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Q.1 Encircle the correct option. “"5=D-;‘
I Which characteristic of water molecules is responsible for most of the unique properties of water;
{a) Small in size (b) Held together by covalent bonds
(¢) Can easily separate from one another (d) Stick together
il.  Which of the following is NOT a protein?
{a) Haemoglobin (b) Cholesterol (c) Pepsin (d) Antibody
iii.  What compound would be manufactured difficultly when soil has a shortage of phosphorous?
(3) DNA (b) Fatty acids (c) Proteins (d) Cellulose
iv.  Which group is found in all fatty acids?
(a) PO. (b) SO« (c)C-N (d) COOH
v. Haemoglobin has:
(a) Primary structure  (b) Secondary structure (c) Tertiary structure (d) Quaternary structure
vi. Which process produces peptide bonds?
(a) Digestion (b) Dehydration synthesis (c) Hydrolysis (d) Enzyme deactivation
Q.2 Write short answers of the following questions. (2x8=1§
i. Draw a sxetch of hydrolysis reactions.
ii.  Draw the ring structure of glucose and fructose.
ii. Draw the sketch of amino acid.
iv. Draw the sketch of acylglycerol, phospholipid and terpene.
v. lllustrate the formation of phosphodiester bond.
vi. State the central dogma of gene expression
vii. How do steroios differ structurally and functionally from other lipids?
viit. Wnat roles do transfer RNA (tRNA) play in protein synthesis?
Q.3 Extensive Questions. (4x2:8)
(a) Explain how the solvent properties of water make it the medium of life.
(b) lustify the significance of the sequence of amino acids through the example of sickle cell haemoglobin.
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mMonosaccharides are major components of:
A. DNA, ATP, Ribose bisphasphate and cysteine
C. DNA, NADP, ATP and ribulose bisphosphate
Myosin is a type of protein:

A. Intermediate B. Globular

The compounds which on hydrolysis yield polyhydroxy aldehyde or ketone sub-units are:

B. DNA, NAD and Insulin
D DNA, RNA and myosin

C Simple D. Fibrous

A. Lipids B. Polynucleotides C. Proteins D. Carbohydrates
Which one of the following is the formula structure of D (a) glucose?
CH.Oon CHOH
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Secondary structure of protein is found in:
A. Trypsin B. Insulin C. Keratin D. Glucagon
Phosphodiester bond is:
AP-0-C-P-0-C B.C-0-P-0-C C.C-0-p D.C-C-0-P
are the specific structures related to monosaccharides:
A. Glycosidic bond B. Maltose C. Keto group D. Fructose

are the major sites for the storage of glycogen in animal’s body:
A. Muscles and liver B. Around belly and hips C. Around thighs and belly D. Liver and kidneys
If in lipid there is a higher proportion of unsaturated fatty acids then it will be:

A. Qil B. Phenols C. Waxes D. Fat
Following is the structure of
< H
|
H N—H
N_<
/ o
A, Uracil B. Guanine C. Thymine D. Cytosine

Which of the following holds the alpha helix of protein in its place?
A.R group B. Amino group C. Disulphide bond
A complete turn of the double helix of DNA comprises of:

A 34 nm B.3.4mm C. 34 angstrom
Which lipid is totally hydrophobic or insoluble?

A Triglycerides B. Waxes C. Phospholipids
In plants, which sugar is transported from source to sink through sieve tubes?
B. Glucose C. Sucrose

D. Hydrogen bond

D. 34 micrometer

D. Terpenoids

A. Fructose D. Starch
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+ Blood Cells + Nerve Cells: The chemical reactions going on in red blood cells are very diiferent from 1,
going on within a nerve celi because red blood cells and nerve cells contain different sets of enzymes
s Synthesis of Enzymes: All enzymes are synthesized inside cells by riboscmes. After their synthesis ey,
they stay and work inside cell or they are secreted out to work at other sites.
~ Distribution of Enzymes in Cells: ~Reaction with & without Enzymes:
¢ Enzymes for Glycolysis: Inside cell, many enzymes are dissolved | ® A reaction that is catslysed by ;5
in cytoplasm; for example, the enzymes of glycolysi WS SN CnRlIE] Ty
n cytop £ ple, ymes of glycolysis. minutes, would take one year 1o
e Enzymes For Calvin & Krebs Cycle: Many are tightly bound to completed without being cataly;eq
membranes of certain organelles, for example, the enzyme of by enzyme Thus, we can say thy |
. 1 d Kreb 1 without enzymes there would nh,e
Calvin cycle and Krebs cycle. been no hfc at all
o Enzynres for Pastein Synthesis: Some enzymes are integral pait
of ribosomes; for example, the enzymes of proteln synthesis
Q. Describe the structure of enzyme, explaining the role and component parts of the active site of an enzyme,
2 Active Site of Enzyme
e Enzymes are three-dimensional globular proteins. They are | BRI
made of polypeptide chains that are coiled upon themselves. | ® Some enzymes may prove harmful ¢
There is a small cleft or depression on the surface of globular becoma activeiatewrongplace. for
il example; pepsin is a protein digesting
enzyme mclecule R
o Active Site: It consists of only a few amino acids. This site Is | * It can destroy
known as active site. It is the location at which catalysis occurs. structuras presentinslde cells where
p it 1s synthesized. That is why it s
¢« Shape of Active Site: The shape of active site of each enzyme is produced in  inactive
very specific. So, only a certain substrate molacule can fit into it. «(pepsinogen) and is secreted out of
i s cells When it reaches ts target site of
| -
tis three-dimensional and bears a specific charge. action¥itisactivated (pepsin)
* Sub-sites of Active Site: Active site has two distinct regions:
(i) Binding Site (i) Catalytic Site
¢ Substrate molecule fits into binding site by weak chemical forces, such as hydrogen bonds.
* Catalytic site catalyses the reaction and substrate is transformed into products.
COFACTORS AND COENZYMES
* Many enzymes use additional chemical components to aid In catalysis
* Co-factor: The additional non-protein components of enzymes are called cofactors.
S
Q. Differentiate among the three types of co-factors, by giving examples.

[Erercisaod

Types of Co-factor: There are three kinds of cofactor:
(i) Metal lons (ii) Prosthetic groups

(I) Metal lons:

* Many enzymes use metal ions, such as Ca*?, Mg*?, Mn*2, Cu*?,
and Zn*? as their cofactors. These metal ions change the non-
functional active sites of enzymes into functional sites.

The attachment of a cofactor also changes the shape of
enzyme and allows it to combine with substrate (Figure).

(1ii) Coenzymes

Y

* Apoentyme: The protein part o
enzyme is called apoenzyme

* Holoenzyme  complete  ennym?

including co-factor is called holoenzyme-

e

2. Whatls the active site of an enry™e
and how does it function?

SCHOLA

(iil) Coenzyme:
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@  \
Achive site
ﬁ ploauc“
Enzyme subsirate
/ compier
Figure: Cofactor, changing the shape of active site
(i) Prosthetic Group:
s The cofactors which form covalent bonds with enzyme and are known as prosthetic groups
= Example: Prosthetic group may be an organic compound e.g, hematin.
» The cofactor which is a non-proteln organic molecule and is | , myny trace elements such  as

v

loosely attached with enzyme, 1s called a coenzyme

s Coenzymes participate in enzyme-catalysed reactions, often
by transporting electrons (hydrogen atoms), from one
enzyme to another

molybdenum and manganese, which
are necessary for our health, are used
by enzymes as cofactors

» Examples: Many vitamins (e g, niacin and riboflavin) function as coenzymes. Some are part of

coenzymes.

NAD’/Most Important Coenzyme:

The most important coenzyme in cell is the hydrogen acceptor
nicotinamide adenine dinucleotide (NAD").

When NAD* acquires a hydrogen atom from an enzyme, it
reduces to NADH.

The electron of hydrogen atom contains energy that NADH
molecule carries.

3. In the Lock and Key model, enzyme
specificity Is due to:

A) Enzyme flexibility

B) Substrate breaking

C) Perfect shape match

D) Product release

Example: When food is oxidized in cell, enzymes draw electrons from food molecules and transfer them

to NAD’, which reduces to NADH.

MECHANISM OF ENZYME ACTION

Q. Define activation energy and explain through graph how an enzyme speeds up a reaction by lowering
activation energy.

The speed of a chemical reactlon depends on the amount of activation energy required to initiate it.
Activation Energy: The energy which works to destabilize the existing chemical bonds.

Enzymes bring reactants together in correct orientation or stress particular chemical bonds of reactants.
Thus, they lower the activation energy required for new bonds to form and speed up the rate of
reactions (Figure). Reactions proceed much faster than their normal speed.
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e Mechanism of Enzymes Action: The presence Enery,
of enzymes does not affect the nature or ! 757, D va
properties of end products. For example, {Hih (B
| Hiah (Ea
sucrose (substrate) will aiways be hydrolysed ! \
in f ‘the e -
to glucose and fructose (products) whether g ////\I\ X Mioe iear ~ E
sucrase (enzyme) is present or not B0 Pt L) B e ;
 Specificity of Enzyme: Due to its specificity, an Reactag) \\ '
enzyme recognizes a specific substrate. The \
substrate binds with the active site of enzyre. he
In this way, an enzyme-substrate complex (ES
cemplex) s formed and catalytic site is Reacton Time
aclivated.
Figure: Enzymes lower the actvaron energ,
s The atoms of catalytic site stress and
destabilize particular bonds of substrate. So, activation energy is lowered This action initizteg
reaction and substrate is transtormed into products. After it enzyme detaches itselt from the progy
inan unaltered state. The machanism of enzyme action can be summarnsed as follows
E + § =—p ES »E + P
Enzyme Suostrate  Enzyme-substrate Enzyme  Proguct
complex
~  Feedback Inhibition of Enzymes:
* Incomplex metabolic pathways e g, respiratior, photosynthesis, protein synthesis etc., many enzyme;
act in a sequence and regulate the steps of pathway. The successive enzymes controlling these stags
are present together along with thair cofactors The products from one enzymie's catalysis serve i
substrate for the enzyme of next step and are transformed into next products. The series goes on and
finzlly end products are formed that inhib.t (through feedback) the first enzyme, the compiex metatol;
pathway is called feedback inhibition
2 HModels for Machanism of Action of Enzymes
{i) Lock-and-Key Model
*  Proposed By: A German chemist Emil Fischer in 4, . g
p Y y ' i =a 189 4.-How does the laduced Fit modsl
* According to this model, "As a specific key can open oniy a differ from the Lock and Key moei?
speaific lock in the same manner 2 specific enzyme can =
transform only one specific substrate inte products”.
» - Draw Back of Lock & Key Modzl;

* Rigid Active Site: This model postulates that active site is a rigid structure and there is no modification
or flexibiity in it before, during or afrer the enzyme action (Figure)
= Conclusive Line: Later studies did not support lock-and-key model in all reactions

Products
Activo site

-1

No change occurs
at active site

Substrate

Enzyme-substrate
complex

Figure : Enzymes lower theactivation ensrgy

e .
(ii) Induced Fit Model
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. Explain the mechanism of enzyme action through Induced fit Model, comparing it with Lock and Key
Model.

- On the basis of new avidence, an American t m

t Daniel Koshiand 11958) or
fit mode

s According to this madel, "When a substrate combines with
the binding site of an enzyme, itinduces changes in enzyme
structure. These chanres enable the enzyme to perform its
catalytic activity more effectively.”

» Postulates: Active site is not o rioid structure and

capable | ¢ .
of ‘going~ under moditication and flexibility, before the | 0)¢ e L denaturec

enzyme achon (¢ atal

S Wnich
cor setitive inhibition ?

tatemert s tru for

Cnarges ~duced

rengvme sirulute

e-substrate  Eazyme e

AT

2IGINAI 3 LTt

Figure Induced-fit model of anzyme action

FACTORS AFFECTING THE RATE OF ENZYME ACTION

Q. Describe the effect of temperature on the rate of enzyme action.
Q. Compare the optimum temperatures of enzymes of human and thermophilic bacteria.

e Enzymes are very sensitive to the environment in which they work.

