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_ Chapter Three
Cell Chemistry

Organ, tissue and cell of an organism composed of different
chemical compounds. Some of these chemicals are unique for life.
The chemistry of the cell is very complex. Actually the secret of life
remains concealed in these chemical compounds. So it is essential to
know about the chemistry of cells for each science student, In this
chapter a discussion has been made about the chemistry of the living
cell.

Key words: Carbohydrates, monosaccharide, polysaccharide, deoxyribose, cellulose, sfarch, lipid,
triglyceride, cholesterol, polypeptide, enzyme. :

Period 8: After reading this chapter students should be able to (Learning output) -
0O Explain the chemical composition of organism.
O Describe the classification of carbohydrate, protein and lipid.
O Analyze the role of carbohydrate, protein and lipid in organism’s body.
O Explain the functional nature of enzyme.
3 Describe the classification of enzyme.
0O Explain the use of enzyme in different biological activities.

3.1 The chemical composition of organism :
The body of a living organism composed of several chemical components. The structure and
- functions of the living organisms mostly based on the structure, arrangement and nature of these
chemical components. These chemical components are known as biomolecules. Some of the
biomolecules are very simple and small, called macromolecules and others are large and complex,
called macromolecules. Ninety five percent (95%) of the cellular content comprises of only four
molecules viz., Carbon (C), Hydrogen (H); Oxygen (O) and Nitrogen (N). Another 5% is comprised
of 20 types of molecules, as Calcium, Phosphorus, Chlorine, Sulfur, Sodium, Magnesium, Iodine, -
[ron, Copper, Cobélt, Zinc etc. Table 1 shows the prime chemical compouhd of a cell.

Table 1: Prime chemical compounds of the cell :

Chemical compounds - a % Type
1. Water 30.00 i
.2. Inorganic salts : 1.c0 }lnqrga e
3. Carbohydrate . 1.00 )
4. Lipid i e ; 0.50 !,
5. Protein : - 12.00 &Organic-. :
6. Nucleic acid 2.00
7. Other organi matter - 0.50:835 /) -

However, a brief description of carbohydrate, protein and lipid is gi\':en below:
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1. CARBOHYDRATES

Carbohydrates are any of a class of organic compounds that are polyhydroxy aldehydu o
[polyhydroxy ket fones, or change to such substances on simple chemical transformations, 5
hydrolysis, oxldahon, or reduction, and that form the supportmg tissues of plants angd are
important food for animals and people.

Carbohydrate comprises 1% of the living body. They are the compounds which provide energy
to living cells. @‘h&y are compounds of carbon (C), hydrogen (H) and oxygen (O) atom with a ratio of
ﬁ;ﬁ@ The name carbohydrate means "watered carbon" or carbon with attached water molecules.

Many carbohydrates have ﬁnpmcal formula, C.(HzO),. which would imply about equal numbers of
carbon and water molecules. For example, the glucose formula C¢H;,0¢ suggests six carbon atoms
and six water molecules. Carbohydrates are technically 'llydrates of carbtm structurally it is more
accurate to view them as polyhydroxy aldehydes and ketones.

Sources :

The main sources of carbohydrates are plants. Higher animals have trace amount of
carbohydrates. In plants these are existing as cellulose and starch in the stem, fibres, barks, fruits,
roots, seeds, sap, etc. In higher animals they stored as glycogen, lactic acid and lactogen in liver,
muscle and milk respectively. Carbohydrates are granular, fibrous or crystal solid substance. They
are sweet or tasteless in taste. Most of the carbohydrates are insoluble in water except
monosaochand&s In excess heat they become ash. Carbohydrates form esters combined with acids.

I'SUgary These are non-sweet, agranular and water insoluble carbohydrate as cellulose,
glycogen erch etc.

ketone group' (>C=0). A reducing sugar is
one that reduces another cOmp':'l"'ld and is ttself ox:d:zed that is, the carbonyl carbon of the sugar is
T R ,\,‘ lﬂgwﬁ@ T['HS @!‘! common
X e A "°“'r°d”°‘“g sugar is aﬂy Sugar that is unable to be ox:dlzed and do
(not. reduce_ other substances. Thase sugar do not have free aldehyde grou (—CHO) or a free ketone .
§._ (>C=0 Y1 - > of i in ari T oG ia‘j. - ‘.a:: _ﬁ.:.:.._

On the § carbohydrates are -

classified in to : =5
; I)Monosaccharides,
Oligosaccharides and -
3) Polysaccharides.
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1. Ev[onosaccharide.é:?(Gr-mono=single, sacchar=sugar)

A monosaccharide is a simple sugar and is the simplest form of a carbohydratgl It cannot be
broken down by water into a simpler sugar. The chemical formuld of monosaccharide is C.H;,05
Monosaccharides- form the building blocks for more complex carbohy drqf§ sjﬁlll
monosaccharides are water soluble, sweet in taste and able to form callils. They possessing free
aldehyde groups (-CHO) at their cabon 1 or free ketone groups (>C=0) at their cabon 2 and possess
reducing properties. This reducing property is exhibited by Fehling's test where the Cu®*" ion in
Fehling's sélution is reduced to Cu* ion. Hence all monosaccharides are called reducing sugar.
Monosaccharides having aldehyde group cal led{aldoﬁi-’; and having ketone group called ,ketogs

On the basis of the number of carbon monosaccharides are of following typess |

(i) Triose: A triose is a monosaccharide containing three carbon atoms in its primary chain.
They exist as phosphate ester in plants. There are only three possible trioses: \L-Glyceraldehyde, D2
Glyceraldehyde, and dihydroxyacetone; Trioses are important in cellular respiration.

(ii) Tetrose: A tetrose is a monosaccharide containing four carbon atoms in its primary chain.
They have either an aldehyde functional group in position 1 or a ketone functional group in position

2. Examples are- erythrose, threose, erythrulose et -
(“f) 'I'Pentose: A pentos? R monosac'chande HS //0 CH,OH
containing five carbon atoms in its primary chain. The C
pentose sugar ribose and deoxyribose are part of the H-—'(!‘,—-OH =0
nucleotides that make up the crucial nucleic acids like |
DNA and RNA. Other pentoses are fribulose, xylulose, CH,0OH CH,0H
arabinose, lyxose ete. - ~ glyceraldehyde dihydroxy acetone
(iv) (Hexose: A hexose is a monosaccharide with six (aldose) (ketose)

carbon atoms, havin g the/chemical formula C¢H;0¢: ;

The hexose sugar g?ucose is the most abundant monosaccharide in nature and is the principal
carbon and energy source for nearly all cells. Other hexoses are fructose, manose, galactose etc.

(v) Heptose: Heptose is any monosaccharide that has seven carbon atoms per molecule. There
are few examples of C-7 sugars in nature, among which are: Sedoheptulose or D-altro-heptulosg, an
early intermediate in lipid A biosynthesis and Mannoheptulosé found in avocados.

2.{Oligosaccharides!(Gr oligo =less; sacchar= sugar) S

An oligosaccharide is a complex carbohydrate and gontains 2 to 10 simple sugai§. These are
composed of (several monosaccharide residues joined through glycosidic linkagé, which can be
hydrolyzed by acid to give the constituent monosaccharide units. Like monosaccharides
oligosaccharides are Water soluble, sweet in_‘taste,:;gpg;gblgr_t,g__fonn.xcal}p Oligosaccharides may be
disaccharides, trisaccharides, tetrasaccharides etc. All types of oligosaccharides occur naturally;buty
most are the disaccharides. : !

(i) Disaccharides! These oligosaccharides are composed of two monosaccharides connected by a
glycosidic bond. In disaccharide each glycosidic bond can be formed between any hydroxyl group on
the component monosaccharides. Some common disaccharides are. Jactose" (milk sugar); malto
bucrose (table sugat etc. b :

. (i) Trisaccharideg: These oligosaccharides are composed of three monosaccharides with two
glycosidic bonds connecting them as in disaccharides. Common trisaccharides are @
fraltotriose, melezitose, maltotriulose efc. § o

mallose




Biology Part I 80 Cell Chemistry

(i) @isnechaﬁﬁ‘@ A tetrasaccharide is a carbohydrate which gives upon hydrolysis four
molecules of the same or different monosaccharides. For example, f:srachyose upon hydrolysis gives
one molecule each of glucose and fructose and two molecules of galactose. The general formula of a

tetrasaccharide is typically C2¢H4202.

3. @lysacchaﬂ@ (Gr Poly=many; sacchar=sugar)

Polysaccharides” are long carbohydrate molecules of monosaccharide units joined together by
glycosidic bonds. They range in structure from linear to highly branch. Polysaccharides are often
quite heterogeneous, containing slight modifications of the repeating unit. Depending on the
structure, these macromolecules can have distinct propemes from their monosaccharide building
blocks. ﬁﬂ‘éf&inay be amorphous (non-crystallme solid) or even insoluble in water.

When all the monosaccharides in a polysaccharide are the same type, the polysacchande is called
a homopolysaccharide or homoglycan, but when more than one type of monosaccharide is present
they are called heteropolysaccharides or heteroglycans. Considering that the repeatingnits in the
polymer backbone are often six-carbon monosaccharides, the general formula can also be ‘
represented as (CgHjgOs), where 10 < n < 3000. Polysaccharides may be of structural or storage.
Structural polysacchharides exist as primary structural components of cell and storage
pol acchandes exist as reserve food in ceIl I?lplants the storage polysaccharzde is starch anddl‘f’

Fig 3.1 Simple structure of polysaccharide
Some Vital Carbohydrates

nuclenc acids, nucleotides, the vltamm rlboﬂavm, and various co-
enzymes Ribose has the chemical formula CsH,0s. It is also known as
-rzbose whlch was first reported in 1891 by Emil Fischer. @@ -

DEOXYRIBOSE

Deoxyribose, also known as D-Deoxyribose and 2- -deoxyribose, is
an aldopentose monosaccharide contammg five carbon atoms, and
mcludmg an a!dehyde functional group in its linear structure. Phoebus

Levene in 1929 ¢ '-overed the deoxyribose. Deoxyribose has the
'chem:cal formula CsH,, Oy. Its name indicates that it is a deoxy sugar,

meamng that it is derived from the sugar ribose by loss of an oxygen OH H
atom in the carbon 2.

Deoxyribose

4 consiituent ot the 1S€S DNA. The absence of the 2'
hydroxyl group in deoxynbose is apparently responsible for the mcreased mechanical flexibility of
- DNA compared to RNA, which allows it to assume the double-helix conformation, and also to be
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compactly coiled wittﬁn t%le small cell nucleus. This ubiquitous sugar and its derivatives are-

fundamental. to key biological processes throughout nature and reflect a commonality among all

living organisms. .
{Differences between ribose and deoxyribosé'

. Ribose Deoxyribose

[. Ribose is found in RNA, is a "normal" [ 1. Deoxyribose is found in DNA, is a
sugar, with one oxygen atom attached to each | modified sugar, lacking one oxygen atom
carbon atom. (hence the name "deoxy"). _

2. In ribose, carbon atom 2 carries one | 2. In deoxyribose, carbon atom 2 carries a
hydroxyl group. hydrogen atom instead of a hydroxyl group.

