BIOMOLECULES

After studying this chapter, students will be able to:

s Define bsochemlstry/ molecular biology. S
_Outlme the various types of common biomolecules (Carbohydrates Protelns L1ptds DNA.
RNA) including their locations inside the cell and mainroles. .
- Define carbohydrates and outline the structure, function and sources of carbohydrates i
Identify carbohydrates as monosaccharides, disaccharides and polysacchandes

Outline the structure and function and sources of proteins with structure of o a«:lcﬁ‘s~ _

Outline the structure, function and sources of lipids. @@
Describe briefly the structure of DNA : i g ‘ wa

5@

3 pro‘t_etns

Biochemistry is the study of the chemical processes that occur within living
organisms (e.g., photosynthesis, cellular respiration). Molecular biology is the
study of the structure and function of the biomolecules (e.g., carbohydrates,
proteins, nucleic acids). This chapter digs into the fascinating world of
biomolecules.

The molecules produced by organisms are called biomolecules or biological
molecules. They include carbohydrates, lipids, proteins, and n ic acids

(DNA and RNA). They are mostly large in size and fée\}rfp;l% Iecules

Biomolecules play cruc:al roles m\ thecs g@ Sns in orgamsms
| ales and their functions.
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I.ocatton in the cel T

Proteins

,Qe{lm

Endopfasmlc retlculum

Carbohydrates o Cytoplasm A@\X\B \Aéﬁfas source of energy
“ 0 Act as energy storage molecules

 Many Pproteins act as enzymes
- Some hormones are proteins

- Make membranes and many other

(Deoxyribonuclelc @

Nucleoid region

- Golgi apparatus ~ structures in cells
_ ' | * Lysosome, m:tochondna _Control cellular traffic
Lipids  Cell membrane Act as energy storage molecules
¢ Cytoplasm Act as heat insulators
Make structure of cell membrane
DNA ' * Nucleus (eukaryotes) Carries genetic information for the

development, funct;omng, and

Acnd) : (prokaryotes) : _charactenstlcs of organ;sm o

* Mitochondria
. ' . e Chloroplasts
RNA (Ribonucleic | ¢ Nucleus Carrles genetrc lnf tion from
Acid) * Ribosomes DNA C motem '
i * Cytoplasm VM ]

SR\BERS

Biomolecules make thg> Of protoplasm. The remaining 7%

of dry mass compr

| ins and inorganic substances like carbon

dioxide, acr salts
Table: Per h“ ge of a_agmql,ac_ulgs in the Dry Mass of Protoplas)
Blomolecules |
o Proteins
Nucleic acids 18
Carbohydrates 15
by Lipids 10 )

e
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¢ substances Energy is used |
\ comp!ex molecules are bmke@
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6.2- CARBOHYDRATES @ @@\?@
a e

organic compounds
s in water). They are also known as
. They have the general formula Ca(H20)n
. There are three classes of

"Carbohydrate" means hydra

Monosaccharldes (S|mp|e sugars) are made of smgle sugar molecule. They are
easily soluble in water and have sweet taste. They may have 3 to 7 carbon
atoms. Pentoses (5 C) and hexoses (6 C) are most common.

Examples:
e Ribose (CsH100s) and deoxyribose (CsH1004) are pentoses.

Ribose Deoxyribose

FIGURE 6.1: Common pentoses

6CH;OH

l

OH o
l 2I
H

Glucose Fructose
““@ mon hexoses
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BIOMOLECULES

2. '-D-isacchal?idés_' i S

They are made of two monosaccharides units, They are Iess©u@@le in water
and are less sweet in taste. _ W@C@
Examples: %O @@@
® Sucrose (table S‘W 0
fructowca

* Maltose is made of two glucose molecules.

K>two Monosaccharides i.e., glucose and

Glucose Fructose Glucose Glucose
subunit subunit subunit subunit

q--..___.‘.-.--._..:_ ........

osaccharides units. They

the . most -abund'ant-
steless.

Examples: _ e i

® Starch is a storage polysaccharide found in plants. It js composed of
~ straight as wel| as branched chains of glucose units.

* Glycogen is the animal starch mainly stored in liver and muscles. |t

glucose units. It is found in th

* Chitin is a modified t is found in the exoskeletons of
crabs, lobsters andhj ~Italso makes the cell wall of fungi.

96 '

* Cellulose is 3 polysaccharide that a§ m%@ chains of
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Glycogen Cellulose

FIGURE 6.4: Polysaccharides

Sources and Functions of Car
Sources:

» Monosaccharides:Glucose, fructose and galactose are found in fruits,
vegetables, honey and cereals.