» Dependence of Enzyme Activity: The activity of an enzyme is affected by any change that alters its
chemistry and its three dimensional shape

o Some of the 1actors that can affect the rate of enzyme action are being discussed next

(1) Temperature '0_21'1”:;“
= The shape of a protein is determined by the hydrogen ——
bonds and hydrophobic interactions that hold its
polypeptide chains in particular position. Both the
hydrogen bonds and hydrophobic interactions are
easily disrupted by slight changes in temperature.
¢ Optimum Temperature: The temperate at which
enzyme works at its maximum rate s called optimum
temperature. The optimum temperature for human
enzymes is 37°C.

Enzyme gains
Kinetic energy,

-~

Enzyme being
denatured

Rate of reaction

T T T FY T
10 20 30 40 S50 60 70

»  Effect of Temperature Below Optimum: Temperature (*C)

*  When temperature falls below optimum temperature, Figure : Effect of temperature on enzyme activity
the bonds that determine enzymes shape become less flexible. They do not permit the induced change
in active sites that is necessary for enzyme action and so reaction rate is slow.

’

Effect of Temperature Above Optimum:

* When temperature is raised up to a certain hmit, the heat adds in activation energy and so reactions
are accelerated. Heat also provides kinetic energy to substrate and enzyme molecules. It causes them
to move rapidly. Thus, they collide more frequently and reaction rate is increased.
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Why increase in temperature also increase in reaction rate?
When temperature is raised well above optimum temperature,
the heat energy increases the vibrations of atoms of enzyme
molecules.

When vibrations become too wviolent, bonds carnot hold
polypeptide chains in the proper position and globular structure
of enzyme is lost. This phenomenon is kncwn as denaturation of

Chapter 05 » Entym,,
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¢ Thermophilic Bacteria; Which |,
hot springs They have groteing -
stronger bonding ter
polypeptide arms and can funcrge . |
temperature of 70°C or higher |

between

—_—

enzyme. It results in a rapid decrease in the rate of enzyme action and it may be blocked completely,

(2) pH

Optimum pH: All enzymes work at their maxmum rate at a
narrow range of pH s called optimuin temperature.

Every enzyme works its best at a specific pH, called its optimum
pH

A slight change (increase or decrease) in this pH
causes retardation in enzyme activity or blocks i1t
completaly.

4

Example: Pepsin is active In acidic medium {low pH)
while trypsin shows its optimum activity in alkaline
medium (high pH). Some enz;mes like papain froin
green papaya work both in acidic and alkaline media

Rate of reaction

In tne gicoular structure of an encymie, polyreplide
cnains are held by bond: hetween oppo.itely charged C

" Check Understand‘m;

6. Define compatitive inhibition w»
an example.

amina acids, such as glutamic acid (-) and lysine (+).
bonds are sensitive to hydrogen
concentration.

iheye on
Any change in pH can change the ionization of amino
acids at active site. Moreover, it may affect the
ionizatlon of substrate.

X Salwvary
epsin 5
P amylase Pancreatc
lipase
//f\
T T TR R L L
123 45678091%
pH

Figure : Optimum pH of some enzyme and effest
of change of pH on enzyme activity

Extreme change in pH can break the bonds in enzymies, resulting in enzyme denaturation.
Table: Optimum pH of important human enzymes
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No more substiate
10 attach with enzyme
: i [ Check Understanding! |
o 7 : -
5 What do hyarclases do
< A) Add water to break bongs
4 e
o~ B) Hemave water
=] C)F
o G
I
s

Enzyime concentration

Figure * Effect ol cnzyme concentration on
enzyme activity

D) Outize sugars

o Cxplain the effect of substrate concentration cn the rate of enzyme action.

(4) Substrate Concentration

7 Atlower Substrate Concentration:

.

if there are enzyme molecules with vacant active
sites, an increase in substrate concentration will
increase the rate of reaction.

If enzyme concentration is kept constant and the
amount of substrate 1s increased, a point is reached
where any further increase in substrate does not
increase the rate of reaction any more.

Rate of reaction

When enzyme molecules are free (at low substrate

NO mare actve sies
for substrate

concentration) new substrate molecules bind with
the available actlve sites and so more products are
formed in the given time i.e., rate of enzyme action is
increased.

» AtHigher Substrate Concertation:

Substrate concentration

Figure : Effect of substrate concentration cn

enzyme activity

But when all active sites of enzymes are occupled (at high substrate concentration), any more substrate
molecules do not find free active sites and so reaction rate does not increase (Fig.)

Q. Describe how the concentration of enzyme affects the rate of enzyme action.

R
e
Exrcne Lo

(3) Enzyme Concentration

Enzymes are very efficient and a small number of enzyme molecules can catalyse reactions of large
amount of substrate. The overall rate of enzyme-controlled reactions depends directly on the amount
of enzyme present at a specific time (if substrate concentration is unlimited).

As Enzyme Concentration Increases: When enzyme concentration increases, there are more enzym?
molecules and more actlve sites. So, more substrate molecules bind with new active sites and a1

transformed into products.

If enzyme concentration goes on increasing but substrate concentratjon remains the same, no me
substrate molecules will attach with enzymes. So, the rate of reactlon stays constant and does N

increase further (Fig.).

e Enzyme Pepsin ey Sucrase RETE Catalase | Urease | Trypsin FRRIIONE Arginase ENZYME INHIBITION
amyidse amylase lipase
e Optimum S
ot 15-16 | 46-52 | 62 | 67-720 | 70 | 70 [78-87| 80 100 | § O Categorize Inhibitors into competitive and non-competitive inhibitors. [Exercise LO:10)

Enzyme Inhibitor: A chemical that interferes and blocks an
enzyme's activity is called an inhibitor.

Enzyme Inhiblition: The phenomenon in which inhibitors attach
with enzymes but are not transformed into preducts and thus
block active sites temporarily or permanently is known as
enzyme Inhibition.

The final products of complex enzymatic reactions also act as the
inhibitors of the enzyme of the first step

° Types of Inhibitors

Two general classes of inhibitors are recognized.

() Competitive Inhibitors:
* Acompetitive inhibitor resembles the enzyme's substrate. It competes with substrate for the same

~ binding site on enzyme.

o Inhibitors 2re often used as drugs, but
they can also 3¢t 25 poisons. An example
of an enzyme inhibitor being used as a
drug 15 aspinn. it inhiDits the enzymes
that produce prostaglandin (that causes
inflammation) Thus, aspinn suppresses
pain and inflammation

o The poison Cyanide (s an irreversiole
enzyme inhibitor that combdines with
copper and iron in the active site of
enzyme cytechrome oxidase and
blocks cellular respiration
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*  When competitive inhibitor is selected by.binding site, it blocks active site ang does ng
substrate from attachmg Thus, it prevents enzvme from acting (Figure).

D %

Sutstiate Yy -(

rhibitor

Acuve site

No
moducls

Camretton cetween

suDstrate Aand inhio” T

Inhibder atachas with
uctive site and Dlocxs it

Figure Compelitive inhibition of an enzyme

* Example: The enzyme succinic dehydrogenase catalyses the Check Unde
oxidation of succinic acid to fumaric acd Malonic acid has | 8. How does substrate concentry,
™

structural similarity with substrate {succinic acid). So, both of affect the rate of enzyme actnay:

them compete for active site of enzyme. Malonic acid 1s B
selected by acuive site and thus blocks it.
(i) Non-competitive inhibitor: o Competitive inhibitors 1

are wxy
antibiotics to kill bactera .,
nribitor molecules are smy ,
structure to bactenal enzymes o=+
are necessary for their Iife
e The inhibitors bind and by i
enzymes of bacteria

= These inhibitors have no real stroctural simiarity to
substrate. So, they do not enter active site. Instead, they bind
enzyme at other placcs i1hoir binding alter the shape of
espvme so thot active site does not fit substrate nd

0. Explain feedback inhibition.
5 Feedback Inhibition of Enzymes: (Regulation of Product Concentration)

Substrate

Acl-ve sile

ooy nessirtamted (Figure)
No
@ —_— @ T prooucts

Enzyme-innibier Shape of active
complex site altered

'nhibiter

Figure: Non-competitive inhibition of an enzyme
Example: Two substrates i.e., succinic acld and CoA react to form succinyl CoA. This reacto”
catalysed by enzyme succinyl-CoA synthetase. After its formation, the product i.e., succinyl CoAz
as a non-competitive inhibitor and binds with enzyme. Thus, enzyme is inhibited and no m&
succinyl-CoA is produced.

Ieversible and Irreversitle Inhibitors:

» Irreversible Inhibitors: The inhibitors which make covalent bonds with enzyme. Such Inhibitors c20*
Le released by dilution or dialysis or by increasing the concentration of substrate.

¢ Example: Penicillin permanently disables the enzyme responsible for building bacterial cell walls

* nheversible Inhibitors: The inhibitors which make weak bonds
(¢.g, hydrogen bonds) with enzyme. Such inhibitors can be | 9. whatisacoenryme?
released and the inhibition caused by then: can be neutralized by | A) Inactive enzyme B) P'OW"‘“"”:,
increasing the concentration of substrate. C) Organic cofactor D) Substrate ™~

= Example: Malonate is a reversible inhibitor. It temporarily slows down the reaction by blockirg ™
enzyme succinate dehydrogenase, which is involved in cellular respiration. This Inhibition "~
reversed when malonate is removed
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scHO‘-A

pescribe enzymatic inhibition, its types and its significance

significance of Enzyme Inhibition
gnzyme inhibition is crucia' in various biclogical processes

i. Regulation of Metabolic Pathway: Enzyme inhibition plays avital ro'e in regulating metabolic pathways
gy inhibiting specific enzymes, the rate of a metabolic reaction can be controiled

ji. Use as Medicines: Many drugs work as innibitors. For example, antibiotics inhibit the enzymes of
pacteria, while cancer drugs may inhibit enzymes involved in cell division

jii. Use to Manage Medical Condition: Enzyme inhibitors are used to manage various medical conditions
for example, some inhibitors of enzymes involved in blood clotting are used as anticoagulants

iv. Useto Treat Polsoning: Some toxins and poisons inhibit important enzymes in the body. Understanding
how these inhibitors affect enzymes can be cnitical in treating cases of poisoning

v. Usein Pharmaceutical Resezcrch: Enzyme inhibitors serve as valuable tools in pharmaceutical recearch
They are used to study the function of specific enzymes, and potential drugs

vi. To Study Enzyme Kinetics: Enzyme inhibition is an important part of studying enzyme kinetics. It helps
to understand the factors that influence enzyme activity.

erwens L1

« We know that in metabolic pathways, the product of one reaction becomes the substrate for next
reaction. At the end of pathway, a desired product is synthesized.

« In order to regulate the concentration of that product, pathway needs to be shut down. This is done
through feedback inhibition

o In this process the final product of pathway acts as innibitor. It
reacts with seme initial enzyme and changes its conformation.
That enzyme can no longer bind to its substrate. So, pathway
closes and no more product is prepared (Figure)

e Fecdback inhibition & phenomeran
where the end product of a process
controis the process itself,
oftentimes ‘imiting the production of

» Example: When a cell has a greater number of ATP than its more products

requirement, ATP itself acts as a noncompetitive inhibitor and
blocks the enzyme that catalyses ATP synthesis.