3. Its chemical formula of ribose sugar is | 3. The chemical formula of deoxyribose sugar
C;sH;oO:s. is CsH0Os. e

4. It produces furfural acid in reaction with | 4. It produces levulinic acid in reaction with
heavy HCL heavy HCL '

GLUCOSE ;

Glucose is a aldohexose sugar with six carbon atom. It is is also known as dextrose, gre
{sugar, corn sugar, D-glucose, eté. Its ¢hemical formula is CeHizQ3. It has an aldehyde group
(-CHO) in its atomic structure, hence called aldohexose] Glucose is white crystal sweet chemical
which is soluble in blood plasma and watef and so it is transported by body fluids to alkcells in the
body. There are huge amount of glucose in ripen fruits, honey and grasps. Glucose is naturally
produced in plant cells through the process of photosynthesis. Glucose is a basic form of fuel in all
living things. In cells it is metabolized and releases energy. Sugar hydrolyzed into glucoses. lﬁlucg
«can form polymer and stored as starch in the plant body. In living organisms it combined with
protein and form glycoprotein. Glucose reacts with phosphoric acid and produces ester. ' '

D Glucose and L Glucose Series .
Based on the OH group on the single asymmetric carbon no. 5 in the chain configuration of

glucose, it is named as D glucose and L glucose. If the OH group of glucose molecule lies towards
right side, it called as D- gluose and if it is on left:side, it will be L-glucosgf According to Fisher
model D and L glucose are mirror images of one another. } %
D-Glucose is optically active and its rotation phase is right (Latin, dexter =tight)) to the chiral
center. L-Glucose is also optically active and its rotation phase is left (Latin, laevus= left)) to the
chiral center. (4 chiral center is defined as an atom in a molecule that is bonded to four different

chemical species, allowing for optical isomerism). All natural glucoses are D Glucose, bl|.1't L-G}ucﬁ'se
are developed artificially for diabetics treatment and endoscopic useses. B et

a-D Glucose and B-D Glucose g 3
The D-glucose can exist in two forms a-D-glucose and f-D-glucose. Theydlﬂ:
direction that -H and -OH groups point on carbon I In cyclic configuration of
group is located over the carbon no.1 is called a-D-glucose and if it is under, it
Vhen o-glucose molecules are joined chemically to form a arc

‘structural product of plan;

pIned to I

t of plant. When B-glucose molecules are.

- ARRGE 57 8 X A5

sois 74 Ganlautl e
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. Glucose used as instant energy source for the patients.
2. D-glucose used in production of vitamin C or ascorbic acid through the Reichstein process.

This process was devised by Nobel Prize winner Tadeus Reichstein and his colleagues in 1933
3. Glucose is used in fruit preservation; glucose-fructose syrups improve product conservation.
4. It can create or synthesize polysaccharides, which are complex sugars that can be used as |

energy storage in organisms as well.
5. Glucose also plays a role in the creation or synthesis of other substances like glycoproteins or

 glycolipids.
6.The glucose is very important substance in biology and in metabolism of all life forms
7.Glucose is the main and preferred source of energy far all cells. l
8. In pharmaceutical industry glucose can used for production of citric acid, sorbitol, glucomc
acid, bio-ethanol etc.

Dextrose is a white soluble sweet-tasting crystalline solid that is the dextrorotatory isomer of
Slllcosp, occurring widely in fruit, honey, and in the blood and tissue of animals. It is commercially
obtainable from starch by acid hydrolysis. Dextrose powder is sometimes used as a nutritional
supplement,by bodybuilders who are looking to increase weight and muscle. It may be prescribed l

- when a person is dehydrated or has low blood sugar

FRUCTOSE
Fructose is an isomer of glucose, i.e, six carbon hexos sugar. Fructose was dlscovered by French

chelmst Augustin-Pierre Dubrunfaut in 1847. Its mo!ecu!ar : 11,06 It has a keto gl’OUP
(=C0) in lts atomic structure, hence called . Sug;

2 fructose are produced annually.
' | Fructose is used in huge amount in productlon of sweetmeat, beverage, cake, juice etc.
: lde these fructose is used in laboratory for preparation of culture medla of lactose bacteria. :
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Why is fructose bad for human body? -
Glucose and fructose are metabolized very differently by the body. The key thing to realize, is :
that while evety cell in the body can use glucose, the liver is the only organ that can metabolize
fructose in significant amounts. When people eat a diet that is high in calories and high in fructose, .
the liver gets overloaded and starts turning the fructose into fat. Scientists believe that excess

fructose consumption may be a key driver of many of the most serious diseases of
include obesity, type Il diabetes, heart disease and even cancer.

today. These

Differences between glucose and fructose

[

Glucose

Fructose

1. Glucose is an aldohexose with an aldehyde

1. Fructose is a ketohexose with a keto

| group (—CHO)
2. Commonly called as blood sugar, dextrose,
corn sugar, and grape sugar.

group (=CO)
2. Commonly called as fruit sugar, levulose,
D-fructose.

3. Glucose is sweet in taste.

3. Fructose is many times sweeter than
glucose. :

~ 4. Its carbon is attached to a hydrogen atom
by a single bond and an oxygen atom by a
double bond.

4, Its carbon_is attached only to an oxygen
atom by a single bond.

5. Ring structure pyranose type with a 6 atom
ring.

S. Ring structure furanose type with a 5 atom
ring. il

6. This breaking down process requires
insulin.

6. It does not need insulin to be metabolized
and therefore is a marginally better choice for
diabetics. :

7. Cells use glucose to fuel respiration. It is
also used in Vitamin A production and for the
synthesis of several substances, including starch
and glycogen.

7. Fructose is used in respiration to produce
ATP and to build glycogen. It can also produce
fat to store energy.

SUCROSE :

Sucrose also known as saccharese (Latin sucrum =
sugar) is a disaccharide that yields from one molecule
. glucose and one molecule fructose on acidic hydrolysis. Its

ichemical formula is CzHxO\1.

The word "sucrose" was coined in 1857 by the English
chemist William Miller from the French sucre ("sugar")

and the generic chemical suffix for sugars -ose.

Sucrose, ordinary table sugar, is probably the single most abundant pure organic chemical in the
world and the one most widely known to nonchemists. phﬁhembst her disaccharides; s -
Sucrose has an anomeric carbon which is not free since the carbon 1

hot a reducing sugaF.

glucose and fructose and fructose does not have free OH group to und K - ks
open the ring so sucrose is non reducing. In the formation of sucrose 1,2 glycosidic bond is formed

between glucose and fructose. In the process, the keto group on Carbon

Sucrose: [a-D-glucopyranosyl-(1—2)-p-D-
fructofuranoside] :

= Adlsaccnarigcs, FUulivot &

er reducing reaction and to

......

SUCTO0% L

2 of the fructose molecule
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and the aldehyde group on Carbon 1 of the glucose molecule a
group give a monosaccharides and disaccharides the reducing properties.

(i) Sucrose is a sugar, the organic ¢
sugar or, usually, just sugar.

(ii) Sucrose is one of the main p
of carbohydrate transported from source to sink organs.

(iif) It also functions as a storage reserve, compatible solute and signal metabolite in plants.

(iv) Sucrose serves as a source of fixed carbon that can be distributed systemically throughout

re altered. Keto group and aldehyde

ompound commonly known as table sugar, cane sugar, beet

roducts of photosynthesis in plants, anc ...e most common form

the plant,
" (i) Sweetener: The primary characteristic of sucrose is its sweetness. Sugar has the ability to
make foods more appealing by making them less tart or bitter.

(ii) Preservative: Like salt, sugar is a natural preservative because it draws moisture out of
bacteria,

(iii) Fermentation and Manufacturing: Sugar acts as a food source for fungi. Fungi, in turn,
speed up the fermentation process. People thus add sugar to any manufacturing process that requires
fermentation.

(iv) Bait: Insects like flies, ants and cockroaches are attracted to sugar. Sugar therefore is a
nontoxic pest bait.

(v) Gardening: Sugar can also be a helpful additive to garden soil because it provides an
inhospitable environment for nematodes (worm parasites) that attack garden plants.

(vi) Beauty and Cleansing: Sugar acts as an abrasive agent, meaning that it has the capacity to
wear away at something else. This makes it perfect for use as a cleansing agent.

STARCH _
tarch (sterchen =§tiffen) is a &!ﬁe, granular, orgamc chemical that is produced by’ all green
. C ?mgp’?! 1afide. The basic @_hemlcalﬁmnug of the starch molecule is
9. Carbohydrat sk

es in plants are stored in the form of starches. The word "starch" is from a
Germanic root with the meanings "strong, stiff, strengthen, stiffen!". Pure extracted wheat starch
paste was used in Ancient Egypt possibly to glue papyrus. The extraction of starch is first described
in the Natural History of Pliny the Elder around AD 77-79.

AUYLOPECTIN  ocxn®

Amylase A Amylopectin
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The structure, shape and properties, are varymg in different plant o .- 5 H@ _ 
(two ¢ dlfferent poly,sa -' handw ettt R
wjxtures o£ amy ;
D- -glucoses monomers where as amylop o
 jglucoses mionomers. Potato has the largest aﬁdﬁﬂ )

}Propertles of Starch -. | 2 X A ¢
1. Itis msoluble, so doesn’t draw water into cells by osmos:s s renmn G .
2. Won’t aas:ly dlffuse out of cells because 1t is msoluble. 1%t ‘i pASEL T
3. It can be stored ina small space because the tight coils make it compact '_1-";
4. Can be easily hydrolysed to give u-glucose Whlch can be used i in respnrauon.
{Functions of Starch - ¢

1. Most green plants use starch as their energy store.

2. Fruit, seeds, rhizomes, and tubersstore starch to prepate for ‘the next grown;g? eason. ..

3. Starch is the most common carbohydrate in the human diet and is contained i Wu
foods. The major sources of starch intake worldwxde are the cereals (nce, wheat, and;nmze)jandglh;g
root vegetables (potatoes and cassava) ailinizan inswltih ] 15 undisyia w gseiulisd (sr} '
Fommerclal uses of!tarcj i sting szoauls of cui vilaskhmeds nwoh:pedcad ad SE0 LN

1. As food additive: As an additive for food processing. food starches are typlcally i.\?étf ‘as’

thickeners and stabilizers in foods. ulgia D Yo saetisea’l
2..In pharmaceutical industry: In the pharmaceutical industry;; .starch is. also used as an

excipient, as tablet d151ntegrant .and as binder. ..+ Nor nazmas BAVAGE) -H‘!iﬂfii- m,;
3. In papermaking: Papermakmg is. the largest non-food apphcatlon for starczlss gl[ bal ly,
consuming millions of metric tons annual[y
4. Corrugated board adhesives: 'Corrugated board adhesives are-*the‘ne:'(t 'Iarg‘é!s’t‘a]iphcht_i‘ohof -

non-food starches globally. o Ve
5. Clothing starch: Clothing or laundry starch is a liquid prepared By muu“ E;e’ 3’%&@%}5@?

in water (earlier preparations also’ 'had to be boiled), and is used in'the ldlmdering !
6. Other purposes: T anbsgres bive noisol @xsmises aadE
(i) For:body powder; powdered com starch isiused as: msubstntuie for talcum: powder, '
similarly in other health and beauty products. isendo 1o 23yt @HdIBY 3 ribulont vt
.(ii) Starch is used to produce. various bioplastics,;synthetic polymets that are ¢ -
(iii) Glucose from starch can be further fermented to blofuel corn cthano!