 Disaccharides:Sucrose is found in sugar beet, sugar cane and fruits.
Lactose is found in milk and dairy products. Maltose is fO@m cereals.

o Polysaccharides:Starch is foundin c \ k:c
rice etc. \\j@x@@
Functions: O“@

o Carb ate the primary source of energy. Glucose is used by
cell produce energy through cellular respiration.

y,Darley, maize,

o Dietary fibre contains undigestible carbohydrates e.g., cellulose. It
helps for the proper bowel movements.

« Pentoses (ribose and deoxyribose) are essential parts of nucleic acids
(RNA and DNA respectively).

o Plants convert their monosaccharides to disaccharides like sucrose to
transport monosaccharides between body parts.

o Cellulose is the most abundant carbohydrate. It provides support to
plant cells and ultimately to the whole plant.

i
%%@@@@@W@ o
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6.3- PROTEINS 2 @ “Y
Proteins are the m olecules in cell. They are defined as the

polymers of ami o . Proteins are important for the structures of cells,
They Mte in everything organisms do.

Amino acids

Amino acids are the organic ' """"" N
molecules that join in specific | Essential RIS “’#‘--Thesﬁ:al’e'fhe 09,
b d sequence to make | 2MINO acids which cannot be synthesized by:
e ‘er st : Ifﬁq.ur_quy:andare supplied by fog .
proteins. About 170 types of amino ¢ = el g \ :
; : § N clds:—These are 11
acids occur in organisms. However, |

ik o]

: : : ' dmijmo @dids) 1 at car .' synthesised in our:
20 types of amino acids parti (Badied) \\ ) \ v e
in making most of the iAS) X oo i
An amino acid j molecule_made of an amino group (NHy), a
carbo ), a hydrogen group (H) and a side group (R) which are
attached"to a central carbon atom:
R
I
H2N —IC — COOH
H

Amino acid - general structure

Different amino acids contain different side groups. For example, in amino
acid glycine the side group is H and in amino acid alanine, the"side group is

CHs. H CHs
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fish, eggs, milk,

pulses, beans etc. ProteB ns in our bodies, including:
e Proteins are r% rt of all cell membranes.
) O - .
e So Ins e.g. collagen and keratin make almost whole structures

- of cartilage, hair, and nails.

e Enzymes are proteins that catalyse all biochemical reactions occurring
in organisms.

* Some proteins are hormones. They regulate body processes.
e _Haemoglobin protein transports oxygen in the blood.

* Actin and myosin proteins are the main components of muscle cells.
They are responsible for muscular contractions.

» Fibrin is a blood clotting protein that makes blood clot to prevent the
loss of blood after an injury.

e Some praoteins called antibodies (part of our-i %@@;gefend

the body against harmful p%@ |
Q

6.4- LIPIDS T |

Lipids are Wﬁounds that are insoluble in water but are soluble in

organic solvents (e.g., alcohol, ether, benzene). They are composed of glycerol

and fatty acids.

Glycerol is an alcohol having 3 carbon atoms. Each carbon has a hydroxyl

group.
H

H— C— OH

H-C—OH

H—é—OH
H

Glycerol - @@m

Fatty acids are long hydrocarbon chains wit! @ FCOOH) at the
end. There are two types ¢ fﬂ@%@
S Fg } E 99



BIOMOLECULES i

* Saturated fatty acids have interna %@@nded with

maximum number of hvdromen 3 uﬂ ot have double bonds
between caﬂa % ateq

atty acids are solid at room

temperature
oy acids have one or more double bonds between
on atoms. They are liquid at room temperature.
; H H
HHHHHDO H H Al ?
A e e s e - it
. H=C-C~C=Cc~C-C-0OH H-c-c-c#° (,3 daiesss:
P e e T H
HHHHH H HH
Saturated fatty acid Unsaturated fatty acid

Main Groups of Lipids
1- Fats and Oils

Fats and oils are the most familiar
contain one glycerol and thr

Glycer m
s A

contain saturated fa are solid H— ?“ Fatty acid

at room te &g, animal fats. On the H— C— Fatty acid

other h M 0ils contain unsaturated fatty }[,

acids and so are liquid at room temperature Fats 5hd itk

e.g., plant oils such as olive oil, corn oil, and General structure

coconut oil. Glycerol

2- Phospholipids H

These lipids make the core of all membranes. H— ?~Fatty acid

A phospholipid molecule consists of one H~ C— Fatty acid
lycerol, two fatty acids and a phosphate |

g9y o Rias H— C— Phosphate

group. 'f_| group

Sources and | Ph ids

o e s das ol 6\ G@@ Cture

Sources <30

Sources of lipids from animals 3
of lipids from plants , Ive oil etc. Plants synthesize oils and
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store them in seeds, such as sunflower oil, coconut oil, groundnut oil and corn
Functions @ @

e Lipids are the m Tﬂﬁ@ ecu es. They serve as a long-
term energ @ form of fats in adipose tissues. When the
body nergy, these stored lipids are broken down to release
fatty acids and glycerol, which can be used as fuel for energy.

