Chapter 14
Biomolecules

Biomolecules: A biomolecule is a compound of chemicals found in living things. These include
chemicals composed mainly of carbon, hydrogen, oxygen, nitrogen, sulphur and phosphorus.
Biomolecules are the building blocks of life and perform vital functions in living things.

OR

A biomolecule is any natural particle created by an organism, including large polymeric
molecules, for example, proteins, polysaccharides, and nucleic acids such as small molecules, for

example, basic metabolites, secondary metabolites, and products of nature.
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1. Carbohydrates: Carbohydrates are mainly produced by plants and form the largest group
of organisms that occur naturally. Other common examples of carbohydrates are sugar cane,
sugar, starch, etc.

Chemically, carbohydrates can be defined as active polyhydroxy aldehydes or ketones or
compounds that produce such units in hydrolysis. Some carbohydrates, which have a sweet taste,
are also called sugars. The most common sugar, used in our homes is called sucrose and the sugar
in milk is known as lactose. Carbohydrates are also called saccharides.

Carbohydrate Classification:

Depending on their behavior in hydrolysis, they are further divided into three categories:
Monosaccharides (e.g., glucose, fructose etc.), Oligosaccharides (e.g., raffinose, stachyose etc.)
and polysaccharides (e.g., starch, cellulose, etc.). )

Monosaccharides:

* A very simple group of carbohydrates and is often called simple sugar as it can no longer be
added to water.

¢ Solid, water-soluble crystals and soluble in non-polar solvent.

* These are compounds containing free aldehyde or ketone group.

* The most common formula is Cn (H20) n or CnH2nOn.

* They are divided by the number of carbon atoms contained and by the base of the existing active
group.



Examples: Glucose, Fructose, Erythrulose, Ribulose.

Oligosaccharides:

¢ Oligosaccharides is a composite sugar that produces 2 to 10 molecules of the same or different
monosaccharides in hydrolysis.

* Monosaccharide units combined with glycosidic binding.

* Based on the number of monosaccharide units, it is also classified as disaccharide, trisaccharide,
tetrasaccharide, etc.

* The most common formula for disaccharides is Cn (H20) n-1 and that of trisaccharides is Cn
(H20) n-2 and so on.

e Examples: Disaccharides include sucrose, lactose, maltose, etc.

¢ Trisaccharides are Raffinose, Rabinose.

Sucrose: Sucrose is very rich in plants and is known as sugarcane sugar or table sugar or
converts sugar as an equal mixture of glucose and fructose is obtained by hydrolysis of sucrose.

Sucrose
CH,OH CH,OH
H O 200 H
. ’ &
0 '\,| il
A Glycosidic HH
3 OH Bond OH H
Glucose Fructose

Polysaccharides:

* They are also called “glycans”.

* Polysaccharides contain more than 10 monosaccharide units and can be hundreds of units of
sugar in length.

* They produce more than 10 molecules of monosaccharides in hydrolysis.

¢ Polysaccharides differ from each other in their respective monosaccharide units, the length of
their chains, the type of bonding units and the branching level.

* They are further divided according to the type of molecules produced by hydrolysis.

* They may be homopolysaccharidese, which contains monosaccharides of the same type or
heteropolysaccharides i.e., monosaccharides of different types.

* Examples of Homopolysaccharides starch, glycogen, cellulose, pectin.

Starch: A-glucose polymer and a staple food stored in plants. It turns blue with iodine. It is a
mixture of two parts:

Amylose (20%), a water-soluble polymer with no branches.

Amylopectin (80%), a water-soluble polymer.
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2 Cellulose: It is very rich and structural, plant polysaccharide. An important food source for
other animals is the polymer D (+) B-glucose.

The main sources of cellulose are wood (Contains 50% cellulose resting lignin, resins, etc.) and
cotton (contains 90% cellulose resting oil and wax).

The structure of cellulose :
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Another category of carbohydrates is sugar and non-sugar. Sugar is sweet in taste, crystalline,
dissolved in water, especially combining mono and oligosaccharides. Non Sugars are tasteless,
amorphous, without water and mainly contain polysaccharides.