Y 28,

No more & y Feedback
product

\Substrate

€nzyme inhibited

/\ ) }
=) f‘i nzyme | w=lp- C - /
: 9 |
Intermediate Interrmeciate £€nd

subs'rate subsirate product
A B

Figure: Feedback inhibition of enzyme action

o
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« Example: Polymerase enzymes join monomers by using AT?

Class
Ligases

Reaction Type

B@wm = OO

ATP

B)etonr ¢ e
ADP

Important Subclass
C-Cligases C-C ligases C-N
ligases

§
CLASSIFICATION OF ENZYMES
—
Q. Classify enzymes on the basis of the reactions catalysed. m
(1) Classification on the Basis of Reactions

According to the general type of reaction, enzymes are classified into six classes.
L

iv.

V.

vi.

Oxidoreductases:

* The enzymes which catalyse the oxidation / reduction of

their substrates.

* Theyadd or remove H~ions or electrons from substrates.
¢ Example: Cytochrome oxidase catalyses the oxidaticn of cytochrome.

! Check Understandingt

10. Explain  how enzymes req,,
activation energy of reaction;

e ———)

Class Reaction Type Important Subclass:
Oxidoreductases ®, . @ 3 Dehydrogenases Oxidase;
o ow .ired Reductases
Transferases:

The enzymes of this class catalyse the transfer of a specific functional group (e.g, methyl 3,

am:no, or phosphate) from one substrate to another.

Exampie* Hexolinasetransiers phosphate group from ATP to glucose.

—

Class
Transferases

Reaction Type

Important Subclass
Phospho transferases
Amino-transferases A¢,!
transferaces

Hydrolases:

The erzvines whirh catalyse hydrolysis reactions are cal'ed hydrclases
Thev break their substrates into monomers by adding water.
Example: L.pace, anylase, peotidase, and other digestive enzymes catalyse the hydre o«

molecules.
Class Reaction Type Important Subclass
Hydrases ‘ & — @"’ (& Peptidases Lipases
HO Glycodstdases
Lyases:
* Theenzymes which catalyse non-hydrolytic addition or removal of groups (e.g., CO: NH; etc !t
substrates
* Example: Pyruvate decarboxy!ase removes CO, from pyruvic acid.
Class Reactlon Type Important Subclasﬂ
Lyases ;__, ©‘_ o Decarboxylases Aldolases |
Synthases R
Isomerases:
* The enzymes which catalyse the intra-molecular rearrangement vLe., one isomer is convertea
another,
* Example: Hexose isomerase converts glucose to fructose.
Class Reaction Type Important Subclass
Isomerases — Epimerases Mutases (5

trans isomerases

Ligases:

The enzymes which catalyse the reactions in which two molecules join by forming nev C - c-H

C -0 or C - 5 bonds, using energy from ATP,

mamples of enzymeas naming according to substrates.

a
@

classification on the Basis of Substrates
t:yfmes are also classified into following groups on the basis of their substrates.
. Proteases:
» Agroup of enzymes which catalyse the breakdown of proteins are called protease.
= Example: Pepsin and trypsin enzymes catalyse the breakdown of large polypeptides into smaller
polypeptides. Similarly, aminopeptidases further breakdown smali polypeptides into dipeptides and
erypsin breaks dipeptides into amino acids.
ii. Lipases:
s The enzymes which act upon lipids and catalyse their breakdown
= Example: Pancreatic lipase hydrolyses lipids into fatty acids and glycerol.
jil. Carbohydrases:
* The enzymes which act upon bigger carbohydrates and break them into smaller units

s Example: Amylase acts upon starch or glycogen and breaks them into maltose. Cellulase breaks
cellulose into cellobiose (a disaccharide) or glucose.

« Similarly, maltase breaks down maltose into glucose, sucrasebreaks sucrose into glucose and
fructose, and lactase breaks lactose into glucose and galactose.
iv. Nucleases:

* The enzymes which act upon nucleic acids and catalyse their breakdown.
* Example: RNAase, DNAase, ATPase are responsibie for the breakdown of RNA, DNA and ATP

respectively.
.- 7. Chéck Understanding (Solutions)'
Sr.# | Option Explanation
1. B e The active site has a spacific shape that fits the substrate, enabling catalysis.
= It1s a specific region where the substrate binds.
2 s e Its shape is complementary to the substrate.
e [t lowers acuivation energy for the reaction
« (Catalysis occurs here, converting substrate to preduct.
3. C e The model states enzyme and substrate it exactly like a key in a lock
e Enzyme changes shape upon substrate binding.
o s e Provides tighter binding and better catalysis.
e Explains flexibility of enzyme-substrate interactions
e More accurate for many modern enzymes.
5. C « Competitive inhibitors mimic substrate and block active sites.
e Inhibitor resembles substrate and binds active site.
. sQ e Prevents substrate from binding
» Canbe reversed by adding more substrate.
L e Example: Sulfa drugs ‘nnibit bacterlal folic ac'd synthesis.
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7 A . et olse s catatyse Rydrolysis "€ altions using wates ﬁ
o= —— ]
e Aloe (5obate levels, the reaction rate increases sharply
e« Iin bitrate s adacd enzyme active sites become seturated
8. sQ
e B ¢ c2turation, agding more substrate Nas no eftect
s Th ds o a plategu in the reaction rate
» T —
9 C e (Coenzymes like NAD' help in enzymatic reachons
o [nzymesstabilize the trarsition state of the reaction ]
¢ They bring substrates into optimal orientation.
10. | saq x
e Provide an alternative reaction pathway with lower energy
* Result: faster reacions at body temperature

L MULTIPLE CHOICE QUESTIONS (MCQs)

What roles does nicoiinamide adenine dinucieotide play in oxidative pathways?

(3) Enzyme {b) Coenzyme {7) Prosthetic group () inhibitor
The enzymes that catalyse the reactions in which two melecules are joined (ogt-\her by synthesis of now
bonds, usirg env.gy from ATP, are placed in zroup;

(ai =, drolase (b) Ligase P Lvase dyiranzferaie
\Which of the followin; ., 'r axample of hydrolases?

(ol bi Glycrgenpnas,

o or
(4 Cytaehrame cvida

UDase
¢ Pyruvate decarh rvyle o

Whirh of the fotowing statements «bout enzymes s corro t?
(2) They intrease the srtivation v eresof areaction
b

Trey are consumad duniag the reacin

(¢) They are specific in teris of the reactions they Catalyse

(4] They always work eptimally at kignh temperatures
Enzyme B requires Zn;" to catalyse the convession of substrate X. The ziric is best identified as a{n).

(e) Coeneyme (b Actvator ¢) Suustrate {0) Product
' an enzyme solution is saturated with substrate, the most c¢fective way to obtain an even fester yie!d of

products would be

1a) Adg more ¢f the enzymes (0) Add more sunstirate
) Add an zliosteric inhibitor {d} Add a non-competitive irnibitor

tow does a non-competitive inhibitor cecrease the rate of an enzyme-catalysed reaction?
{¢) By binging the active site of the enzyme

8 ng the sha

(henging the frec energy change 2f the reac

F £NANE; of the eniyme

vien

&)
om

A

d) By acting as a coenzyme for the reaction

Which enzyme class is responsible for catatysing the adcition ot water 10 g substrate molecule?
(d) Is

{a) J;\‘wc h: L,ase (c) h’d olase

crmergse

|
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1 (b) | Ccenzyme 5 tide) acts as 2
| coenzyme redox react , epting a vd donating 1
| electrons J
2. (b) Ligase |+ Ligases catalyze the nung of two molecules with the '‘nput ]I
of energy from ATP |
i

3. (a) Lipase + Lipase enzyme because 1t breaks down lipids (fats) by agding

water molecules — a ciassic hydrolysis reaction
4. (c) They are specific in e Enzymes act on specific substrates due 10 their active site

terms of the reactions caonfiguration
they catalyse ! |
Activator .

5. (b) 2inc acts as a cofactor that activates enzyme B, making it an
activator

6. (a) Add more of the o When substrate is in excess, agding more enzymes (ncreases

enzymes the reaction rate
1. (b) By changing the shape o Non-compelitive inhibitors bind elsewhere on the enzyvme
of the enzyme i and alter its shape, reducing activity

8. (C) Hydrolase [l Hydrolases catsiyze the adcition of water to break chemical

bonds in molecules
L o

SHORT ANSWER QUESTIONS “Section 02

Q1 Define enzyme and co-factor.

Enzyme: A biological catalyst made of globular proteins that specds up cher o seoctions without

being con<umed.
¢ Enzymes are highly specific to the reactions iney catalyie.

Ans, o

e Co-factor: A ncn-protein chemical that helps an enzyme function
s Co-factors can be metal ions (like Mg?®, Zn’*) or organic mo'ecules
e Scme enzymes are inactive without co-factors

* They assist in substrate binding or in the catalytic process

Q2 Differentiate between co-enzyme and prosthetic group.

Ans, Co-enzyme Prosthetic Group
¢ Organic melecuie that temporanly bnds | e  Tightly or permanently bound to the enzyme
with the enzyme. e Remains attached during the enzyme’s 'ife
* loosely attached and separates after the o  Example: Heme group in cytochromes
reaction, |
1 e Examples: NAD®, FAD ;

Q3 What do you mean by hydrolases? Give two examples.
Ans. Hy Hydrolases:
% Hydrolases are enzymes that catalyze the oreaking of bonds using water,

¢ Theyare invcived in digestion and cther metabaolic processes
¢ These enzymes break down complex meierules into simpler ones

* Common hydrolase reactions include hydrolysis cf proteins, fats, and carbohydrates
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Examples: o~ ﬁ;a(hv.\hoh energy and explain through graph how an entyme speeds up a reaction by lowering
e  Amylase - breaks starch into sugars activation encrgy.
* Lipase - breaks fats into fatty acids and glycero! mge No. (159)
Q.4 \Whatis meant by activation energy? o~ mbe the effect of temperature on the rate of enzyme action
Ans. Activation Energy. o~ ﬁ:l’age No. (161)
e Activation energy is the minimum energy requred to start a chemical reaction. Wpa"' the optimum temperatures of enzymes of human and thermaophilic bacteria
o Itis needed to break bonds in the reactants ﬁpage No. (161)
e Cnzymes lower the activation energy, speeding up the reaction ﬁs:rlbe how the concentration of enzyme affects the rate of enzyme action
* lLoweractivation energy means the reaction happens more easiiy. mﬂ Page No. (162)
e Thisis a key factor in enzyme efficiency and specificity mlp'ai“ the effect of substrate concentration on the rate of enzyme action.
Q.5 Define feedback inhibition. | ns SeePage No. (163)
Ans. Feedback Inhibition: D msmbe enzymatic inhibition, its types and its significance.
e Feedbackinhibition s whenthe end product of a pathway inhibits an early enzyme in the same patn s, Ans. See Page No. (165)
e Itprevents the cell from making more of a substance than needed aacategorlte inhibitors into competitive and non-competitive inhibitors.
e It 3 self-regulating mechanism to maintain balance Ans. See Page No. (164)
e Once the product accumulates, it binds to the enzyme and halts further production Q.11 Explain feedback inhibition.
» Itisatype of negative feedoack control in metabolism ns. See Page No. (166)
Q.6 Give examples of competitive and non-competitive inhibitors. i Q.12 Classify enzymes on the basls of the reactions catalysed.
Ans. Competitive Inhibitors Non-competitive Inhibitors 1 Ans. See Page No. (166)
* Compete with the substrate for the enzyme’s | ¢  Bind to a site other than the active site & haver; Q.13 Give examples of enzymes naming according to substrates.
active site due 10 structural similarity. structural similanty. Ans. See Page No. (167)
* Reduce enzyme actiity by DLlocking [ ¢ Change the shape of the enzyme, reducing o oy
substrate binding function. Wr‘- INQU'SlTIVE ANSWER GUESTIONS
e Example: Malonate inhibiting succinate | «  Example: Heavy metals like lead or mercury —
dehydrogenase. Q.1 Does physical exercise involve anabolic processes, catabolic processes, or both? Give evidence for
Q.7 Whatis optimum pH? Give cptimum pH of three human enzymes. R e noWeL
s Dtiorier it Ans. o Catabolic = Breaking things down: Duning exercise, the body breaks food ke s gar a ¢ fat 1o moaee encrgy

e Optimum pH is the specific pH at which an enzyme shows maximum activity.
e Achange in pH can denature the enzyme or reduce 1ts efficiency.

e Enzymes work best at their specific pH range.

e Examples of enzymes with their optrmum pH

e Pepsin: pH 1.5=2 (works in the stomach)

e Trypsin: pH 7 5=8.5 (works in the small intestine)

e Salivary amylase: pH 6.7-7.0 (works in the mouth).

