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Unit %

10-15 Marks Questions

LQ'I Define introduction, Nomendatire &
| IUB_Classification of Enzymes?
=) 3 Introduction
* Emzymes are biological catalysts- mostly protein
moleclles - that acrelerate merabolic reactions by

lowering activaion energy without being consumed .

" They act under mild physiological conditions and
display high specificity for substrares and reactions.

" Emeymes activity is regulated by environmental facrors
CpH, temperature), cofactors | coenzymes and regulatory
™olecules.

" Definition:  An enzyme is a protein (sometimes RNA-
ribozyme) fthot increases the rafe of a specfic chemical
reaction by providing an alternaie |ouier- energy

reaction Poih way.
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Charocteristics :

Specificity :  + Substrare specificity : enzymes bind
To particwor substrares Clock and key [ induced
fit  concepts) .

Reaction specificity : one enzyme catalyzes a
Single tupe of chemical transformadion -

Catalytic Efficiency, :

High caralytic rares Ckeat) : one enzyme

Molecule  can process thousands of subsirate
Molecules per minyre.

Regulation :

Activity is moduwl ated by pH, temperature , substrate
concentradion, cllosteric effectors, covalent
modification Ceg. phosphorylation) qnd proteoiyfic
activadion  (zymogens) .

4. Reusability :

Enzymes are nof consumed they are tegenerated after
reactions.
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5.

Safuration Kinetics: At high substrate conc:
the enzyme active sifes become saturated
™ Vmox reached CMichaelis -Meren kinetics).

Requirement for Cofactors / Coenzumes :

Many enzymes require inorganic jons (meral

cofactors) or organic  molecujes Ccoenzymes
derived ffom vitamins) for activity .

To systematically name and caregorize enzymes,

fhe TUB/ Nomenclature committee developed rules
and the EC Classification)

Nomenclature of €nzymes |

Enzyme names fall into two moJjor systems - trivial/
common Names and systematic names plug the
EC CEnzyme Commission) number systrem .

Al Trivial / Common names

* These are historical or practical names often ending

with *-ase’ (eq- lipase, amylase, pepsin) .

Advantages : simple and widely used.

.- Disadvantages: not systemadic ; many Names give no

information Qboud reaction type or
speafiaty .
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B8] Ssustematic names CIULB/IVPAC recommended)

Systematic hames describe the chemical reaction:

substrare : accepfor reaction- type (for ex.

L-loctate : NADY oxidorecuctase for jactate

dehydrogenase) .
* These names are more informadfive bud long;,

therefore commen names remain in everyday

use.

¢] EC Numbering
(Enzyme Commission Number).

The EC number provides a concise, unambiguous
code reflecting the enzymaiic reaction type. Tt has

four parts : EC x.x.X.X.

o 15t digit : Major class Ctype of reaction) .

o gnd digit : Subclass (group transferred or type of bond
acted on) .
Sub- subclass Cspecifies about the reaction) .

o 3" digit :

0 4™ digit: Serial number identifying the spedific enzyme.

Emmp\e : EC.1.1.1.23 = Alcohol dehydrogenase

- EC1 = oxidoreductases,
.1 = aching on the CH-OH group.
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-1 = with NAD* or NADP' gg acceptor,

-27= enzyme gerial number in this group-

TuB (IuBMB) Classification of Enzymes

‘The TInternadional Union of Biochemistry and
Molecwor Biology clagsifies enzymes into Six
mcayor classes based on Type of chemical reaction
caralyzed .

For each class givena definition, reaction & Suls

Class 1: Oxidoreductagses Ceci)

——

Catalyze oxidation- reduction reactions Ctransfer
of elecirons or hydrogen).

Dehydrogenation , oxidations , reductions : Typical
Reactions.

Example :  Lacrare dehydrogenase CLDH) converts |actate

= pyruvale using NADt /NADH.

Cec.1.1.1.23 as an illustration) .
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Class 2 i Trangferoses CEC2)

Trangfer functional groups C(e.g. Merhyl,
phosphoryl , glycosyl) from one molecule 1o

anofher.

Typical reactions : Aminotransfer, kinase reactions.