Wet lllllllng process 24 ; ois aegille S0kl I u“q}, e&vrzf:me:u }a.m
(iv) Textile chemicals hke warp sizing agents are used tor , of

wenvmg yawnl oid) Wieasdn ysnels
) ln 011 exploratlon, “starch is used to adjust ‘the

lllll

lubricate the drill head and suspenii ‘the gri‘nf’img“reslﬁ'\’le'l?n ﬁetﬁfl AT W 2

CELLULOSE,u, AR SR
Cellulose 1s_§_n
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ic polymer on Earth. The cellulose content of cotton fiber is 90%, that of wood is 40-50%

. hat;of dried hemp is approximately 45%, Cellulose was discovered in 1838 by the French
chermst Anselme Payen. The compound was first chemically synthesized in 1992, by Kobayashi

and Shoda. 3
CH20H
20N : r CH20H
Vo) = QO OH
OH H
"H
L H OH

Cellulose: (B, 1—4 glycosidic linkage)

Properties of Cellulose
(@) Cellulose has no taste, is odorless, is hydrophilic, insoluble in water and most organic solvents

and is biodegradable.
(i) Cellulose is crystalline and several different crystalline structures of cellulose are known.

(iii) It can be broken down chemically into its glucose units by treating it with concentrated
mineral acids at high temperature.
Functions of Cellulose
(i) Cellulose ‘makes up most of the tough cell walls surroundmg plant cells and enables plants to
stand upright. (For this reason cellulose is called as skeletal system of plant)
(ii) It is the major component of plants that makes the branches, stems and leaves very strong.
(iii) In animals cellulose supplements increased the bulk of the stools and had a laxative effect.

(@ The slrength of cellulose makes it useful in various synthetic products, including plastics,
fabrics, cosmetics, lotion and cerpetmg.
(if) Cellulose provides the raw material for the production of paper, cellophane, celluloid and
rayon including various types of plastics.
(iif) Derivatives of cellulose such as cellulose nitrate are used in the manufacture of films,
lacquers and explosives. '
(iv) Cellulose derivatives especially cellulosé ethers are widely used in production of
bioadhesives and mucoadhesives.
(V) Cellulose i used in the laboratory as a stationary phase for thin layer chromatography.
(vi) It is the base material for the celluloid that was used for photographlc and movie films until
the mid-1930s. '
(vii) Cellulose insulation made from recycled paper is becoming popular as an envnronmentallY
preferable material for building insulation.
(viii) Cellulose is used to make water-soluble adhesives and binders such as methyl cellulose .
which are used in wallpaper paste.
(ix) Cellalose is the raw matenal in the manufecture of nitroeellnlose which is used in
smokelees gunpowder :

o P
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Cellulose importance to human diet
Despite the fact that humans cannot digest cellulose, cellulose is nonetheless a very important
_ part of the healthy human diet. This is because it forms a major part of the dietary fiber that we know-
is impor tant. for proper digestion. Since we cannot break cellulose down and it passes through our
systems basically unchanged, it acts as what we call bulk or roughage that helps the movements of
our intestines

Cell Chemistry

Why does cellulose can't be digested by humans?
No mammal makes the necessary enzymes to break down cellulose. Those mammals that eat a
lot of cellulose, like cows, need to keep symbiotic bacteria in their digestive tracts to help them
digest the cellulose. Even termites have symbiotic bacteria in their digestive tracts to help them

digest cellulose.

_ Humans cannot digest cellulose because we lack the enzymes that are
required to break the B, 1—4 glycosidic linkage that hold the glucose monomers together.

i Differences between Starch and Cellulose

Starch

Cellulose

" 1. Starch is the polymeric form of glucose in
which 2000 to 20,000 glucose units are linked

by a, 1—4 glycosidic linkage.

1. Cellulose is the polymeric form of glucose
in which700 to 10,000 glucose units are linked
by B, 1—4 glycosidic linkage.

2. The chain of glucose molecules which
forms the starch could be linear, mix or
branched.

2. Cellulcse is mostly linear chains of
glucose molecules.

3. Starch is mainly a storage polysaccharide.

3. Cellulose is a structural polysaccharide

4. Starch occurs in the form ‘of amylopectin
and amylose.

4. Cellulose occurs in nature as pure
cellulose, lignin or hemicellulose.

5. Starch can be broken down to maltose and
then finally to glucose by the enzymes present
in humans. ' ;

5. Cellulose cannot be digested properly in
the absence of the cellulase enzymes.

6. The main function of starch is as food and
supplying the body with energy and helps in its
| proper metabolism

6. Cellulose has a more significant use in the
clothing industry and in the production of
important materials like cellophane and rayon.

GLYCOGEN

s- ells) he

well fed state, or 100-120 gm in an adult Small amounts of glycogen
even smaller amounts in certain glial cells in the brain and whlte bl

up to 8% of the fresh welghl in
are found in the kidneys, and"

oot cels. (GEOEEN 50
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‘ Glycogen was discovered by French physnologmt
Claude Bernard in 1857. Itis pmorphous and water

{SOIUBIE. Glycogen is found in the form of granules in the

cytaﬁlasm in many cell types, and plays an important role
disease in which

“in the glucose cycle. The most common
glycogen metabolism becomes abnormal is diabetes, in
which, because of abnormal amounts of insulin, liver Glycogen

glycogen can be abnormally accumulated or depleted
Funictions of Glycogen'

" (i) Glycogen is stored and produced by the
hepatocytes in the animal liver. The main function of
glycogen is as a secondary long-term energy-storage

molecule.

OH J7.4 OH

Glycogen polymer

(ii) In skeletal and cardiac muscle, glucose from glycogen stores remains within the cell and is

used as an energy source for muscle work.
(iii) The brain contains a small amount of glycogen, suggesting its functional role in the

conscious brain.
(iv) Glycogen has a specialized role in fetal lung type II pulmonary cells. At about 23 weeks of
g&statlon these cells start to accumulate glycogen and then to synthesize pulmonary surfactant, using

it as a major substrate for the synthesis of surfactant lipids.

CHITIN
Chitin (CsH;30sN), is the second most important natural polymer in the world. Chitin is a

polysaccharide containing N-acetylglucosamine, is a derivative of glucose, in which monomers
occur with the glycosidically linked components B, 1—4. Chitin was first isolated and characterized
in 1811 by the chemist and botanist Henry Braconnot. It is the same coupling as glucose with
cellulose, however in chitin the hydroxyl group of the monomer is replaced with an acetyl amine
group. The resulting, sironger hydrogen bond between the bordering polymers makes chitin harder
and more stable than cellulose.

Chitin occurs in the exoskeleton of animals such as [ CHOH CHZOH
?h"mP, crabs, krill, squid and insects or in cell walls of o} 0,
fungi, yeast and other microorganisms. OH o (OH \

‘Chitin insoluble in water, organic solvents, weak acids
and lyes. It is soluble in concentrated formic acid and NH O ~NH
m::thane sulfonic acid. Strong acids split chitin into acetic Oﬁ/ Y
a(:lfl and D-amino glucose (monomer of chitin), strong Iyes s i
split chitin into acetic acid and chitosan. bigChitinHavort Snishre

In terms of function, it may be compared to the protein keratin. Chitin has ‘proved useful for
several medlclnal industrial and biotechnological purposes.

Carbohydrate derivatives

tthm'bohy drate derivatives are sugar molecules that have been modified with substituents other
funct hydroxyl groups. Most sugar derivatives occur naturally and have important biological
jons.

i
4
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Some of few instances are as below:
- L Chondroitin sulfate is an important structural component of cartilage and provides much of
its resistance to compression.

2. Sugar alcohols are still have sweet taste widely used as sugar replacement in diet and health-
oriented foods especially for individuals with diabetes.

3. Amino sugar heparin occurs in intracellular granules of mast cells that line arterial walls and,
when released, inhibits blood clotting.

4. Glycosylamine adenosine is an important part of DNA and RNA structure.

5. Galactosamine is one of eight essential amino acids that function in cell to cell interaction.

6. Glucosamine, is a very popular and relatively well-known amino sugar that our bodies use to
produce glycosylated lipids and proteins.

7. Sialic Acid is a very important sugar amine necessary to our bodies' mental and physical well
being.

8. Ascorbic acid is most commonly known by the name Vitamin C has been used for curing
scurvy (a lack of vitamin C in the body).

9. Saccharin, also known as Sweet-N-Low is one of the oldest artificial sweeteners. It is 300
times as sweet as sucrose.

10. Sucralose, more popularly known as Splenda, is 600 times sweeter than sucrose. It is very
similar to the disaccharide structure of sucrose.

Due to wide application of sugar derivatives in different areas many of them are commercially

synthesized.
Roles of Carbohydrates in Organisms
Vital roles of carbohydrate in organisms are listed below:

1. As biofuel: Most of the energy for the metabolic activities of the cell in all organisms is
derived from the oxidation of carbohydrate. Carbohydrate functiens as an energy source of the body
and acts as biofuel. Carbohydrates contain about 4 calories per gram. _

2. As storage food: All animals derive the major portion of their food calories from the different
types of carbohydrates in their diets. Different forms of carbohydrate are stored in living organism as

storage food-
e Polysaccharide starch acts as storage food for plants.
o Glycogen stored in liver and muscles acts as storage food for animals.

e Inulin acts as storage food of dahlias, onion and garlic.
3. As framework in body: Different carbohydrates especially polysaccharides act as framework

-

in living organism. e S
e Cellulose forms cell wall of plant cell along with hemicelluloses and pectin. v
e  Chitin forms cell wall of fungal cell and exoskeleton of arthropods. v

Peptidoglycan forms cell wall of bacteria and cyanobacteria. e _
4. As anticoagulant: Heparin is a polysaccharide which acts as anticoagulant factor anc =

prevents intravascular clotting.