Carbohydrates can also be classified as lowering and non-reducing sugars. Sugar reduction
responds to Tollens ’and Fehling solution testing. All monosaccharides, aldoses and ketose, fall
into this category. Some oligosaccharides can also be reduced. All polysaccharides do not decrease
(starch, cellulose, glycogen etc.). Sucrose is a disaccharide and does not reduce sugar.

Glucose: It is an aldohexose and is also known as dextrose. It is prepared by boiling sucrose
with dil HCI or dil H2SO4 in an alcohol solution or by starch hydrolysis with dil H2SO4 at 393 K
under pressure.

Glucose Properties: Glucose contains one aldehyde group, one main hydroxyl (-CH20H) and
four secondary hydroxyl groups (-CHOH) and provides the following reaction:

1. For long-term heating with HI, form n-hexane
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2. Glucose reacts with his hydroxylamine oxime and adds a hydrogen cyanide molecule to give

cyanohydrin
CN
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3. Glucose is oxidized into six carbon carboxylic acids (gluconic acid) when it reacts with a soft

oxidising agent such as bromine water.
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4. Glucose acetylation with acetic anhydride provides glucose pentaacetate which ensures the

presence of five -OH groups.
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Cyclic glucose Structure Given by Haworth and Hirst.
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Fructose: Fructose is an essential ketohexose. It is found together with glucose by hydrolysis
of disaccharide, sucrose. It is a natural monosaccharide found in fruits, honey and vegetables. In
its purest form it is used as a sweetner. And ketohexose is important.
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Anomers: Anomers are cyclic monosaccharides or eply glycosides, which differ from C-1 in
aldose or C-2 in ketose. Epimeric carbon in anomers is known as anomeric carbon or anomeric
center.

Mutarotation: Mutarotation conversion is defined as a change in a certain cyclic sugar cycle
due to a change in the ratio between the isomer and the sugar anomer in the aqueous solution. An
anomer is a type of geometric isomerism found in other carbohydrates such as glucose.

Pyranose structure: Pyranose is the common term for any cyclic isomer consisting of five
carbon atoms and one oxygen atom thus forming a six-member ring structure.

OR

Pyranose is a compound name of saccharides that has a chemical structure that includes a six-
part ring consisting of five carbon atoms and one oxygen atom. There may be other carbon off
the ring.

Inversion of sugar: Hydrolysis of sucrose brings about a change in circulatory sign, from
dextro (+) to laevo (-). Such a change is known as the inversion of sugar.

Proteins: Proteins are biopolymers molecular mass complex compounds made up of smaller
units called amino acids. All proteins contain C, H, O, N and S. Some of these contain phosphorus,
iodine and trace elements such as Fe, Cu, Zn, Mn. All the proteins in hydrolysis first provide
polypeptides and eventually provide amino acids. All proteins are polymers of alpha amino acid.



Protein Structure

(a) Primary structure
It simply produces a sequence of amino acids.
(b) The secondary a-helix structure is a structure maintained by hydrogen bonds formation when

R is a small group.

(c) Tertiary structure: The folding and placement of polypeptide chains creates a cohesive
coating structure, called a higher education structure. It is reinforced with covalent, ionic,
hydrogen and disulphide bonds.

Amino acids: (i) Amino acids are organic compounds of both the amino group and the
carboxylic group.

(ii) Represented standard formula: R-CH (NH2) -COOH

(iii) These amino acids are very important because they are layers of protein.

(iv) Protein is a natural polymer a - amino acid as a monomer.

There are 20 different amino acids, each with a different group - R, which is commonly found in
organic proteins. The human body is made up of 10 of the 20 amino acids found in proteins.

The amino acids that bind together molecules are proteins. Amino acids and proteins are the
building blocks of health. When proteins are digested or broken down, amino acids remain. The
human body uses amino acids to make proteins to help the body: Break down food.

Essential amino acids: These amino acids that are not made by our body are called essential
amino acids. They should be part of our diet. For example, valine, leucine, phenylalanine, etc.

