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Enzyme and coenzymes 11

= Very important

= Extra explanation

“IGNORE IT, DO IT ANYWAYS AND PROVE THEM WRONG”
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435 Biochemistry Team
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@ ENZYME INHIBITION

= What is Inhibition ?
it is a process by which the enzyme activity is reqgulated, controlled,
or stopped .

*TO INHIBIT MEANS TO STOP ENZYME ACTIVITY*

= K, = is a measure of the affinity of inhibitor for enzyme.

*Also called dissociation constant .

types of enzyme inhibition:

Competitive

* Inhibitor has a similar structure to substrate
* [t Competes with substrate for binding to active site of enzyme

Non-com etitive e Inhibitor does not have a similar structure to substrate
* No competition exists between inhibitor & substrate

Uncompetitive



e COMPETITIVE INHIBITION

= The inhibitor has a similar structure to the substrate and binds to the same site
(competitive).

= Competitive inhibition is always reversible reaction.

= Statin drugs limit cholesterol synthesis by competitively inhibiting
enzymes.

_ (a) Reaction
= This lowers plasma cholesterol levels.

substr ate

= Two reactions are possible:
Enzyme + Substrate «» ES complex - Product (active)

O R Substrate molecule binds Reaction occurs and
with active site of enzyme product molecules are

Enzyme + Inhibitor <» El (inactive) (b) Inhibition ok Generatot

6

inhibitor

active site
enzyme

&

Inhibitor molecule binds Inhibitor molecule
with the active site of prevents the binding of
enzyme molecule substrate molecule




@ COMPETITIVE INHIBITION

= V..ox 2 Unchanged in the presence and the absence of inhibitor.
K,, = increased, because Subsirate and Inhibitor compete for binding at the same site.
*A higher [S] is required to achieve half-maximal velocity*
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== NON-COMPETITIVE INHIBITION

= |nhibitor doesn’t have a similar structure to the substrate .
= it binds to the enzyme at a site away from the substrate binding site.
= Non-competitive inhibition could be irreversible or reversible.

[ — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

= The inhibitor can bind to: a free enzyme or to an enzyme-substrate complex.
In both cases the complex is catalytically inactive

Competitive

= Two reactions are possible: e

active site of
enzyme so

. . 33 * substrate 3

ES + | «> ESI (inactive) 7 e COMPENIVE 022 i cannolping (880308
(= substrate ) xie 52 B inhibitor
Or A ass o oSy 43l w330 el Y)
255« enzyme-substrate complex
Lllad Y by 1Jad ye (K15 aglall 4K

1 1 = Noncompetitive inhibitor
E + | (_) El (InCICTIVG) B 4_1:\_}3)\ &jﬁa L)‘“S-‘ inhibitor ) ' ggz;rg"isss()hﬁpcz:rt]Ot
A dals ) 8 Jaaill Gl g Ladd - bind to substrate

su b strate (a) Competitive inhibition (b) Noncompetitive inhibition




== NON-COMPETITIVE INHIBITION

V..ox 2 decreased by the inhibitor

= K., =2 unchanged; because the affinity of Substrate for Enzyme is unchanged

Noncompetitive

inhibitor S
J s e ?JJ'N‘ e cs‘t’ﬁ) Km J"*:

) Ly | e Y (4wdd) substrates | 1/[Vo]
Allad all) Vmax ) s Jis ey |
O 385138 5 (a2 5V Ledaay () (S
= o) P80 A (o e o oAl
non-competitive inhibition '

No inhibitor
present

0 1/[S]




D~~~ COMPETITIVE VS NON-COMPETITIVE

Competitive Non-competitive

structure Similar fo substrate Different from substrate

Binding site Acfive site of enzyme Away from active site

Competition

exists bet. S & | VSE Ne

K., increased Unchanged

V hax Unchanged Decreased

. E+S <« ES complex > P (ACTIVE) ES + | <> ESI (INACTIVE)

Possible or or

TEEEIEE E + 1« El INACTIVE) E + 1« El INACTIVE)

Reversibility Always reversible §ome’nmes rEVERIgi® & SOMSnTIes
ireversible




Q- REGULATION OF ENZYME ACTIVITY

Regulatory enzymes usually catalyze the first or an early reaction in a metabolic
pathway.

