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Enzyme Regulation

* |Inhibition
- Competitive
- Noncompetitive
e Allosteric Regulation
- Activation
- Inhibition
* Cooperativity




Inhibitors

A molecule that binds to an enzyme
preventing it from catalyzing reactions.
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oinding involves covalent bonds, then
nibition is often irreversible.

oinding is weak, inhibition may be

reversible.

Reversible inhibition of enzymes is a natural
part of the regulation of metabolism.




Competitive Inhibition
e [nhibitor binds to Q5uhs.rm

Active site

the same site as V/
t h e S u bSt rate (a) A substrate can normally B
bind to the active site of an
enzyme.

 Think: How do you
Overcome a Competitive Q

B inhibitor \___,f
competitive
inhibitor?
{b) A competitive inhibitor




9
1]
-
c
2
g
Q
©
Q
o

1000 2000 3000 4000
Substrate concentration




Rate of
reaction A

max=imum rate of reaction

With competitive Inhibitnr'

>

Substrate concentration




Application of competitive inhibition:
overcoming alcoholism

Normal metabolism of ethanol (alcohol);

antickartion aldehyde oxidase —
ethanol =———————=>acetaldehyde _okdelyle odese, acetic acid

|

Antabuse (competitive fnhibitor)




Antabuse (disulfiram) with the aldehyde oxidase and
prevents the acetaldenyde from being converted to acetic acid.

A build up of acetaldelyde follows, resulting in @ strong feeling of
nausea and other strong hangever symptems - 2 good deterrent
from drinking,

Antabuse is administered as a claill pill, so its efticacy relies on
the patient’s own - i they stop taldng i, they can
arink again.




Noncompetitive Inhibition

* Inhibitor binds somewhere other than the
active site

e Causes enzyme to become insensitive to
substrate concentrations
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As concentration of inhibitor increases,
the rate of reaction decreases.

This is because there are fewer functional
active sites available for reaction.




inhibito

1st intermediate 2nd intermediate
substrate substrate End
product
’ —> —> B

Enzyme 3

Subsuate Enzyme 1

Inhibition of process




e e e

Enz1ymoEnz‘rnoEnzsymEnzymo

4
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Histidine inhibits action of enzyme 1
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Video: Enzyme Inhibition

Tutorial Animation
http://www.wiley.com//legacy/college/boyer/04700
03790/animations/enzyme_inhibition/enzyme in
hibition.htm




‘Allosteric Enzyme

a second binding site that is not the a
e (allosteric site)




Allosteric Site

fic binding site on the enzyme th
e active site

be located between subunits (where
units join)

A.O.ﬁlki site
-3 Allosteric A
) | »— sie




Allosteric Enzyme

e has two conformations: active and inactive

* naturally oscillates between the two
conformations

Allosteric site
‘ / Active site

-
>

Active form Inactive form




~ Allosteric Enzyme

ding of the molecule (effector) to the
osteric site can stabilize one of the
ynformations




Effectors: Allosteric Regulators

* aregulator that can activate or inhibit the
enzyme by binding to an allosteric site

 changes enzymatic activity by binding weakly
to an allosteric site

e Classifications:

- A
lac
-A

losteric inhibitor: stabilizes the conformation that
ks an active site (inactive form)

osteric activator: stabilizes the conformation that

has a functional active site




Allosteric Regulation

e Regulating an enzyme’s activity with an
allosteric regulator (effector) that binds to the

allosteric site

* Type of effector results in one of two allosteric
regulation mechanismes:

- Allosteric Inhibition
-Allosteric Activation




Allosteric Inhibition

Allosteric Activation

Enzyme

Active
site

Allosteric
/ site
w

Inhibitor

Notice that for
Substrate \J our purposes,
this is the
same as
noncompetitive
inhibition

//I

Altered active site

Enzyme

Altered =
active site

¥

Activator

Substrate ¥

Active site

hitp://cnx.org/resources/4adcf2c52478585f346c5bf20a0febbd/Figure_06_05_05.)pg



Allosteric Regulation &

Cooperativity
e |f the allosteric site is
Activat Inhibit
located between 3 S T
subunits, then the
binding of one effector
could stabilize the
. Active form Inactive form
conformation of all the stabilized by stabilized by
) an allosteric an allosteric
other subunits activator inhibitor
molecule molecule

* This is known as
cooperativity




Cooperativity

e Binding of a molecule (substrate or effector)
stabilizes a conformational change on all the
other subunits

e Can only occur in enzymes with multiple
subunits (quaternary structure)

e Canresult in an increase or decrease in
substrate affinity




Cooperativity

Positive cooperativity:
-Substrate binding
-Effector (activator) binding
Negative cooperativity:
-Effector (inhibitor) binding

-Example: some forms of noncompetitive
inhibition




Activity: Consolidate Terms

Use a graphic organizer
to show the relationship
between these terms
listed on the right

Graphic organizers that
may be useful in this
activity are:

-Mind map
-Flow charts
-Venn diagram

Terms

CJInhibition
ICompetitive inhibition
INoncompetitive inhibition
_1Allosteric regulation
‘JAllosteric inhibition
_1Allosteric activation
[Effector

_1Allosteric inhibitor
‘JAllosteric activator
[1Cooperativity
_IPositive cooperativity
_INegative cooperativity
[ISubstrate

‘JActive site

‘1Allosteric site