ERRwIT 57 6 3 -5 | e -
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5. As antigeni Many antigens are glycoprotein in nature and give immunological propertjes ¢, .
blood. . :

tﬁhe As hormone: Many hormones like FSH (Follicular Stlmulatmg Hormone) ang |y

(Leutinizing Hormone;) are glycoprotein and help in reproductive processes.

7. Other Functions
® Agar is polysaccharide used in

e Cellulose acts as roughage o

digestive enzymes.
o Hyaluronic acid found in between join

movement.
e Carbohydrates form DNA RNA, and co-enzyme (ATP, FAD, NAD)

2. LIPIDS
Lipids are-any of a group of organic compounds, composed of Hydrogen (H), Oxygen (O) and
Carbon (C), are insoluble in water but soluble in alcohol, benzene, hexen, ether, chloroform
etc., and together with carbohydrates and proteins constitute the principal structural material |

culture media, laxative and food.
f food. It stimulates peristalsis movement and secretion of

ts acts as synovial fluid and provides frictionless

of living cells.
Llpld comprises 0.5% of the living body. f.lpxd includes the fats, oils, waxes, stgols, andy

iglycer . Lipids are a naturally occurring substance in the body used for energy storage. Fatty,
type foods are good sources of dietary sources for lipids. Nuts, eggs, cheese, salad dressings, skim
_milk, real cream butter, all help the body's lipids to do their job. The term lipid was first used by the

Ger blochermst Bloor in 1943. |

(i) 1p|ds are colourIess, smell less and test less organic substances.

(ii) Lipids are insoluble in water but soluble in alcohol, benzene, hexen, ether, chloroform etc.

(iii) Lipids are lighter then water and have no specific smelting point.

(iv) In general temperature (20°C) solid lipids are called fats and liquid lipids are called 0118

(v) Generally lipids exist as esters of fatty acids. : ;

(vi) Lipids hydrolyze into fatty acid and glycerol. |
Chemical tests for lipid- |

1. Salkowski test: Sample dlssolvc in chloroform and add equal volume of concentrated H;S0s
To produce bluish-red to cherry to cherry-red colour.

2. Liebermann-Burchard test: Sample is dissolve in chloroform in a dry test tube. Add few

drop of acetic anhydride and few drop of concentrated H,SOs. The solution becomes red, then blue | -
and finally bluish- green in colour. |

: ) of reactior with NaOH! KOH lipids are two types:

hyar"rl : v e . d5: A :lapomﬂable lipid is one with an ester functional group that ¢d :
ic conditions. These ‘include trigl lycolipids:

sphmgohplds and the waxes. riglycerides, phospholipids, gLy

e _ @bIes A non-saponifial le lipid is one without an ester functional group and that

| ;1‘,:‘.cannot be hydrolyzed under basic condi‘ious. Thme lnclude prostpg!andens, steroids, and terpens:

nbe,_

-
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Y8 lipids are following types: ' ‘
ﬂ"d as hose that on hydrolysis yield at most two types

» Andialeonig). Simple lipids are of

glucose from the liver.
linked to 7

cream, cheese, butter, and ghee; su
products such as ¢

o HHHHHHHHH
\ 15~ )igdl |

Pt L Tal HHHHHH 4
D i Sl L i
,€-C-C-C-C-C~C~C-C-C-H C=G=C-C-C-C-G=d_ ! |
SLLEET TR A
H T g
Saturated fatty acids Unsaturated fatty acids

" Fat d oil are cncentrated source of energy. These

provide backup energy sourcé; when
carbohydrates are not available. '

" Some types of vitamins rely on fat and oil for absorption and storage. Vitamins A, D,E andK. s
called fat-soJuble vitamins, cannot function without adequate daily fat intake. P iy
* Fat cells, stored in

poii ol g
adipose tissue, insulate our body and help sustain a nor
temperature, | ; '

® Fat and oil remain as reserve food in fruit and seeds of piants.

* During germination reserve fat and oil transformed into carbohydrates and -
the growing embryos, :

® Fatand oil provide our body with fatty acids, which play key metabol;c

£

E Physiology.
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» Fatty acids work as §ignaling molecules, helping your cells communicate with each cther tg
ensure proper body function. . :
s Saturated fatty acids (fats) raise LDL (low-density lipoprotein) cholesterol levels in

the blood. This increases the chances for developing cardiovascular disease.
» Unsaturated fatty acids (oil) fats lower LDL levels and reduce the risk for disease.

(b) Wax A wax is a sImple lipid which is an %ter of a long—cham monohydrlc alcohol andda
fatty acid. The alcohol may contain from 12-32 carbon atoms. Waxes are more likely to be sohd-.. X
foom temperatt Waxes are insoluble in water but soluble in organic, nonpolar solvents. Natural
waxes'ldf different types are produced by plants and animals and occur in petroleum. In waxes of
plant origin, characteristic mixtures of unesterified hydrocarbons may predominate over esters.
Those of animal origin typically consist of wax esters derived from a variety of carboxylic acids and
fatty alcohols

Functions of wax:
= .Many plants have leaves and fruits with wax coatings to help prevent water loss.

= Some animals also have wax-coated fur or feathers to repel water.
= Candles and perfumes are produced from wax.

2 Compound llpld Compound llpIdS deﬁned as those that pn hydrolysns yield three or m@

: A phdsphohpld (phosphatide) is @omposed of two. fatty acids, a glycerql_‘up@
1 pola "oléﬁ@. Phospholipids are a major component of all cell membranes
as they can form lipid bllayers Common sources of mdustnally produced phospholipids are soya,

Sxamples of phospholipids includey

® Phospholipids form the outer cell membranes that hold the cytoplasm within the cell.
= [t prevents the diffusion of larger molecules such as glucose, water and charged ions.
= Phospholipids help the cell maintain its internal structures and environment, a process called
homeostasis.
= In plants, phospholipids serve as a raw material to produce Jasmonic acid, a plant hormone
th.at mediates defensive responses against any disease causing agents.
® It acts as a prosthetic group in case of some enzymes.
® It helps in blood clotting.
~ (b) Glycolipid: Glycolipids are any of a (Eroi up of e gro
: Glycolipids a.e part of the ce.ll membrane and help to make up What
-_as the‘igl)fdocalyx. Chloroplast membranes of green plants enriched with glycolipid.
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& Glycolipipds are responsible for immune responses, notably the recognition of viruses within
the budy.
« Glycolipipds are also responsible for blood grouping of human.

gi:) Llpoprotel‘@A lipoprotein is a biochemical assembly that contains both proteins and lipids.
The llplds or the“ derwatwes may be covalently or non-covalently bound to the protems -

In c;der of size, largest to smallest hpoprolems are of ﬁve types :
{i) Chylomicrons,
(ii) Very-low-density lipoprotein (VLDL),
(iii) Intermediate-density lipoproteins (IDL),
(iv) Low-density lipoprotein (LDL) and
(v) High-density lipoprotein (HDL)
[EDLTparticles are often informally called JFadieho

Teste

erol’ because they can transport thelr
content of many cholesterols. Each LDL bears more or less 1500 cholesterol esters. particles
on the other hand, is frequently referred to as good ¢ ] '
they can bear little amount of chol&sterol he ot harmful b
thg,h level of LDL. mfblend mvf h le gase: When LDL
exceeds its normal level (<100 mg/dl) in blood, gradually there is build up of cholesterol and fats in
the artery walls creating a complex disease coronary thrombosis or atherosclerosis.
Lipid profile

Lipid profile or lipid panel is a panel of blood tests that serves as an initial broad medical

screening tool for abnormalities in lipids, such as cholesterol and triglycerides.
Know your Ilpid profile (mgldl=m|lllgram!declhter)

Interpretation | TG (mg/dl)” ** | LDL(mg/di). " | [HDL(mg/dl)" [ Total cholesterol (TC)"
Normal range <150 < 100 >145 >200

Borderline-high 150 - 199 130 - 159 90-145 200 - 239

High risk . 200 -499 160 - 189 <90 <240

Very high risk > 500 >190 <40 <240

TC=HDL + LDL + 20% of triglyceride (TG) level

(d) Sulpholipids: A glycolipid which bears sulfur molecule is called as sulpholipid. This is
abundant in chloroplast.

(e) Sphingolipids: Sphingolipids are a type of lipid found in cell membranes, partlcuiarly nerve
cells and brain tissues. They do not contain glycerol, but retain the two alcohols with the middle
position occupied by an amine. Sphingolipids are named after the Spinx in Greek mythology, part
woman and part lion, which devoured all who could not answer her riddles. Spingolipids appearedto- _
Johann Thudichum in,1874 as part of the dangerous riddle of the brain. Vs '

3 Denved llpld
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§$ Steroids are naturally occurring or synthetic fat-soluble derived lipids having asa .
basis carbun atoms arranged in four rings. Sterols are forms of steroids with a hydroxyl grmip,ét
sitiol ‘iithr ¢ and a skeleton d denved from cholestane. Steroids include such well known compouirids

ST P g . sex hormones, blrth control pllls cortxsone and anabollc steronds Hundreds of

e e

%mds are found in plants, animals and fungi. All steroids are manufactured in cells from the sterols

lanosterol (animals and fungl) or cycloartenol (plants).

Jiological significance of steroid’
® Steroids and their metabolites often function as sngnallmg molecules and steroids and
phospholipids are components of cell membranes.

® Steroids such as cholesterol decrease membrane fluidity.

® Similar to lipids, steroids are highly concentrated energy stos ces. However, they are not
typically sources of energy.

® Steroids play critical roles in a number of disorders, including malignancies like prostate
cancer, where steroid production inside and outside the tumour promotes cancer cell aggressiveness.

Cholesterol

The best known and most abundant steroid in the body is

cholesterol. .____"‘_" ero] is formt_:d in bram tlssue, nervé‘ CH{ 913 /ct'\2 /c-Hl

. - th CH CHp CH
CHa N\

CH3

the formanon of deposnts on the inner walls of blood vessels. . Sie

These deposits harden and obstruct the flow of blood. This

condition, known as atherosclerosis or coronary HO

thrombosis, results in various heart diseases, strokes, and Fig 3.2: Cholesterol

high blood pressure.
(b) Terpenes: Terpenes are one of the most important derived lipids and components of the

- Tesin and essential oils of many types of plants and flowers. Their molecules contain isoprene units

(Cqu] and have the general formula (CsHg), Terpenes derived from oranges, lemons, other citrus,
lavender, thyme, cedar wood, pine, and other plants and more rarely by insects (termites or
swallowtail butterflies). When terpenes are modied chemically, the resulting compounds are

- generally referred to as terpenoids. Terpenes and terpenoids are the primary constituents of the

essential oils of many types of medicinal plants and flowers. Terpenes are also major constituents of
Cannabis sativa plants, which contain at least 120 identified compounds.

