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Enzyme Inhibitor
o An Enzyme inkibitor is a compound that decreases or diminish the rate or velocity
qfaneuzym-cata[yzedmcmnbyugfﬁmmgtﬁe&mdingof S and Jor its
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Competitive Inhibition

a Inhibitor binds reversibly to the same site that the
substrate binds - competes with the S for binding.

0 Substrate analogue - I closely resembles the S

a I can be reversed by increasing the conc. of S -
reversible

0 Degree of inhibition - depend on the conc. of S &
I and on the relative affinities of the enzyme for



Competitive Inhibition
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® Velocn‘y is decreased - effecflveconcentquﬁ% g{(\ :;}1;'2‘;'11; t
reduced

o Kmis increased -affinity of the enzyme towc
decreased in presence of the inhibitor

¢ Vmax is not changed
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J‘ Malonate is a competitive inhibitor of SDH
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Antibacterial action of sulpha drugs (sulfonamide ) - structural analog
of PABA

PABA + 7 8-dihydropteroic acid _@_
H,N COOH
)Qteroid synthetase

PABA- para amino benzoic acid

'

Folic acid ﬁ
HN S — NH;
Sulfonamide inhibits the bacterial enzyme I
% Sulfanilamide
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Clinically useful Competitive Inhibition

STATINS - Atorvastatin ,
simvastatin

Allopurinol
Methotrexate
Captopril & Enalapril

Dicoumarol

HMG CoA reductase

Xanthine oxidase
Dihydrofolate reductase
Angiotensin converting enzyme

Vit.K-epoxide-reductase

S I X X
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Decrease plasma
Cholesterol level -
Antihyperlipidemic agents
Gout

Cancer

High blood pressure

Anti-coagulant



Non-competitive Inhibition

¥ Inhibitor binds at a site other than the active site of the enzyme
" T has no structural resemblance to the S - No competition for binding
® Increase in the S conc. does not relieve this I

" I & S binds at different site - formation of both EI and EIS complexes is
possible.

-
" EIS - forms product at a slower rate than ES 0 i 4

® Reaction is slowed down but not halted. g



Non-competitive Inhibition
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(h) Noncompetitive inhibition

Non competitive inhibitor

@

Heavy metals - Ag? Hg?, Binding with cysteinyl SH  Neumpeiie
P grof E oot

Pepstatin Pepsin
Soyabean trypsin inhibitor Trypsin

Ethanol or narcotic drugs ~ Acid phosphatase
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T can't be reversed by increasing the [S] since I doesn't compete
with S for the same binding site

SInhibition of placental alkaline phosphatase (Regan iso-enzyme) by
phenylalanine .
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No Inhibitor

Inhibitor

ESI

Vmax = Decreases
Km = Decreases
1/v
1/Vmaxi
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J‘C "’f’r'* 'Floh char( e at active site of the E- destroying their

Enzyme activi is not regained on dialysis / by increasing the conc. of S

‘Jé A vamety of poisons, such as iodoacetate, OP poisoning and oxidizing agents act
‘s irreversible inhibition.
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| Disulfiram
Cyanide

Fluoride

Melathion

Di-isopropyl
fluorophosphate
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Aldehyde dehydrogenase

Cytochrome oxidase

Enolase

Acetylcholine
esterase

Serine proteases,
Acetylcholine esterase

BAL - British Anti reacts with the SH group

Treatment of Alcoholism

Inhibits respiratory chain

Inhibits Glycolysis

Organophosphorus
insecticide

Nerve gas

Antidote for heavy metal




Suicide Inhibition

+ Specialized form of Irreversible inhibition

+ Also known as Mechanism based inactivation

+ I makes use of the enzyme's own reaction mechanism to inactivate it

« Inhibitor (structural analog) is converted to a more effective inhibitor with
the help of the E to be inhibited

+ E literally commits suicide - they utilize normal E reaction mechanism to



Allopurinol
5-fluorouracil
Aspirin
Difluro methyl

ornithine
(DFMO)

Alloxanthin

Fluorodeoxy
uridylate

acetylates serine
residue in the
active center of
cyclo-oxygenase

Irreversible
covalent

complex with the
co-enzyme

Xanthine Oxidase

Thymidylate synthase

Cyclo-Oxygenase

Ornithine Decarboxylase

Gout
Cancer

Non Steroidal Anti-

inflammatory Drug
(NSAID)

Trypanosomiasis
(sleeping sickness)



Active site

Allosteric Inhibition \
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Allosteric site
o Some E possess additional site other than the Active site called as Allosteric

sites, E - Allosteric E.

