¥

¥ ¥ ¥ ¥ ¥ ¥

¥

STUDENTS LEARNING OUTCOMES (SLO'Q.

After studying this unit, the students will be able‘ to \.
Identify the role and component parts of the active site of an enzyme. i
Differentiate among the three types of co-factors i.e, in orgapf® iohs, prosthetic group and co-enzymes, vith

examples. A\ \ _ . R ’
Explain the mechanism of enzyme action through the | it Model, including comparing it with Lock ang

Define energy of activation and discuss throug

how an enzyme speeds up a réaction by lowering the
energy of activation. ‘

Key Model. ’ Q
Explain enzyme catalysis with example of specific rg

Explain the effect of temperature on th of enzyme action with example of human and thérmophiﬁc
bacteria @ Lo .
Investigate the effect of pH on enzy tivity Compare the optimum pH of different enzymes like trypsin

pepsin, papain. @
Demonstrate that the concentra@ enzyme affects the rate of enzyme action.

Describe enzymatic i )hibitiov&
inhibitors,

es and its significance with examples.
Name the molecules whi _ , ‘
Categorize inhibitorsm petitive and non-competitive inhibitors.

Explain feedback i&& , B g
Classify enzyme% basis of the reactions catalyzed (oxidoreductases, transferases, hydrolases, isomerases
and ligases). : » ~

Classify enzymes on the basis of the substrates they uge (lipases, diastase, amylase, proteases etc.
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We know that the life of living organisms is a reflection of what is going on in their bodies.

olism ' " " \ . ) ) "
wetab The sum of all biochemical reactions / activities occurring in living organisms is called metabolismé& all the

_ hemical reactions / activities are carried out with the help of enzymes.
10

5.1 - ENZYMES

b
— ’

1.  What are enzymes? Describe their origin and occurrence in the cell?

. The specific globular proteins that speed up specific chemical reactions by lowering the required activation

energy without themselves being used up are called enzymes.
Enzymes are also known as biocatalysts, | .
Rates of enzyme-catalysed reactions may be 10° to 10° times greater than the ratgg of corresponding
uncatalyzed reactions.

, Al cells do not have the same set of-enzymes. The chemical reactions going on in god.cells are very
different from those going on within a nerve cell because red blood cells and nerve tain different sets of
enzymes. So,the difference in enzyme-sets makes the base of division of labou cells.

origin of Enzymes .

All enzymes are synthesized inside cells by the protein synthesizing mdeQingsy of ribosornes, mRr?lAs' and
{RNAs. So, we can say that ribosomes are the factories of enzymes (proteins sis. After their synthesis, either
they stay and work inside the cell or they are secretedout for functioning at rgites.

Point to Ponder
A reaction that is catalysed by an enzyme and is comp, inutes, would
take one year to get completed without being catalys me. Thus, we can.
ateall z

say that without enzymes there would have been no |i

Occurrence of Enzymes
A. Cytoplasm

Many enzymes are dissolved in cytoplasm. s : :
» For example, the enzymes of glycolysis¥the process in which breakdown of glucose takes place).

B. Membranes of Organelles b , L
Many enzymes are tightly bound to membr. ertain organelles.
cy

e For example, the enzyme of cle and Krebs cycle (both processes are involved in the
production of energy in the fi ATP).

C.On the Ribosomes ST e ’ ,
Some enzymes are integral part of s es (factories of protein synthesis).-
*  For example, the enzym olved in the process of protein synthesis.
: " Point to Ponder g :
afaging and may prove harmful, if become active at wrong place or at wrong
protein digesting enzyme and it can destroy protein-made structures present

hesized. That is why it is produced in inactive formr (pepsinogen) in membrane
is secreted out of cells. When it reaches its target site of action, it is activated

Some enzymes are poten
time. For example; pepsi
inside cells where |

bounded lysosomes;

i)epsin). 3 .
\ . -
1, What are prens e C) Biocatalysts v D) Metabolites
A) Structural proteins that build tissues 3. What is the rate increase, in enzyme-catalysed

reactions compared to uncatalyzed reactions?

. ! ‘ -
0 Glo ; ivation energyv’ A) 10 to 100 times B) 10° to 10* times
SUIAr AR DNt Jokse? A0 ol 0) 10 to 10° timesv” D) 10° to 10° times

D) Lipi i ' -
s Ok pROVRE By 4, Why do red blood cells and nerve cells carry out

Enzymes are also known as: ' different chemical reactions?
A) Coenzymes B) Substrates

B) Hormones that regulate metabolism
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A) They use the same enzymes for different purposes B) Enzymes of protein ﬁynthesns
C) Enzymes of glycolysisy”

B) They receive different nutrients ¢ Redlos oville
C) They contain different sets of enzymes/ D) Enzymes of Krebs ¢y "
Where are the enzymes of the Calvin and Krebs cy¢j,,

D) They have the same enzymes in different quantities 7. -
5.  Whatis the site of enzyme synthesis inside the cell? locat A——

A) Nucleus B) Mitochondria A) DISSO. \ v in blood

S Hbzsame L IR 2 ili(;:ttl:;lgbfczszz :2 membranes of organellesy”
6.  Which of the following enzymes are found dissolved D) Stored in the nucleus

in cytoplasm? .
4* SI—

A) Enzymes of Calvin cycle ‘ :
w do they function in chemical reactions?

1. What are enzymes and ho - : ,

Ans. The specific globular proteins that speed up specific chemical reactlEo
activation energy without themselves being ysed up are callaed en%yamtgs.

biocatalysts. Rates of enzyme-catalysed reactions may be 10° to 1 i

corresponding uncatalyzed reactions.
Do all cells have the same set of enzymes? Why or why nf:t? . \ *

Ans: Al cells do not have the same set of enzymes. The chemical reacgon@ on in red blqod cells are very
' eXb nerve cells contain different sets of

o

different from those going on within a nerve cell because r/ed blpt_)c.i C
enzymes. So, the difference in enzyme-sets makes the base of divisi our among cells.

3. How and where are enzymes synthesized? \ '
achinery of ribosomes, mRNAs and tRNs

Ans: All enzymes are synthesized inside cells by the protein synt : _ ' \s an
So, we can say that ribosomes are the factories of enzyme@ ins) synthesis. After their synthesis, either they

stay and work inside the cell or they are secreted out for f ning at other sites.
4. Where in the cytoplasm are enzymes found and what is a example?
Ans: Many enzymes. are dissolved. in cytoplasm. For plé) the -enzymes of glycolysis (the process in wkich
breakdown of glucose takes place). '
5. Where else are enzymes located in the cell des the cytoplasm?
f certain organelles. For example, the enzyme of Calvin cyde

Ans: Many enzymes are tightly bound to menilara
the production of energy in the form of ATP). Some enzymes are

and Krebs cycle (both processes are invol
integral part of ribosomes (factories o synthesis). For example, the enzymes involved in the process of

protein synthesis.

@ Describe the structur,

Ans. Enzymes are three-dimensi

owering the requireg
s are also known 4

s of an enzyme in detail?

ular proteins. They are made up of polypeptide chains that are coiled upon

themselves.
Active Site
The location at whic sis occurs is called active site.
= Active site i all cleft or depressionon the surface of globular enzyme molecule.

= Active site conSTsts of anly a few amino acids.

Specificity of Active Site .
~ The active site of each enzyme is shaped very specifically so that only a certain substrate molecule can fitint® ’ 3
It is three-dimensional and bears a specific charge,
Regions of Active Site
Active site has two distinct regions
A: Binding Site
The site at which substrate molecule fits & hel ' en bonds,
Mg alta f d by weak chemical forces, such as hydrog
B: Catalytic Site
Catalytic site catalyses the reactio indi indi i ce subs®
' ction after te and hen .
iransformiedinte produets the bmc’mg of substrate to binding si

i calle J*
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Binding Substrate (5)
Site

Cntalytic
Site

Enzyme (E)

- WS/

;_ What are enzymes made up of? D) All polar amino acids
" A) DNA chains B) Polysaccharide units 5. Why can only a specific substrate to an enzyme’s
C) Polypeptide chains that are coiled upon themselves y” active site? *
D) Nucleotide bases ' A) The substrate must have ene
2 What is the active site of an enzyme? B) The active site is three-di al and bears a
' A) The region where energy is stored specific chargey”
B) The location at which catalysis occursy” C) All substrates can fit a@ve site
O) The place where enzymes are destroyed D) Enzymes have nﬂﬁo\" y
D) The outer surface of the substrate 6. What is the f i of the binding site in an
3. How is the active site positioned on the enzyme?. enzyme? o %
A) Hidden inside the enzyme's core A) Breakmg dON product
B) Located on the tail of the enzyme B) Destroyiffg the enzyme .
COA large open cavity ' : OH \ t bstrate by weak chemical forcesv”
D) A small cleft or depression on the surface of globular - D) iyating the enzyme
enzyme moleculev” . . 7. Wh ens at the catalytic site of an enzyme?
4 Whatis the composition of the active site in terms of Q:trate binds reversibly
amino acids? me gets decomposed
A) All amino acids in the enzyme Reaction is catalysed, and substrate is transformed
B) Only hydrophobic amino acids into productsv”

C) Only a few amino acidsy”- D) Active site closes permanently

Ans. Enzymes are three-dimensional
coiled upon themselves.