LONG ANSWER QUESTIONS " Section 9
Q.1 Describe the structure of enzyme, explaining the role and component parts of the active site of an enzy™
Ans. See Page No. (158) —
Q.2 Differentiate among the three types of co-factors, by giving examples.

Ans. See Page No. (158) i
Q.3 Explain the mechanism of enzyme action through Induced Fit Mode!, comparing it with Lock and Key Model
Ans. Sce Page No. (161)

]

e Anabolic = Building things up: After exercise, the body builds and repairs muscles

* Both happen during exercise: The body uses energy (catabolic) and also starts muscle repar (anaBolic)

* Example: When you lift weights, your muscles get tiny tears (catabolic), then the body fixes them and
makes them stronger (anabolic).

* Conclusion: So, exercise uses both breaking down (for energy) and building up (for muscle repair and growth)

Q.2 Ifa chemical reaction could occur without an enzyme, why Is it important to have one?

Ans. e Speed of Reaction: Enzymes greatly accelerate the rate of chemical reactions — often by millions of
times — making them fast enough to support life
¢ Mild Conditions: Enzymes allow reactions 1o occur at body temperature and normal pH, instead ©
requiring extreme heat or pressure

* Specificity: Enzymes are highly specific; they target only the correct substrate, reducing unwanted of
harmful side reactions

* Energy Efficiency: Enzymes lower the activation energy needed to start reactions, saving cellular energy

¢ Regulation: Enzyme actwity can be regulated or inhibited, allowing the cell to control when and nhow
much of a product is made

®* Reversibility and Reusability: Enzymes are not consumed in reactions, so they can be reused, making
biochemical processes efficient and sustzinable
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Q.3 Construct and interpret graphs based on data about the effect of temperature, enzyme :onceTtrm
substrate concentration on the rate of enzyme action.
Ans. I Temperature vs Enzyme Activity: B e
*  Enryme activity increases as temperature nises, due to faster particle mevement
*  Nawmum activity is reached at the optimum temperature.
*  Beyonarhispoint, enzyme activity drops sharply because enzymes denature
i Enzyme Concentration vs Enzyme Activity
. Nore enrymes mean more active sites, so the reaction rate increases
*  Therate levels off when the substrate becomes the limiting factor.
®  Adoing more enzymes after saturation has no effect.
Wi Substrate Concentration vs Enzyme Activity
®  Fgher cybstrate concentration increases enzyme activity at first.
¢ Alhvity plateaus when all enzyme active sites are full.
*  This s known as the saturation point.
e of “wergme ot ww 00 Loayra Actowe y Ettec: of [nr,mme Concent stion Etfett of Sutstrate Congentrat o
‘ i - ’ »
:f i / é..
i ; in
. i -t ‘ »
o S R T et € S 1
Figure: Graphs showing the effect of temperature, enzyme concentration, and substrate concentratica
on enzyme activity.
Q.4 lgentify the competitive and non-competitive inhibitors from a list of chemicals used in daily life.
Ans.

Competitive Inhibitors Non-competitive Inhibitors |

Sulfa drugs (e.g., sulfanilamide): Used as | e
antibiotic 1o stop bacterial growth. .

Cyanide: Extremely toxic, blocks cellular resprration |
Lead (Pb**): Environmental toxin, affects enzymes in |
chiidren,

Fluoride: Used in toothpaste to prevent tooth deca; |

Statins (e g., atorvastatin): Lower cholesterol
n heart patients .

Aspirin (low dose): Pain relief, reduces | ¢ Mercury (Hg?'): Toxic heavy metal, disrupts proten |
inflammation function. *
Ibuprofen: Over-the-counter painkiller. * Carbon monoxide (CO): Binds to hemoglobn &
Sildenafil (Viagra): Treats erectile mitochondrial enzymes. |
dysfunction » DDT (pesticide): Inhibits nervous system enzymes 1" |

Ethano! (in methanol poisoning): Competes
with methanol for breakdown =

nsects.
Penicillin (some actions): Though mostly irreversibe |
£an act non-competitively too R
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Q.1 Which of the following best describes the role of an enzyme’s active site in the context of the Induced Fit Model?

Q.2

Q3

Q.4

Q.5

Q.6

Q7

Q8

Q9

ADDITIONAL MCQs .

A) It remains rigid regardless of substrate type
8) It undergoes conformational changes to bind the substrate tightly
C) It acts only on non-polar substrates

D) It is unaffected by environmental conditions

Coenzymes differ from prosthetic groups in that coenzymes:

A) Are permanently bound to the enzyme

C) Are loosely bound and often derived from vitamins

B) Are always metallic ions

D) Cannot assist in redox reactions
Which statement best explains why enzymes are classified as biological catalysts?

A) They increase the activation energy

B) They speed up reactions without being consumed

C) They always change the product of a reaction

D) They permanently alter substrate structure

The enzyme pepsin functions optimally at a low pH because:
A) It is found in the liver B) It is adapted to the acidic environment of the stomach
C) It is activated by neutralizing agents D) it only works in the presence of bile

Which of the following inhibition types involves a molecule binding at a site other than the active site,
changing the enzyme’s shape?
A) Competitive inhibition

C) Feedback inhibition

B) Non-competitive inhibition

D) Catalytic inhibition

A sudden increase in temperature above optimal levels can denature an enzyme primarily by:
A) Disrupting its genetic coding

B) Increasing the number of substrates

C) Breaking hydrogen bonds and altering 3D structure

D) Enhancing allosteric activation

What effect does increasing enzyme concentration have on the rate of reaction when the substrate is not
limiting?

A) No effect B) Increases linearly

C) Decreases due to feedback inhibition D) Stops the reaction

Which statement about activation energy Is accurate in the presence of an enzyme?

A) Enzymes eliminate activation energy completely

B) Enzymes lower the activation energy necded

C) Enzymes increase activation energy in unfavorable reactions

D) Activation energy remains constant

Which type of cofactor is most likely to be a metal ion such as Mg?** or Fe?*?

A) Prosthetic group B) Inorganic ion C) Coenzyme D) Active site

Q.10 Which enzyme would be most effective in alkaline conditions, such as in the small intestine?

A) Pepsin B) Papain C) Trypsin D) Catalase

Q.11 What characterizes competitive inhibitors in enzyme-catalyzed reactions?

A) They attach irreversibly to the enzyme
C) They bind to an allosteric site

B) They structurally resemble the substrate
D) They enhance enzyme-substrate binding

Q.12 Feedback inhibition is a regulatory mechanism in which:

A) The enzyme enhances its own activity
€) A non-specific inhibitor is used

B) The substrate inhibits product formation
D) The end product inhibits an earlier enzyme in the pathway
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Q.13 The function of ligases is to:
A) join two molecules using ATP
C) Break peptide bonds

8) Oxidize biological molecules
D) Transfer phosphate groups

Q.14 The enzyme amylase primarily acts on:

A) Proteins B) Starcnes C) Lipids D) Amino acids
1.B) | 2¢) | 3.8) | a.8) | 5.8) | 6.¢) | 7.8) | 8.B) | 9.B) | 10.C) 1%
13.A) | 14.8) ‘

ADDITIONAL SHORT ANSWER QUESTIONa

Q.1 Define co-tactor. What is its function?
Ans. Cofactor:
« Non-protein part of an enzyme known as a co-factor.
Importance/Functions: (Need of Cofactor For Enzymes)
* Co-factor is essential for the proper functioning of an enzyme.
e Co-factor acts as a bridge between enzyme and its substrate.
¢ Sometimes the co-factor provides a source of chemical energy, helping to drive reactions v/hich wouis
otherwise be difficult or Impossible
Q.2 Differentiate between cofactor and activator.
Ans. Characteristics Cofactor Activator
e Rolein Enzyme [ ¢ A non-protein molecule that binds | ® A molecule that increases enzyrz |
Function to an enzyme, essential for its activity by bm@nng to a specific sdE»"
catalytic activity. Cofactors provide o;ten mdu;mlg confmma:””
R s n
chemical groups or electrons, pebek ELIVAEOFS. © e Q
facilitating the enzyme-catalyzed S TIESMEIAT Mo s h
. g ¥ ¥ participating in the catalytc
reaction. reaction. ‘
e Binding and | ®* Typically binds tightly to the |e Binds reversibly to the enryme
Duration enzyme, often through covalent often through non-covalent
. bonds, and remains associated interactions, and dissociates after
throughout the catalytic cycle. enhancing enzyme activity
Q.3 Give differences between prosthetic group and activator.

Ans. Prosthetic Group:
e Itis a co-factor which Is covalently bonded with the enzyme.
e  Without prosthetic group, holoenzyme becomes an apoenzyme.
* Prosthetic group may be organic or inorganic.
e Example: Heme group of haemoglobin.
Activator:
e An activator is also a non-protein part of the enzyme, which is actually a detachable co-factor.
e Itisa co-factor which Is in the form of inorganic metal lon required for the proper functioning of the enzy™
e Example: Some enzymes use metal ions as co-factor Is known as activator if it is an inorganic icn
o Examples: Mg**, Fe®, Cu?®, Zn¥
Co-Enzyme:
¢  When non-proteln part is loosely attached to the protein part of enzyme is known as co-enzyme
* Many co-enzymes are either vitamins or derivatives of vitamins e.g. NAD*, NADP".
+ Examples: NAD® (Nicotinamide adenine dinucleotide). NADP* — Nicotinamide adenine dinucle?:

Nhossabkaeas Thmaslas wt e
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m human body vitamins are required in small quantity?
mn Body Requires Vitamins In Small Quantity:

(i) High Potency: Vitamins are highly potent molecules that catalyze specific niochemical resctions Ever
small amounts can facilitate numerous reactions

(i) Efflcient Utilization: The human body has efficent mechanisms to recycle and reuss witami
minimizing waste and optimizing utilization

(iii) Precise Regulation: Vitamins play cntical roles in regulating enzyme activity and metabolic patnway

requiring precise amounts to maintain optimal function and prevent imbalance

Qs pifferentiate between Holoenzyme and Apoenzyme.

aos. [

Holoenzyme: |

(Protein Part + Non - Protein Part) :

Complete enzyme including co-factor s |

known as holoenzyme. |
Itis active form of enzyme

Apoenzyme:
(Protein Part — Non - Protein Part)
e« Enzyme without non-protein part s called [ e
apoenzyme,
e Itisinactive form of enzyme. .

Q.6 Why without enzymes life is impossible?
ns. Importance of Enzymes in Life/Life is impossible without enzymes:
(i) Metabolic Reactions: Enzymes facilitate and accelerate biochemical reactions essential for lite, such as
« Nutrient digestion and absorption.
s Energy production (glycolysis, Krebs cycle)
* DNA replication and repair.
= Protein synthesis.
=  Without enzymes, these reactions would occur too slowly or inefficiently, making life unsustainatle
() Energy Efficiency and Specificity: Enzymes provide energy efficiency and specificity to biochemical reactions
* Lowering activation energy requirements.
= (Catalyzing specific reactions without unwanted byproducts.
* Regulating reaction rates and pathways
* Without enzymes, cells would waste energy and resources, leading to cellular dysfunction and
ultimately, death.
® These reasons highlight the crucial role enzymes play in maintaining life.