+ Example :  Alanine fransaminase (ALT; transfers

amino groups). Hexokinase (ATP —P glucose- &-

cLa.34q) . phosphade |

lass 3 : Hudrolases (EC 3)

Casalyze hydrolytic cleavage of €-0,C-N, c-C and ofher
bonds by addiion of water-

Typical reactions: Psoteolysis, ester hydrolysis.
. Example: Trypsin Cprotease), Lipase, Amylase CEC321.X

for glycosidases).

closs 4 : Lyases CEcq;")_

Caralyze addition or removal of groups 4o form double
bonds or the reverse , wirhout hydrolysis or oxidodion.

Typical reactions: Decarboxylation , aidol cleavage-
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Example: Pyruvate decarboxylase or Aldolase
(EC. 4.1.%X).

Closs 5 : Tsomerases (EC5)

Cafalyze inframoleclar rearrangements
Cisomerization).

Typical reactions : Epimerizafion, racemization,
intramoleclar tronsfer.

Example © Triose phosphate isomerase (EC.5.3.1.1).

* Class 6: Ligoses CEC6)

Join  two molecules with concomitant hydrolysis
of o diphosphate bond in ATP cor similar) .

Typical Reactions @ Formaiion of C-C, ¢-MN, C-S bonds
using ATP.

Example: DNA Lligase (Ec&.5-1-1)joins DNA strands
breaks.-

. Conclusion [:

Enzymes are indispensable biological caralyst that
ensure mefabolic reactions proceed rapidly and

specifically under physiologicad canditions.
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Q2. Theropeutic and Diagnotis Applicadions
of Enzymes and TIsoenzymes.

=D‘I ANSNEQL' Introduction

Enzymes and isoenzymes play a critical role in meekesd

modern medicine both qs therqpeutic agents and

diagnostic biomarkers. Therapeudtic enzymes are
administered fo treat various diseases by replacing
deficient enzymes, dissolving clots or assisting digestion
+ Diagnostic enzyme measurements help detect Hssue
damage , organ dysfunction and metabolic disorders.

* Isoenzymes provide tissue-specific patterns thaf increase

diagnestic accuracy.

¥
* | Therapeutic Applications of Enzymes

Therapeutic use of enzymes is based on their ability to
Catalyze biological reactions efficiently and specifiaally,

with minimal side effects.

The following categories explain major uses in clinical

practice -
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1. [Thrombolytic Cclot-dissolving) Enzymes)|.

Used in emergency treatrment of myocardicd,

infarction, pwmonary embolism and stroke.

a] Streptokinase

Obtained from Streptococcus bacreria

Activates plasminogen —ob plasmin —> dissolves
fib¥in clots.

Rapidly restores blood Flow fo heart muscles.

bl Urokinase

Human urinary enzyme ; ditectly converts plasminogen
o plasmin-

Used in deep vein thrombosis and catheter clearance.

c] Tissue Plasminogen Activafor (+PA)

Recombinant enzyme.
Highly specific for fibvin -bound pPlasminogen —o

minimizes bleeding.

www.depthofbiology.com
Explore website for more



Page 10 of 29
DEPTH OF BIOLOGY - Level up your studies with DOB

For more updates join DEPTH OF BIOLOGY APPLICATION

2.

Digestive Enzymes.

Used im conditions where najural enzyme gecrefion
is  deficient.

o] Pancreotic

Enzume Pr‘epa ratioNs CPancreadi ﬂ} .

Contains amylase, lipase , frypsin .

Used in - Chronic pancrecditis
Cystic fibrosis
After pancreatrectorny
b] Lactose

Given orally to freat |actose intolerance.

3.

Anti-inflommatory  €nzymes

) Serrotiopeptidase

b) Trupsin- Chymotrypsin  combinations .

-Used to reduce swelling, edema and fissue inflammodion

Enzyme Replacement Therapy (ERT)

* Used in inherited metabolic disorders where a speafic
enzyme is defident -
L - Asparaginase

B- Glucocercbrosicdase
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o- Galactosidases

Adenosine deaminase (ADA)

5. [Wound Debwndement & Tissue Healing €nzymes|.
‘These enzymes remove necrotic tissue and
Promote mew tissue formadtion .

* Examples ; . Papain

* Chymotrypsin
* Collagenase

Used in bedsores, burns, diabetic foot ulcers.

€. [_Anti- congulant Eneymes .

Heparin
Activaes antithrombin I —> prevents clot formation .

Used in thrombosis, heart surgery, dialysis .