2 What s the active site of an enzyme?
Ans. The location at which catalysis occurs i€ ca
3. How s the active site described i
Ans. Active site is a small cleft or depre

1.  Whatare enzymes? ' %

proteins. They are made up of polypeptide chains that are

active site.
of its structure and position?

n the surface of globular enzyme molecule.
4 Whatis the specificity of th e site based on? : ‘
Ans, The active site of each en is§haped very specifically so that only a certain substrate molecule can fit into it.
Itis three-dimensional Z)Q# a specific charge. ‘ -
' What are the two di &glons of the active site, and what are their functions?
+ Active site has two di regions: ' ‘
A: Binding Site - The site at which substrate molecule fits & held by weak chemical forces, such as hydrogen
onds, is called the binding site. o R .
B: Catalytic Site - Catalytic site catalyses the reaction after the binding of substrate to binding site and hence
Substrate is transformed into products.
\
ND COENZYMES
@I Write a complete note on the cofactors & coenzymes?
Ans. M,

NY enzymes use additional chemical components to aid in catalysis. These additional non-protein
Com )
Ponents are called cofactors.
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Types of Cofactors - ‘
There are three kinds of cofactors (metal ions, prosthetic group & coenzymes)

A: Metal lons

Many enzymes use metal lons as their cofactors.

For Example - Ca'’, Mg"?, Mn*?, Cu'?, and Zn*’ are used as cofactors.

How Metal lons Work - ‘ '

Metal ions change non-functional active sites of enzymes into functional active sites. In t'hese enzymes,
attachment of a metal ion as cofactor, changes the shape of active site of enzyme and allows it to combine
substrate
B: Prosthetic Group .

The nonpeptide inorganic or organic cofactor, tightly attached with an enzyme by the formation of COvalery
bond is known as prosthetic group.

For Example - Hematin is an organic compound that is an excellentexample of etic group.

C: Coenzyme .
When the cofactor is a non-protein organic molecule and is loosely at@d with enzyme, it is Calleg ,

i

How Coenzyme Works
Coenzyme participates in enzyme-catalysed reactions, often by

coenzyme.
For Example: Many vitamins (e.g., niacin and riboflavin) function a&@s.

[ ]
rtingelectrons (hydrogen atoms), frop.*

one enzyme to another. \

The most important coenzyme in cell is the hydrogﬁc ptor nicotinamide adenine din g
(NAD"). When NAD" acquires a hydrogen atom from an en uces to NADH. The electron of hydrogen aton,
contains energy that NADH molecule carries. For examp en*food is oxidized in cell, enzymes draw electrorg
from food molecules and transfer them to NAD*, which red to NADH.

1. What are cofactors in enzyme activity? 5. Which compound is an example of a prosthetic
A) Enzyme inhibitors @ group? 1

B) Non-protein components that assist in cata - A) NAD* B) Niacin
C) Only metal ions D) Denatured ;@ ' C) Hematiny” D) Riboflavin
2. How do metal ions assist enzymes? 6.  What is the difference between a coenzyme and 2
A) By denaturing them  B) By provi‘a trients prosthetic group?
C) By cha:?ing non-functional acti s into functional A) Cc-Jgnzymes are metal ions; prosthetic groups are
ones vitamins
D) By blocking substrate bindin B) Coenzymes are loosely attached; prosthetic groups ¢
3. Which of the following can act as enzyme | tightly bound v*
cofactors? C) Coenzymes are proteins; prosthetic groups are non-
A) Na*, CI” . A proteins
B) Ca*? Mg'?, Mn*?, %/ ' D) Coenzymes cannot transport electrons
C) K*, Fe* only @ ) OH", CO* 7. What happens when NAD® acquires a W
What is a group in rela atom?
A)A loosell; organicpmoI:culzlon L A) It becomes inactive B) It oxidizes into NADH
B) A permanently bound nonpeptide cofactory” C) It reduces to NADH and carries energy
C) A temporary metal ion D) It breaks down :
D) A non-functional enzyme part ' N

@ 1. What are cofactors and how do they assist enzymes in catalysis? ) non P |
Ans. Many enzymes use additional chemical components to aid in catalysis. These additiona oups
components are called cofactors. There are three kinds of cofactors: metal ions, prosthetic 9

coenzymes,
2. How do metal ions function as enzyme cofactors? *2 are used a:
Ans. Many enzymes use metal ions as their cofactors. For example, Ca'?, Mg™?, Mn*?, Cu™, and' Znsites- i
cofactors. Metal ions change non-functional active sites of enzymes into functional activeé
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es, the attachment of a metal jo o .
iam :i\ne i Eusirate. N as cofactor changes the shape of active site of enzyme and allows it to
’ What is @ p?:thi::::gga:i’:p and how Is it associated with an enzyme?

* rhe nonpeptide or organic cofactor, ti ~ [
AnS- tT,gnd is known as prosthetic group. tor tighty attached with an enzyme by the formation of coveient
- Hematin is i '
for example ) dahn organic compound that is an excellent example of prosthetic group.
, What Is» ‘“f"zyct"' ' and how is it different from a prosthetic group?

_Wwhen the cofactor is a non-protein organic molecule and is loosely attached with enzyme, it is called a
coenzyme. ]

For eanP'e - Many vitamins (e.g,, niacin a~-' riboflavin) function as coenzymes.
~ How does th(:t.cc.»enzyn.\e NAD* function in 2nzyme-catalysed reactions?

. Coenzyme pa Icipates in enzyme-catalysed reactions, often by transporting electrons (hy n atoms), from
one enzyme to another. The most important coenzyme in cell is the hydrogen acceptor inamide adenine
dmucleotlde (NAD"). \Nhe.n NAD" acquires a hydrogen atom from an enzyme, it reduces+g DH. The electron
of hydrogen atom contains energy that NADH molecule carries. For example, wh @‘ d is oxidized in cell,

enzymes draw electrons from food molecules and transfer them to NAD* Which rer@to NADH.

| AN

® @ - )
&8 O

7 S

Substrat:
‘ ’/ Cofactor
Active site . 2
. ﬁ Products . ‘
; . . . EnZyme-substrate :

complex

Fig. 5.1: Cofactor, the shape of active sit e l

Point to Ponder .

The protein part of “enzyme ‘is called
apoenzyme and complete enzyme including
co-factor is called holoenzyme.

Point to Ponder
Many trace elements such as molybden
and manganese, which are neces
our health, are used by en
cofactors.

S MECHANISM OF ENZYME ACTION

lg 4.  What is meanthyactivation energy & how enzymes?
Ans, The speed of a chemical reaction depends on the amount of activation energy required to initiate it.

AmVation Energy
g civaton enrgy hw
9y required to start a chemical reaction Is ca
™ Enzymes Lower the Activation Energy?
they Iinz}'f*\es bring reactants together in correct orientationo
OcEe;VEr the activation energy required for new bonds to
Note Much faster than their normal speed.

is the energy which works to destabilizethe existing chemical bonds or the minimum amount
lled activation energy.

r stress particular chemical bonds of reactants. Thus,
form and speed upthe rate of reactions. Reactions:

The Presence of enzymes does not affect the natureor properties of end products.
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For example, sucrose (substrate) will always be hydrolysed into glucose and fructose (products) whether sucr.

(enzyme) is present or not.
Binding site of every enzyme is very specificdue to its specificity; an enzyme recognizes a specific substrate.

ﬂl

ase

Energy for
activation without

A

High (Ea)

enzyme

.. N ; Low (Ea)

Energy for
activation with

Reactants

enzyme

Products

Reaction Time

Fig. 5.2: Enzymes lower the activation enert)o

mQs&

v

2. - What role do enzymes play in chemical reactions? y bringing reactants together in the correct
A) They increase the activation energy required % orientation or stressing bondsv”
B) They act as substrates for reactions C) By increasing temperature of the reaction
C) They speed up reactions by lowering activation D) By changing the final products
energy A 6.  Does the presence of enzymes change the nature of
D) They are permanently consumed in reactions the end products? .
3.  Why do different types of cells have differedt séts of A) Yes, enzymes create new products
_ enzymes?’ B) No, enzymes do not affect the nature of pmducts/
A) Because they all perform the same cHel @ctions C) Yes, enzymes modify substrates permanently
B) Because red blood cells and nerve (:e’%e different D) No, but enzymes destroy the products
chemical reactions v ‘ | 7. What determines the specificity of an enzyme?
C) Because enzymes are not import ells A) The size of the enzyme
D) Because all cells have identic ns B) The shape of the enzyme's binding sitev”
4.  What is activation energy? C) The temperature of the environment
A) The energy released by n D) The color of the enzyme
B) The energy required a chemical reactiony” -

What are enzymes primarily composed of? '

A) DNA chains B) Polysaccharide units

Q) Polypeptide chains thatare coiled upon themselvesy”
D) Nucleotide bases

5.