Q.7 Define feedback inhibition of enzymes with diagram.

Ans. Feedback Inhibition of Enzymes:

* Atype of inhibition in which enzyme’s activity is inhibited or blocked, by the enzyme’s own product,
when enzymes work in a chain. In this process enzyme’s final product blocks the active site of first
enzyme and reaction cannot proceed.

Feedback inhibilion
Initial ————

substrate || Intermediste substances EnTyme ﬂ
— . Aﬁ

E

Enzyme Enzyme
1 2 ] { Final
— Product
Precursor activation

Explanation of Feedback Inhibitions:

* In certain cases enzymes act In a serles of chemical reactlons in a particular order to complete a
metabolic pathway such as respiration or photosynthesls.

* The successive enzymes containing these reactions are normally present together in a precise order of
reaction such that substrate molecules transferred from one enzyme to another forming a enzyme to
enzyme chaln,

* Inthis way, the products from one step in the pathway are transferred to the enzyme cataly 2ing the
next step.

* Examples: Glycolysls, krebs cycle.
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Q.8 How does enzyme acceierate the rate of metabelic reaction? 1o
Ans. Acceleration of Metabolic Reaction By Enzymes PN
o Enzymas cenerally lower the activation energy by reducing the eneigy needed for reactantsyy, .
together 2na react .
o Enzymes accalerate the metaoolic raactions oy Iowering the activat.on energy in the -‘C“Omr-;_._”
e Enzymes bring reactants 1o22tnar so thev don't have to expend energy moving about until the, ¢
atranddom
* Enzymes bind both reactant molecu'es (called the substrate), tightly and specitically, at a gpe o.
enzyme molecuie cailed the active site.
e By binding reactants at the zctive site, enzymes 3lso make the position of reactants correctly, s- .
dn not have t2 overcome intermolecular ‘orces that would otnerise pusn them apart
® Trisallows the molecules to interact with iess energy
e Enzyme may also allow reactions to occur by different pathways that have iower activation energy
these ways enzymes accelzrate the metabolic reactions
—
Q.9 Whatis lock and key model of enzyme action?
—_—
Ans. Lock and Key Mode!:

Emil Fischer (1890) proposed this mode!
* According to this madel, as one specfic key can open only a specific lock, similarly a spaoific enzyme
transforms only one substrate into products

According to Lock and Key Model: (Reason that lock and Key Model is Not Supported in all Reactions|
* Active site is a rigid structure, it means no modification or flexibility in the active site before dunry;
after the enzyme action occurs.

Active site is used only as a template

Thus later studies did not support this model in all reactions.

.

Q.10 What is induced fit model of enzyme action? Who proposed it?

Ans. Induced Fit Model (Hands and Glove Model):

Koshland (1959) proposed induce fit model of enzymes.

According to Induced Fit model: (Need to Change in Enzymes Structure)

e When a substrate combines with an enzyme, it induces changes in the enzyme structure.

The change In structure enables the enzyme to perform its catalytic activity more effectively.
According to this model enzymes are not rigid and inflexible, but are capable of considerable intem
movement.

B

Q.11 If more enzymes are added in a system its rate of reaction remains unchanged, why?
Ans. Reason: (A Condition At Which Addition of Enzyme does Not Change Reaction Rate)

By increasing the enzyme molecule an increase in the number of active site takes place
More active site will convert the substrate molecule in to product (s), in the given period of time
But after a certain limiting concentratlon, the rate of reaction will no longer depend upon this In¢e
because substrate molecule are less so any addition of enzyme will have no change on rate of reacts’

—1

Q.12 What are inhibitors?
Ans. Inhibitors:

An inhibitor is a chemical substance that blocks or retards the rate of enzyme catalysis by 0ccup) 5
active sites of an enzyme.

It reacts with enzyme but is not transformed into product(s).

Inhibitors block the active site temporarily or permanently,

Examples: Poisons like cyanide, antibodies, anti-metabolites, pesticides and some drugs.

e |
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Inhibitors can be divided into two types.

(1) Irreversible inhibitors (1) Reversible inhibitors

poisons as Inhioitors:

, Poisonsactasinhibitors, because they bind covalently to the enzymes, and block the activity of enzymes,
{hus poisons act as inhibitors

mbitors inhibit enzymes.

ans Inhihitors Inhibit Enzymes:

)] Blocking the Active Site: Inhibitors bind to the active site of the enzyme, preventing the substrate from
binding and being converted into product. This blucks the enzyme’s catalytic activity

Types:

o Competitive inhivitors (e.g., aspirin, methotrexate),

e Irreversible inhibitors (e.g., cyanide, narve ag=nts)

(ii) Altering Enzyme Conformation: Inhik:tors bind to otker sites on the enzyme, causing a conformational
change that:
e Reduces substrate affinity

Types:

« Non-competitive inhibitors (e.g., cyanide, allosteric inhibitors)

¢ Allosteric inhibitors (e.g., soma antibiotics).

® Disrupts catalytic activity. » Changes enzvme stability

Q.14 Differentiate between reversible and irreversible inhibitor.

Ans.

Irreversible inhibitors
(Way of Inhibition of Enzyme’s Activity)
They check the rate of reactions by
occupying the active sites or destroying the
globular structure.
o They occupy the active sites by forming
covalent bonds or they may physically block
the active sites.

Reversible Inhibitors

They form weak linkage with the enzyme
Neutralization of Effects:

Their effect can be neutralized completely or
partly by anincrease in the concentration of the
substrate.

Reversible Inhibitors are divided into two major
types:

(a) Competitive inhibitor

(b) Non-competitive inhibitor

Q.15 How do allosteric sites influence enzyme regulation?

Ans, «

Molecules bind to allosteric sites (not active site).

* This changes the enzyme’s shape and activity.

* Caneither activate or inhibit the enzyme.

* Plays a role in feedback inhibition and metabolic control.

QOO0 ®



178 Chapter 05 ») E"Ivrnu
—My
[ (RN chapter # 05
Total Marg. £
Q.1 Encircle the correct option. (1x6=
M . 'Y Lial . H 1
i.  Which of the following inhibition types involves a molecule binding at a site other than the active site
changing the enzyme’s shape? '
(a) Competitive inhibition (b) Non-competitive inhibition
(c) Feedback inhibition (d) Catalytic inhibition
il.  Which enzyme would be most effective in alkaline conditions, such as in the small intestine?
(a) Pepsin (b) Papain (c) Trypsin (d) Catalase
iii.  Tne {unction of ligases is to:
(a) Join two molecules using ATP (b) Oxidize biological molecules
(¢) Break peptide bonds (d) Transfer phosphate groups
iv. The enzymes that catalyse the reactions in which two molecules are joined together by synthesis of ne,
bonds, using energy from ATP, are placed in group;
(a) Hydrolase (b) Ligase (¢) Lyase d) Transferase
v.  Ifan enzyme solution is saturated with substrate, the most effective way to obtaln an even faster yield of
products would be
(3) Add more of the enzymes (b) Add more substrate
(c) Add an allosteric inhibitor (d) Add a non-competitive inhibitor
vi.  Which enzyme class is responsible for catalysing the addition of water to a substrate molecule?
(3) Ligase (b) Lyase (c) Hydrolase (d) Isomerase
Q.2 Write short answers of the followIng questions. (2x8=18)
i Why is the active site often conserved across species for homologous enzymes?
il.  How does the absence of a co-factor affect enzyme actwity?
ili.  Explain th= role of acid-base catalysis in enzyme mechanisms.
iv. Differentiate between co-enzyme and prosthetic group.
v.  Whatis meant by activation energy?
vi.  Whatis optimum pH? Give optimum pH of three human enzymes
vil. Exp'ain non-competitive inhibition.
vili. Why does enzyme activity drop after reaching an optimal temperature?
Q.3 Extensive Questions. (ax2=9§)
(a) Describe the effect of temperature on the rate of enzyme action
(b)  Classi’y enzymes on the basis of the reactions catalysed.

66644

[j

T~

A Induced fit B. Emil Fischer C. Lock and key D. Fluid mosaic
Which one of the following graphs shows how the rate of reaction of pepsin is affected by pH?

. —

Kt of Remtion ——se
Ratk of Reacirh —p
Kk of Kea

246 %10 2 4 6810 246810
A | — B. M ——— C. M—

All enzymes are:

A. Fibrous proteins

C Low molecular weight proteins

The reactants on which enzyme works are:

A.Products B. Substrates

Which one’of the following comprises of inorganic ions?
A.Coenzymes B. Prosthetic group C. Activators
Which one of the followings is a non-cellular infectlous entity?
A.Mycoplasma B. Herpes virus C. Escherichia coli D. Diplococcus
Ifmolecule can bind to another site of the enzyme rather than the true active site, it is referred as:

A Competitive inhibitors C. Non competitive inhibitors

B. Allosteric inhibition D. Irreversible inhibition

B. Lipoproteins
D. Globular proteins

C. Metabolites

D. Catabolites

D. Apoenzyme

. Anon-protein part essentlal for proper and essential functioning of enzyme is called:

A. Additional factor B. Efficient co factor C. Co factor D. Extra factor

. The temperature that promotes the maximum activity of enzyme is referred as:

B. Controlled temperature
D. Active temperature

A.Fixed temperature
C Optimum temperature

- The type of energy reduced by the enzymes for blological reactions to occur is called the:

A Light energy B. Active energy C. Activation energy
What Is common in both competitive and non-competitive Inhibition?

A Irreversible inhibition B. Reversible Inhibition
C Feedback Inhibrtion D. Non-reversible inhibition

D. Heat energy
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ome enzymes require helper which is a non-protein part for its efficient functioning; that is called:
; A Accerator B. Prosthetic group C. Cofactor D. Apoenzyme
) Pepsin, protein digesting enzyme acts best at pH:
A 3.00 B. 2.00 C.45 D.6.00
i Which one of the following is an example of competitive inhibitor?
A Glucose B. Succinic acid C. Fumerate D. Melonate
L Anenzyme required Mg™ to catalyze the substrate. The Mg™ is best identified as:
A Prosthetic group B. Co-enzyme C. Activator D. Inhibitor
£ )0
/ E/Substr.nn
L
% Tl
e f
Inhibitor \_/ u
Enzyme
L This figure represents inhibitor.
A. Non-competitive B. Irreversible C. Competitive D. Isosteric
. According to model the active site of enzyme is modified as the substrate interacts with enzyme:
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17. A student of chemical engincering mistakeniy enpulfed the toxic compound “A” which was a potent Inhibitg,
certain enzyme. He was immediately brought to hospital where Dr. injected Intravenously substrate “8” to mjp,
the toxic effect of compound A. His life was saved frora serious damages. The treatment method shoy, m
compound A was a inhibitor:
A Temperature sensitive B Irreversible
C. Competitive reversible D. Non-competitive reversible
18. The type of energy reduced by the enzymes for blological reactions to occur is called the:
A. Light energy B. Active energy C. Activation energy D. Heat energy
19. What is common in both competitive and non-competitive inhibition?
A.Irreversible inhibition B. Reversitle inhibltion
C. Feedback inhibition D.Non-reversible inhibition
20. A student of chemical engineering mistakenly enguifed the toxic compound “A" which vsas a potent inhibitny
certain enzyme. He was immediately brought te hospital where Dr. injected intravenously substrate “8” to minimipy
the toxic effect of compound A. His life was saved from serious damages. The treatment method shows tha
compound A was a inhibitor:
A. Temperature sensitive B Irreversible
C. Competitive reversible D. Non-competitive reversible
[1c [ 28 ] 3p J ac | 5.A [ 6A | 7.0 | 8.0 9.8 10.C | 1.8 | n¢
[L13.¢c [ ac | 15.c | 6.8 | 18.C | 19.8 | 20.C

PG00

After studying this chapter, the students will be able to:
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student/Learning.Oufcomes (SLOs) -

Explain the role of light, carbon diox‘de and water in photosynthesis

identify the two general kinds of photosynthetic pigments (carotenoids and chlorephylls)

Describe the roles of photosynthetic pigments in the absorption and conversion of light energy.
Differentiate between the absorption spectra of chiorcphyll 'a* and ‘b’

Draw the molecular structure of chlorophyll

Describe the arrangements of photosyntheltic pigments in the form of photosystem-l and (1.
Describe the events of non-cyclic photophosphorylation and outhine the cvclic photophosphorylation
Draw the Z -scheme for explaining the events the light dependent reactions

Explain the Calvin cycle.