e Lipids are essential components of cell membranes.

e Lipids act as insulators and protect vital organs. For example, adipose
tissue surrounding organs provides cushioning and heat insulation.

e Some lipids help in the synthesis of hormones. Steroid hormones are
derived from a lipid i.e., cholesterol.

e Lipids help in the absorption of fat-soluble vitamins (A, D, E, and K) in

the digestive system. W@ @
6.5- NUCLEIC Acmg% Q@@@@
Nucleic audsw @cules that are composed of units called

nucleotides. A eotide is made up of three components:
1. Pentose sugar (ribose or deoxyribose)
2. Nitrogenous base
3. Phosphate group (POa)

Phosphate group

Wucleotlde

General structure

Pentose

101




BIOMOLECULES

There are two types of nucleic acids:
1- Déoxyribohucléic:-Aci'd (9 NA).
(de-oxy-ribo- -nucleotides). In this

DNA is made of g \ -
nucleotide, the pe @ at 1S deoxyribose while the nitrogenous base may
be adenij Ine (T), cytosine (C), or

guamne

In 1953, US blologlst James Watson and Brltlsh*? ;
biologist Francis Crick proposed the double! ,, fw e ﬂ,smve,y of thef
helix model of DNA. According to this model: E auble helix structure of DNA. |

. RS ST B SR e s

* DNA is a double helix molecule. It is made of two strands of
nucleotides. '

* Both strands are coiled around each other.
* The nitrogenous bases of one strand make hydrogermnds with the

nitrogenous bases of the opposﬁe stragdw@ @

”
Strand Strand

W d&@ Double helix model of DNA
102
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The paring of nitrogenous bases is specm

forms a pair with thymine of @0

a pair with guar&
There are tw

e strand
Y, cytosune forms

%ﬂﬁfﬁ

onds between adenine and thymine and

thr onds between cytosine and guanine.

Function of DNA

DNA contains the hereditary information. This information is in the form of a
sequence of nucleotides. This sequence determines the order of amino acids
during protein synthesis. The segment of DNA in which the sequence of
nucleotides determines the synthesis of a protein (polypeptide chain) is called
a gene. During reproduction, DNA is passed from one generation to the next.
In this way, DNA carries the heredlty mformatlon to the next generatlon

2- Rlbonuclelc Acid (RNA)

RNA is single- stranded

consists of ribonucleotides.

ribonucleotide contains ribose s
instead of deoxyn

ribonucleotide,
base may (A) uracil (U),
cytosine (C), or guanine (G). There
are three types of RNA:

a. Messenger RNA (mRNA):
Carries the genetic information from
DNA to the ribosomes during
protein synthesis.

b. Transfer RNA (tRNA): Transfers
specific amino acids to the
ribosomes, ensuring the correct
sequence during protein synthesis.

(o Ribosomal RNA
Constitutes the
functional compo
ribosomes

Its stra nd

ur‘{“’% Anii

chinery for protein synthesis.

RNA Strand

N-bases

B Cytosine [] Adenine

é&@@ Uracil

103

FIGURE 6.6. Structure of RNA




‘“-e & consists of thousands of nucleotides.
10lecule, there are specific segme

of specific sequence of nucleotides that carries

n for the synthesis of 3 specific protein.

Segment
of DNA
(a gene)

MRNA

nts called genes.




= BIOMOLECULES

¢ Biochemistry is the study of the substances and chemical processes that
_occur within living organisms.

« Molecular biology is the s@ @@W@%@p function of the

biomolecules m
« Biomole !)% cules produced by organisms. They include

carbohy ipids, proteins, and nucleic acids.

. Carbohydrates are organic compounds composed of carbon, hydrogen,
and oxygen in which the ratio of H and O is 2: 1 (same as in water).

« Monosaccharides are made of single sugar molecule. They are easily
soluble in water and have sweet taste.

« Disaccharides are made of two monosaccharides. They are less soluble in
water and are less sweet in taste.

o Polysaccharides are composed of hundreds to thousands of
monosaccharides. They are insoluble in water and are t

« Starch is a storage polysaccharide @W ogen is the animal
starch mainly stored, m%
e Celluloseis a & ound in the cell walls of plants.

e Chitin is odified form of cellulose. It is found in the exoskeletons of
crabs, lobsters and insects. It also makes the cell wall of fungi.