Non-essential amino acids: Amino acids, which can be synthesized in the body, are known
as essential amino acids. For example, glycine, alanine, aspartic acid, etc.

In aqueous solution, the carboxyl group may lose protein and the amino group can receive a
proton, leading to a dipolalar ion known as the zwitter ion.

In the form of zwitter ionic, amino acids exhibit amphoteric behavior as they react with both
acids and bases.

Denaturation: Denaturation is the process by which the molecular structure of a protein
changes without breaking the amide / peptide bonds that form the main structure. This causes
mutations in protein structures and biological function is often lost.

OR

Denaturation, in biology, is the process of repairing the structure of cells in a protein.
Denaturation involves the rupture of many weak connections, or bonds (e.g., hydrogen bonds),
within a protein molecule responsible for a highly structured protein structure in its (natural)
nature.

When food is cooked, some of its protein turns denatured. That is why boiled eggs become hard
and cooked meat hardens. An old example of denaturing extracts from proteins comes from egg
whites, usually egg albumin in water. Fresh in eggs, white eggs are visible and not liquid.



Enzymes: Enzymes are naturally occurring simple or synthetic proteins that create biological
reactions.

OR

An enzyme is a catalyst that acts on living organisms, which controls the rate of chemical reactions
unless they are modified in this process.

Examples of specific enzymes

There are thousands of enzymes in the human body, here are a few examples: Lipases - a
collection of enzymes that help digest fat in the gut. Amylase - helps to convert starch into sugar.
Amylase is found in saliva. Maltase - also found in saliva; breaks down sugar maltose into glucose.

Application of Enzymes

(i) Treatment of diseases Phenyl ketone congenital disease caused by phenylalanine hyroxylase
can be treated with a diet low in phenylalanine. The enzyme streptokinase is used for blood
clotting to prevent heart disease.

(ii) Industrial Skin tanning, fermentation process etc.

Vitamins: Vitamins are things that our bodies need to develop and function normally. They
include vitamins A, C, D, E, and K, choline, and B vitamins (thiamin, riboflavin, niacin,
pantothenic acid, biotin, vitamin B6, vitamin B12, and folate / folic acid).

Below are some of the many benefits of taking vitamins:
Promotes Healthy Aging.

Reduce Anxiety and Depression.

Improves Your Heart Health.

It covers Your Nutrition Foundations.

Supports Your Immune System.

Keeps the Body Working Well.

Improves Your Eyes.

Keeps Your Bones Strong.

Nucleic acids: Nucleic acids are polymers that are repeated units called nucleotides. There
are two types of nucleic acids: DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). Nucleic
acids play two important functions of multiplication and protein synthesis.

The nucleotide consists of three components:

(a) A five-unit carbon atom, which is ribose and deoxyribose.
(b) Nitrogen containing a heterocyclic base, as well

(c) Phosphate group.

The nitrogen containing bases in nucleotides belong to the following two

classes:
(i) Purines: The bases derived from purines are adenine (A) and guanine (G).
(ii) Pyrimidines: The bases found in pyrimidines are cytosine (C), thymine (T) and uracil (U).



Mutation: Mutation occurs when a gene is damaged or altered in such a way that it alters the
genetic message carried by that gene. Mutagen is a genetic agent that can cause permanent
changes in the genetic makeup of DNA to alter the genetic message.

Modification is the mutation that occurs in the sequence of our DNA, due to errors in DNA
copying or due to natural factors such as UV light and cigarette smoke.

Genetic modification is a mutation in DNA, the genetic code of life. An organism's DNA affects
its appearance, behaviour, and function. Changes in the DNA of living things can also cause
changes in all aspects of their life. Changes are essential for evolution; they are immature genetic
variants.

There are three types of DNA modification: base modification, removal and insertion.
1. Basic Exchange. A single base substitution is called point mutations, remember point mutation
Glu = Val causes sickle-cell disease. Point conversion is the most common type of conversion and
there are two types.



