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Enzymes:

} Proteins that catalyze a chemical reaction by lowering its
activation energy

} Speci�c to a substrate

} Remain unchanged

Substrate (S), Enzyme (E), Complex (C), Product (P)

S + E 
 C ! P + E k1; k� 1; k2

Initial Conditions:

S(0) = S0; E(0) = E0; C(0) = 0 ; P(0) = 0
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S + E 
 C ! P + E k1; k� 1; k2

S(0) = S0; E(0) = E0; C(0) = 0 ; P(0) = 0

Conservation

S + C + P = S0 and E + C = E0

dS
dt

= k� 1C � k1S(E0 � C)

dC
dt

= k1S(E0 � C) � (k� 1 + k2)C

E = E0 � C

P = S0 � S � C
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S + E 
 C ! P + E k1; k� 1; k2

} Formation of the complex is very fast (k1 is large).

} Very little enzyme present compared to the substrate (E0 is
small).

} The amount of the complex rises very quickly, and the enzyme
works at the maximum capacity throughout the reaction.

Is it possible to have a simpler form for product formation, rather
than three reactions and three rate constants with extremely slow
and fast reaction rates and extreme concentration differences?
Quasi-Steady-State assumption: dC

dt = 0
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dS
dt

= k� 1C � k1S(E0 � C)

dC
dt

= k1S(E0 � C) � (k� 1 + k2)C

Quasi-Steady-State Assumption leads to:

C =
SE0

K m + S
K m =

k� 1 + k2

k1
(Michaelis constant)

Substrate changes in time:

dS
dt

= �
VmS

K m + S
Vm = k2E0
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Saturation Function: The fraction of the binding sites on the
enzyme that are occupied:

Y(S) =
C

E + C
=

S
K m + S

Half of the binding sites are occupied when S = K m .

Overall velocity of the enzymatic reaction system (rate of product
formation):

dP
dt

=
VmS

K m + S
= VmY(S)

This is known as the Michaelis-Menten rate equation.
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S + E -> C k=4e3

C -> S + E k=25

C -> P + E k=15
S = 10, E = .1 C = 0, P = 0
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k1=4000; k11=25; k2=15;

e0=.1; s0=10;

km=(k11+k2)/k1;
vm = e0* k2;
s(1)=s0; t(1)=0; dt=.001;

for i=1:1200

s(i+1)=s(i)-dt * vm* s(i)/(km+s(i));

t(i+1)=t(i)+dt;
end
plot(t,s,'linewidth',2)
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dS
dt

= �
VmS

K m + S
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S + E -> C k=40

C -> S + E k=25

C -> P + E k=15

S = 10, E = 2 C = 0, P = 0
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dS
dt

= �
VmS

K m + S
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v =
VmS

K m + S

Note that
S = K m

when

v =
Vmax

2
.
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v =
VmS

K m + S

Inverting:
1
v

=
K m + S

VmS

1
v

=
K m

Vm

1
S

+
1

Vm

Plot (1=v) vs (1=S):

slope :
K m

Vm

x � intercept : �
1

K m



Lineweaver-Burk Reciprocal Plot

University of Georgia Lecture 7 – slide 13

-1 0 1 2 3
0

1

2

3

4

(1/S)

(1
/v

)



Modi�ers

University of Georgia Lecture 7 – slide 14

Modi�ers:

} Activation, Inhibition



Modi�ers

University of Georgia Lecture 7 – slide 14

Modi�ers:

} Activation, Inhibition

} Regulation of important mechanisms



Modi�ers

University of Georgia Lecture 7 – slide 14

Modi�ers:

} Activation, Inhibition

} Regulation of important mechanisms

S + E 
 Cs ! P + E k1; k� 1; k2

M + E 
 Cm k3; k� 3



Modi�ers

University of Georgia Lecture 7 – slide 14

Modi�ers:

} Activation, Inhibition

} Regulation of important mechanisms

S + E 
 Cs ! P + E k1; k� 1; k2

M + E 
 Cm k3; k� 3

S + Cm 
 Csm ! P + Cm k0
1; k0

� 1; k0
2

M + Cs 
 Csm k0
3; k0

� 3
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M + E 
 Cm k3; k� 3

Conservation

S + Cs + P = S0 and E + Cs + Cm = E0
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S + E 
 Cs ! P + E k1; k� 1; k2