4. | Miscellaneous Uses

Q.. Hyaluronidase

TIncreases tissue permeability.

used to enhance absorphionN & diffusion of injected dugs -

www.depthofbiology.com
Explore website for more



Page 12 of 29

DEPTH OF BIOLOGY - Level up your studies with DOB
For more updates join DEPTH OF BIOLOGY APPLICATION

b- _DNAase (pornase aifa)

Used in cystic flbrosis to reduce mucus viscosity.

8- wwions of Eneymes and

Isoenzgmes

Enzymes leax into the Blood when specific tissues
are damaged .

MeQsuring their |evols helps diagnose diseases.

Isoenzymes Crmolecular variants) help identify the

exact fissue involved .

1. Diognosis of Myocardial Infarction CHeart attack)

The most important clinical use of enzymes.

a] Creadine Hinase

High cx- MB strongly indicares aqcute MT.

bl lactate Dehydrogenase (LOH) Tsoenzymes.

Used for delayed diagnosis .
c] AST (aspartate Transaminase) .

Tncreased in heart and liver damage-

Used historically but ess specific.

www.depthofbiology.com
Explore website for more



Page 13 of 29

DEPTH OF BIOLOGY - Level up your studies with DOB

3.

For more updates join DEPTH OF BIOLOGY APPLICATION

Diagnosis of liver Diseases |
indicate different hepalic problems.

Different enzymes

ALT (Alanine Transaminase) - Liver specific.
injury (hepatiins, Ci

rrhosis) -
Elevafed in hepajocellular

AST ( Aspartate Transaminase)

Also in heart & muscles ; helps differential diagnosis -

ALP_ CA\kaline Phosphatase)

Elevared in obstructive jaundice |, bone diseases
(Pager's fractures) -

GGT C Gamma- Glutamyl Transferase) -
Highly elevafed in alcoholic liver disease and bile

duct obsiructiom.

Diagnosis of Pancreatitis|

a. Serum Amylase

Rises rapidly in acufeé pancreaiinis.

Returns to normad within 48-12 hours-

b. Serum Lipase

More specific than amylase:

High lipase confirms pancreadic inflammanon.
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4-1 Diagnosis of Bone Disorders|.

a. Bone-gpecific  ALP enzyme

TIncreased in rickets,  pgpne tumours, osteomaladia.

5. |Diagnosis of Renal functien;

a. Serum Aldolose
Elevared in renal fubular injury.

9 [ Conclusion |:

Enzymes and iscenzymes play @ crucial role in
clinical biochemistry , serving both as potent

therapeutic agents and as sensinve diagnostic
markers. Therapeufic enzymes help mManage life -
threatening corditions such as Myocardial Tnfraction.

leukemia and metabolic diserders, while diagnestic

enzyme meagsurements allow - early and

gpecific  derection of organ damage: Thus,unders’randins
enzyme behaviour is essential for effective medical

diagnosis and treadment -
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A marks / # marks Questions

Q1 M™ichaelis Plot (Michaelis- Menten
Cwrve)

= |_AN$NER' : | Introduction|:

- The Michaelis-Meten plot describes the relationship
between substrate concentration (S) and initial

reaction velocity (v) of an enzyme - catalyzed
reqction.

- It helps understand enzyme kinetics , affinity
(Km), and moximum velodty (Vmax).

. h_;)gfmition of Michaelis Plot

* A Michaelis plot is a graph obtained by plothing

reaction velocity Cv) on the Y-axis agadnst sybstrate
concenfrafionN (s) on the X-axis.

* TThis plot is based on the Michaelis- Menten equation:

V = Vmax [S]
Km + [S]

It produces a rectangular hyperbola, which is q
characteristic feafure of enzyme kineticg.
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[ = - - —— - — -

—— e —

Rafe of' Reaction (v)
I
<
3
2

-———————

0 Km
substrate concentration [s)

i. At low substrate concentration :

‘The reaction rare increases cumost linearly
with increasing substrate concentration .
This region shows first- order kinetics Crate
depends on 8).

2. At moderate Substrate concentration :

Enzyme active sites begin to fill.

The rafe increases but starts sloming down .

3. At high substrate concentration :

Enzymes become saturated eencentred
with  subsirate.
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Increasing substrare concentrafion does not
Increase velocity.

Reacton reaches Vmax Cmoximum velocity) .

Enzyme operates under zero-order kinetics .

*|Michaelis congtant CKm)

Km is the substrate concentration aof which
reaction velocity is half of Vmax.