Develop a flow chart for explaining the events of light reactions

Describe the features of ATP that make it suitabie as the universai energy currency.

Describa the synthesis and breakdown of ATP

Describe the four stages in aerobic respiration in evkaryotic cells

Explain the process of anaerobic respiration in terms of glycolysis and conversion of pyruvate into
lactic acld or ethanol.

Outline the events of glycolysis (naming the reacrants and products of each step)

Dascribe the link reaction, including the role ¢f coenzyme A,

Outline the Krebs cycle (naming the reactants and products of each step)

Describe the role of NAD and FAD in ceiluiar respiration

Explain that passage of electrons through electron transport chain highlignting the oxidaticn and
reduction reactions (details of carriers are not required).

Describe chemiosmosis and relate it to electron transport chain

Explain why the energy yie!d from respiraticn in aerobic conditions is much greater than the energy
vield from respiration in anaerobic conditions. /

Q1 Where does the cnergy for organisms come from?
Q2 How is energy harnessed and utilized by cells to periorm countless
activities essential for life?

Cvery living organism, from the smallest bacterium to the
largest whale, is driven by energy. This energy fuels their
growth, reproduction. and dally survival, making it a
fundamental aspect of life. .

* Nearly all the energy used by living
organisms on Earth comes from
photosynthesis

Plants, algse, and certain bacteria
capiure sunbght and convert it into
chemical erergy, forming the base cf
the ‘o0d chain

The answer of the above questlon 1 and 2 lies in the fascinating field of bioenergetics.
Bloenergetics: The study of how energy flows through living systerns is called bioenargetics.

It explores the processes through which celis store and expend energy

The processes of photosynthesis and respiration help to understand some of the principles of bicenergetics
Photosynthesis acts as an energy-capturing while respiration as an energy-releasing process
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S ATP: The Energy Currency of Cells

Cells use a special energy currency for their reactions. This currency is actually a nuclegyq, ,
adenosine triphosphate (ATP) when cells store energy, they make ATP. When cells need E"erg,-:f
break ATP. 1
Components of ATP: A molecule of ATP has three subunits:
(a) Adenine, (a nitrogen containing base) Check Und
(b) Ribose (a five-carbon sugar) 1. Which structunal feature nl

kes It a suitabi,
Thr ma € molegy
(c) Three phosphate groups. <o i o L

A. The sugar-nbose backbone

Phosghate gloupp The adenine nitrogen base

@\ S G\ . The presence of three gn,,,
groups with unstable bonds

Adenine D. Its water-soluble nature

N

Bnergy
Bonds

Ribose —_—
e ATP was discovered in 1929 b ¢

Adenosine EBhiann,
L M e [n 1941, the Nobel prize winrer .
| Acenosine monophosphate (AMP) Lipmann proposed that ATP g .,
main energy-transfer molecule -+,
cell

% Agenosing giphosphate (ADP) |

. Adenasine triphosphate (ATP)

e -

Figure. Molecular structure of ATP

High Energy Phosphate: The covalent bonds between two phosphates are high-energy bonds -
one of these bonds is broken, inorganic phosphate (Pi) separates and energy 1s released. The bre;is
of one phosphate bond releases about 7.3 kcal (7,300 calories) per mole of ATP.

ATP + H,0 — ADP + P, + energy (7.3 kcal/mole)
In common energy reactions only the outer P — P high-energy bond breaks. When this happzns, &7
becomes ADP (adenosine diphosphate) and one Pi is released.
In some cases, ADP is further broken down to AMP (adenosine monophosphate) and Pi:

ADP + H,;0 — AMP + P, + energy (7.3 kcal/mole)
Cells get energy from the oxidation of food. They store this energy by combining ADP with P, tofi~
ATP. So, we can summarize that ATP is made during energy-releasing processes and it is broken dow
during energy-consuming processes.
In this way ATP transfers energy between metabolic reactions.

PHOTOSYNTHESIS

The use of light energy that is absorbed and converted into chemical energy by photosynthetic pigm:*
1s called photosynthesis. Photosynthesis in plants can be summarized as;

6CO;z + 12H,0 + Light —» CgH1,0¢ + 603 + 6H,0
o Recalling
e Photosynthesis Is the proces
which the energy-poor "™
of ATP s> compounds of carbon (ie CC.‘;_'
reduced to enerpe
@ carbohydrates

Figure: ATP-ADP Cycle —

CHOLAR 4 BIOLOGY (11") 183

= Role of Light In Photosynthesis:

’

°

e

Carbon dioxide, water and light are the reactants while glucose and oxygen are the products

Water appears on both sides of the equation because water is used as reactant in some reactions and

released as product in others. However, there is no net yield of water
Compensation Point

Photosyntnesis uses the products of respiration and respiration uses the products of photosyntness

Photosyntnesis occurs only during day time but respirat on goes on day and night

During darkness, leaves and other parts respire and utilize oxygen and release carbon diox de

At dawn and dusk, when light intensity is low, the rate of photosynthesis and respiration may be equal for a short
time. Thus, the oxygen released from photosynthesis is just equal 1o the amount required for celiular respirat
Also, the carbon dioxide released by respiration is just equal to the amount required by pHotosynthesiing ce

At this moment there is no net gas exchange between leaves and atmosphere. This is termed as co sation

oint
:t noon, when the light intensity increases, the rate of photosynthesis also increases. At this tme, there s @ ore
requirement of carbon dioxide
Respiration alone cannot supply this carbon dioxide. Similarly, the oxygen produced Curing pRotosynthe s
mare than the need of the respiring cells
So, the result is the net release of oxygen becomes equal to the uptake of carbon diomde, which s ca
compensation point.

Action Spectrum

Light plays a crucial role in photosynthesis, providing the energy | . piiaes convert onty about 1.2% of the
required to drive the chemical reactions that transform simple solar energy they recesse nto chem.ca

molecules into complex organic compounds. €nergy during photosynthesis

o Despite this seemingly low
Light energy is absorbed by chlorophyll. The absorbed light eMiciancy; this chnvarsion 1 snough
energy is converted into chemical energy, which is in turn stored 10 sustain almast all life on Earth
in organic compounds in the form of C-H bond energy. It happens
like this.

2. Describe the role cf light in

» Definition: A graph which shows the relative effectiveness of
photosynthesis.

different wavelength of light on the rate of photosynthesis is
called action spectrum.

= Photosynthetic pigments absorb different wavelengths of hight at different rates. Moreover, the
different wavelengths are also differently effective in photosynthesis.

= To Obtain Action Spectrum: For getting action spectrum of light, a plant is illuminatea with different
colours of light one by one. While providing each colour, the rate of photosynthesis Is measured by
measuring the amount of oxygen emitted from leaves. The data is plotted in a graph called acticn
spectrum.

®  First Action Spectrum: The first action spectrum was made by a German biologist, T. W. Engelmann
in 1883 He worked on the photosynthetic pigments of Spirogyra, when the cells of a filament of
Spirogyra were illuminated with different wavelengths of light, maximum photosynthesis occurred
in the cells which received blue and red spectrum of light and so maximum oxygen was emitted
from these cells.

Role of Carbon Dioxide In Photosynthesis:

Sugar is formed by the reduction of CO; by using ATP and NADPH. In this way, CO; acts as the source of
carbon for making sugars.

Carbon dioxide enters the leaves through stomata and gets dissolved in water absorbed by the cell walls
of mesophyll cells. Stomata are found in large numbers in leaves

The entry of CO; into the leaves Is dependent upon the opening of stomata

.
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Q. Describe how the role of water in photosynthesis can be explained through expariment.
- ie-
= Role of Water In Phctosynthesis:
* Warer is the source of hydrogen, for the reduction of €CO210 [\ 0 1o of total photosym e
synthesize supar curing ohotosynthesis. carried out by teriestrial g,
e Oxygen released during photosynthesis comes from water, and "'"d"“”" e iy
. = - ponas
s0 waier is an important souice of atmospheric oaygen which | Aguatic  photcsynthetic g
most crganisms nead for aerobic respiration and thus for use dissolved €Oy, bicarbonay, ,..
obla-n-ng energy to live., soluble carbonates es carbon - y
: e Land photcsynthetic organisms .,
~  Van Neil's Hypothesis: (02 Comes From Water Not From COz)

atmospher.c CO; as carbon 5oy,

= In 1930, Van Neil hypothesized that plant splits water as 2
source of hydrogen, releasing cxygen 2s a by-producr.

= Confirmation of Van Neil's Hypothesis: Neil's hypothesis was
later confirmed by scientists duning 1940s.

* An experiment was conducted in which isotopic tracer (**O)
of oxygen was used.

= In laboratory, scientists prepared water with heavy-oxygen
e H,"0. They also prepared carbon diox.de with heavy oxygan i e., C'*0;

= Experimental green plants in one group were given water H,'"0 and normal carbon dioxias (¢
CHQ,. Piarts in the second gioup were given €90, and rormal water i e, H,'*0

Neil's hypothesis was based on 1,
INVESUEAtions 0N photog,mm,.
bacteria that make carbohyd s,
from carbon dioxde, but ca »-
release oxygen

* Both plants were given an environment to conduct photosynthesis.
= 0; Releases From H,0: Oxygen released during photosynthesis of botn piants was roliecteg an
tested. It was found that plants of first group produced "0 but the plants of second graup procuc:

normal oxygen (0).

Group 1 olants Greup 2 plants

H, O CO HO, CLOJ

l l 2 Check Understaridingl =
— 4 < 3 According to Van Niel's hypothess, |
,’_./ P . the oxygen released dunrg |

L 1:‘;& 4 photosynthesis comes from:
SN adbia” A Cartondloxde B Glucose |
C. Water D Ar J
(* < |
OS O. NADP -  Quuwized form ‘

NADFH —— Reduced (rrm
Group 1 —

6C0,+12H,'0 C.1,0,+64,0+6"0)

v y 2
onp 2

6C'0,+124.0 ———— C,H,"0)+6H,°0+60,

Figure: Experiment to prove that water is the
source of oxygenreleased in photosynthesis §
Final Result: In photosynthesis water is split to reiease hydrogen. This hydrogen reduces the coern™
nicotinamide adenine dinucleotide phosphate (NADP) to NADPH The reduced coenzyme 1e NAC™
serves as the "reducing power” for the reduction of CO; to form sugar
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Q.

Wwhat are photosynthetic pigments and what role they play in the absorption and conversion of light

energy?

