in
photosynthesis in bacteria)
ili. Pentoses S CsH;20s Ribose, Deoxyribose (CsH;00s) Ribulose
iv. Hexoses 6 CeHyaCs Glucose, Fructose, Galactose
v. Heptoses 7 C:H1.0) Rare in nature (intermediate in photosynthesis)

Q. Compare the structural isomers and stereolsomers of glucose.

—

r  lIsomers of Monosaccharides:
* The molecules which have the same number of atoms (same molecular formula) but differ in how the
atoms are arranged (different structural formula) are called Isomers of each other.

* Example: Glucose is not the only monosaccharide with the formula C4H,;05. Fructose and galactose also
have the same molecular formula but their structural formulas are different. The structural and
orientation differences have important consequences in the making of polymers.