It indicates enzyme-substrare affinity.
Low Km —& high affinity

High Km — low affinity

Km is @ constant for a given enzyme o o
fixed pH and temperature-

Significance of Michaelis Plot

. Helps defermine Vmeyx, Km and enzyme efficiency.

Indicafes how enzyme velocity changes with
Substrate availability.,
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3. Usefll 10 understand enzyme sofuradion.

4. Helps In studying enzyme inhibition
Ccompetitive [ noncomperitive)-

5. Provides visualization of enzyme- substrafe

interacton.

Comnclusion,

The Michaelis plot is a fundamental ool in
enzymology » illustrating how substrate
concentration influences enzyme velocity. It
helps in  defermining kinetic constants and
undere‘roncijnq enzyme behoviowr undenr

different physiological conditions .
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Q2 Enzyme TInhibitors with examples Jl

=D |ANSWER | : [ Tntroduction

Enzyme inhibitors are substances that reduce or
Complerely block enzyme activity.

* They play an important role in reguiating merabolic
parhways and are widely used as therapeutic dwugs.

Inhibition can be reversible or irreversibie based on
the nature of inhibitor binding.

« Tupes of Enzyme Tnhibition

1. Competitive Tnhibition

Competes for the active site.

Increasing substrate concentrofion can overcome
inhibition .
Km increases, Vmoax unchanged.

Examples :

- Malonate inhibits succinode dehydrogenase.

Stafing inhibit HMG-CoA reductase in cholesterol synthesis.

- Methotrexate inhibits dihydrofolaie reduciase.
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2. Noncompetitive TInhibilion

Tnhibition binds o a site other than active gite
(allosteric sife).

Binding reduces enzyme activity regardless of subsirate
level.

* Vmox decraases, K, remailns same.

Cannot be overcome by adding substrage.

Examples|:

Heavy meras ( Ag*, Hg2+).

+ Cyanide inhibits cytochrome oxidase-

3. Uncomperitive Inhibition

Inhibitor binds ONLY to the enzyme- substratre complex.

Both Km and Vqox decrease.

Occurs in MUfi- gubstrate enzyme systems.

Example|:

+ Lithium Inhibiting nositol monophosphatase .

4. Trrovergible Tnhibifion

- TInhibitor binds covalently —» permanently inactivates
angme-
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Enzyme must be resynthesized for activityto retum.

" | Examples|:

Organophosphates Cnerve gases) inhibif acetylcholinesterase.

- Aspirin irreversibly inhibits cyclooxygenase Ccox) .

Penicillin  i|nhibits bacferial transpeptidase.

- Importance of Enzyme TInhibitors

* Used in many life- saving drugs.
Help study enzyme mechanisms.

Requlade mefabolic pPathways -

Used in treadment of cancer, hypercholesterolemia ,
hypertension, infections .

* | Conclusion

Enzyme inhibifors are crucial in controlling enzyme activity
and serve as imporfant thempeufic agents.

Understanding the types of inhibrtion helps in dwug design
and clinicad biochemist?y.
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Q.3 Coenzymes - Structure and Biochemical
Funchions,

=P : Tntroduction|:

-Coenzymes are small organic molecules fthat bind t0

enzymes and are essential for caralytic acrivity.

" They act as Transient carriers of aroms, ejectrons,

Or chemicadd groups dusing biochemical teactions.

* Maost coenzymes are derived from B- complex vitamins.

‘| Definitions|:

+ A coenzyme is o non- protein , organic, diffusible

mMolecule thot binds Temporarily to the apoenzyme &

parficipares  direcly in enzyme catolysis by fransferring
groups or electrons.

Structure  of Coenzyme

+ Most coenzymes have three structurad fedtures:

i. Vifomin -derived component :

- eg. niacin in NAD*, ribcflavin in FAD, pantotheric acid
in coA.
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2. Adenine nucleotide moiety

- Many coenzymes contain AMP or ADP
Ceg. NAD* , FAD, CoA).

Helps in enzyme recognition and binding.

3. Reaction group|site

Accepts or donates electrons, hydrogen aroms,
acyl groups , amino groups, eic.

Examples of Coenzyme Struchires

+ _ . .
NAD™ = Nicotinamide + Ribose + Adenine + 2 Phosphate

groups -
FAD = Riboflavin + AMP.

. Ccoenzyme A = Pantothenic acid + Adenine + Phogsphate +
suifhydyyl group (-sH).