C) Th ;sto red in substrates
D) my enzymes produce

enzymes lower activation energy?
reaking the bonds of substrates directly

.

Ans.

Ans.

Wha

activation
biocatalysts.

corresponding“tincatalyzed reactions.

mes and how do they function in chemical reactions?

Tm' ¢ globular proteins that speed up specific chemical reactions by lowering the required
e ithout themselves being used up are called enzymes. Enzymes are also known &

s of enzyme-catalysed reactions may be 10° to 10°® times greater than the rates of

Do all cells have the same set of enzymes? Why or why not?

All cells do not have the same set of enzymes. The chemical reactions going on in red blood cells ar¢ V‘g
different from those going on within a nerve cell because red blood cells and nerve cells contain different sets
enzymes. So, the difference in enzyme-sets makes the base of division of labour among cells.

What is activation energy and how does it influence the speed of a chemical reaction?
The speed of a chemical reaction depends on the amount of activation energy required to initiate it.

Activation Energy

Activation energy is the energy which works to destabilize the existing chemical bonds 6r the minimum amov
of energy required to start a chemical reaction is called activation energy.

1

|
|
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es lower :

owr: eos ebr:'zny;ﬂ reactants ::;;;t:a.“o" energy required for a reaction to proceed?

g lower the activation energy rem correct orientation or stress particular chemical bonds of rezctants. Thus,
they f h : quired for new bonds to form and speed up the rate of reactions, Pezctions
proceed much faster than their normal speed e rate

affect the .

, Do enzy::::se f 6 me:';d products of a reaction? What determines their specificity?

ns. The pres | zy b we “Ot.aﬁec'f the nature or properties of end products.

For exampre, sucrose (substrate) will always be hydrolysed into glucose and fructose (
(enzyme) is present or not.
Binding sit€ of every enzyme is very specific due to its specificity; an enzyme recogniz

ans. E2Y

s
ase

products) whether sUCras
es a specific supstrate.

57. Explain the mechanism of enzyme action by the formation of ES Complex?

Ans. Formation of ES Complex ’

The substrgte binds with the binding site of an enzyme. In thi T Migstrate complex (ES
complex) is formed and catalytic site is activated.

The atoms of catalytic site stress and destabilizeparticular bon

lowered.
This action initiates the reaction and substrate is transformed into Pgdugts.

After it, enzyme detaches itself from the products, in an unalt e. The mechanism of enzyme
action can be summarised as follows.
E P

mme Product

Enzyme-substrat
_ complex '

o In complex metabolic pathways e.g., respiration, | d nthesis, protein synthesis etc, many enzymes
act in a’sequence and regulate the steps of pathwai The successive enzymes controlling these steps aré
present together along with their cofactors. Tieproducts from one enzyme’s catalysis serve as substrate
for the enzyme of next step and are transfofmed into next products. The series goes on an
products are formed that inhibit (throu ack) the first enzyme.

s&

¢ s way, an enzy

ds of su o, activation energy is

Enzyme. Substrate

d finally ends

zyme?

1. What happens when a substrate binds to a
A) The enzyme is permanently altered
is.ff and

B) The enzyme-subétrate (ES) complex '
catalytic site is activated v

O) The substrate is destroyed imm -

D) The enzyme loses its specifici

. How do enzymes lower energy during
a reaction
A) By breaking all bond strate

B) By stressing and destabilizing particular bonds of
substrate
C) By increasing the temperat
g D) By changing the substrate
* What happens to the enzyme after the su
transformed into products?
A) It is permanently attached to the product
B) It detaches from the products unchanged
O It becomes inactive
. :3) Itis consumed in the reaction
a':t;"mplex metabolic pathways, how do enzymes
A) Independently without interaction

ure of the reaction

into an inhibitor
bstrate Is

B) In sequence, regulating each step\/

C) By competing with each other

D) Randomly with no order

What serves as substrate for the enzyme of the next
step in metabolic pathways?
A) The original substrate only
B) The products from the previous enzyme’s catalysis\/
C) The enzyme itself " D) Cofactors only

What regulates the first enzyme in a metabolic
pathway?

A) Temperature changes

B) The final end products through feedbac
C) Enzyme concentration only

D) Random mutations

Which of the following is true a
metabolic pathways?

A) They work in isolation

B) They require cofactors an
C) They do not interact with substrates
D) They are consumed after one reaction

k inhibitionv’”

bout enzymes in

d act sequentially v’
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S; ! l 1. , What happens during the formation of the enzyme-substrate (ES) coniplex?

: Ans. The substrate binds to the enzyme’s binding site forming an enzyme-substrate (ES) complex whi
activates the catalytic site. This site stresses and destabilizes certain bonds in the substrate, lowering actwatlch
energy and starting the reaction. The substrate then changes into products, and the enzyme detaq'fen

. ) S

unchanged.

2. How can the mechanism of enzyme action be cummanzed?

Ans. The enzyme binds substrate forming the ES complex, lowers activation energy by stressing bonds converts
substrate into products, and then releases the products while remaining unchanged.

3. How do enzymes work in complex metabolic pathways like respiration or photosynthesis? -

Ans. Many enzymes act in sequence to regulate pathway steps. The product of one enzyme becomes the substrate
for the next, allowing stepwise transformations until final products form.

4. Whatroledo products play in sequential enzyme reactions in metabolic pat s

Ans. Products from one enzyme act as substrates for the next enzyme continuing aifl of reactions until the eng
products are produced. 6

5. How is the first enzyme regulated in a metabollc pathway? @ :

Ans. The final end products inhibit the first enzyme through feedback, cgnt he pathway by preventing excess

ro
product formation. C\

MODELS FOR MECHANISM OF AC?I@ ENZYMES

@ Explain the models for mechamsm of enzym ac@
Ans. A: Lock-and-Key Model ' \

In 1894 a German chemist Emil Fischer proposed lock-ahg- ey model.
Definition ‘

According to this model “as a specnf C key ca only a specific lock, in the same manner a specific enzyme *
can transform only one specific substrate into prod ‘

Postulates
Active site is a rigid structure

There is no modification or flexibili &ﬁve site before, during or after the enzyme action.

Products ‘ ‘

o S

No change occures Enzyme-substrate
at active site complex

Fig. 5.3: Lock-and-key modefof enzyme action
B: Induced Fit Model .

Later studies did not support lock-and-key model in all reactions. On the basis of new evidences, an American
biochemist Daniel Koshland presented induced fit model in 1958.

Definition . ‘ q hanges
According to this model, "when a substrate combines with the binding site of an enzyme, it induces €h?
in enzyme structure. These changes ‘enable the enzyme to perform its catalytic activity more effectively.”
Postulates s
ctive site is not a rigid structure A ; , %
:ct've site is capable of going under modification and flexibility, before the enzyme action (catalysis) starts
1
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Substrate

Active site

. Products

i =

' Changes induced  Enzyme-substrate  Enzyme regains its
in enzyme structure complex original structure

Fig. 5.4: Induced-fit model of enzyme action

s e I3
Who proposed the Lock-and-Key model of enzyme | 5. What does the Induced F
substrate binds to an en

say happens when a

action?

A) Daniel Koshland B) Emil Fischery” ~ A) The substrate remai@',anged

C) Louis Pasteur D) James Watson : B) The enzyme's agtive 5 anges shape 10 better fit
the substrate o

According to the Lock-and-Key model, what is true
C) The enzyme @, own immediately

about the active site of an enzyme?
A) It changes shape when substrate binds ' ‘ D) The subst ches instantly
B) It is a flexible structure 6. How s é« site described in the Induced Fit
Q) Itis a rigid structure with no modification before, ' m '
during, or after enzyme actiony” A % unchanging
D) It is formed after substrate binds B ible and capable of modification before catalysis
3. What analogy is used in the Lock-and-Key model to s -
-specific to substrates

explain enzyme specificity?
A) A puzzle piece fitting into a puzzle
B) A specific key opening a specific lockv”
C) A magnet attracting metal
D) A lock changing to fit inultiple keys: -
4  Who proposed the Induced Fit model? .
A) Emil Fischer - B) Daniel Koshland

L

C) Alexander Fleming . D) Robert Hooked J&

-'- el proposed by Emil Fischer in 18947

@ 1.  What is the Lock-and-K¢) .
- Ans. According to the locksang model, “as a specific key can open only a spec

manner a specific enzyme can tfar: fogfh only one specific substrate into products_."_T_he.pos
state that the active site is @ ructure and there is no modification or flexibility in th

during, or after enzyme act% ‘ _

2 What are the key postlat the Lock-and-Key model? e

Ans, The key postulates a Nhe active site of the enzyme is rigid and does not undergo any modification or

A flexibility before, durin after the enzyme catalyzes a rea;:tion.

