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3.3.4. Models for More Complex Enzyme Kinetics

3.3.4.1. Allosteric enzymes. Some enzymes have more than one substrate
binding site. The binding of one substrate to the enzyme facilitates binding of other sub-
strate molecules. This behavior is known as allostery or cooperative binding, and regula-
tory enzymes show this behavior. The rate expression in this case 1s

_d[S] _ V,[S]'
di K’ +[S]"

(3.18)

V=

where n = cooperativity coefficient and n > 1 indicates positive cooperativity. Figure 3.8
compares Michaelis—Menten kinetics with allosteric enzyme kinetics, indicating a sig-
moidal shape of v —[S] plot for allosteric enzymes.

The cooperativity coefficient can be determined by rearranging eq. 3.1 8 as

lnv

=nlIn[S]-InK;, (3.19)

‘/r??i —V

and by plotting In v/(V,, — v) versus In[S] as depicted in Fig. 3.9.
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0O Figure 3.8. Comparison of Michaelis—
[S] Menten and allosteric enzyme kinetics.



Slope = n

n>I

Figure 3.9. Determination of cooperativity

coefficient.
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= |nhibitor binds to enzymes and reduces their activity.

Irreversible inhibitor

= Heavy metals forms a stable complex with enzymes.
= Pd, Cd, Hg, and others

= May be reversed only by using chelating agents
such as EDTA and citrate.

Reversible inhibitor
= Dissociate more easily from the enzyme
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Assuming rapid equilibrium and with the definition of

« ~EISI _[EI]

" [ES]’ " EI]
[Eq]=[E]+[ES]+[EI] and v =k,[ES]



Assuming rapid equilibrium and with the definition of

g, <[EISI o[BI
[ES] EI]

[Eo]=[E]+[ES]+[EI] and v=k,[ES]

we can develop the following equation for the rate of enzymatic conversion:

VinlS]
K, [1 + %}r [S]

!

V=

or

__ Y,Is]
K’ +[S]

m, app

S i
where K:mapp o KFTI(I-l_E]
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El+S =—ESI
K5
k. = 1EIB]_ [FIIS]  _ [EIlI _ [ES](I]
™ [ES]“aelBSI] ' [EIl  [ESI] (3.25)

[Eo]=[E]+[ES]+[EI]+[ESI] and v = k,[ES]



g, = EISI_ [EI](S] _[E]lI] _ [ES][)
" [ESlzes{BSI]: " [E]  [ESI] (3.25)

Eo1=[E]+[ES]+[EI]+[ESI] and v =k,[ES]

- v,
(HM](H K, ) (3.26)
K, [S]
- Vm.app
[] +K_] (3.27)
- 1S]
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b) Non competitive
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g =2l [ES]I

o= R S e

m {ES] ? ] [ESI]
|Eq|=[E]+[ES]+[ESI] and v =k,[ES]

_—mrm [S]
Ki
V= -
Km i [S]
&
K]
=i K}:,app [S]

K’ +[S]

m.,app

(3.29)

(3.30)

(3.31)
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Smux (S) reactions.
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V.[S]
[ST°

K’ + [S]+ —
m T [S] K,

At low substrate concentrations, [S IZIK;,-[ << 1, and inhibition effect is not observed.
The rate 1s

H?I
V= —
{H K, ] (3.35)
[S]
or
1 1 K, ]
Sl (3.36)

vV, V, [S]

m

A plot of 1/v versus 1/[S] results in a line of slope K, /V,, and intercept of 1/V,,.



Vn[S]

: [sI®
K. + [S]+ X

5,

At high substrate concentrations, K, /[S] << 1, and inhibition is dominant. The rate
in this case is

1’:.“
V==
(3.37)
Hﬁ]
5,
Lt [ 3.38
v Hn ; KSI i ( + }

A plot of 1/v versus [S] results in a line of slope 1/K;, - V,, and intercept of 1/V,,.

The substrate concentration resulting in the maximum reaction rate can be determined by
setting dv/d[S] = 0. The [S],,,, is given by

[S]max &= K’ KS'

in 3
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Figure 3.10.  Different forms of inhibited enzyme kinetics.