Biochemical Functiong of Coenzymes|.

i. Coenzymes as Electron Carriers

NADT / NADPY (Niacin -derived)

Accept/ donate electrons in dehydrogenase reactions .

Used in glycolysis, TCA cycle, fatty add synthesis.
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. FAD /FMN (Riboflavin- dertved )
. carry hgdmgen Qtoms.

Eesential in ETC and oxidafive metabolism.

2. Coenzymes in Acyl Group Transfed.
Coenzyme A CCoR)

* Transfers ocyl groups-
* Key role in B-oxidadion , TCA cycle, Synthesis of
fatty acids.

3. coenzyme in Decarboxylalien

Thiamine Pyrophosphade CTPP) .

* From Vitamin 81 .

* Required for oxidative decarboxylation
CPQME — D.ceh:]l- CofA) .

4, Coenzymes in Carboxylafion

Biotin
- (02 carrier.

Reguired in gluconeagenesis and fatty add synthesis.

B. Coenzymes as Methyl Group Donors .

Tetrahydrofolaie CTHF)
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Transfers one- carbon units.

Imporfant in purine , thymidine and DNA synthesis -

Comclusion

Coenzymes are vital molecules that assist enzgymes

in catalyzing a wide range of biochemical
reactions-

“Their structures allow them 1o act as carriers of

electrons or groups, making them indispensable
In  metabolism.
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| UNITY

Adl-18a 1=

Q1 Define enzyme
= ANSWER : [EnzYME]

Definition|: An  enzyme is a biological caralysts usually
a profein, which speeds up the rate of
biochemical reactions in living 0rganisms
without being consumed or permanently
changed during the reaction:

+ Enzymes are highly specific for fheir substrates and work
by lowering The activation energy needed for g reaction

to occur.

‘|[Examplel:  Amylase : Itis a carbohydrate digesting enzyme,
produced by  salivary glands and pancreadic qcinar cells, that
hydrolyzes  starch into maltose  Cdisaccharides) :

Amylase
« Starch + H20 Y » maltose (disaccharides) .
s, o GCHSLOH CH20H
OH
l '*ou
CHZOH CH20H CHooH  CH20H HO
0
OD{Q{QO Mcqu
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Q-2 Define enzyme inhibitors and its
example. J

= ANSWER :[ENZYME INHIBITORS

-|Definition|: Enzyme ¥nhibitorsy are substances that

decreases’ or completely s stops the
activity of enzymes by binding to them .

They may bind eversibiye or

irreversiblywr To the enzyme and interfere
with  the binding of Substrate or the
catalytic process.

ypes with examples|:

- Competitivew linhibitorsw : Compete with sSubstrare
for the en2yme’s achve site.

- Example : Methetrexate inhibits dihydrofolate reductase-

. INOnEcompetitive inhibitorsew : Bind to a site other than
the achve site and change enzyme shape-

- Example : seyanide” Inhibits cytochrome oxidase.
Uncomperirivew inhibiters” - Bind only to the enzyme -
Substrate cormplex -

+ Example : jiRigm Y inhibits Inositol Monophosphate.

. These inhibitors play important rolesin reqularing
merabolic pathways and are also used in drug design .
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Q3. What is coenzyme ﬁ]
= ANSKWER : [COENZYME]

Definition] : A coenzyme is a small organic
non- protein molecule that binds
Tfemporarily or permanently with an
enzyme and is essential for its
catalytic  actvity.

* Co-enzymes often acts as carriers of electrons, atoms,
or functionad groups transferred in The enzymatic

reaction.

" “They are usualy derived from vitamins.

4—SUbSTTOJ'Q\’

Y

. Example : NAD* (Nicotinamide adenine dinucleotide) .
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[9'4- Define isoenzyme J
D ANSMKER: [TsoenzYMES

- [Definition): Tscenzymes Caiso called IS0zy mes)
are different molecwar fdrms of +he

Same  enzyme Thar caralyze the sgame
biochemical reaction, but adiffer in their

physical propertfies , such as structure,

amino acid sequence , electrophoretic mobility,
and kinetic properties.

" They usually occur In gifferent tHissues or developmenta
Stages , allowing fine regulation of merabolism .

* [Example|: - Lactate dehydrogenase (LDH)

exists as five isoenzgmes CLDHY 40 LDHS)
found in heart yJiver  muscle ,efc-
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