* Why w del proposed and by whom? -

Ans, Late): s:usdti:s. :;: u:::i :l::):::t thz loik-and-key model for all reagtions. On the Lasis of new evidence, an

American biochemist Daniel Koshland presented the induced fit model in 1958.

A What does the Induced Fit model state about enzyme stru.cturo :Mun a s‘ub'muf
S According to the induced fit model, “when a substrate combines with the bmzmg i

changes in enzyme structure. These changes enable the enzyme to pé orm ..

g CSHectively

_ What are the postulates of the induced Fit model regarding the active site? L

" The active site is not a rigid structure. It is capable of undergoing modification and TIex!
action (catalysis) starts, allowing better interaction with the substrate.

) Destroyed after reaction
hich model explains that the active site does NOT

change its shape during enzyme action?
A) Induced Fit model 8) Lock-and-Key model v

C) Feedback inhibition modd4
D) Allosteric model

7.

—

ific lock, in the same
tulates of this model
e active site before,

sinds?
of an enzyme, it induces
catalytic activity more

Ang bility before the enzyme
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5.4 FACTORS AFFECTING THE RATE OF ENZYME ACTION e —
g':: Discuss in detail the factors which affect the rate of enzyme action?

Ans. <
Enzymes are very sensitive to the environment in which they work.
The functional specificity of every enzyme depends upon its specific chemistry and confi guratlon
The activity of an enzyme is affected by any change that alters its chemistry and its three-dimensional

Some of the factors that can affect the rate of enzyme action are being discussed next. “hape,
1. Temperature
Optimum Temperature
Every enzyme works at its maximum rate at a specific temperature called its optimum temperature
For Example,
The optimum temperature for human enzymes is 37 °C,
Shape of Protein
The shape of a protein is determined by the hydrogen bonds and obic interactions that hoig it

by slight changes in temperature.
Effect of Temperature on the Shape of Protein
When Temperature Fails

When temperature falls below optimum temperature, b@ at determine the shape of enzyme becoms

less flexible. They do not permitthe induced change in acti is necessary for enzyme action and so reacti,
rate is slow.

When Temperature Rises
When temperature is raised up to a certain |I3 heat adds in activation energy and so reactions are

. polypeptide chains in particular position. Both the hydrogen bonds and Kdr ic mteractmons are easily disrupteq
[ ] .
2

accelerated. Heat also provides kinetic energy to s te-and enzyme molecules It causes them to move rapidy.
Thus, they collide more freauently and reactlon ra Qer sed. -
Denaturation

When temperature is ra|sed well abov m temperature, the heat energy increases the vibrations of atoms

of enzyme molecules. When vibrations too violent, bonds cannot hold polypeptide chains in the proper
“position and globular structure of enzy st. This phenomenon is known as denaturatlon of enzyme. It resultsin
a

a rapid decrease in the rate of enzym@ nd it may be blocked completely.

Optimum’
temperature

‘Enzyme gains
kinetic energy

-

Q
,0&0

Rate of reaction

Enzyme being
denatured

%

, —r ;
10 20 30 40 50 6'0 70
Temperature (°C)

Fig. 5.5: Effect of tempe.rature on enzyme activity
2. pH

Optimum pH
Every enzyme works its best at a specific pH, calied its optimum pH.
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- le,
ﬁmp ‘ s i o di . '
”"pepsm is active In acidic medium (low pH) while trypsin shows its optitmum activity in alksline mednrm (high pH).
of PH on the Activity of Enzymes
L enzymes \fJOV‘f at their maximum rate at a narow range of pH A shight change (ine ‘eass of decrease) in this
585 ,etardahon in enzyme activity or blaocks it completely
3
1 e in the globular structure f’f an enzyme, polypepticde chains are held by bonds bet vasn oppesitety charged
ocids such as glutamic acid (-) and lysine (4)
n change the nabon of arrano

e it :

Pl ose bon?is ar: sensmvg to hydrogen ion concentration Any change in pH ca
4 @ active site .h oreover, it may affﬂ' the wnization of substrate Extrerme change in

L resulting in enzyme denaturation,

i can bresk the boreds i

c"’n’m ry
Salivar
Pepsin arn/la'.:: Pancrastic
}_j lipase O
o
: O
k/ >
RERERREIIX’
pH
Fig. 5.6: Optimum pH of some enzyme and effect of chande of pH on enzyme activity
l Enzyme | um pH |
| Pepsin | 1.5-1.6
{ Salivary amylase 4.6-5.2
I Sucrase 6.2 j
r Pancreatic amylase  67-10 !
| Catalase 70 !
r Urease 7.0 ' J
l Tryps I[ 7887 i
r Pancreati€ tipase JI 8.0 ﬁ
rginase |r ______1_&0 j

i Enzyme Concentration @
Enzymes are very efﬁcienx mall number of enzyme molecules can catalyse reactions of large amount of
substrate. The overall rate of% -controlled reactions depends directly on the amount of enzyme present at a

specific time (if substrate concengsation is unlimited). X
tffect of Increasing Enzyme Concentration

When enzyme concentration increases,
wbstrate molecules bind with new active sites and are transfo

late of Reaction at Constant Substrate Concentration
if enzyme concentration goes on increasing but substrate concentration remains tr  same, no more substrate

"lecules will attach with enzymes. 50, the rate of reaction stays constant and does not inc, ase further.

there are more enzyme molecules and more acuive sites. So, more
rmed into products.
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Mo more substrate
to attach with enzyme

Rate of reaction

Enzyme concentration
Fig. 5.7: Effect of enzyme concentration on enzyme activity
4. Substrate Concentration
If there are enzyme molecules with vacant active sites, an increase in substraté{comeentration will incresse .

rate of reaction. O
Rate of Reaction at Constant Enzyme Concentration
if enzyme concentration is kept constant and the amount of substr{ sed, a point is reached whers g,

further increase in substrate does not increase the rate of reaction any mo °

Saturation of Active Sites o %
Saturation of active sites means that all active sites of the avail&ﬁl mes are bounded to substrates & ~z,
there are no free active sites. This situation is called saturation ¢f agtiVe sites& occurs at high levels of sudsras
concentration while keep'ng the enzyme concentration cons \

Availability of Active Sites

When enzyme molecules are free (2t low substraje entration) new substrate molecules bing wir s
available active sites and so more products are formed i @ iven time i.e. rate of enzyme action is increasad

or strate

b@

4 ive sites

5 of reaction

Q Substrate concentration i
@ . 5.8: Effect of substrate concentration on enzyme activity

Whatkn:é' wiﬂ

1. y the uptiraum temperature of an | 3.  What is denaturation of an enzyme?
enzyme? . A) A reversible change in enzyme shape
A) The highest temperature an enzyme can withstand B) Permanent loss of enzyme activity due to temperdi®
B) The temperature at which the enzyme denatures or pHy"
C) The temperature Bt which an enzyme works at C) Reaction with substrate
4 Tr:axxmu;r; ra:e v e D) Temporary inhibition of active site high
= average temperalure of all enzymes 4 What causes dena t b
. turation of enzymes 23
2. What hnppen; tc enzyme activity when the temperatures?
temperature falls Lelow the optimum? A) Weak hydrogen bonds
:) ;nn:‘me gets denatured _ B) Substrate depletion
) Bonds becom¢ ncre ﬂgx-ble C) Violent vibrations breaking bonds in enI)'me'/
C) Bonds become 255 flexible end slow the reactiony” D) Loss of eptimum pH
Dj Substrate conc.itration increases
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; epsin

At which pH does pepsin show optimym, activity? _
L 10 Bao 8. What happens when enzyme concentration increases

REE D) 1516y but substrats concentration remains the same?

appens when the pH A) A active s stay vacar?
hat h zpfrom pimprsomad P level is thnnqu ) Resction 1848 continues 18 Mciess

(3 ’igniﬂ(.n y y $ oP“mum pH? , ’ ) yntinues 19 increas

A) Fnzyme becomes more active C) Peaction rate becarmes constart

8 ;‘\_“:lﬂ;uﬁ increases the reaction rate D) Substrate bnds with preetf

¢) [nzyme a(l‘ivm' decreases of stops ¢/ 9. :Vl;n is meant by saturation of active sites?

p) Enzyme gains more active sites ) Enzyraes are fully deratred

is the effect of B) All enzyme active sites ars hound witri s sostraresy’

1 - tion when subst o enzyme C) No substrate is avalable

concentra strate is unlimited? e ¥ is ._

) Reaction rate decreases - H) Optirmum "’"z’fa'ur’- is ':ﬂ“t’;‘:” e

. does bonds structure’

a) Enzyme gets denatured B ow pH >ffect Snzywne

" i i > : A) pH stre s b nen bonds

() More active siles become available and reaction rate B)) ZH a"::zt:'::lal:{:r:r;{ n..J,) a

increases t 1 wacer 4ri
p) Substrate concentration increases O pH (thbangis iéJr.‘.z:'io‘/n of & ids at active site
and breaks boids

g D) pH increases bond fie ‘Q

: 1. How does the environment affect enzyme activity?