ﬁ;;f Photosynthetic Pigments In Photosynthesis:

o These pigments capture light energy necessary for
photosynthesis. Some of the pigments are chlorophyll a,
chlorophyll b, xanthophylls, carotenes. i M

« Different pigments absorb light of different wavelengths (colours)

e Photon: Light behaves like a stream of particles czlled photons.
pPigment mclecules absorb one photon at a tme

e \When a pigment molecule absorbs a photon, its electrons move
to higher energy level, so, it becomes energy-rich or excited

» Chlorophylls:

Photosynthetic pigments are present in thylakoid membranes

o Short wavelength photons (nlue)

have a2 higher energy than long

wavelength (red) photons
energetic photons (shorte
vavelength) promote electrons to

higher energy leves

4. Why is chlorophyll a considered the
primary pigment in photosynthesis?

Chlorophyliis a lipid molecule. Chloroohylls are of different kinds

Chlorophyll a, b, c and d are found in plants and algae

Bacteriochlorophylls: While the chlorophylls which are found in photosynthetic bacteria and are
known as bacteriochlorophylls.

» Structure of Chlorophyll Molecule:

(a) Head of Chiorophyll:

A molecule of chlorophyll consists of two parts
(3) A hydrophilic head (b) A hydrophobic tail I CRTRAIEL Sty 6 Gt -Carataed l

play cdual role in photosynthes
The head is made of a porphyrin ring, which further consists | © They capture light energy in the bive 1
of four pyrrole rings (S -sided N -containing compounds) W GO Faghone & Shie sptch
The four pyrrole rings are held together oy a magnesium
atom in the centre.

Chlorophyll “a” + Chlerophyll “b”: In chlorophyll-a, the second nyrrole ring has methyl (CH,) zroup
while in chlorophyll-b, it has aldehyde (CHO) group at the same spot

The porphyrin ring of chiorophyll absorbs light

Tail of Chlorophyll:

The tail is made of long hydrocarbon chain. It anchors the molecule in the thylakoid membrane
Maximum Absorption Chlorophyll: Chlorophyils absorb mainly violet-blue (VB) and orange-red
(OR) wavelengths of light

Least Absorption: Green wavelengths are least absorbed by chlorophylls and are transmitted or
reflected.

protect the ohotosynthetic apoaratus
from damage by excess ght

» Accessory Pigments:

Definition: The pigments which are not directly involve in photosynthesis are called accessory
pigments.
Accessory pigments include all the pigments, other than chlorophylla, which can gather light for
photosynthesis.
Chlorophyl! b is an accessory pigment and nthers are carotenoids (carotenes and xanthophylls) and
phycobilins. Chlorophyll b and carotenoids are found in plants while phycobilins are found in the
red algae and cyanobacternia.
When accessory pigments absorb light, they pass on the energy towards chiorophyll a. It is generally
believed that the order of transfer of energy in plants is;

Carotenoids — Chlorophyll b — Chlorophyll a
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@ = CH, in chiorophyll a

@:CHO in chiorophyll b e Some wavele ngrhsm
chlorophyll-a are very é‘,’ﬂ'

v o absorbed by chlorophy y oL
CHy=CH, viceversa x

e Such differences increase e .

of light absorbed
CH, chlorophylls

—— ]

5. Which component is shareq b, bt
Photosystem | and Il and I8 esgen,

Porphynn ning for initiating the light reactigng
(Hydrophilic head) A) Plastoquinone

[}
B) Reaction center with chlorops, -,
l C) Oxygen-evolving complers

D) ATP synthase
Hyorocarbon chain
(Hydrophooic tail)

Figure: Molecular structure of chlorophyll a
and chlorophyll b

Q. How are the absorption spectra of chlorophyll 'a’ and ‘b’ different? m‘
» Absorption Spectrum:
e Agraphshowing different wavelengths of light absorbed by a pigment, is called absorption spectrin:
the pigment
e Maximum Absorption By Chlorophyll: Absorption spectrum of chlorophylls indicates that absorpti:
blue light (430 nm) and red light (670 nm) is maximum. Absorption peaks of carotenoids are diffe
from those of chlorophylls (Fig).
= Action spectrum of photosynthesis also shows that blue and red parts lights are the most effectue ™
means that the actlon spectrum of photosynthesis coincides with the absorption spectryr:
photosynthetic pigments.
ke e ©
—C—— Action
: - = Chiorophyn |l S Spectrum
v ==== Carotencds | &
z 2 5
o MR @
= ! 2
o p e | <
< [ o
o (] -
B v o
o ' : ©
24 [ @
< [ <
" =
phol! x
L] o
[} °
. ‘\ o 2
e (% d o T
350 400 450 S00 550 €00 650 700 350 400 450 500 S50 €00 650 700
Wavelength (nm) Wavelength (nm)
Figure: (a) -Absorption spectrum; (b) - Action spectrum
Q.

Describe and illustrate how photosynthetic pigments are organized in thylakoid membrane?

=)

Organization of Photosynthetic Pigments: (Photosystems)

The photosynthetic pigments organized into clusters are called photosystems. The photasw.-i"-'
embedded In thylakoid membranes of chloroplasts

For efficient absorption and utilization of solar energy photosystems are very important
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6. What is the function of the DNA-
protein complexes In chloroplast
photosystems?

Lameila

Granrum

Figure: Structure of Chloroplast
» Components of Photosystem:
e Photosystems contain photosynthetic pigments and the carriers of electron transport chain. Each
photosystem consists of:
(a) A light gathering "antenna complex’
(a) Antenna Complex:

(b) A ‘reaction centre’

Antenna complex has many pigment molecules which capture light energy and pass the excitation
energy (in the form of high-energy electrons) to the reaction centre
(b) Reaction Center:

The reaction centre has one or more molecules of chlorophyll-a, which pass the high-energy
electrons to a primary electron acceptor. The electron acceptor passes them on to the series of
electron carrlers, collectively called electron transport chain

» Types of Photosystem:
* Inchloroplast, there are two photosystems:
(a) Photosystem-1 (PS-1) (b) Photosystem-Ii (PS-11)

These are named so in order of their discovery. PS-I has P700 chlerophyll-a molecule in its reaction
centre and it absorbs maximum light of 700 nm.

The reaction centre of PS-1l has P6E80 chlorophyll-a, which absorbs best the light of 680 nm

9 Mechanism of Photosynthesis

* Photosynthesis is a redox (oxidation-reduction) process. In

which water is oxidized & CO; 1s reduced.

As indicated in the photosynthesis equation below, when
water molecules are split apart, they are actually oxidized
(they lose electrons and hydrogen lons) and yield oxygen.
Meanwhile, CO, is reduced to sugar as electrons and
hydrogen ions are added to it. In this way oxidation and

reduction go hand in hand.
Reduction

6CO, + 12H,0 + light

CH,0, + 60, + 6H,0

Oxidation
Photosynthesls is not a simple, single-step process. Rather, it

is a complex metabolic pathway consisting of a series of
reactions.

(1) The light-dependent reactions which take place on the Figure: Photosystem
thylakoid membranes of the grana

(2) The light-independent reactions which take place in the stroma of the chloroplasts. Figure shows
the summary of these reactions.
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(Input) anput) (CCO i Photolysis of Water:
. » The electron "hole" in ch'orophyll molecule is filled by the electrons from water
B Chloropiast

= When water molecule reacts with oxidized chlorophyli in PS-I1, it breaks into two hydrogen lons, an
oxygen atom (which immediately combines with another oxyger to form 0., and two electrons
These two electrons fill the "hole™ in P680 chloraphyll
« The water splitting step of photosynthesis is called photolysis
iii. Electron flow from PS-11to PS-I:

s In step 1, the photoexcited electrons of P80 chlcrophyll 8. Compare Photosystem | and
were received by primary electror acceptor of PS-Ii Photosystem It

s Nows, these electrons pass to PS-i via an electron transport chain of PS-I. This chain consists of
electron carriars called plastoquinone (PQ), cytochrome complex, and plastocyan n (PC)

= As electrons move down the chain, their energy goes on decreasing and is used by thylakod
membrane to produce ATP through the process of chemiosmosis,

Callular sespration iv. Absorption of light by PS-I:

Cellulose = Inthe nextstep light energy is absorbed by PS-1. The energy level of its chlorophyll malecules boosts
(Outputs @ Starch to very hight level. The excited electrons of P700 chlorophyll of the reaction centre pass to the
Liabt Reactions Calvin Cycle Otrer orgaric compends primary electron acceptor of PS-I.
Figure: Overview of photosynthesis = The electrons coming from PS-I! fill the electron "hole” of P700 cnlorophyll of PS-I
Q. What are the events that capture light and convert it into chemical energy during light depender v. Electron flow from PS-I to NADP":
reactions? a * The nrimary electron acceptor of PS-I passes the photoexcited electrons to a second electron
(1) Light- Dependent Reactions: transport chain
«  Key Events in the Light-Dependent Reactions of Phatosynthesis: ¢ * These electrons are received by ferrcdo‘xm (FD). An enzyme NADP reductase transfers those
() Absorption of light energy by photosynthetic pigments, = electrons from FD to NADP*. When NADP *gets two electrons and an H*ion, itis reduced to NADPH

® During light dependent reactions, |

This reaction stores the high-energy electrons in NADPH
hght energy s  absorbed ang

(n) Excitation of electrons by that energy,

(m) Formation of ATP and NADPH. converted into chemical emergy 5
d which 15 in the form of reducing an3 roton graaient
e The formation of ATP is the most Important slg,; of light- assimilating) powrers L., NADPH acd formed for ATP
dependent reactions. it 1s called photoghosphorylation ATP synthesis 5 - Ferredoxin
® This process is either non-cyclic photophosphorylation or cyclic | * Light independent reactions use Plastoquinone =
photophosphorylation. NADPH and ATP for the reduction q - -
" . €0; and thus store chemical erergy ADP H ATP
a) Non-Cyclic Photophosphorylation: iy the form of C-H bond energy "
1

e It 15 the usual way of the production of ATPs during light-
dependent reactions. |

e in non-cyclic pathway, both photosystems i.e., PS-1 and PS-Il 7 wrm | ‘I
participate anc two electron chains are involved (Fig.).

NADP~+, H*

bg-f
complex 2
Photon
Water-splituing

that flow through the non<ydk

Energy of electrons

) 2e- :
»  Steps Involve in Non-Cyclic Photophosphorylation: oh GP:W‘W"“P"W:-‘:“?: pathway? Photon i Plastocyanin
1t happens in the following way. 0 w:::,“ D)l r:novu

i. Absorption of light by PS-1I:

*  Whenlight falls on PS-Il, the energy level of chlorophyil molecules of its antenna centre rises. Ta?

exc'ted electrons move from them and pass to different chlorophyll molecules.
* The excited electrons reach P680 chlorophyll present in the

reaction centre. Due to energy boost of P680 chiorophyll, its | o The ouygen procuces 8o [ Photosystem 1l I [ Dg-f compiex ] | Photosystem | | | naDP recJuctasej
two excited electrons pass to the primary electron acceptor photolysis is the main source ¢
of photosystem-ll. atmospheric oxygen Figure: Light-dependent reactions (noncyclic photophosphorylation)
* Due t2t, an electron "hole" is created in p680 chloraphyll — * So, the light energy gets converted into chemical energy (ATP and NADPH).
which has become a strong oxidizing agent ’ * The zigzag path taken by electrons through PS-Il and PS-Il and electron transport chains, is called Z-scheme
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Cyclic Photophosphorylation:

Under certain conditions when system lack ATPs photoexcited
electrons of PS-1 take an alternative path called cyclic electron
flow. This path uses PS-I but not PS-1I.

These electrons cycle back from primary electron acceptor of PS-
1to P700 chlorophyll wia the electron transport chain.

There is no production of NADPH and no release of oxygen. Cyclic
flow however generates ATP (Fig.). It happens when Calvin cycle
slows down and NADPH accumulates in chloroplast.

Chemiosmosis

Mezercie Lo

Check Understandingl
9. Which of the following occurs only
Photosystem Il and not |,
Photosystem 1?
A) Electron excitation
B) NADP® reduction
C) ATP formation
D) Pnotolysis of water

During light-dependent reactions when electrons are transferred to the series of carriers of electron

transport chain, it results in oxidation and reduction reactions.

