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Product Inhibition.
Instructor: Nam Sun Wang

Mechanism. Enzyme combines with a substrate molecule for form a complex, which leads to
product. The product can also combine with an enzyme in a reversible manner. This is described
schematically as follows.

Ky K2

S+E ES P+E

Kir Kor
Derivation of Reaction Rate Expression with Equilibrium & Quasi-Steady State Assumption.
Given

1. dp/dt=rate=v v=K o-ES— k op-P-E
2. Conservation of enzyme species  E y=E + ES
3. Equilibrium and Quasi-Steady State Assumption for ES:  k 1-S-E+ Kk 5p'P-E—~ k 1p"ES— k »-ES=0

We have three equations, and we can choose to solve for any of the three unknowns -- E, ES, and v.
Find the analytical expression (via [Math|SmartMath|)

. (kgrtko) 7
0 <k 1S+k2rp+k1r+k2>

\
(ky5+k2rg

Find(E,ES,v) = | Eq 5
<k lSJr k2r'P+klr+ k2/

(kqSko—korPkyy
o
<k 1S+k2rp+k1r+k2> ]

Thus, the last row is the analytical expression for v.

k 1,k
kZ.EO.S,M.EO.p
_Eor(kySkp-koprPkyp) Ky
kl's+k2r'P+k1r+k2 k1r+k2 kzr
= L5+ =P
k1 k1

Thus, the above form is transformed into the Michaelis-Menten form by defining:

o E _Karkar Ktk _Kar
Vms=K2'Eg V mp= 0 m- P .
1 1 1
v-V msS~ VmpP The reaction rate expression shows product inhibition. More
Kpt+s+K 0P specifically, this is competitive inhibition, as the apparent value of K

varies without a change in v ... Physically, this is competitive inhibition
because product P competes with substrate S for active sites.
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Note #1: As P—0, v—v,,s/(K.,;+s), we get back classical Michaelis-Menten kinetics.
Note #2: For v>0, Vms
——8>p
Vmp

Note #3: At equilibrium, v=0.

O-V msSeq VmpP .eq Peg_Vms_Ki1ka

Km+5eq+Kp'peq Seq Vmp KqrKor
P
At equilibrium, we have the equilibrium constant Keq. ﬂ=Keq
S
e
a6’ |
V'ms RT . . -
Thus, ——=K eq=¢ .. Use thermodynamics to obtain some of the kinetic data.
%
mp Alternate form: v s P
Plot of Product Inhibition Rate Expression Ke
v=_ €]
Model parameters Km+s+Kpp
Vims =1 Vmp:l Kmpm=1 Kp 1

Product inhibition rate expression

Vims'S—VmpP

Vi(s,p) =
Kmtst+K pP
Normal Rate Plot s:=0,0.1..10
1 T
S The entire curve is depressed with increasing p.
Vi(s,1)05 ,/’/ —
V'(s,2) / //
i — L
0 5 10
S
Lineweaver-Burk Plot $:-0.1,0.11..3
40 T
As we increase p, the Lineweaver-Burk plot has
the same intercept with the coordinate axis but an
1 . )
v(s.0) increasing slope.
1 | //_
Y'£5v0-05) 20 P
.
v'(s,0.07) P
L
0 10
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Solve with an equilibrium assumption for the first step only. -- Incorrect.

Given
1. dp/dt=rate=v v=K o-ES— k oi-P-E
2. Conservation of enzyme species  E o=E + ES

k :
3. Equilibrium Assumption for the first step: £=E
kq ES
o O
1ry \
Find(E,ES,v) >| EqgKk B -
ind(E,ES,v 0"17y
\k 1r4r k 1S>
. <k 1:SK o= K 5Pk 1r>
0 \
] <k lI'Jr k 1'8/ |
/ Kirkor \
Eg koS-———P
EorlkakyS karPhyy S
k 1r+ k 15 k 1r
kq
Thus, the above form is transformed into the Michaelis-Menten form by defining:
k 1.k k
1Ir® 2r 1r
VmsTk2Eo  Vmp=T K Eo Km‘r
1 1

Vi(s.p) = VmsS— VmpP <« This equation, capturing only part of the product dependence,
P is not the same for as before! Thus, it is not as general.