» They are unique site on protein molecule
» Allosteric Effectors- substances bind at Allosteric site & regulate E activity
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o Inhibitor is not a substrate analog.

o Itis partially reversible, when excess substrate is added.
o Km is usually increased.

o Vmax is reduced.

o When an inhibitor binds to the allosteric site, the configuration of catalytic
site is modified such that substrate cannot bind properly
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Substrate
Active site  Enzyme Distorted active site \
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Allosteﬂc site
Allosterlc
(a) Allosteric inhibition inhibitor
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Substrate
Active site

Distorted
active site

e‘_,

A"OStGI’IC site Allosteric activator
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Glycolysis ~ Phosphofructokinase-1 ~ ATP & citrate AMP
TCA cycle Isocitrate ATP ADP
dehydrogenase
Glycogenolysis  Glycogen phosphorylase ATP AMP
Gluconeogenesis Fructose 1,6 AMP ATP & citrate
bisphosphatase
Pyruvate carboxylase - Acetyl coA
Fatty acid  Acetyl coA carboxylase - Citrate

synthesis



P
Fructose-6-phosphate  mee—)

ATP Binding Stte

Activating Subunit
AMP Binding Site

Inhibdory Subunit "

-

ing Site for Substrates

PFK is a quaternary
protein and has two
allosteric regulatory

| sites and a catalytic |

Fructose-1,6-bisphosphate
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ATP In its Regulatory
Binding Site

inhibitory Subunit

Binding Sie for Substrates
(presently an impossible fit),
catalytic abiity has been lost.

/' & Activating Subunit
AMP Binding Site (Unoccupled)

ATP Regulatory Site
(Unoceupled)

Inhibitory Subuni

Binding Site for Subalraton
(prosantly an excellent fit),
- Full catalytic ability
has baon gained



Negative Feedback, infifition / End product infibition

Excess D
blocks a step

+ Specialized type of Allosteric

comc® T, inhibition
ey | =Enzyme 1= ¢ Required to control the metabolic

it

pathways for efficient cellular
function.

Enzyme2 + End product of metabolic reaction

produced in excess inhibits the first
or requlatory enzyme in the sequence.

Y L The end products are controlling

their own rate of production
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Heme

Cholesterol

Glucose -6-phosphate
Acyl coA

CTP
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ALA synthase Heme synthesis

HMG CoA reductse Cholesterol synthesis
Hexokinase Glycolysis

Acetyl CoA carboxylase Fatty acid synthesis

Aspartate Pyrimidine synthesis
Transcarbamoylase



Structural No structural  Bind tightly to E I binds to I makes use of the End products

similarity to S similarity by covalent Allosteric site  E's own Rn inhibits earlier E
bonds of the E mechanism to of the metabolic
inactivate it pathway

Compete with S Do not compete Cause
for active site  Binds tosite  conformational
different from change in active

Inc. Sremoves active site site of €
E
Rn slowed down
Km = Inc. Km - no change  Km - no change  Km - inc.
Vmax - no Vmax - dec. Vmax - dec. Vmax -dec.
change
Drugs Heavy metal Cyanide ,OP  PFK-1- ATP  Allopurinol , Heme -
Sulfonamides,  poisons poisoning, and Citrate Fluorouracil ALA synthase
Statins | Todoacetate

Methatrovate Chaloetoral -



Importance of Enzyme Inhibition

# For understanding the regulation of enzyme activity within the living cells

# Useful in elucidating the cellular metabolic pathways by causing accumulation
of intermediates

# Identification of the catalytic / functional groups at the active site of E
# Provide information about substrate specificity of the enzyme
# Useful to study the mechanism of catalytic activity

% Enzyme inhibitors have therapeutic applications - some drugs useful in
medicine appear to function by inhibiting certain E.

Most drugs are Competitive or Suicide inhibitors.
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