Ans. Enzymes are very sensitive to the environment in which they WN% functional specificity of every

enzyme depends upon its specific chemistry and configuration. The actj an erizyme is affected by any

change thz_at alters its chemistry and its three-dimensional shape. Factgrdllike ternperature, pH, and enzyme
concentration can affect the rate of enzyme action, cc)\
|

3 What is meant by the optimum temperature for enzymes?

ans. Every enzyme works at its maximum rate at a specific temper d its optimum temperature. For example,

the optimum temperature for human enzymes is 37 °C. At this tBwperature, the enzyms's structure and activity
are ideal for catalysis.

3 How does temperature affect the shape of an enzy tein?
ans. The shape of a protein is determined by hydrogen bfnls anti hydrophobic interactions holding its polypeptide

chains'in position. Both these bonds are easily disfu by slight changes in temperature. When temperature
falls below optimum, the bonds become less flm lowing enzyme action. When temperature rises, heat adds
activation energy, speeding reactions, but temperature causes denaturation where the enzyme loses
its shape and activity.

{, What happens when the temperature fi ell above the optimum temperature?

Ans. When temperature rises well above imum, heat energy increases vibrations cf enzyme atoms. Viclent
vibrations break the bonds holdi polypeptide chains in place, causing the globular structure of the
enzyme to be lost. This process i% denaturation and results in a rapid decrease or complete loss of enzyme
activity. ‘

> What is optimum pH and@ es pH affect enzyme activity?

ns. tvery enzyme works be% pecific pH called its optimum pH. For example, pepsin is active in acidic medium
(low pH), while trypsi%r 2 best in alkaline medium (high pH). Enzymes work at their maximum rate within a
narrow pH range; slighteefianges in pH can reduce or block enzyme activity by affecting bonds between charged

amino acids and altering the ionization of the enzyme'’s active site or substrate.

How does extreme pH change cause enzyme denaturation?

Ans. In the globuiar structure of an enzyme, polypeptide chains are held by. ponds between o.ppositely charged

amino acids like glutamic acid (-) and lysine (+). These bonds are sensitive to hydrogen ion concentration.

Extreme changes in pH can break these bonds, cagsi_ng the enzyme to lose its three-dimensional structure, a

process called denaturation, which stops enzyme activity.

How does enzyme concentration affect the rate of enzyme-controlled reactions?

The rate of enzyme-controlled reactions depends directly on the amount of enzyme present when substrate

toncentration is unlimited. Increasing eénzyme conceéntration mcre.ases thg number of.actwe sites, allowing more

substrate molecules to bind and transform into products, thereby increasing the reaction rate.

Ans,
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8. What happens to the reaction rate when enzyme concentration increases but substrate t:oncom,.“m|

remains constant? . ,
e concentration remains the same, no more substrate Molac,
Y | (13

Ans. If enzyme concentration increases while substrat ' |
can bind as all are already occupied. Therefore, the rate of reaction reaches a maximum and stays CONstang n:
LY}

longer increasing with more enzyme.
5.5 ENZYME INHIBITION e
—

@: Explain the inhibition of enzymes with reference to various types of inhibitors?

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

Enzyme Inhibition -
inhibitors attach with enzymes but are not transformed into products and thu§ bldek active sites temporarif, ,,

permanently. This phenomenon is known as enzyme inhibition. The ﬂna@ cts of complex enzymag,

reactions also act as the inhibitors of the enzyme of the first step.

Types of Inhibitors » O
Classes of Inhibitors ' ' \ °

A: Competitive Inhibitors

[ J
c%, es with substrate for the same binding sit
it

A competitive inhibitor resemblesthe enzyme's substrate. It
cks active site and does not permit substra:

on enzyme. When competitive inhibitor is selected by binding sit

from attaching. Thus, it prevents enzyme from acting. \

For Example, ’ é .
The enzyme succinic dehydrogenase catalyses the gxigatien of succinic acid to fumaric acid. Malonic acid hzs

structural similarity with substrate (succinic acid). So, b ﬁi hem compete for active site of enzyme. Malonic acid i
selected by active site and thus blocks it.

B: Non-competitive inhibitors
A non-competitive inhibitor has no uctural similarity to substrate. So, it does not enter active sitz
Instead, it binds enzyme at other places. | ing alters the shape of enzyme so that active site does not fi

substrate and so enzyme is inhibited.
For example, ' ' _
Two substrates i.e.,, succinic CoA react to form succinyl-CoA. This reaction is catalysed by enzymé
n

sgcéinyl.-CoA synthetase. After its , the product i.e., succinyl CoA acts as a non-competitive inhibitor and
binds with enzyme. Thus, enzyme i§ inHibited and no more succinyl-CoA is produced. :

| &
Inhibitor

No

6 Active site
i ——
products
Competition between Inhibitor attaches with
substrate and inhibitor active site and block it

Fig. 5.9: Competitive inhibition of an enzyme
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ksubstrate
Active site \
¥ "
~-9-9_ -
products

. \ . T
Inhibitor Enzyme-inhibitor Shape of active
complex site altered

Fig. 5. 10' Non com, s
2 ~Competitive inhibiti
os of Inhibitors on the Base of Bond Formation ibition of an enzyme

The action of any inhibitor can be irreversible
hibitor and enzyme.
A peversible Inhibitors

i hibit
Rw-::iti:ieo :‘n cal:,'s :(;'sbmatl:]e weak bonds (e.g.,_hydrogen bonds) with enzyme. Such @itors can be released
and the 1 y them can be neutralized by increasing the concentratifn gf substrate for example,

malonate 1S 2 reversible inhibitor, |t temporarily slows down the reaction b%.' the enzyme succinate
er

or reversible, depending upon the kind of bgag formed between

jehydrogenase, Whlc.h Is involved in cellular respiration. This inhibition can be rev len malonate is removed.
B: irreversible Inhibitors .

Irreversible inhibitors make covalent bonds with enzyme. Such inh% nnot be released by dilution or
jcil

galysis or by increasing the concentration of substrate. for example, pe permanently disables the enzyme
rsponsible for building bacterial cell walls. '
g S

Inhibitors are ‘often used as drugs, but they can also act as

poisons. An example of an enzyme inhibitor being used as a
dug is aspirin. It inhibits the enzymes that produce
prostaglandin  (that causes inflammation). Thus, aspirin
suppresses pain and inflammation. The poison cyanide is a
imeversible enzyme inhibitor that combines with copper and
in the active site of enzyme cytochrome oxidase and
| cellular respiration.
|

petitive inhibitors are used -as
tics to kill bacteria. These
hibitor molecules "are similar in

cture to bacterial enzyrnes which
ar€ necessary for their life. The
inhibitors bind and inhibit the
enzymes of bacteria.

&

How does a non-competitive inhibitor work?

1. What is an inhibitor in the context of e

A) A substance that enhances enzyme A) It enters the active site and blocks it
B) A chemical that blocks an enzy v B) It changes the shape of the enzyme by binding
Q) A coenzyme that binds to the /@ elsewhere\/ '
D) A product of an enzymatic r@n C) It resembles the enzyme's substrate
L What happens during en ibition? D) It enhances the enzyme’s activity
A) Enzymes speed up re% . _ 6. What is the effect of succinyl-CoA on succinyl-CoA
B) Products are transformedsifito enzymes synthetase?

A) It enhances the enzyme's activity
B) It acts as a competitive inhibitor
C) It permanently destroys the enzyme
D) It acts as a non-competitive inhibitory”
7.  What determines whether an inhibitor is reversible or
irreversible?
A) The presence of substrate
B) The enzyme's temperature tolerance
i C) The type of bund formed with the erzymev”
f a D) The number of products formed
What characterizes a reversible inhibitor?
A) Forms strong covalent bonds
B) Cannot be removed

Q) Inhibitors attach to enzymes and black active sitesy”

D) Enzymes are permanently destroyed

What is a competitive inhibitor?

A) An inhibitor that binds at a different site on the
enzyme ) .

B) A product of the enzymatic reaction

Q) A substance that resembles the substrate and
competes for active sitev”

D) An enzyme that helps other enzymes

Which of the following is an example o

“Ompetitive inhibitor? - : 8.