A carnier is oxidized when it loses electrons and next carrier is reduced when it gets electrons Electrons
lose energy during this carrier-to-carrier transport. Chemiosmosis is the mechanism in which thylakeid
membranes couple these redox reactions with the synthesis of ATPs.

How does chemiosmosis use the energy released from electrons to synthesize ATP?

Actually, this energy is spent for the active transport of H *ions from the stroma of chioroplast to it
inner compartment (lumen). In this way many H* ions are deposited in the lumen. This H*ion gradient
inlumen has potentlal energy. The H'ions diffuse back from lumen in stroma (from higher concentration

in lumen to lower concentration).

Prnimary
Acceptor

e

Cytochrome
Complex
Pc
K>
\.\ =Y e)
OOOOOOO
Energy for (=Y =)
chemiosmotic
synthesis of Photosystem |

Photosystem |l

|

Figure: Cyclic Photophosphorylation
While diffusing, they pass through a special protein of the
membrane of thylakoid cells. This protein 1s an enzyme called
ATP synthase.
This enzyme uses the energy yielded from the flow of H*ions to
make a bond between ADP and inorganic phosphate (Pi). So, ADP
is converted into ATP and energy is packed in it (Fig).

NADP
reductase

A\ NADPY

e [r0PH]

Check Understanding!

10. How does chemiosmosls generate
ATP in chloroplasts?

* The electron transport chains In
mitochondria  and  chloroplasts
generate ATP by the same

mechanism of chemiosmosis

2 »
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Chloroplast stroma

edoxin-NADP ra¢

oXyQun-« volving compliex

Thylakoid lumen
Figure: Electron transport chain and chemiosmosis in chloroplast

Q. Describe light independent reactions of photosynthesis in terms of paragraph and illustrate in terms of

Calvin cycle. m

(2) Light-Independent Reactions: (Dark Reactions, CO:z Fixation)

o Light-independent reactions are a series of reactions which happen in the stroma of chloroplast and can
occur with or without light.

¢ These reactions use carbon from CO,, energy from ATP, and hydrogen ions from NADPH to construct
energy-rich sugar molecules

* Name As Dark Reaction: These are also called dark reactions
because these reactions can occur in the absence as well asinthe
presence of light, as long as ATP and NADPH are available (Fig.).

11. Which statement best describes the
stroma coupling factor?

A) Splits water

B) Absorbs light

C) Synthesuzes ATP

D) Transfers electrons

* Name As Calvin Cycle: The details of dark reactions were
discovered by Melvin Calvin and his colleagues at the
University of California. That is why, the dark reactions are also
called the Calvin cycle. Calvin was awarded Nobel Prize in 1961
for this work.

» Phase | of Dark Reactions: Carbon Fixation:

* Carbon fixation refers to the initial Incorporation of CO; into
¢ organic matenial.

e Name As C-3 Pathway: Since the
product of Initial carbon fixation is a
three-carbon compound, the Calvin
cycle is also known as C-3 pathway

* Formation of RuBP: An enzyme known as ribulose
biphosphate carboxylase (or Rubisco, probably the most
abundant protein on Earth) combines three molecules of CO;
with three molecules of a five-carbon sugar named ribulose biphosphate (RuBP)

Synthesis of 3-PGA: RuBP results in the formation of six molecules of a three-carbon compound
called 3-phosphoglyceric acid (3-PGA) or 3-phosphoglycerate.
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PHASE | CARBON FIX2T'ON
Rubsco
Kiouloss 01s§ naglycerale H st
(RUPP) L
/ & ADP
6 0-0-0-CO
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= Synthesis of 1,3-bisphosphoglyceric Acid: In this phase, six
phosphate groups are taken from six ATPs and added to
molecules of 3PGA. In this way, each 3-PGA changes into
1,3biphsophoglyceric acid.

®* Reduction of 1,3-bisphosphoglyceric PGA into G3D: Each
1,3-biphsophoglyceric acid is then reduced to Glyceraldehyde 3-phosphate (G3P). NADPH provices
hydrogen for this reduction. During this step, phosphate groups are also detached from 13
biphsophoglyceric acid.

= |n this way, six molecules of G3P are produced, out of which p—
one molecule leaves the cycle. It combines with another G3P —12. WhallhEQM"
and makes glucose, which may be then converted to other cycle?
carbohydrates

Phase-lIl of Dark Reaction: (Regeneration of RuBp)
= Through a series of reactlons, five molecules of G3P are converted into three molecules of Ribulcst
phosphate (RuP).
= One phosphate group is added to each RuP to make three molecules of RuBP by using three ATPS
light reactions. These RuBP receive CO, again, and the cycle continues.

e G3P Is the same three-carbon suz¥
wihich is formed n glycolysis (first
phase of cellular respliration) by tre
splitting of glucose.
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CELLULAR RESPIRATION

S
o Celiviar respiration is the universal process by which organ sms break down complex caroon containing
compounds (e.g , glucose) to get useable encrgy. Ce
C¢H1,0¢ + 60, —» 6CO; + 6H,0 + Energy
« You can see that the arrangement of atoms in glucese has more stored energy while there s much less
energy in the arrangement of atoms in CO; and H,0. The reason is that there are many C - A bonds in
glucose but there are no such bonds in CO, and H,0
¢+ The Dasic events in celiular respiration in all cells are much ‘ . The exchangs of CO, 8nd O, berween |
similar. Almost all cells in alt organisms use glucose as encrgy

ar respiration ¢an be summarized as

saurce. Tnat is why, gluccse is known as réspirat I L
» Types of Cellular Respiration: P ar cosaiation i the brocess |
e There are two main types cf cellular respiration nich ¢ y s made avalable to
i. Anaercbic respiration (fermentation) takes place in the l S S TSRS (ARSI ¢
absence of oxygen o s

ii. Aerobic respiration takes place in the presence of oxygen
o Inthe first step of both these types, glucose is splitinto two molecules of pyruvic acid (C,H.0:) in a process
called glycelysis. The next reactions of pyruvic acid are different in anaerchic and aerobic respiration

Q. What happens with glucose in anaerobic respiration and how different organisms modify the end

products? Q

9 Mechanism of Anaerobic Respiration

* Anaerobic respiration happens in many micrcorganisms and in .21 Check Understanding!
some cells of higher plants. It also happens in the muscle cells of | 13. Why is the Calvin cycle called a
vertebrates. “cycie™

* |nanaerobic respiration, glucose is not completely oxidized. This :: I: sf;;:‘:?:::::: i
type of respiration yields relatively small amount of energy frcm | ¢) regenerates RuBP to start agan
glucose molecule. As a result of anaerobic respiration, one | D)it breaks down glucose contimuous'y
glucose molecuie yields only two ATPs (only about 2% of the
energy present in glucose). The energy in two ATPs 1s equivalent

to 14.6 kcal. * Many of the reactions that occur in

i s your cells also occur in the cells of

. Anaeﬂ?blc respuraFuon consists of glycolysis (orlowed by the froRy mice; plaedes sxiisoods sod
reduction of pyruvic acid by NADH to either lactic acid or alcohol radishes.

and CO;i e, it may again be classified as:
a. Alcoholic Fermentation:
In primitive prokaryotic cells (bacteria) and in some eukaryotic cells such as yeast, pyruvic acid s
further broken down by alcoholic fermentation into alcohol (C;H<OH) and CO;
2(CH,0,)—">2(CH,0,)

Pyvave acd (Ll

b. Lactic acid Fermentation:
In lactic acid fermentation, each pyruvic acid molecule is converted into lactic acid C;H.O, in the
absence of oxygen gas.

2(CH,0,)—>2(CH,0H)+2CO,
Pyrawc acn Fanyt alconor
.* This form of anaerobic respiration occurs in muscle cells of humans and other animals.
* Ithappens during extreme physical activities, when oxygen cannot be transported to the cells as rapidly
asitis needed.

* Many bacteria also use lactic acid fermentation to get energy.
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Figure: Alcoholic fermentation and lactic acid fermentation
Mechanism of Aerobic Respiration

The complete breakdown of glucose molecule occurs only in
acrobic respiration.

During aerobic respiration, glucose is broken down to pyruvic
acid which is then completely oxidized to CO; and water and all
the energy stored in its C — H bonds, is released.

Cellular respiration is a continuous process, but for study
purposes we can divide It into four main stages.

i. Glycolysis

il. Pyruvic acid oxidation

ili. Krebs cycle or citric acid cycle

. Electron transport chain and Chemiosmosis

Glycolysis occurs in the cytosol and oxygen is not essential for this
stage The other three stages occur within mitochondria where
the presence of oxygen is essential (Fig).

e When life evolved on planet tann
free O, was not available So, only
anaerobic respiration was possiole

* But with the evolution of
photosynthesis on Carth, molecular
oxygen accumulated slowly in tne
atmosphere. The presence of free
oxygen made evolution of azrobic
respiration possible

Check Understandingl

14. What Is anaerobic respiration and
when does it occur?

Anaerobic Respiration

§||=&
v e
’ AL 53||82
ZATPY §S|1e5§
AN LBEIITE
(Cytosol) }V

(Mitochondrion)

Figure: Overview of cellular respiration
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How is glucose broken down to pyruvic acid in glycolysis?

5’;;-7 qe (i): Glycolysis

« Glycolysis is the breakdown of glucose into two molecules of pyruvic acid

o Glycolysis takes place in both types of respirationi e, anaerobic and aerobic.

+ The breakdown of glucose takes place in a series of steps, each
catalysed by a specific enzyme (Fig). All these enzymes are found
dissolved in the cytosol.

« In addition to the enzymes,
(nicotinamide adenine dinucleotide) are also essential. Glycolysis
involves following reactions.

, Steps Involve in Glycolysis:

(a) Preparatory Phase

ATP and coenzyme

Check Understanding!
15 What is the primary ATP generating
step in aerobic respiration?
A) Glycolys's
B) Pyruvate oxidation
C) Krebs cycle
D) Erectron transport chan

NAD®

It Involves the expenditure of energy and the breakdown of glucose. It consists of the following steps
A phosphate group is transferred from ATP to glucose. As a result, glucose changes into of

glucose 6 -phosphate.

Glucose 6-phosphate is converted into its isomer called fructose 6-phosphate.

lii. Another ATP molecule transfers a second phosphate group to fructose 6-phosphate. So, it
becomes fructose 1, 6-biphosphate

iv. Fructose 1,6 -biphosphate is highly reactive and breaks into two molecules of three-carbon
intermediates i.e , glyceraldehyde 3-phosphate (G3P) and dihydroxy acetone phosphate (DAP)
These are inter-converted and result in two molecules of G3P.

(b) Oxidative Phase:

It involves the removal of hydrogen from G3P and packing of released energy in the form of ATP. It
consists of the following steps:

OOOOCO Glucose (1)

COOOOCQ Glucose 6 ph
Oo000Ce

+

phate (1)

Fructose o phosphate (1)

[ :ﬂ'ﬂ
ADP

QOOCOCCO Fructose 1 6 iphosphate (1)

OCOCOQ Glyceraldehyde 3-phosphate (1)

OO0 Dihydroxyacetana phosphate ( 1=

OXIDATIVE PHASE

o
ADP| W
7]
<
X
(Y
>
[+ 4
o
g
&
w
@
a
styceraldehyde 3-phosphate (7)
0 INAD®
griaoH CRRY
00000 1.3 Biphosphogiycernc acd (2)
2 ADP
0
OCO0Q I Phosphoglycer acid (2]
O0QD 2 Phosphoglyceric acd (2)

Ol._/' n0

OOB8D rhosohoencl pyruvie auid (21
2ADP

g AP
OO0 Pyruvic ad (2)

Figure: Steps in glycolysis