Functions

. Terpenes often have a strong odor and may protect the plants that produce them by deterring
herbivores and by attracting predators and parasites of herbivores.

® Terpenes are use in production of perfumes, insect repellants, cosmetics, cleaners, air
fresheners etc.

A C"’ v /CH,, CHj
& c—-c HC—C HC=—C,
' "HO CH H c / / hc
' ~—CH H,C——CH
| ;C/’\CH, 2 2 2 2 2 ; -

Terpenes : Cis-isopren
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¢c) Rubber: Rubber is a derived lipid of highly elastic solid substance, light cream or dark
amber in co'l_our, polymerized by the drying and coagulation of the latex or milky juice'of rubber
trees and @]ants‘?épeclesoftheﬁgv?a"gﬁa}ih Palaquium gutta, Ficus elastica, Castilla elastica
ana Taraxacum officinale species. The major commercial source of natural rubber latex is the Para
rutioer tree, Hevea brasiliensis. This species is preferred because it grows well under cultivation. A
preperly managed tree responds to wounding by producing more latex for several years. Chemically”
it is composed of 3000-6000 isopren (CsHg) units. Natural rubber is susceptible to degradation by a
wicie range of bacteria. Rubber is also produced artificially reffered as gum rubber.

Functions

= Natural rubber is used extensively in many applications and products, either alone or in
combination with other materials.

= [n most of its useful forms, it has a large stretch ratio and high resilience, and is extremely
waterproof. ;

Roles of lipids in living organisms

Lipids are vitally important in living organisms. They have many functions, some of which are
listed below: :

1. Structuring cell membranes. Phospholipids act as building blocks of the biological cell
membranes in virtually all organisms. The lipid membrane allows for fluid movement and transport
of vital molecules in and out of cells.

2. Energy storage. For many organisms, lipids (Triglycerides) are the primary means of storing
energy for later use. The structure of lipids allows more energy to be stored in less space.

3. Hormone: Lipids form the base from which hormones are built. Plants and animals alike use
hormones to perform numerous important functions like regulating stress responses, sugar levels and
energy processing, as well as the production of sex cells. Lipid hormones, like steroids and
eicosanoids, also mediate communication between cells. :

4. Absorbing vitamins: Many necessary vitamins are carried out of the intestines by the aid of
lipids, and are storec in fatty tissues. Vital fat-soluble vitamins include vitamins A, D, E and K.

5. Protection: Many organisms use lipids for protecting their surfaces, which are exposed to the
elements. Plants have waxy coatings on their leaves to prevent drying out, much like the oils found
on skin, hair and nails in mammals. M

6. Buoyancy: In aquatic mammals, the fat is less dense than water, SO it acts as a buoyancy aid.

7. Electrical insulators: In nerve fibers, the myelin sheath contains lipids which act as electrical
insulators. ; _ Soa : .

8. Fluidity and permeability of cell membrane: Cholesterol regulates membrane fluidity over
a wider range of temperatures. It is also maintain the permeability of the plasma membrane.

9. Transporter: Phospholipids play an important role in the transport of fat between gutand

liver in mammalian digestion. : i
10. Colouration: Carotin, xanthophylls, chlorophylls etc. of lipid derivative are res

colouration of plants. ' sl 7
11, Odor: Terpenes produced perfumes in plants. AE, T
12. Photosynthesis: Glycolipids help in photosynthesis process in plants.
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| 3. PROTEINS

s of nitrogenous organic compounds which have large molecules
long chains of amino acids and are an essential part of all living
1 components of body tissues such as muscle, hair, etc., and as

Proteins are any of a clas
composed of one or more
. organisms, especially as structura

enzymes and antibodies. .
Protein comprises 12% of the living body. Proteins are the "workhorse" molecules of life,

taking part in essentially every structure and activity of life. They are building materials for living
cells, appearing in the structures inside the cell and within the cell membrane. Proteins were first
described by the Dutch chemist Gerardus Johannes Mulder and named by the Swedish chemist

Jons Jacob Berzelius in 1838.

1. Proteins are colloidal organic substances with high molecular weight.
2. Protein contains carbon, hydrogen, and oxygen like the carbohydrates and lipids, but they also
contain nitrogen and often sulfur and phosphorus. _
3. They are fundamental components of all living cells and include many substances, such as
enzymes, hormones, and antibodies, that are necessary for the proper functioning of an organism.
4, They are essential in the diet of animals for the growth and repair of tissue and can be

- obtained from foods such as meat, fish, eggs, milk, and legumes.
5. When hydrolyzed by acids, alkalis or enzymes, proteins yield amino acids or their derivatives.

Sources of Protein i
Protein can be found in a wide range of food. Meat, eggs and fish are sources of complete

protein. Milk and milk-derived foods are also good sources of protein. Whole grains and cereals are
another source of proteins. Vegetarian sources of proteins include pulses, nuts, seeds and fruits.

Abundance in cells

‘It'has been estimated that average-sized bacteria contain about 2 million proteins per cell (€8 E.
coli and Sraghy!ococcus aureus). Yeast cclls we = estimated to contain about 50 million proteins and
human cells on the order of 1 to 3 billion.

Structurg'of'lifotein
__ ?rem molules-are often very large and are made up of hundreds to thousands of ami
~ - = - T 2 T

. (_CO_NH—') and ff

ST Pt

lle are held together by P!
ide chains. In polypcpﬁd bond
the carbon atom adjacent to the —COOH (the a carbon atom). The
acids because they contain the basic amine group, '_NH?

@ joined by a single peptide

™ - fidés. A linear chain with Jor ;
. A protein contains at least one long polypeptide. The sequence of

L3

> ’sqefmedb)' ﬂle‘sequenc_é of a gene, which is encoded in the genetic. ¥
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However, biochemists often refer to/

1. Primary structure: The linear sequence of amino.
joined together by peptide bonds is termed as the primary t]P"iW
structure of protein. Bisulif is an example of a protein with a STIcuxe
primary structure. N

2. Secondary structuéy Secondary structure refers to the secondary
regular folding of regions of the polypeptide chain. Most structure

common types of secondary structure are o-helix (a spiral) and

B-pleated (folds) e.g. Keratin, Sill
3. Mertiary  structure ertiary structure refers to 3-

dimentional éirrangéfﬁéﬁi “of all amino acids in the polypeptide

tertiary
structure

. (Quaternary structures In quaternary structure protein
consists of more than one polypeptide chains are held together
by covalent (disulphide bonds) or mon covalent interactions

uj D i€ ) &

quaternary
structure

On the 5 proteins are two types: 4 | :
1.8 ural p) 8 Structural protein is usually a protein that provides scaffolding or _givg,.._t_:t_;g =
Examples of structural proteins are Keratin (SKin, ROHLE :

cell or one of its organelles shape.
T oINS

Functional protein is usually a protein that catalyzes a reaction
articipates in different metabolic reaction of organism. These are @ISOIGE
Examples of functional protein are enzymes, hormones, vitamins, respil

kind or p

basis of their shape, pro eins may be divided into two classes: i
1 or Eibrillar proteins: They have primarily mechan cal
providing support to the cells as well as the whole organism. These protein

VR 37 8 3 AA-H9
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they contain both mtemally and on thell‘ surface, many hydrophoblc amino acids. Examples o

They have a compact and more or less sphericy

comp]ex than ﬁbrous protcms In this regard, tertiary and quaternary structures are
of the proteins belong to this class. They ar

ed mto biological membranes. Examples of

structure, more
found, in addition to the secondary structures. Most

generally soluble in water but can also be found insert

) ﬁ ical properties and solubility
1 propemes and so]ublllty protems are of I}hree typ§ as-

Simple protein consists of only amino acids or their derivatives. When hydrolyzed by acids,
alkalis or enzymes, simple proteins yield only amino acids or their derivatives. They include the

in: albumen=white): These are Water soluble-protems found in all body cell

These are ﬁl@lerinm _ ‘.;and dilute soluuons of acids, bases and
t like (NH4);SO4 or a neutrc.i salt hke Na;SO4

= (_l__)_-tonés: “Thes
They are i

4,000 Daltons).

R
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| 2.[Conjugated proteins” :
'I.“hese consist of simple proteins in combination with some non-protein component. The non-
protein groups arecallj:('l prosthetic groups. Conjugated protein includes the following group:
(a) Nucleoproteinsy (Protein + nucleic acid). Nucleoproteins are proteins in combination with
nucleic acids. These are flatﬂsolublemd'féundﬁc hrOMOSOIMES:

(b) Glycoproteins or MEWPTO&E (Protein+Carbohydrate): Glycoproteins are proteins link
to carbohydrate. In most glycoproteins the linkage is between asparagines and N-acetyl-D-
glocosamine. Examples glycoproteins are: Plasma glyeoproteins secreted by the liver, thyroglobulin
secreted by the thyroid gland, fiiiur0gloBiHS) secreted by plasma cells, Grgalbi secreted by the
oviduct in the hen, fibonucleasej the enzyme which breaks down RNA, and 4
enzyme which breaks down DNA.

(c) Phosphoprotéins (ProtéinFphosphate)j Phosphoproteins are proteins in combination with a
phosphate-containing radical other than a nucleic acid or a phospholipid. Examples of
phos phoprot_eins are k\,Ec’_':.s‘e’ii:_a_'ge_’r_:' ofmllkmdéiow&yf@g@

(d) /Chromoproteins? These are proteins in combination with a proshetic group that is a
pigments. Examples are the respiratory pigments fiaemogiok visual purple or

(Fhodopsi found in the rods of the eye, {flavapi

() [Lipoproteinsy These are proteins conjugated with lipids. These ar
fall cellular membrane.
~ (f) Metalloproteins§ These are proteins conjugated to metal ion (5) which are not part of the
prosthetic group. They include Eaéruloplasiin, an enzyme with oxidase activity that may transport
copper in plasma, and @de?apﬂ;!@ that is found to iron.