M + E 
 Cm k3; k� 3

Conservation

S + Cs + P = S0 and E + Cs + Cm = E0

Quasi-Steady State hypothesis:

dCs

dt
=

dCm

dt
= 0



MIchaelis-Menton Reaction Scheme

University of Georgia Lecture 7 – slide 16

Approximate Kinetics:

Cs =
K eE0S

K mM + K eS + K mK e

Cm =
K mE0S

K mM + K eS + K m K e

K m =
k� 1 + k2
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K e =
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Approximate Kinetics:

Cs =
K eE0S

K mM + K eS + K mK e

Cm =
K mE0S

K mM + K eS + K m K e

K m =
k� 1 + k2

k1
K e =

k� 3

k3

Saturation:

Y(S) =
Cs

E0
=

S
K m (1 + M=K e) + S
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Velocity of Reaction:

V = VmY(S) Vm = k2E0

Production is slowed down (inhibition):

Y(S) =
Cs

E0
=

S
K m (1 + M=K e) + S

K m < K m (1 +
M
K e

)

Mixed Inhibition (handout available online at
http://www.lsbu.ac.uk/biology/enztech/inhibition.ht ml)
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K i =
[E][I ]
[EI ]

K 0
i =

[ES][I ]
[ESI ]

K m =
k� 1

k1
=

[E][S]
[ES]

[E]0 = [ E] + [ EI ] + [ ES] + [ ESI ]
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K i =
[E][I ]
[EI ]

K 0
i =

[ES][I ]
[ESI ]

K m =
k� 1

k1
=

[E][S]
[ES]

Production rate using Michaelis-Menton kinetics:

V = VmY(S) =
[ES]
[E]0

= Vm
[ES]

[E] + [ EI ] + [ ES] + [ ESI ]

= Vm
[ES]

[E] + [ EI ] + [ ES] + [ ESI ]

=
Vm [S]

K m

�
1 + [I ]

K i

�
+ [ S]

�
1 + [I ]

K 0
i

�
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Assuming that the total enzyme concentration is much less than the
total inhibitor concentration ([E]0 << [I ]0), we get:

V =
Vm [S]

K m

�
1 + [I ]0

K i

�
+ [ S]

�
1 + [I ]0

K 0
i

�
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Use of Michaelis-Menton type kinetics:

} Simple enzymatic reactions

} Events with a limiting factor

} Hyperbolic type temporal evolution

Cooperative Phenomena:

} Sigmoidal type temporal evolution

} Enzyme with multiple equivalent binding sites

} Enzymes with dual binding sites for the substrate

} Binding of a promoter induces a conformational change,
increasing or decreasing the rate constants of other binding
reactions.
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Double substrate complexing reaction:

2S + E 
 C ! 2P + E k1; k� 1; k2

Michaelis-Menton Approximation:

dS
dt

= �
VmS2

K m + S2

where

Vm = k2E0 K m =
k� 1 + k2

k1
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Tri-molecular reactions rarely happen; so in detail:

S + E 
 C1 ! E + P k1; k� 1; k2

S + C1 
 C2 ! C1 + P k3; k� 3; k4

Conservation:
E + C1 + C2 = E0

Michaelis Menton:

� V =
dS
dt

= �
E0S(k2K 0

m + k4S)
K m K 0

m + K 0
mS + S2
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� V =
dS
dt

= �
E0S(k2K 0

m + k4S)
K m K 0

m + K 0
mS + S2

When does this detailed formula id equal to the approximation?
When can we ignore K 0

mS ?
This is possible only if:

K mK 0
m >> K 0

mS K 0
m S << S 2

In other words:

K m >> S >> K 0
m

1
K m

<<
1

K 0
m
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S + E 
 C1 ! E + P k1; k� 1; k2

S + C1 
 C2 ! C1 + P k3; k� 3; k4

In original rates:
k3

k� 3 + k4
>>

k1

k2 + k� 1

Binding of S to C1 is faster than binding of S to E,in other words,
after a substrate binds to an enzyme, a seconds substrate binds
more readily. Thus, the intermediate complex C1 is short-lived and
can almost be neglected.
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} Many biological reactions have the characteristic that once a �rst step
is complete, others follow rapidly.

} Example: Hemoglobin in red blood cells can bind to four O2

molecules. After the binding of the �rst O2; binding of others are
enhanced (Positive Cooperation).

} Mechanisms for cooperativity may include conformational
changes,where macromolecules change their shapes to enhance
exposure of active sites.

} A generalization of this phenomenon to n-substrate complexes is

V = �
Vm Sn

K m + Sn
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