Biomolecules

. On oxidation with a mild oxidising agent
like Br2/H20, the glucose is oxidized to
Option

(a) Saccharic acid

(b) Glucaric acid

(¢) Gluconic acid

(d) Valeric acid
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. Invert sugar is

Option

(a) A type of cane sugar

(b) Optically inactive form of sugar

(c) Mixture of glucose and galactose

(d) Mixture of glucose and fructose in

equimolar quantities
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3. Which of the following compounds is

found abundatly in nature?
Option

(a) Fructose

(b) Starch

(c) Glucose

(d) Cellulose
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. Starch is composed of two polysaccharides

which arc

Option

(a) Amylopectin and glycogen

(b) Amylose and glycogen

(c) Amylose (20%) and amylopectin (80%)
(d) Cellulose and glycogen
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. Which reagent is used to convert glucose
into saccharic acid?

Option

(a) Br2/H20

(b) Nitric acid

(c) Alkaline solution of iodine

(d) Ammonium hydroxide
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. Maltose is made up of
Option

(a) Two O-D-glucose
(b) Normal B-D-glucose
(c) - and B-D-glucose
(d) Fructose
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. Whicn of the following is an example of an
aldopentose?

Option

(a) D-Ribose

(b) Glyceraldehyde

(¢) Fructose
(d) Erythrose
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. Identify Z.

Option
(a) 2-lodoheptane
(b) Heptane-2-ol
(c) 2-lodohexane
(d) Heptanoic acid
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. The general formula of carbohydrates is

Option

(a) CnH2n+10
(b) CnH2nO

(¢) Cx(H20)
(d) Cn(H2,0)2n
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10. What are the hydrolysis products of
sucrose?
Option
(a) Fructose + Fructose
(b) Glucose + Glucose
(¢) Glucose + Galactose
(d) D-Glucose + D-Fructose
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11. Carbohydrates are stored in human body
as the polysaccharide
Option
(a) Starch
(b) Glycogen
(¢) Cellulose
(d) Amylose
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12. The glycosidic linkage involved in linking

the glucose units in amylose part of starch
is

Option

(a) C1-C4 B-linkage

(b) C4-C6 B-linkage

(c) C1-C6 a-linkage

(d) C1-C4 a-linkage
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13. The conversion of maltose into glucose is

possible by the enzyme
Option

(a) Zymase

(b) Lactase

(c) Maltase

(d) Diastase
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14.1In cellulose, D-glucose units are joined by
(a) O-1, 4 glycosidic linkage
(b) B-l, 6 glycosidic linkage
(©) B-l, 4 glycosidic linkage
(d) peptide linkage
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15.How many C-atoms are there is a
pyranose ring?
(a)3
(b)5
(©) 6
a7
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16. Cellulose is a
(a) Hexapolysaccharide
(b) Pentapolysaccharide
(¢) Tripolysaccharide
(d) None of these
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17. The letter ‘D’ in carbohydrates signifies
(a) Dextrorotatory
(b) Configuration
(c) Diamagnetic nature
(d) Mode of synthesis
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18. A diabetic person carries a packet of

glucose with him always, because

(a) Glucose increases the blood sugar level
slowly

(b) Glucose reduces the blood sugar level

(¢) Glucose increases the blood sugar level
almost instantaneously

(d) Glucose reduces the blood sugar level

slowly
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19.Among  the naturally occurring 21. IR W i AT AT uftre sy fve feram =i

carbohydrates, furanose ring is found in HehdT 82
the W KIEE)
(a) Glucose unit of cane sugar (Eﬁ‘) FlEﬁFT
(b) Glucose unit of cellulose @) afe=
(¢) Fructose unit of cane sugar &) rRedw