3. Derived proteins h
Derived protein is a small protein obtained by enzymatic or chemical hydrolysis of a larger

protein source. .
(a) Proteans. Insoluble in water; appear as first product produced by the action of acids, enzymes or

water on proteins. e.g., edestan derived from edestin and myosan derived from myosin.
(b) Metaproteins or Infraproteins. Insoluble in water but soluble in dilute
produced by further action of acid or alkali on proteins at about 30-60°C. eg. ,
metaproteins.
(c) Coagulated Proteins. Insolub

e.g., coagulated eggwhite. ; v S
(d) Proteoses. Soluble in water; coagulable by heat; produced when hydrolysis proceeds beyond the

level of metaproteins.. e.g., albumose from albumin; globulose from globulin. i 3
(e) Peptones: Soluble in water; noncoagulable by heat; produced by the action of dilute acxg!s or

enzymes when hydrolysis proceeds beyond proteoses.
(f) Polypeptides: These are combinations of two or more amino aci

essentially long chain polypeptides.

acids or alkalies;
acid and glkali

le in water; produced by the action of heat or alcohol on proteins.

5 Roles of protein in living orgamsng i
Proteins are very important molecules in living cells. They are involved in wnuali :
S_ome of the main functions carried out by proteins include: S “;3 5
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1. Structural support: There are structural proteins, which__ :_ge frequently fibrous and Stringy‘
and provide support. Examples include Keratin, collagen, and elastin. _ ;

2 Transport: The protein g;gmqg;ab@ carried by red l:!lood cells, plngs a key rol.e in respiratory
gases (oxygen and carbondioxide) transport. The protein [cytochromf,s‘ operate in the electron
transport chain as electron carrier proteins. # s

3. Catalyzers: All enzymes are made of protein. As ;@ara_lysrs enzymes facilitate biochemical
reactions and speed them up enormously, making them as much as a million times faster.

4. Defense: The protein gy.sazynge which is an important defensive enzyme found in tears, saliva,
and mucus. [iysozyme destroys the bacterial polysaccliaride by cleaving it into pieces.

5. Immunity: @rtibodiés are defensive proteins that have binding sites whose three-dimensional
structure allows them to identify and bind to very specific foreign molecules.

6. Body contraction: There are contractile proteins, such as getin and myosin, that provide
movement in muscles and movement within single cells. - -

7. Plant Growth: Piants store proteins in embryo and vegetative cells to provide carbon,
nitrogen, and sulfur resources for sub:s'equcnt growth and development.

8. Blood  clotting: {fibrinogen is a glycoprotein which helps in healing of wounds. Thus it
prevents the blood loss and inhibits the passage of germs.

9, Control metabolic activity: Many hormones are protein in nature; hormones control growth

and metabolic activities of the body. -

10. Source of energy: Protein is only used in the body as fuel when carbohydrates and lipid

resources are low. Per gram proteiiican produce 4.1 calories of energy.

11. Signal receptors: Many proteins are embedded in the cell's membranes or span the entire

lipid bilayer where they play an important role in recognition, signaling, and transport.

Daily Protein Requirements
You need protein for your muscles, bones, and the rest of your
body. Exactly how much you need changes with age:
o Babies need about 10 grams a day.
School-age kids need 19-34 grams a day.
Teenage boys need up to 52 grams a day.
Teenage girls need up to 46 grams a day.
Adult men need about 56 grams a day.
Adult women need about 46 grams a day.
Pregnant or b‘reastfeeding women need about71 grams a day.

e Amino acids

A carbl;:yly ofa gro_r:p of organic molecules that consist of a basic amino group (-NH3), an

Rt EMlglr:l:Teguleo?ﬂ): and an organic R group (or side chain) that is unique to each

o ( of amino acid contains a central carbon (C) atom, termed the a-carbon,
 an amino and a carboxyl group are attached. The remaining two bonds of the a-carbon

~ atom are generally satisfied b
L / y a hydrogen (H) atom and the R ; -amino acid
5@ G e group. The formula of an-amino acl
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o an atom of hydrogen -H .
o a variable radical -R, that is the functional group of the amino acid. ‘

£ TH‘Vq-carbon atom
(Side chain—» R— % CoOH
l |

;! |

Here, R =H or different radicals or groups with carbon atom

The amino acids differ from each other in the particular chemical structure of their R group or
side chain. The name, abbreviation, molecular and linear formula of 20 common amino acids which
take part in protein formation, are mention in the Table-1. These amino acids combined and
arranged in different ways to form millions of protein in the living organisms.

Amino acids and proteins are the building blocks of life. In 1902, Emil Fischer and Franz ]
Hofmeister proposed that proteins are the result of the formation of bonds between the amino group }
of one amino acid with the carboxyl group of another, in a linear structure that Fischer termed !
peptide. |
[Properties of amino acid’ : {

1. Amino acids are colourless, tasteless, sweet or bitter substances.

2. Amino acids are water soluble in nature but insoluble in alcchol.

3. Amino acid produces salt with light acids or alkali.

4. They have high power of melting.

5. Proteins were found to yield amino acids after enzymatic digestion or acid hydrolysis.

6. One or more types of amino acids are bonded together with peptide bonds to form protein
molecule. A

7. The amine and carboxylic acid functional groups found in amino acids aliow them to have
amphiprotic properties.

8. Carboxylic acid groups (-COOH) can be deprotonated to become negative carboxylates
(-CO; ), and a-amino groups (NH,-) can be protonated to become positive a-ammonium groups
('NH;-). This molecular state is "known as a Zwitterion, from the German Zwitter meaning

hermaphrodite or hybrid.

3 o 2 o° Fig 3.5: An amino acid contains both acidic
= ﬂ (carboxylic acid fragment) and basic (amine
: ' fragment) centers. The isomer on the right is a 3
: R H= NHh B I-gl H3 zwitterion.

Classiﬂcat_ioh of Amino Acid

gdy, amino acids are classified inta
cannot be made by the b
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2. Nonessential amino/acids: Nonessential means that our bodies produce an amino acid, even
if we don't get' it from the food we eat. The Ely nonessential amino acids are: alanine, asparagine,
aspartic acid, glutamic acid, arginine, cysteine, glutamine, tyrosine, glycine, proline, and serine.

B. @ﬁiﬂi’,e"'hasis of ciemical'structiire and functions amino acids are ihree types-
Aﬁphatlcﬁ‘m@ An aliphatic amino acid is an amino acid containing an aliphatic side

chain functional group (R). Aliphatic amino acids are non-polar and hydrophobic. Examples are:
" alanine, glycine, valine, leucine, isoleucine, glutamic acid, aspertic acid, lysine, arginine, serine,

threonine, cistine, cysteine and methionine.

' g‘_AromatlcamEnoaclg An aliphatic amino acid is an amino acid containing an aromatic

(benzene) sic2 cpain functional group (R). Aromatic amino acids are relatively nonpolar. Examples

are fyroc ’ii’l’éié;:lq"pl'ienyla]anigfé.

T

E:»geﬁemgclic amino aicig': Amino acids that have the structurally different components from

form p?otéixis There are 20 amino aclg; mentioned in the Table-1 are proteogenic type.

Q,,.: roteinogenic hr_ni_l_lgj-_ggidg These are not required to build proteins. However, this
doesn’t mean that they are not important. These amino acids have a vital role as metabolic
intermediates. There are approximately 700 known non-proteinogenic amino acids, of which around

300 are plant derived.

Table: The name, abbreviation, molecular and linear formula of 20 Proteinogenic amino acids

No. [Amino acid I Abbreviations | Molecular formula l Linear formula
Essential amino acid

1. | Histidine His C¢HoN;0, NH-CH=N-CH=C-CH,-CH(NH,)-COOH

2. | Isoleucine Ile CeHisNO, CH;-CH,-CH(CH;)-CH(NH,)-COOH

3. | Leucine Leu [ C¢H)sNO; (CH;),-CH-CH,-CH(NH,)-COOH

4. | Lysine Lys CéH,4N;0; H,N-(CH,),-CH(NH,)-COOH

5. | Methionine | Met CsH,;NO;S CH,-S-(CH,),-CH(NH,)-COOH

6. | Threonine Thr | CiH;NO; CH;-CH(OH)-CH(NH,)-COOH (]
7. | Tryptophan | Trp C11Hi2N;0, Ph-NH-CH-C-CH,-CH(NH;)-COOH |
8. | Valine Val CsH; NO, (CH;),-CH-CH(NH,)-COOH =5
9 | Phenylalanine | Phe CsH;;NO, Ph-CH,-CH(NH,)-COOH 8|

Nonessential amino acids R |

10 | Cysteine  [Cys C;H,NO;S HS-CH,-CH(NH;)-COOH e
| 11| Glutamine | GIn CsH;oN;O; H,N-CO-(CH,),-CHNH,-COOH |
i2 | Glutamicacid [Glu =~ [ CsH,NO, HOOC-(CH;),-CH(NH,)-COOH Sl
I3 | Glycine Gly C,H;NO, NH,-CH,-COOH e
14 | Alanine Ala C3H;NO, CH,-CH(NH,)-COOH el
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15 ginine : g CeH,4N,0, HN=C(NH,)-NH-(CH,),-CH(NH,)-COOH
IL61E || ASpareginc g FAS C4HgN, 0, H:N-CO-CH,-CH(NH,)-COOH

_1_:: Aspartic acid | Asp CH;NO, HOOC-CH;-E‘H(NH ;coorr

18 | Proline Pro CsHyNO, NH-(CH;),-CH—COOZH

190 [ Serine Ser C:H;NO, HO-CH,-CH(NH;)-COOH

_2_0 Tyrosine Tyr CsH;NO, HO-Ph-CHz-CH(NH;)—COOH

Functions of amino acid

blocks of life.
2. They play an important role in hormone and enzyme synthesis.

3. Amino acids are responsible for breaking down food, repairing tissue, building muscle,
intermediating metabolism, growth, and performing various other body functions.

3.2 Enzyme

Enzymes are any of numerous proteins substances that are produced by living cells and

catalyze specific biochemical reactions at body temperatures. Enzymes are usually very selective

in the molecules that they act upon, called substrates, often reacting w1th only a smgle substrate

Enzymes are also knownas orgamc catalysts, mocatalysts, cell ferments; bio-regulators; catalystsiof

fife or agents of life’/ ;

The'first enzyme discovered was aniliise, which catalyses the conversion

of starch to maltose, in 1833 by two French chemists Payen and Persoz.

However, it was not well-known until ]878 when ﬁimelmﬁ@@‘ the
dlstmgusshed German brochemxst gﬁm"“" sed the

q@comphshed by yeast e"l§ In ]89? German screntlst Eduard Buchner
recognized zymase enzyme which responsible for sugar ‘fermentation. In
1907, he received the Nobel Prize in Chemistry for his biochemical research
- and his discovery of cell-free fermentation. \

In 1926, James B. Sumner crystallized enzyme urease from the plant and proved it as protein.
The study of enzymes is called enzymology. Enzymes are known to catalyze more tlran 5,000
biochemical reaction types. Enzymes are present in trace amount in living body. No-reacllon ef tl_le
body held without any enzyme. Thousands of enzymes catalyzed different biochemical reaction in
the body and continuing the life.