« Carbohydrates are the primary source of energy.
e Proteins are the most abundant macromolecules in a cell.
s Proteins are made of amino acids.

« Amino acids are the building blocks of proteins; an amino acid contains an
amino group, a carboxyl group, a hydrogen group and a side group
attached to a central carbon atom.

. Protelns are an important part of all cell membranes.

» Lipids are organic compoundsd a @@er but are soluble
in organic solventso%

* Satu ratw%

ngle bond in carbon-to-carbon atoms

105
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Unsaturated fatty acids have one or more double bonds meen carbon

atoms, - @(}@@

Lipids serve as a long-term en @@@ e form of fats in adipose
tissues. c@%

Lipids are ess nents of cell membranes,

DNA | uble-stranded molecule while RNA is a single-stranded
- molecule. Both DNA and RNA are composed of nucleotides. o

Each nucleotide of DNA consists of a deoxyribose sugar, a phosphate
group, and one of four nitrogenous bases: adenine (A), thymine (T),
Cytosine (C), and guanine (G).

Each nucleotide of RNA consists of 3 ribose sugar, a phosphate group, and
one of four nitrogenous bases: adenine (A), Uracil (U), cytosine (C), and
guanine (G). :

The copying of a specific sequence of DNA nucleotides. i e form of
| éo@‘i@\@@!'

messenger RNA (mRNA) is called transcripti YZ |
Ribosome reads the nucleom@m RNA and joins specific

amino acids accordi protein. It is known as translation.

WWWO -

- EXERCISE

A. Select the correct answers for the following questions.

1. What is the primary function of carbohydrates?

a) Provide energy
b) Act as enzymes
¢) Regulate processes

d) Make membranes ﬂ\

- How will you differentiate bety *Q@i s and polysaccharides?

a) Monosaccharides Wﬁ}

b) Polysaccharid e n taste.
QR

106




~ BIOMOLECULES
¢) Monosaccharides are present in plant cell w ﬁa @@@

d) Polysaccharides dissolve easgj
3. What is true abog ell

uman digestive system.
ides structural support.in plants.
d) It is soluble in water.
4. Which of the following proteins is involved in oxygen transport?

a) Insulin : b) Haemoglobin
c) Collagen d) Keratin
5. Which component of an amino acid determines its unique properties?
a) Amino group b) Carboxyl group
c) R group (side group) d) Hydrogen group
6. Which proteins are involved in defence against pathogens?
a) Antibodies ‘ b) Myosm

¢) Fibrinogen
7. Which of the following are the@Am
a) Amino acids atty ac:ds and glycerol

c) Nucleotides 9&5& d) Simple sugars
8. HOWW fatty acids differ from saturated fatty acids?
a) They-have more hydrogen atoms.
b) They contain double bonds in their hydrocarbon chains.
¢) They are solid at room temperature.

d) They are found only in animal fats.

9. Which of the following is NOT a function of proteins?
a) Transport oxygen in the blood.
b) Carry genetic information.
c) Help in digesting food.
d) Fight against pathogens.
10. Which components make up a nucleotide?

a) Sugar, phosphate, mtrogenou @@Y

b) Amino acid, sugar, nltr
c) Fatty acid, phn@ nous base

d) Protei

e

nous base

107
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11. Which nitrogenous base is found in RNA but not in DNA?
a) Adenine b) Thymine

c) Uracil @@m
B. Write short answers. @@ﬂa

What are the main fu \OF arbohydrates in the body?
How do the thr p_of carbohydrates differ in taste?

Name twoW&onosacchandes and two disaccharides.
Which monosaccharides make a sucrose molecule?

Give an example of a storage polysaccharide in plants.

Define amino acid and draw its structure.

What are the basic components of lipids? Draw their structures.

What are the types of RNA? Write their functions.
Briefly describe the function of DNA.

. Write answers in detail.

T 08 od AU U e

Write a comprehensive note on the structures and roles of the three
classes of carbohydrates.

2. Discuss the functions of protelns o @@W@ @
What are fatty acids? @ e,

4. Describe the basic str and oils. Explain how lipids play role in
energy stw o

5. Explain the'double helix structure of DNA, and discuss the base pairing in
this structure.

6. Explain how the information in DNA is converted to RNA and then to
proteins.

o

D. Inquisitive questions.

1. Evaluate the importance of water in the functioning of biomolecules.
2. Find the amount/ percentage of carbohydrates, Proteins, Fats and water in
the following food product and compare them with each

Roti(40gm), Burger, Cucumber, Egg, @@W@

fries(100gm),Carrot m
RV s
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