Lectures5and 6
Inhibition Systemsand Derivation of their Rate Equations
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Rulesfor deriving ratelawsfor simple systems

1. Writereactionsinvolved in forming P from S

2.  Writethe conservation equation for expressing the total enzyme
concentration [E];qta @among the various species

3. Writethevelocity dependence equation, summing all the
catalytic rates constants multiplied by the concentration of the
respective produt - forming species.

4. Dividethevelocity dependence equation by the conservation
equation.

5. Expresstheconcentration of each enzymic speciesin terms
of free enzyme concentration & substitute

6. Algebra



For asimple 1 step reaction, no inhibitor
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@ steady state at =0, \ rateof formation =rate of breakdown
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EQUATION FOR COMPETITIVE INNIBITION - MUTUALLY EXCLUSIVE
BINDING OF SAND |
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DETERMINING K, FROM SLOPE REPLOT
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NON COMPETITIVE INHIBITION
S
E+S #[L ES LEN E+P

Kz
konl
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S |
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[ESI] = Cannot easily calculate [ESI] by steady state hypothesis

\ Most assume equilibrium thusisvalid since El + ESI arein equilibrium

(e ks=Ofor ESI \ ky >>>ky)

THUS:
[ESI] - kon[ES]-I - S . [I] .- [€]
k off 'm N
S
Vv ks "Km -[E]
[E]lr = E+ > .+ [l -+l & .E
Km K, K Ky
Y _ k3[S
[Elr = Km+[§ + Kmll +[g
I
Vmax[]

[1+ %}s +[1+ ITJKm



1 1 |
VMa, VM [“ k—|__Slope=Km [1+_[|_]J

Vm K,
1
v Increasing [1]
1 1 |
[11=0 =Yivtmex| K|
1+ VmaXapp
1
Vmax
D — 1 o Km | 0|1 L IK
1 v=o @Xint \Vmax | 1 K, [§ =Vmaxil+ K
S CrossMultiply
1 - -1
[S] Km

Replotsto determine K

Slope = Km + KMJ[I]
vm VmK,
y b + m x
Slope A\ Slope= x int. of slopevs|l]
Km @ Slope=0
am , _Km _ Km]
Ve “vm = vmk, ]
L ] Cross Multiply
TN
-K, =[I] @ Slope =0
y_
Can also do inter cept replot aswell
1 1 |
Y int = = Tm + ] +—x

Vmaxapp Vmax Vmax - K| M



Uncompetitive I nhibition
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|

ESI

E+S

L ike non-competitive,
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order of binding
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reaction E+S =— ES
towards ES formation
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Increasmg [1]
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COMPLEX INHIBITION

K
E+S '{(ﬁ ES—>—> E+P
2

+ +
| |
K| \H\ aKs iT
aKs bks
El+S <— ESI ——> EI+P
a=0or¥ - Competitive
a=1b=0 - Non-Competitive

a=10<b<1 - Partial Non-Competitive
l<a<¥,b=1 - Partial Competitive
l<a<¥,b=0- Mixed Inhibition (Type1l)
l<a<¥,0<Db<1l-MixedInhibition (Type?2)

In partial inhibition, the El or ESI complexes are not
dead-end complexes asthey arein ssimply inhibition

schemes
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Partial Non Competitive Inhibition

E+S —= ES % E+P

+ kz

“f

k1

K|“ All formsof E (E + El)
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bK S,\ Km doesnot change.
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Take Reciprocal
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Partial Competitive

Ks
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El +S é ES %EI
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The presence of | inhibitson
rateof S,\ Kmisincreased
(affinity lower ed) by a factor
a (ka <0). SinceEdl, El and
E arein equilibrium, and
sinceit makesintuitive sense
that Swould interfere with |
binding, K, isincreased by a
factor 1 <a < 00.
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Take Reciprocal

1 _ Km i.g | L 1
v T Vmax| @] | TSt Vmax
1+akK,
Slope =
5 > Increasing
Km 1+ K, m
[l
Vm 1+aK, Vv
| =0
1
Vmax
P~ )
1 1 —
-Km K Mapp S
R I
Km [1*K | _ Km | KmK,
Slope= Vmax [ Vmax T
1+aK, Vm aKk;,
Simplified to:
Sope= KM | + K, _ HyperbolicPlot
Ope = vm |+aK|
...................... <_limit = ak,
Vmax
Slope

Makes sensein that in presence of
infinite[I] can still bind S, albeit weaker

[1]

than in absence of |