Wilhelm Kuhne
(1837-1900)

Chemical structure of enzyme : :
Enzymes are composed primarily of proteins, which are polymers of amino acids. Each enzyme

is made of between a hundred and upward: - - a million amino acids placed like pearls on a string. In
most enzymes _the string is coiled and folded thousands of times to form a highly cemplex.'three-‘
dimensional structure, The vast majority of enzymes are made of only 20 different kinds of-an_lmo.--
acid. The structure and function of the enzyme is determined by the order of the ammo ac:ds B,

A small number of enzymes are not proteins, but consist of small catalytic RNA m

' ti o
These RNA biocatalysts have come to be known as ribozymes. Many enzymes catalyze G -
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but some require an addltlonal non—protem component called a co-factor. Cﬂ'facmrg

wlthout help,
st + Mg, Mn®", or Zn**, or consist of orgamc or metalloorgamgj

mo;gamc mns such as F

i Aetiveneas of enzyme
tive condition called zymase~Ptya!m is a zymase enzymc But some

or ggenzymes secrete as ac
o s'écrete as inactive condition. They require a biochemical change for to become an active

j_‘_e are. called ‘Zymozens Or proenzymes’ Pepsinozen, trypsinogen etc. are notab}e;,a

ristic of enzyme:
o5 Enzymes are biological catalysts which speed up a reaction without being used up. They are
recovered back after a chemical reaction.
2. Enzymes act on specific substances and catalyze specific reactions.
3. All known enzymes are proteins. They are high molecular weight compounds made up
- principally of chains of amino acids linked together by peptide bonds.
4. The catalytic power of enzymes limited to specific pH value.
5. The enzymatic reactions are reversible and held within the range of 35°C to 45°C.
6. The functional activities of enzyme are determined by their three dimensional structure.
7. They can be denatured /destroyed by excessive heat (100°C), ultraviolet rays etc.
8. Most of the enzymes are diluted in water, glycerol and low concentration alcohol except some
iypolytic enzymes.
9. Enzymes are sediment by ammonium salphate, sodium chloride, picric acid etc.
' 10. They can perform their functions in toth alkali and acidic media.
11. The rate of reaction increase by the presence of co-enzyme, co-factors etc.
12. The enzymes are larger than the molecules of the substrate.

Nomenclature of Enzyme
Except for some of the originally studied enzymes such as pepsin, rennin, and trypsin, most
enzyme names end in ‘ase’. Generally enzymes get their name in following three common ways:
1. Most often enzymes are named by adding a suffix 'ase' to the root word of the substrate. For
example,
Lipid + ase =Lipase
Protein + ase =Protease
Sucrose + ase = Sucrase
- 2. Some enzymes are named by adding ‘a suffix 'ase'to the name of chemical “reactiond For
example,
Oxidation + ase =Oxidase
Reduction + ase =Reductase
Hydrolysis + ase = Hydrolase
3. Some enzymes are named by adding a suffix 'ase' to the combined name of chemlcal reaction
and substrate. For example,
Alchohol dehydratlon + ase = Alchohol dehydrogenase
Cytochrome vxidation + ase = Cytochrome oxidase
Nitrate reuction + ase = Nitrate reductase
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A Based or on the function sit enzymes are br'oadly'of two typts
1. Intracellular or En oenzymes?They are functional within cells where lhey are synthesized.

e.g. enzymes‘of ._Krebs cycle (i_nmde mitochondria), enzymes of glycolysis (inside cytoplasm).
2. Extracellular or Exoenzymes? These enzymes are active outside the cells. e.g., enzymes
present in digestive juices, lysozyme of tears

B. Based on the molecular structui"é? enzymes are of two types
1. Simple enzymes.? They consist of only proteins, e.g. Hféas
;2 Conjugated enzymes? These enzymes consist of protemous part called and non-
proteinous part called (o-factory

C. [Based on catalyzing reactionsy the nomenclature committee of the Jiife
[Biochemistry and Molecular’ BIOI@ (IUBMB) recommended the following lass

4. Oxidoreductases? This enzyme catalyze oxidation or reduction reactions; ransfer of Hand C
atoms or electrons from one substance to another. They are very important enzymes, which are vital
for many metabolic processes, particularly in aerobic and anaerobic respiration. Common names '
include dehydrogenase, oxidase, reductasg and catalase. The basic reaction can be shown as:

AH + B — A + BH (reduced); A + 0O — AO (oxidized)

Dehydr
Succinic acid + FAD = ydogenasg_ Fumaric acid + FADH;

. Transferaseﬁ These transfer of a functional group from one substance to another. The group
may be methyl-, acyl- amino- or phosphate group. Common names include d
imethylase, protein kinase and. polymera._sj? The basic reaction can be shown as:

AB+C— A+BC
Transamylase ; _
Glutamic acid + Oxalo acetic acid ——————  o-ketoglutamic acid + Aspertic acid

8. Hydmlas@Formation of two products from a substrate by hydrolysis. Common examples
are fro_:gases, Nucleases, Phosphatdsé. The basic reaction can be shown as:
AB + H,0 — AOH + BH

. Sucrease
. Sucrose + H;0Z >  Glucose +  Fructose

/) on-hydrolytic addition or removal of groups from substrates. C-C, C-N, C-OorC-S
bonds may be cleaved. These are often referred to as synthetase enzymes. Common names include
Z ildolasp. The basic reaction can be shown as:

~ RCOCOOH — RCOH+CO@, or [X-A-B-Y]— [A=B+X-Y]

: Malatehydrolyage o . s
L-malate = Furharate +Water TR

ST

€8 Isomerases are enzymes that can catalyze structural changes within a mo "

Therels only o substrate and one product with nothing: gamed or lost, so they
ISOIMEr - (PDD’

ST 8 3T A8
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AB — BA
Isomerase ~,  Fructose -6-phosphate

Glucose-6-phosohate —

Usually hemical potesiial energy is required, so the reaction is coupled to the hydrolysis of a
d:sphosphate bond in a nucleotide tnphosphate such as ATP. Examples include pepride synthera:@
athetase, DNA ligase and RNA hgﬁ’l‘he basic reaction can be shown as:

X + Y+ ATP — XY + ADP +Pi

Synthetase

ATP + o-glutamate + NH; = > ADP + Orthrophosphate+ a-Glutamine

Mechanism of enzyme action
The basic mechanism by which enzymes catalyze chemical reactions begins with the binding of

es) to the active site on the enzyme. The gctwe site is the specific region oﬁ
ihe: enzyme whicl ombines with the substrafe. There are two different models to explain the

" mechanism of enzyme actlon These are:

1. Lock and key model Substrate
The specific action of an ;enzyme wnh a smgle © j active site
substrate can be ined using a lock and key J
ﬁs& : £ Enzyme

(substrate) Lock (enzyme)

this analogy, the lock is the en;.yme and the ke_v is the -

substrate. Only the correctly sized key (substrate) fits o Enzyme-
into the key hole (active site) of the lock (enzyme). Eﬁ @ “ Substrate
Smaller keys, larger keys, or incorrectly positioned Complex
teeth on keys (incorrectly 'shaped or s:ged substrate
molecules) do not fit into the lock (enzyme). Only the
correctly shaped key opens a particular lock. Lock- €= E ]mﬂ:D
and-key is the model such that active site of enzyme Key  Open Lock o Enzyme
is good fit for substrate that does not require change (products)

of structure of enzyme after enzyme binds substrate.  Fig 3.6 Lock and Key model

? ___I__Ildlleed fit theory: ]
Not all experimental evidence can be adequately explained. by using the so-called r:gld enzyme

model assumed by the lock and key theory. For this reason, a ‘modification call
ory | fin 1958. e

Lock Key Complex

* Products

: e changmg -
of the confonnatmn of the actlie site to fit the : substrate E:g;al:e
substrate after binding. Also, in the induced-fit cs:omplex

model, it was stated that there are amino acids
that aid the correct substrate to bind to the .ctive
site which leads to shaping of the active site to
 jhe ccmplementary shape quuced fit is the
mode! such that s v F

r—active sit

- Fig 3.7 Induced fit model
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Factors affecting enzyme activitiesy

The actl.vlty of an enzyme is affected by its environmental conditions. Changing these alter the
rate of reactlon. caused by the enzyme. In nature, organisms adjust the conditions of their enzymes to
produce an optimum rate of reaction, where necessary, or they may have enzymes which are adapted
to function well in extreme conditions where they live.

[. TemperaturedAs the temperature increases, so does the rate of reaction. J
gradually increases with temperature until around 37°C, or body tempera
temperatures denature enzymes. ' PSR R At d e

[2pH§ Changes in pH alter an enzyme’s shape. Different enzymes work best at different pH
values. The optimum pH for an enzyme depends on where it normally works. Any change in pH
above or below the optimum will quickly cause a decrease in the rate of reaction.

{3 Enzyme concentrationy [ncreasing enzyme concentration will increases substrate molecules.
However, this too will only have an effect up to a certain concentration, where the enzyme
concentration is no longer the limiting factor increase the rate of reaction, as more enzymes will be

colliding with.

But very high

4 y Y
increasing increasing
enzyme enzyme
activity activity

optimum op;t:imum

temperature pH

J | | ! J L] i L) 1 L]
0 10 20 30 40 50 60 70 4 s g iz at ol 108

___temperature (°C) P
54 Substrate cdptﬁﬂtrhtiﬁ_@lncreasing substrate concentration increases the rate of reaction.
However, after a certain concentration, any increase will have no effect on the rate of reaction.

=

Rate of Reaction

7~

. o

Substrate concentration Enzyme concentration

- Co-factorsgThese are chemical compounds § @ IMAN ) which bind to ehzymes
and which are needed by the enzyme to work on substrate molecules. They are often called helper

Rate of Reaction

ifors) These are molecules (& which bind to enzymes,

; yany drugs are enzyme inhiitors). 2

Biological Functions of Enzyme et
Thousands of enzymes involve in different physiological activities in living organisms. ’ctuall
no chemical reaction in the body could not held without any enzyme. There are im rtant func

cf enzyme are mention below:

-



Bmlogy Part | : 108 Cell Chemistry

. They are major components in signal transduction and cell regulation, kinases ang

phosphatases help in this function.
2. They take part in movement with the help of the protein myosin which aids in rm.scle

contraction.
3. Enzymes in the cell membrane act as ion pumps in active transport mechanism.
4. Enzymes present in the viruses are for infecting cell.
5. Enzymes play important role in the digestive activity of the organisms.
6. Amylases and proteases are enzymes that breakdown large molecules into absorbable

molecules.
7. Various enzymes work together in an order forming metabolic pathways. Example:

Glycolysis.
8. Enzymes take part in oxidation, reduction, isomeration, energy production reaction of the

body.