A) Succinyl-Coa B) CoA :

Q) Malonic acid v D) Penicillin
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O) Makes weak bonds and can be neutralized v 10. How does penicillin act as an inhibitor?
D) Destroys the ensyme structure A} Enhances bacterial cell wall formation

9.  Whatis ﬁue about irreversible inhibitors? B) Acts as a RN for bacterial enzymes
A) They can be removed by ditution C) Permanently disables an enzyme for bactery cell
3) They make covalent bonds and cannot be removed v 5)""‘95'5‘/_ o i
O ‘H\{) temporanly slow down reactions D) Competes with substrate for active site

D) They bind only to coenzymes
. » [T . \
1. What is an inhibitor and how does it affect enzyme activity?
Ans. A chemical that interferes and blocks an enzyme's activity is called an mh!bitor, Inhibitors attas
with enzymes but are not transformed into products and thus block active sites temporarily or permaner,ul T

phenomenon is known as enzyme inhibition. The final products of complex enzymatic reactions also act gy

inhibitors of the enzyme of the first step.

2.  What are competitive inhibitors and how do they function?

Ans. A competitive inhibitor resembles the enzyme’s substrate. It competes with safstfate
iv

on enzyme. When competitive inhibitor is selected by binding site, it blc@

substrate from attaching. Thus, it prevents enzyme from acting.
For example, The enzyme succinic dehydrogenase catayses the oxi@?n
bo

Malonic acid has structural similarity with substrate (succinic acid)Ngo, 0
enzyme. Malonic acid is selected by active site and thus blocks it.
3. What are non-competitive inhibitors and how do they funétj

Ans. A non-competitive inhibitor has no real structural similarity t ate. So, it does not enter active site. Instezs
it binds enzyme at other places. Its binding alters the s zyme so that active site does not fit substa:.

and so enzyme is inhibited.
For example, two substrates i.e,, succinic acid and Co to form succinyl-CoA. This reaction is Catalysed by
enzyme succinyl-CoA synthetase. After its formati product i.e., succinyl CoA acts as a non-competite
inhibitor and binds with enzyme. Thus, enzyme is ifgibit€d and no more succinyl-CoA is produced.

4.  How are inhibitors classified based on the ond formation with enzymes?

Ans. The action of any inhibitor can be irreversi réversible, depending upon the kind of bond formed betwzen
inhibitor and enzyme. - ‘

5.  What are reversible inhibitors and @hey act?

for the same bindir,g o

e site and does not per...

of succinic acid to fumaric 5.
of them compete for active Site o5

Ans. Rev.ersi_bl.e.inhibitors make weak bon . hydrogen bonds) with enzyme. Such inhibitors can be released a0
the inhibition caused by them can ralized by increasing the concentration of substrate.
For example, Malonate is a reversibl@'inhibitor. it temporarily slows down the reaction by blocking the enzyme

succinate dehydrogenase, wifich s involved in cellular respiration. This inhibition can be reversed whes
malonate is removed. -
6. What are irreversible i and how do they act? :
Ans. lr.reve-rsnble iqhibitors covalent bonds with enzyme. Such inhibitors cannot be released by dilution &
dialysis or by increa oncentration of substrate. '
For example, Pe ermanently disables the enzyme responsible for building bacterial cell walls.
7. How does the%uct of an enzymatic reaction act as an inhibitor?
Ans. The final product . f_cc?r_nplex enzymatic reactions also act as the inhibitors of the enzyme of the first step. T
is part of enzyme mi:ubatnon, where the product binds the enzyme either competitively or non-competitively ©
prevent further reaction, thus regulating the process.

9.  Define the feedback inhibition of enzymes & explain its mechanism?

Ans. Feedback Inhibition
Feedback inhibition is a cellular contro! mechanism in which an enzyme's activity is inhibited by the enzyme’

end product.

Importance
This mechanism allows cells to regulate how much of an enzyme's end product is produced.
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we know that in enzymati
i c :
for next reaction. / metabolic Pathways

The final product of Pathway acts 5 inhibi

It reacts with some initja) enzyme Nbitor,
. That enzyme ¢an no longer bind to it conformation.

P — ubstrate. So, enzymatic / metabolic pathway closes and no more

o when 2 cell has a greater number of ATp

than its requi |
e enzyme that catalyses ATP synthecis AN 1S requirement, ATP itself acts a5 a non-competitive inhibitor and

the product of one reaction becomes the substrate

e changes it

st

v
v

j peedb“k il’rhlbit.ior.\.is the phenom
; iself, oftentimes limiting the producti

S

enon where th
€ product of a proces 5
n e process
on of more products, . p 5 controls the proces

No more i o
Product ¢ "%"‘2. +—— Feedback O
\ S\Ubs"““e Enzyme inhibited
41 :
BURR R >
, W]
Intermediate 3
Sub;trate In;ELmEdlio pri&ﬁa
Fig. 5.11: Feedback inhibition of ction
wAs
L/\;IEE feedback inhibition in cells? Acts as a coenzyme to enhance the pathway
A) A process that accelerates all metabolic reactions Becomes a permanent part of the enzyme
3) A mechanism that allows enzymes to function. D) Acts as an inhibitor that changes the conformation of
continuously g an initial enzymev”
() A control mechanism in which enzyme activity 4.  Whathappens to an enzyme when its conformation is
inhibited by its end productv” changed during feedback inhibition?
D) A method for DNA replication in cells A) It becomés more reactive
2 Whatis the main importance of feedbaglinhibition?- B) It binds permanently to its substrate
A) It promotes enzyme overproduction Q) It can no longer bind to its substratey”
B) It initiates new metabolic pathway , ' D) It breaks down into amino acids
Q) It helps cells regulate how muc zyme's end 5.  How does ATP participate in feedback inhibition?
product is prqduced\/ v A) It is used up by all enzymes
D) It allows all enzymes to bin@n ntly to B) It becomes a catalyst for new reactions
substrates x C) It acts.as a non-competitive inhibitor and blocks the
3. In a metabolic pathw@l does the final product ATP-synthesizing enzymey”
usually do? D) It triggers the start of protein synthesis
A) Stimulates the first enzyme to work faster

1.  What is feedback inhibition and what is its importance in cells?
Ans. Feedback inhibition is a cellular control mechanisi in which an enzyme's activity is inhibited by the

enzyme’s end product.

Importance

This mechanism allows cells to reg
2 What is the mechanism of feedback inhibition?
Ans. Mechanism

We know that in enzymatic /

reaction,

The final product of pathway acts as inhibitor. . ‘

It reacts with some initial enzyme and changes its conformation.

ulate how much of an enzyme's end product is produced.

metabolic pathways, the product of one reaction becomes the substrate for next
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3.
Ans.

That enzyme can no longer bind to its substrate. So, enzymatic / metabolic pathway closes and no more o
is prepared.

Can you give an example of feedback inhibition? _ . _

For Example, when a cell has a greater number of ATP thap its requirement, ATP itself acts as a non-competmve
inhibitor and blocks the enzyme that catalyses ATP synthesis.

lg 10. Write a note on the significance of enzyme inhibition?

Ans. Enzyme inhibition is crucial in various biological processes. == N

1. Enzyme inhibition plays a vital role in regulating metabolic pathways. By inhibiting specific enzymes, the Fate
of a metabolic reaction can be controlled. . )

2. Many drugs work as inhibitors. For example, antibiotics inhibit the enzymes of bacteria, while cancer drugs
may inhibit enzymes involved in cell division. o

3. Enzyme inhibitors are used to manage various medical conditions. For example, Seme inhibitors of enzyme;
involved in blood clotting are used as anticoagulants. : g -

4. Some toxins and poisons inhibit important enzymes in the body. Und g how these inhibitors affect
enzymes can be critical in treating cases of poisoning.

5. Enzyme inhibitors serve as valuable tools in pharmaceutical reseateb. They are used to study the function of
specific enzymes, and potential drugs. Enzyme inhibition is an i t part of studying enzyme kinetics It
helps to understand the factors that influence enzyme activity!\?b :

mQs
1. What role does enzyme inhibition play in y enhancing nerve conduction o
metabolism? w are enzyme inhibitors useful in treating blood
A) It enhances energy production clotting disorders?
B) It lowers enzyme concentration A) They speed up clotting
O It regulates metabolic pathways by controlling B) They eliminate blood cells
reaction rates v’ C) They enhance nerve responses
D) It increases the size of enzymes D) They inhibit enzymes involved in clotting to act as
2. What do antibiotics typically inhibit? - anticoagulants vy ,
A) Human enzymes B) Plant metdbg i@ 5. Whyis understanding enzyme inhibition important in
C) Enzymes of bacteria v* D) Blood cIomes toxicology? . '
3. How do cancer drugs generally wor] - A) It helps prevent genetic mutations
A) By destroying DNA ‘b B) It helps treat cases of poisoning v
B) By promoting blood clotting ' - -0 Itenhances immune response
C) By inhibiting enzymes invo%’ | division v D) It increases blood sugar
1. What role degs‘enzyme inhibition play in regulating metabolic pathways?
Ans. Enzyme inn plays a vital role in regulating metabolic pathways. By inhibiting specific enzymes,
the rate of a metab detion can be controlled.
2. How do many ert their effects in the body?
Ans. Many drugs s inhibitors. For example, antibiotics inhibit the enzymes of bacteria, while cancer drugs may
inhibit enzymes iaVolved in cell division.
3.  How are enzyme inhibitors used to manage various medical conditions?
Ans. Enzyme inhibitors are used to manage various medical conditions, For example, some inhibitors of enzymes
involved in blood clotting are used as anticoagulants.
4.  What is the effect of toxins and poisons on enzymes in the body?
Ans. Some toxins and poisons inhibit important enzymes in the body, Understanding how these inhibitors a:*ct
enzymes can be critical in treating cases of poisoning.
5.  Why are enzyme inhibitors valuable tools in pharmaceutical research?
Ans.

