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The Theme of This Lecture

Regulation of Enzyme Activity
at Protein Level.

1. Covalent modification.

2. Noncovalent (allosteric) regulation
3. Protein degradation (will not be considered).
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W
hy regulate?

•
In the cell, enzym

es do not w
ork alone but often w

ork
together in groups. T

hese sets of reactions are called
m

etabolic pathw
ays. G

iven the fact the enorm
ous am

ount of
energy and resources are dedicated for each pathw

ay to
carry out different m

etabolic functions, the cells have to
regulate the activities of the enzym

es very precisely.

•
R

egulation w
ill allow

 the changing needs of the  cell to m
eet

its energy and resource dem
ands. If a product is available in

excess, it could then divert the resources to other needy
reactions. If a product is in dem

and, it could  activate the
pathw

ay to produce m
ore of the biom

olecule that is needed.

•
T

hus regulation is the process by w
hich cells can turn on,

turn off, or m
odulate the activities of various m

etabolic
pathw

ays.
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A
m

plification of enzym
e activity

•
A

pproxim
ately 0.1 nm

oles of adrenaline per
gram

 of m
uscle w

ill trigger the synthesis of
25 µ

m
oles of glucose -1- phosphate per

m
inute per gram

 of m
uscle.

•
T

his represents an am
plification of

250,000 fold.



F
our kinds of regulation

R
egulation of enzym

e activity

A
llosteric regulation

P
roteolytic activation 

(irreversible covalent m
odification)

S
tim

ulation and Inhibition 
     by control proteins

R
eversible covalent m

odification

P
roteolytic activation

T
his kind of activation is irreversible.

O
nce the protein is activated, 

the process cannot be reversed.

A
ctive protein can only be controlled 

by other kinds of regulation, 
such as inhibition or inactivation.



E
xam

ples of  P
roteolytic A

ctivation

•
Z

ym
ogen activation.

•
B

lood clotting.
•

C
om

plem
ent activation.

•
P

rophenoloxidase activation.
•

Inactive horm
ones to active horm

ones.
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R
eversible C

ovalent M
odification

•
P

hosphorylation - dephosphorylation

•
A

denylation - deadenylation.

E
xam

p
les o

f reversib
le co

valen
t m

o
d

ificatio
n

s

A
 single trigger rapidly  sw

itches
 a w

hole pathw
ay on or off

R
eversible covalent m

odification -
P

hosphorylation

W
hile running, glycogen

phosphorylase activity
 is enhanced by phosphorylation.

A
t the sam

e tim
e glycogen

synthase activity is shut off by
phosphorylation.
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E
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A
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Inhibitor increases sigm
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[S
] m

M

vF
or A

T
C

ase, A
T

P
 is an allosteric activator

C
T

P
 is an allosteric inhibitor 



A
llosteric enzym

es
•

D
o not exhibit M

ichaelis M
enten type kinetics.

•
S

how
 sigm

oidal kinetic behavior.

•
M

ust undergo drastic conform
ational changes

upon binding of m
odulatory ligand

.

•
U

sually possess catalytic and regulatory
subunits.

•
T

herefore, they are larger and m
ore com

plex
than non-allosteric enzym

es.

A
llosteric regulation

•
If the substrate itself is regulator, it is called
hom

otropic interaction.

•
If it is a different ligand, it is called heterotropic
interaction (can be an activator or an inhibitor).

•
T

he sigm
oidal graph arises due to cooperativity

or subunit interaction.

•
B

inding of a ligand
 causes conform

ational
changes in a subunit that m

ay or m
ay not be

transm
itted to other subunits.
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ercurials do not exhibit allosteric kinetics. 

T
his desensitization is caused by the separation of catalytic and

 regulatory subunits by the reaction w
ith m

ercurials.

E
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If F

 is available by som
e chance, the pathw
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should be shut off.
E
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C
oncerted m

odel or sym
m

etry m
odel

S
ubstrate

T
  state

R
  state

T
he enzym

e exists only in tw
o states 

T
he tw

o states are T
 (taut or tensed) and R

 (relaxed)

S
ubstrates and activators have great affinity for R

 state  
Inhibitors have higher affinity for T

 state 
Ligands affect the equilibrium

 betw
een T

 and R states
W

hile going from
 one state to the other

sym
m

etry m
ust be conserved.

C
oncerted m

odel or sym
m

etry m
odel

B
inding of ligand to one subunit alw

ays
assists the binding of the sam

e ligand to
the next subunit - T

his m
eans that only 

positive cooperativity is possible. 

H
eterotropic interactions could be 

either positive or negative. 
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T
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S
equential m

odel

Ligand binding alters the conform
ation of the enzym

e. 

W
hile going from

 one state to the other,
 sym

m
etry need not be conserved.

B
inding of ligand to a subunit alters the

conform
ation of only that subunit. 

T
his alteration is transm

itted to other subunits by 
subunit interaction. T

herefore, m
ultiple states are possible.
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B
inding of ligand to one subunit m

ay help or
hinder its binding to the other subunit -  
T

hat is both positive and negative hom
otropic 

interaction are possible in this m
odel.

H
eterotropic interactions could be 

either positive or negative. 
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In the S
ym

m
etry m

odel only positive hom
otropic interaction

is allow
ed. [S

 binding alw
ays helps another S

 binding]
H

eterotropic interactions could be positive or negative. 
[S

 and I binding is negative heterotropic interaction 
and S

 and A
 binding is positive heterotropic interaction]. 

In the S
equential m

odel, both hom
otropic and heterotropic 

interactions could be positive or negative. 
[T

hat is even S
 binding to one subunit could inhibit

the S
 binding to the next subunit (negative hom

otropic
interaction is possible here)].
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F
or A

T
C

ase, C
T

P
 is an allosteric

inhibitor. A
T

P
 is an allosteric activator.
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