They catalyze a rate limiting reaction (slowest step) that controls the overall
pathway.

They may also catalyze a reaction unique to that pathway known as committed
step

After the committed step reactants in the pathway become committed and wiill
end up as the final product of the pathway.

A e Je Balial & a8 Al metabolic pathways - e jal (»z\ e e oS oo Qe Y e doleall ey ol .J;\
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= Feedback inhibition:

When an end-product concentration exceeds the limit. It inhibits the enzyme to
normalize the pathway.

= Feed positive activation :

When the end-product of a metabolic pathway is below its concentration limit, it
activates the regulatory enzyme to normalize the pathway.

Start of
a5 Lialusal & ey 3 Jae | pathway—_> Intermediate === Intermediate === Product

3L e | ASdal o) Y)W daday Susy | & P

Jaxll ay 3V il a5 COle il i
L i 3k sl Lebasats |
Feedback inhibition: J

lpctiadll (5l 35V |
Presence of product inhibits enzyme 1

© 2011 Pearson Education, Inc.
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Allosteric enzyme regulation Cooperative binding

1-Allosteric enzyme requlation:

= Enzymes in metabolic pathways are regulated by certain A Enzyme Distorted active site @
compounds (ligand). T (? 0
= These ligands do not bind to active site, They bind fo Ao - A..oste,.:\

(a) Allosteric inhibition inhibitor

Distorted Substrate
active site Active site

= The term " allosteric” came from: Greek word *allos” N
tp_'cé_' ..

meaning “other”
= Allosterically regulated enzymes usually have MmUItiple | e ameseicacivaton  Alestercacivater

another regulatory site (allosteric site) on allosteric enzymes.

right © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.
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2-Cooperative binding:

Binding of a ligand to a regulatory site affects binding of the same or of another ligand to the

ENZYME. i p35¥1 3 6,23 GbULI Ly Jins piy Busly Libio § puis Yl o Bols syl 15] &1 Gimar

= Binding of a ligand causes a change in the active site of enzyme (change in the binding
affinity of enzyme for the substrate).

= The effect of aligand may be positive (activation) or negative (inhibition) :

« Positive: increased E, S affinity

« Negative decreased E, S affinity Substrate

= Most adllosteric enzymes are oligomers (two or more K
polypeptide chains or subunits)

= The subunits are known as protomers.

Inactive form Active form stabilized
of enzyme by a substrate molecule
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Interactions in allosteric

enzymes
[ Heterotropic } [ Homoftropic ]
=  Effect of li d th
=  Effect of one ligand on the binding of a different bir?dﬁng O??ﬁe'ggge (I)igcmz

ligand.
=  Aregulatory enzyme conftrolled

by its own substrate  the
substrate itself acts as ligand and
bind to the allosteric site and
facilitates the binding of the other

substrates’.
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Enzymatic

diagnosis and
prognosis of
diseases

Enzymes are used
clinically in three
ways:

As indicators of As analytical
enzyme activity or reagents in
concentration in measuring activity of As therapeutic
body fluids (serum, other enzymes or agents
urine) in the compounds in body
diagnosis/prognosis fluids
of diseases

% I
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Heart disease

Serum markers
in the diagnosis liver diseases

of diseases
The most

commonly
Pancreatic
Used body diseases
fluids for

measuring
enzyme

activity enzymes

Plasma-specific

Plasma there are

Nonplasma-
specific
enzymes
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-VEDIOS:

https://www.youtube.com/watch?v=GLF3ywsK04M

https://www.youtube.com/watch?v=DHZtOKyMPRY

https://www.youtube.com/watch?v=ixDdTbeby6s

-Online quiz:

https://www.onlinequizcreator.com/enzyme-inhibition/quiz-123324
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