Enzyme inhibitors serve as valuable tools in pharmaceutical research, They are used to study the funct:

specific enzymes, and potential drugs. Enzyme inhibition is an important part of studying enzyme kinet:
helps to understand the factors that influence enzyme activity.
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e g o T e S ICATIGN OF ENZVMIES
RACtiOns ty ¢ Malyse and Prive an the basis of subistrates they use.

-

. Wiite a detall
1. substrates? ed note on the classification on enzymes on the base of reactions as well as
> classification on the Basis of Reactions
According to the general type of re
T o-idorodutus“
hese enzymes catalyse the oxid
rom substrates

for Example,
cytochromeoxidase catalyses the oxidation of cytochrome. &

2: Transferases

The enzymes of this class catalyse the tran ™ _
sfer of a spec ;
‘;hoﬁphaﬂ‘) from one substrate to another, specific functional gmub ethyl, acyl, amino, of

for example, N
Hexokinasetransfers phosphate gioup from ATP to glucose. \.
-JO

3; Hydrolases _
These enzymes catalyse hydrolysis reactions. They break their substr o monomers by adding water.

for Example,
Lipase, amylase, peptidase, and other digestive enzymes ca X hydrolysis of food molecules

4: Lyases
These enzymes catalyse non-hydrolytic addition or rem@'oups (e.g., CO,, NH; etc.) from substrates.

actic ; ,
m, l‘n,y"\l“. are |d'|"|'|"(' inte six lasses.

ation . _ .
/ reduction of their substrates They add or remove H- ions of electrons

for Example,
Pyruvatedecarboxylase removes CO, from pyruvic fic

5 Isomerases
These enzymes catalyse the intra-moleculaf re ment i.e.; one isomer is converted into another.
For Example,
Hexoseisomerase converts glucose to fru
6: Ligases
These enzymes catalyse the reactiogssin ich two molecules join by forming new C-C, C-N, C-O, or C-S bonds,
using energy from ATP, . C)
For Example,
Polymerase enzymes join s by using ATP.
Classification on the basis of es . _ .
Enzymes are also clasg] L@; llowing groups on the basis of their substrates.
1: Proteases

This group include@nzymes which catalyse the breakdown of proteins.

For Example, . _ . .
Pepsin and trypsin enzymes catalyse the breakdown of large polypeptides into smaller polypeptides

Amino peptidases further breakdown small polypeptides into dipeptides.

Erypsinbreaks dipeptides in
2 Lipases
These enzymes act upon lipi
For Example, '
" Pancieatic lipase hydrolyses lipi
*Carbohydrases ‘
These enzymes act upon big
or E“mpl., .

Amylase acts upon starch 01 9

to amino acids.
ds and catalyse their breakdown.

ds into fatty acids and glycerol.

ger carbohydrates and break them into smaller units.

lycogen and breaks them into maltose.
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i i i lucose.
Cellulase breaks celulose into cellobiose (a disaccharide) or g

Maltase breaks down maltose into glucose.
Sucrase breaks sucrose into glucose and fructose.
Lactase breaks lactose into glucose and galactose.

4: Nucleases

These enzymes act upon nucleic acids and catalyse their breakdown.

For Example,

RNAase, DNAase, ATPase are responsible for the breakdown of RNA, DNA and ATP respectively.

ey - Important Subclasses
Class gaction. yp ra— Dehydrogenases
Oxidoreductases @ + @ — Q\D + @ B ilas o
red  ox ox red e -
= . 6 ) hotransferases
P @xB’ ¥ @ ' @ ¥ B ino transferases
cyl transferases \[
h d PN —> 40D U:'s' 6 PeptidaSES f
reoRaCy @-B‘ + & = i3+ \. | Ligases
: W0 . ' Glycosidases
B a Decarboxylases ]
— §
S @ . @ " C)\ Aldolases
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Fig. 5.12 - Enzyn@

What are enzymes made up'of‘! 6
. A) DNA chains B) Ponsa@e units -

C) Polypeptide chains that are coilg®up®fl themselvesy”
D) Nucleotide bases 0 :
How do enzymes speed up
A) By increasing activatio
B) By lowering activatio v
C) By changing substr@u_ re
D) By being consu ng the reaction

What is the on cells have different sets of
enzymes?

A) To produce energy differently
B) Different chemical reactions occur in different cell
types v~ :
C) To make enzymes faster
- D) To store more proteins

Which class of enzymes catalyses oxidation and
reduction reactions?

A) Transferases B) Hydrolases
C) Oxidoreductases v/ D) Ligases
What is the function of transferase enzymes?

A) Transfer functional groups from one substrate to
another v~

al reactions?

10.

* C) Pepsin

B) Break down large molecules by adding water

C) Remove CO, from substrates

D) Rearrange molecular structure within the same
molecule

Which enzyme transfers a phosphate group from ATP

to glucose?

A) Lipase B) Hexokinase v

D) Polymerase
Hydrolase enzymes catalyse which type of reaction?
-A) Oxidation B) Hydrolysis v/
Q) Rearrangement D) Addition of groups
Which enzyme is an example of a lyase?.
A).Pyruvate decarboxylase v
B) Amylase '
C) Hexose isomerase D) Pepsin
What reaction do isomerases catalyse?
A) Oxidation B) Transfer of phosph”
C) Intra-molécular rearrangement v~
D) Hydrolysis
Ligases catalyse which type of reaction?
A) Hydrolysis

B) Joining two molecules with new bonds using ATP
energy v~
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oxdation D) Transter of functional

c oroups A) Sucrase B) Amylase v

Wh;' type of enzyme is pepsin? O) Lactase D) Cellulase
1 o) Lipas eh 1 g)) :Ol —— 14, X\;l'l:r:) ::?n:ucleam act upo;’?l.' .

¢) Carbohydrase uclease ipids

4 - C) Nucleic acids v~ D) Carbohydrates
h enzyme breaks down lipid I ) Carbohy

12 “::": rol? Pids into fatty acids and | 15. Which of the following enzymes breaks down

9 - B) Tryosi maltose into glucose?

A) Amylast rypsin A M v

() Pancreatic lipase v D) Maltase C) ] st B) Lactase .
1 Which enzyme breaks starch into maltose? i ”Ame
/

3.
= 1. What are enzymes and how do .»
: ey functi
&Q{ K. y function in chemical reactions? \

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans,

10.

Ans,

The specifi . ‘
g | enef PEC}f: globular proteins that speed up specific chemical reactions ering the required
i gy without themselves being used up are called enzymes. Engymes are also known as

biocatalysts. Rates of enzyme-catalysed reactions may be 10° to 10° tigues er than the rates of
corresponding uncatalyzed reactions. I\,

Do all cells have the same set of enzymes? Why or why not? °
All cells do not have the same set of enzymes. The chemical reaction Mind”on in red blood cells are very

different fro'm thos'e< going 'o‘n within a nerve cell because red blood cell§andinerve cells contain different sets of
enzymes. So, the difference in enzyme-sets makes the base of divj \ r among cells.
What are oxidoreductases and give an example?

Oxidoreductases are enzymes that catalyse the oxidation or re i f their substrates by adding or removing
H* ions or electrons. An example is Cytochrome oxidase whic ses the oxidation of cytochrome.
What role do transferases play in enzyme-catalyzed reattigns? -

Transferases catalyse the transfgr of specific functionalGroups $uch as methyl, acyl, amino, or phosphate from
one substrate molecule to another. For example, Hexakindse transfers a phosphate group from ATP to glucose.

What are hydrolases and which enzymes are in n this class?
Hydrolases catalyse hydrolysis reactions by bregki wn their substrates into monomers through the addition
of water. Examples include digestive enzym h as Lipase, amylase, and peptidase, which catalyse the

hydrolysis of food molecules.