Q Coenzyme

Coenzymes are substances that enhance the action of an enzyme. goenzymes are or A
tic moleculesthat bind as raﬁétlc group w:th the protein molecule (apoenzy

themselves catal a rct:on 1 but they can help enzymes to do so. Coenzyme has three important
‘functions:
“ fa) Coenzyme is essential for bringing the substrate in contact with the enzyme,
’ (b) It picks up a product of the reaction, e.g., hydrogen in case of NAD" or NADP™.
'fr) The product plcked up by a coenzyme is transferred to another reactant.

): One molecule of ademne, one molecule of ribose sugar and
valles energy to the)

Jinucle ): Functions as like as FAD.

_{# Co-A: Coenzyme £ 202 is synthesmed from the vitamin B, pyrophosphate and adenylic

acid. It is notable for its role in the synthesis and oxldahon of fatty acids, and the oxldatlon Of-

pyruvate in the citric acid cycle. : ol
» Cytochrome: Cytochromes are hem =protems containing Aheme groups and are prlmarlb’

responsible for the generation of ATP via electron transport.

" Enzyme £ (R Eprsn R /' Co-enzyme :]
nzymes are blologlcal catalysts which i "Co-enzymes are organic molecules which
e chemical reactions. B help enzymes to catalyze the chemical reactions.

B
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= All enzymes are proteins. 2. Co-enzymes are non-proteins.

3. Enzymes are not altered due to the | 3.Co-enzymes become chemically altered as
 cf .emical reaction. a result of the reaction.

4. Enzymes are specific. 4. Co-enzymes are not specific.

5. Enzymes are larger molecules with atomic | 5. Co-enzymes are smaller molecules with
v eight 12000-10,00,0000 Daltons. atomic weight about 500 Daltons.

6. Amylase, proteinase, and kinase are | 6.NAD, ATP, coenzyme A, and FAD Kinase
~_f_:(amplf:s of enzymes. are examples of co-enzymes.

Some biologically important enzymes
B Cellulase - :

Cellulase is a class of enzymes produced by the fungi, bacteria, protozoans and certain termites.
that generate cellulolysis. This process is actually the hydrolysis of cellulose and of some related
polysaccharides. The activity of cellulase is commonly to break down cellulose and convert it into
beta-glucose. The specific reaction involved is the hydrolysis of the 1,4-beta-D-glycosidic linkages
in cellulose, hemicellulose, lichenin, and cereal beta-D-glucans. £

The symbiotic bacteria of herbivores generate this form of cellulase. Thus, they take their
overall energy only by ingesting grass. Humans cannot generate cellulase. Thus, they can break it
down only partially by using fermentation and they are not able to utilize the energy from the fibrous
plants.

Uses

1. Cellulase is widely utilized for processing the coffee.

2. It’s an important ingredient in laundry detergents, cleaning and washing agents.

3. It’s also used in the paper, textile and pulp industries.

4. This beneficial enzyme also has various pharmaceutical applications.

5. Cellulase may be used to produce various beverages like fruit juices.
® Prciease

Protease refers to a group of enzymes whose catalytic function is to hydrolyze proteins into
amino acids. They are also called proteolytic enzymes or systemic enzymes. Proteases are very .
important in digestion as they breakdown the peptide bonds in the protein foods to liberate the amino
acids needed by the body. Normal living cells are protected against lysis by the inhibitor
mechanism. Proteolytic enzymes are most abundant in animals but also present in bacteria, archaea,

certain types of algae, some viruses, and plants.

Uses
1. Proteases are used in industry, medicine and as a basic biological research tool.
2. They are also used extensively in the bread industry in bread improver.
3. A variety of proteases are used medically in controlling blood clotting.
W Amylases _ ; , A
Amylase, any member of a class of enzymes that catalyze the hydrolysis of starch into smaller
carbohydrate molecules such as sugar. Two categories of amylases, denoted alpha and beta, dlffel‘ ll'l
the way they attack thie bonds of the starch molecules. All amylases are 'glytl_:qs_ide:._h);' rolases and act

e

on a-1,4-glycosidic bonds. Amylase is present in the saliva and pancreatic juice in animals.

L4




Uses
1. Amylases are important in brewing beer and liquor made from sugars derived from starch,

2. Amylases are used in bread making and to break down complex sugars, such as starch jnt,

simple sugars.

3. Amylase also has medical applications in the use of Pancreatic Enzyme Replacement Therapy

(PERT). :
4. Amylase is aiso used in clothing and dishwasher detergents to dissolve starches from fabric

and dishes.

W Lipase {

A lipase is any enzyme that catalyzes the hydrolysis of fats or lipids. Lipases perform essential
roles in the digestion, transport and processing of dietary lipids (e.g. triglycerides, fats, oils) in most
living organisms. Lipases are generally animal sourced, but can also be sourced microbially. Some
lipases are expressed and secreted by pathogenic organisms during an infection. Most lipases act at a
specific position on the glycerol backbone of a lipid substrate. :

Uses

1. Lipases serve important roles in human practices as ancient as yogurt and cheese fermentation.

2. Use in applications such as baking, laundry detergents and even as biocatalysts.

3. Blood tests for lipase may be used to help investigate and diagnose acute pancreatitis and
other disorders of the pancreas.

4. Lipase can also assist in the breakdown of fats into lipids in those undergomg pancreatic
enzyme replacement therapy (PERT).

N Zymase
Zymase is an enzyme complex that catalyzes the fermentation of sugar into ethanol and carbon

dioxide. It occurs naturally in yeasts. The overall chemical reaction for alcoholic fermentation is:

CeH::0¢7 Zymase — 2C,H;OH + 2 CO,
The reaction takes places at temperatures betweci: 25:C and 37-C.
Zymase activity varies among yeast strains. Zymase was first isolated from the yeast cell in 1897

- by a German chemist named Eduard Buchner who fermented sugar in the laboratory without living

cells, leading to 1907 Nobel Prize in Chemistry.
-

Zymase enzyme is used in commercial alcohol manufacturing.

/e 1
“the accumulation 0 and protects cellular orga

damage by peroxide, which is continuously produced by numerous metabolic reactwns In mammals,

catalase is found predommantly in the liver.

atalase is used in the food industry for removing hydrogen peroxide from milk prior to

-cheese producnon.

- 2. Another use is in food wrappers where it prevents food from oxidizing.

|
|
|
i
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3. Catalase is also used in the textile industry, removing hydrogen peroxidé from fabrics to make'
sur¢ the material is peroxide-free.

4. A minor use is in contact lens hygiene a few lens-cleaning products disinfect the lens usinga .
hydrogen peroxide solution. I

Applications of enzym ; soitEy .
Envymes are used in the chemical mdustry and other mdustnal applications when extremely specific
catalysts are required. Some industrial applications of enzyme are cited below: '
1. food processing .‘Tﬁmemym% from fungi and plants are used in production of
sugars from starch in making corn-syrup. [Cataly# enzyme is used in breakdown of starch into
sugar, and in baking fermentation process of yeast raises the dough. JPre
manufacture of blSCLlltS in lowermg the protein level.
2.{In baby for Typsii’ enzyme is used in pre-dlgestlon of baby foods

lucanases
gnrhoxylas,gfare used in productlon of beer mdus ries. |
it juicesy Enzymes like gellu [ases, pectinasésihelp are used in clarifying fruit juices.
'duswt‘_@ [Reninjis used in manufacture of cheese. Lipases are used in ripening blue-
reak down lactose to glucose and galactose.

filis used to soften meat.

26 dases; at Jases converts starch into
production enhanced sweetening properties and lowering

-

glucose and syrups. £
calorific values.

8. ﬁngpa:pemm_r [ SEETH

viscosity, and removes{ hgmn to soften paper.

in biofuel indust

which can be fermented

lower the

dre used in breakdown of cellulose into sugars

J assist in remov_al of

and acts as fabrlc condltloners
enzyme used to generate oxygen from peroxide to eonvert

§S¥ (ficin) enzyme dissol_.ve gelatin off scrap ﬁlm,allo,mng _'

genetic engmeermg, pharmacology, agnculture, m
forensic science
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Did You Know? _ .
* All living things need food for the energy to make all the other body processes happen!'such

as growth, movement, and repair. i .
* Most important biological molecules are polymers. Biological polymers include proteins,

carbohydrates and lipids. Polymers are made from smaller molecules called monomers.

® Proteins contribute to the genetic characteristics of human body such as characteristics of
hair, eye colour, skin colour height etc. therefore ultimate controllers of cellular functions.

® Fiber is a complex carbohydrate that cannot be broken down. A diet that's high in fiber has
been shown to lower cholesterol and help protect the body against heart disease and some forms of

cancer.
® Eating a lot of saturated fat can put you at an increased risk of heart disease and cancer. That's

why eating lipids that are unsaturated are much better for you. These lipids can be found in fish,

nuts, and many different types of vegetables. :
® While the body does produce some enzymes on its own, these are not enough for a healthy

metabolism. Some enzyme supplied with enzyme rich food. Cooking destroys the enzymes in food.
For these reason salad and ripen fruits are good for health.

Excercise
Multiple Choice Questions (Sample)

1. Which one is not the pentose sugar?

a, Ribose b. Ribulose c. Fructose d. Deoxyribose
2. Which bond liked monosaccharides to form a disaccharides? :

a. Phosphate b. Glycosidic t. Hydrogen d. Carbon
3. Which one is purine base?

a. Adenine - b. Thymine c. Cytosine d. Uracil
4. Starch stored as: i. Seed, ii. Fruit, iii. Tuber-Which one of the following is correct?

a. iand ij , b. iiand iii c. iand iii d. i, ii and iii

5. Fish, meat, eggs, pulses etc. arc the protein foods. These are essential for-
1 Growth of the boby, ii. Catalize cellular chemical reactions, iii. Used as main source of fue
In celllar respiration-Which one of the following is correct?
a. iand ii b. ii and iii c. iand iii d. i, ii and iii

Ther?‘ are some organic compounds which are present in trace amount in living body and no
caction of the body held without such compounds, They are biological catalysts which speed
Up areaction without being used up. They are recovered back after a chemical reaction. ;
Ans.wer the question 6 and 7 on the basis of above stem- i
6. Which are those compound mentions in the stem?
a. Hormones b. Enzymes c. Vitamins d. Minerals

7. The chemical nature of those compound mention in the stem-

i. They can be dmtrgyed by excessive heat, ii. are diluted in water, glycerol and low
concentration alcohol, jji. They can perform their functions only in alkaline media.

-Which one of the following is correct?

a, i andhii 'b. ii and iii ¢. iand i d. i, i and iii
8. Whj;_ch compound shows th peptide bond?
a. Carbohydrate -b. Lipid ¢. Protein d. Vitamin