(d) Galactose unit of lactose

22. Which of the following is not true about
19.EI'IT§F<-|7:E Y O UTC A I hiarargget o amino acids?

WWWW% (a) They are constituents of all proteins
W) Wﬁiﬁmjﬁﬁsﬂ?@ (b) Alanine having one amino and one
(&) ﬁﬂfﬁ?iﬁ ‘FEI?I?I‘E%FI? carboxylic group
(@) nmaﬁﬁaﬁgmﬁmgwé (c) Most naturally occurring amino acids
(3"\‘) ISR | aﬁrﬁﬁaﬁaw have D-configuration
(d) Glycine is the only naturally occuring
20. Globular proteins are present in amino acid which is optically inactive.
(a) Blood
(b) Eggs 22. Fraferfae & & &1 orftY tRre F an ®
(¢) Milk AL 7?2
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21. Which one of the amino acids can be
synthesised in the body? 23.Proteins are condensation polymers of
(a) Alanine (a) Ol-amino acids
(b) Lysine (b) B-amino acids
(c) Valine
(d) Histidine (c) O-hydroxy acids

(d) B-hydroxy acids
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24. In fibrous proteins, polypeptide chains are
held together
(a) Van der waals forces
(b) Electrostatic forces of attraction
(¢) Hydrogen bonds
(d) Covalent bonds
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25.Which compound can exist in a dipolar
(zwitter ion) structure?
(a) C6HSCH2CH (N = CH2) COOH
(b) (CH3)2CHCH (NH2) COOH
(c) C6HSCONHCH2COOH
(d) HOOCCH2CH2COCOOH
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26. Which of the following is an acidic amino
acid?
(a) Glycine
(b) Valine
(c) Leucine
(d) Glutamic acid
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27.The melting points of amino acids are
higher than the corresponding hal-acids
because
(a) Amino acids exist as zwitter ions

resulting in strong dipole-dipole

attraction

(b) Amino acids are optically active

(c) Due to higher molecular mass of-NH2
group molecular mass of amino acids is
higher

(d) They interact with water more than

halo-acids and have salt like structure
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28.Mark the incorrect example
(a) Keratin and myosin-fibrous proteins
(b) Insulin and albumines-Globular
proteins

(¢) Glycylalanine-Djpeptide

(d) Enzymes and haemoglobin-Derived

proteins
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29. Which of the following gives positive
Fehling solution test?
(a) Protein
(b) Sucrose
(¢) Glucose
(d) Fats
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30. The function of glucose is to
a) Provides energy
b) Promote growth

¢) Prevent diseases

d) Perform all above
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31. Glucose does not react with
a) Br2/H20
b) H2NOH
¢) HI
d) NaHSO3
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32.Glucose react with acetic anhydride to
give
a) Mono-acetate
b) Tetra-acetate
¢) Pent-acetate
d) Hex-acetate
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33.Biomolecules are
a) Aldehyde and ketones
b) Acids and esters
c¢) Carbohydrates, fats and proteins
d) Alcohols and phenols
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34. Which of the following is a disaccharides?
a) Lactose
b) Starch
¢) Cellulose
d) Fructose
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35. The sugar that is a characteristics of milk
is
a) Maltose
b) Ribose
¢) Lactose
d) Galactose
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36. Which of the following monosaccharide is
pentose
a) Glucose
b) Fructose
¢) Arabinose
d) Galactose
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37. A carbohydrate that cannot be hydrolysed
into simpler units is called
a) polysaccharides
b) trisaccharides
¢) disaccharides

d) monosaccharides

37.U%h hraiglsge N RS geRTsaAl W
ETSSIcATS et fohaT ST Weha &, ShgelTar &
T) U TEehsed
EUEAERE ST
oY) feamesea
2 WA

38. Which among the following is the simplest
sugar
a) Glucose
b) Strach
¢) Cellulose
d) None of these
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39. Glucose cannot be characterised as
a) Hexose
b) Carbohydrate
¢) Aldose
d) Oligosaccharide
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40. Glucose gives similar mirror test with
Tollen’s reagent. It shows the presence of
a) Acidic group
b) alcoholic group
¢) Ketonic group
d) Aldehyde group
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41.The number of tripeptide formed by 3
different amino acids.
(a) Three
(b) Four