What are proteases and how do they ?
Proteases are enzymes that catalys makdown of proteins. For example, Pepsin and trypsin break down
large polypeptides into smaller pol es, amino peptidases further break small polypeptides into dipeptides,

s an example? ;
Lipases act upon lipids a se their breakdown. For example, Pancreatic lipase hydrolyses lipids into fatty
acids and glycerol. - K _ ' -
What are Carbohydra d what substrates do they act upon? ' . v
Carbohydrases act upon large carbohydrates and catalyse their breakdo_wn into smaller umts._ Examples !nclude
amylase, which breaks starch or glycogen into maltose; cellulase, which breaks ce:llulose into cellobiose or
glucose; maltase, which breaks maltose into glucose; sucrase, which breaks sucrose into glucose and fructose;

and lactase, which breaks lactose into glucose and galactose.

What are nucleases and what is their function? . _
Nucleases act upon nucleic acids and catalyse their breakdown. Examples include RNAase, DNAase, and ATPase,

which are responsible for breaking down RNA, DNA, and ATP respectively.

Ee i ?

How are enzymes classified on the basis of their substrates . _
Enzymes arezzlso classified into groups based on the substrates they act upon. These include proteases, which
break down proteins; lipases, which break down lipids; Carbohydrases, wh.|§h break down carbohydrates; and
Nucleases w’:\ich bréak down nucleic acids. Each group includes specific enzymes that target particular

molecules for breakdown.
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SOLVED EXERCISE
MULTIPLE CHOICE QUESTIONS

Tick (v”) the correct answer.

1.

5.

What role does nicotinamide adenine dinucleotide (NAD') play in oxidative pathways?
(a) Enzyme (b) Coenzymey”

{c) Prosthetic group (d) Inhibitor

The enzymes that catalyse the reactions in which two molecules are joined together by synthesis of new bond;,

energy from ATP, are placed in which group?
(b) Ligasey”

‘a} Hydrolase
(c) Lyase (d) Transferase O

Which of the following is an example of hydrolases?

(a) Lipasey” (b) Glycogen phospho:QO

(¢) Pyruvate decarboxylase (d) Cytochrome oxidase Y

Which of the following statements about enzymes is correct? & @
(a) They increase the activation energy of a reaction. \

(b) They are consumed during the reaction. 0

{cj They are specific in terms of the reactions they catalys

'd) They always work optimally at high temperatures.
Q The zinc is best identified as a(n)?

U!iﬂg

Enzyme B requires Zn®* to catalyse the conversion of subs
(2) Coenzyme (b) Acti

{c) Substrate, : (d) P%t .
If an enzyme solution is saturated with substrate,_the effective way to obtain an even faster yield of prodycs

would be?

(a) Add more of the enzymesy”

(c) Add an allosteric inhibitor

How does a non-competitive inhibitor d
(2] By binding the active site of the e
(b) By changing the shape of the v

(c) By changing the free energy, of the reaction
(d) By acting as a coenzyme fo eaction

Which enzyme class is respc @ for catalysing the addition of water to a substrate molecule?
(a) Ligase @ ‘ (b) Lyase
‘c) Hydrolase y” (d) Isomerase

SHORT ANSWER QUESTIONS |
e ——— e . i

dd more substrate
Add a non-competitive inhibitor
the rate of an enzyme-catalysed reaction?

Define enzyme and co-factor? |
* Enzyme: A biological catalyst, usually a protein, that speeds up chemical reactions without being consumed.

. Cofactor A non-protein component (metal ion or organic molecule) required for enzyme activity.
Differentiate between co-enzyme and prosthetic group? ' ,
. :o-onzyme: An organic co-factor that binds temporarily with the enzyme (e.g., NAD")
* Prosthetic group: A tightly or permanentl b - i . .
e ghtly p y bound non-protein component (e.g, heme group N
W:atddo you méan by hydrolases? Give two examples?
* Hydrolases: Enzymes that tatalyse hydrolysis reactions (breaking b i
0
*  Examples: Amylase, Lipase. et e
What is meant by activation energy?
* Activation energy: The minimum amount of energy requi
d equired t i i
Delios feodhott; e s gy req 0 start a chemical reaction.
* Feedback inhibition: A regulatory mechanism wh ibi
’ : ere the end pro ' inhibits a"
earlier enzyme to control the pathway’s activity. . d-UCt 4 O -
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Give examples of competitive and po
b comP‘-"m" inhibitor: Malonate (in
' N on-competitive inhibitor: Cyanig

n;gompetitive inhibitors?
hlplts_ succinate dehydrogenase).
& (inhibits cytochrome oxidase).

o Amylase: pH 7
o Trypsin:pH 8

e LONG QUESTIONS .
n e e T —
ol De“::; the structlnxre of enzyme, explaining the role and component parts ob attive site of an
enzy

pns. S€€ @ . ' O
o pifferentiate among the three types of co-factors, by giving examples?
pns. See Q3 ' °

a. Explailz; the mechanism of enzyme action through Induced Fit Mo l,%aring it with Lock and Key
Model? ) \

ans. See Q6 0 '

g4, Define activation energy and explain through graph how @e speeds up a reaction by lowering
activation energy? : )

Ans. See Q4 »

qs. Describe the effect of temperature on the rate of enzym ?

ans. See Q5 : %

6. Compare the optimum temperatures of enzymes o

Ans. See Q5

Q7. Describe how the concentration of enzyme ff@\e rate of enzyme action?

Ans. See Q5

8. Explain the effect of substrate concentragi the rate of enzyme action?

Ans. See Q5

Q9. Describe enzymatic inhibition, its types apd its significance?

nd thermophilic bacteria?

\ns. See Q6

d11. Explain feedback inhibiti @

Ans. See Q7 ‘&

Q12 Classify enzymes on tl'%is of the reactions catalysed?

Ans. See Q9 '

Q13. Give examples of enzymes’ naming according to substrates?
Ans. See Q9

Ans. See Q6 & Q8 (a
Q10. Categorize inhibitors into comQ' and non-competitive inhibitors?

INQUISTIVE QUESTIONS

I Does physical exer@ise involve anabolic processes, catabolic processes, or both? Give evidence for your

answer,
Ans. Physical exercise involves both anabolic and catabolic processes.
* Catabolic processes break down molecules (e.g., glucose, fatty acids) to release energy for muscle

Contraction.
Anabolic processes occur during recovery,
tissue. ' ‘

where the body synthesizes proteins to repair and build muscle
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ks: 28 A
» M:;" of the following question has ¢
g

Q.

@.

Self-Assessm'ent Unit 5

our opt| Time allowed 60 Mins
¢ function does nicotinamide adeni Ptlons. Select the correct answer. (10x1=10)

WhEarlZ)/"‘e (b) COenzy,:e“e dinucleotide (NAD*) serve in cellular oxidation processes?

@5 that facilitate the bonding of ¢ (<) Prosthetic group (d) Inhibitor

o) Hydrolase (b) Ligase W0 molecules using ATP energy are grouped under which class?

a

Wwhich of the following enzym¢; js classified as a hydii)I:Z:;e —

. Lipase b

@l L.|paS f the following st (t ) Glycogen Phosphorylase (¢) Pyruvate decarboxylase (d) Cytochrome oxidase

which© . ; 9‘ atements accurately describes enzyme behavior?

(2) They raise the activation energy of a reaction 4

(o) They are used up in the reaction

(c) They show specufisity fpr the reactions they catalyze- ‘ 0

(@) They always function best at elevated temperatures O

gnzyme B needs Zn** to convert substrate X. What is the best term for Zh! in this context?

(a) Coenzyme (b) Activator (c) Substrate (d) Product

If the enzyme solution is fully saturated with substrate, what is th ethod to increase the product
formation rate? ! q) _

(2) Add more enzyme o (b) 1 N strate concentration
() Introduce an allosteric inhibitor _ dUu -competitive inhibitor
How does a non-competitive inhibitor interfere with e-cat

an -catalyzed reaction?
(a) It occupies the enzyme's active site ( ers the enzyme's structure
(c) It changes the overall energy of the reaction acts as a coenzyme
Which class of enzymes is responsible for breaking b by adding water to the substrate?
(a) Ligase (b) Lyase (c) Hydrolase - (d) Isomerase

Which feature allows enzymes to lower the @ ion energy of a reaction?
(a) Their irreversible binding to substrates

(b) Their ability to bind cofactors perma '
(¢) Their specific interaction with substr% the active site
(d) Their denaturation at low pH
What happens to enzyme activ‘tv n the temperature significantly exceeds the optimal range?
(a) It increases continuously (b) It decreases due to denaturation
() It becomes more stable Q« (d) It remains unchanged
Write short answers to t Idwing questions. - (5%2=10)
Differentiate between yme and prosthetic group.
What do you mean rolases? Give two examples.
What is meant by activation energy?
Define feedback inhibition.
Give examples of competitive and non-competitive inhibitors. .
Write detailed answer to the following question. , A (4+4=8)

Describe enzymatic inhibition, its types and its significance. o
Explain the mechanism of enzyme action through Induced Fit Model, comparing it with Lock and Key Model.
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