(¢) Five
(d) Six.
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42.The vitamins absorbed from intestine
along with fats are
(a)Aand D
(b) A,B
(©)A,C
(dD,B
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43. Which amino acids is a chiral?
(a) Alanine
(b) Valine
(c) Proline
(d) Histidine
(e) None of these.
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44.Which of the following biomolecules is
insoluble in water?
(a) a-Keratin
(b) Haemoglobin
(c) Ribonuclease
(d) Adenime
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45.The protein responsible for blood clotting
is
(a) Albumins
(b) Globulins
(¢) Fibroin
(d) Fibrinogen

45,7 % TR % foru Rrmivem T 3
() Tegfe
() TelrsgferT
GURIECIES]
@) ETEfERE

46. Which one of them is not a protein?
(a) Wool
(b) Nail
(c) Hair
(d) DNA
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47.The helical
stabilized by:
(a) Peptide bond
(b) Dipeptide bond
(c) Hydrogen bonds
(d) Vander Waal’s forces

structure of protein is
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48. Which of the following has a branched
chain structure
(a) Amylopectin
(b) Anylose
(c) Cellulose
(d) Nylon
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49. Amino acids are the building blocks of
(a) Carbohydrates
(b) Vitamins
(c) Fats
(d) Proteins.
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50. Enzymes in the living system
(a) Provide energy
(b) Provide immunity
(¢) Transport oxygen
(d) Catalyse biological reaction
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Answers:

1. Answer: Option (c¢) Gluconic acid

2. Answer: Option (d) Mixture of glucose
and fructose in equimolar quantities

3. Answer: Option (b) or (d)

4. Answer: Option (c) Amylose(20%)

and amylopectin (80%)

Answer: Option (b) Nitric Acid

Answer: Option (a) Two O-D-glucose

Answer: Option (a) D-Ribose

Answer: Option (d) Heptanoic acid

Answer: Option (c) Cx(H20)

10. Answer: Option (d) D-Glucose + D-
Fructose

A IR A

11. Answer: Option (b) Glycogen
Option (d) C1-C4 Ol-linkage

Option (c) Maltase

12. Answer:

13. Answer:

14. Answer: Option (c) B-1, 4 glycosidic
linkage

15. Answer: Option (c) 6

Option (d) None of these

Option (b) Configuration

16. Answer:
17. Answer:

18. Answer: Option (c¢) Glucose increases
the blood sugar level almost
instantaneously

19. Answer: Option (¢) Fructose unit of
cane sugar

20. Answer: Option (d) All of these

21. Answer: Option (a) Alanine

22. Answer: Option (c) Most naturally

acids have D-

occurring amino

configuration

23. Answer: Option (a) O.-amino acids

24. Answer
25. Answer

: Option (¢) Hydrogen bonds
: Option (b)

(CH3)2CHCH(NH2)COOH

26. Answer

27. Answer

: Option (d) Glutamic acid
: Option (a) Amino acids exist

as zwitter ions resulting in strong

dipole-dipole attraction

28. Answer

: Option (d) Enzymes and

haemoglobin-Derived proteins

29. Answer
30. Answer
31. Answer

32. Answer

33. Answer:

: Option (¢) Glucose

: Option (a) Provides energy

: Option (d) NaHSO3

: Option (c) Pent-acetate
Option (c) Carbohydrates,

fats and proteins

34. Answer:
35. Answer:
36. Answer:
37. Answer:
38. Answer:
39. Answer:
40. Answer:
41. Answer:
42. Answer:
43. Answer:
44. Answer:
45. Answer:
46. Answer:
47. Answer:
48. Answer:
49. Answer:

50. Answer:

Option (a) Lactose

Option (c¢) Lactose

Options (c) Arabinose
Option (d) Monosaccharides
Option (a) Glucose

Option (d) Oligosaccharide
Option (d) Aldehyde group
Option (d) Six

Option (a) A and D

Option (e) None of these
Option (a) a-Keratin

Option (d) Fibrinogen
Option (d) DNA

Option (¢) Hydrogen bond
Option (a) Amylopectin
Option (d) Proteins

Option (d) Catalyst biological

reaction