Kmts
Normal Rate Plot s =0,0.1..10 Lineweaver-Burk Plot $:-0.1,0.11..3
! |
o 40 I
v'(s,0) - //////
N / > _ 1
vi(s.1)05 I // I v'(s,0)
vi(s:2) / 1 ]
[/ V'(s,0.05) 20 L
ol ' 1
0 > lo v'(s,0.07) e
¥ L
=
The general behavior of the plots are similar, but not 0 5 10
quite identical, to that derived from the quasi-steady 1
S

state assumption.
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Solve with an equilibrium assumption for the second step only. -- Incorrect.

Given

1. dp/dt=rate=v

2. Conservation of enzyme species

3. Equilibrium Assumption for the second step:

Find(E,ES,v) =

v=0

Eokop—
0 ”(kmp+k2>

Eo

\
(karPiky)
P

Ko

0

v=k ZES* k ZrPE
E g=E+ES
Kor_Es

k, EP

Hmm... This result is expected, if the product formation step is in equilibrium, v=dp/dt=0

automatially. Thus, an equilibrium assumption for the product formation step leads to

nonsense.

Now, we change the definition of v to be v=-ds/dt

Given

1. -ds/dt=rate=v

2. Conservation of enzyme species E y=E + ES
Kor_Es
3. Equilibrium Assumption for the second step: k—=ﬁ
- - 2 *
Eo
2 Pk
\ar t 2>
Find(E,ES,v) > | Egk P
ind(E,ES,v 0" ar \
<k ZrP + k 2/
(krsszr@
k 2'E 0'—
i <k2rP+k2>i
k
, EglkoS- ﬁ-P
V_kZEO\kIS—kzrw_ k1
k 2 +k 2r'P k 2 k or
+—P
kg kg
Thus, the above form is transformed into the Michaelis-Menten form by defining:
k k k
2r 2 2.r
1 1 1
V me'S— V mnP « This equation, capturing only part of the product dependence,
Vms mp _ o
v*'(s,p) = is not the same for as before! Furthermore, at equilibrium, v=0
KmtK p'P

leads to p/s=v,{/V,=K; Ky/Ky,, Which is incorrect.
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Mechanism: A Series of Reversible Reactions.

kq ko k3
S+E ES EP P+E
Kir Kor Kar
Given
1. dp/dt=rate=v v=K o-ES - k o-EP

2. Conservation of enzyme species E y=E+ ES + EP
3. Equilibrium and Quasi-Steady State Assumption for ES: K 1-S-E+ k -EP — k 1-ES— k o-ES=0
Equilibrium and Quasi-Steady State Assumption for EP: k o-ES+ k gp-P-E ~ k o-EP — k 3-EP=0

We have four equations, and we can choose to solve for four unknowns -- E, ES, EP, and v.

Find(E,ES,EP,v) =

(kork gt kgkqp+kgky)
Ok Skt korkarPkgPk g KarPkp t Kork 1S+ Korkgp+kgkyS
<k3-k 1:S+ Kopk 3P+ kopk 1-s>
o (k5K + Kork gpP e KgrPrk g KgrPrk o+ Kok 18+ Kk gtk gtk 1S
kySky o kgrPky o kgrPky): =0
\ <k 1:Skot+KopkgPtkgPkytkgPkotkorky:Stkoy,

(kokgkyS—kqpkorksgyP)
0/
\k 1Sk 2+ k 2rk 3r'P+ k 3rpk 1r+ k 3rPk 2+ k 2rk 1'S+ k 2|’k 1|’+ k3k 1S

Thus, the last row is the analytical expression for v.

v=-E

( \
kokgkyStkyrkorkgP)

07 \
(kpk1S+korkgrP+kgrPkqp+kgrPkprkorkyS+kopkgrrkgkyStkgky+kgky)

After collecting like-terms and some rearrangement, we have:
Kikoks . Karkorkar

V=

kp(kprkgrky) O k1-<k2+k3+k2r>'

(karkortkqrkgtkykg) kar(kqt kot ko)

+5+ \
k1-<k2+k3+k2r> k1-<k2+k3+k2r/

Thus, the above form is transformed into the Michaelis-Menten form by defining:

v = Kikoks £ v, = Kirkorksr
ky(kprkg+ky P ky(kprkg+kyl
Km=<k1r"‘2r+k1r'k3+k2"‘3> =k3r'<k1r+k2+k2r> _ Kokaks
kq(kgtkgtkoy) P kq(kg+kgtkoy) " krkork gy
v e s- 2!
v=M or v=M <« Exactly the same form as before.
Km+s+Kp-p Km+s+Kp-p
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kqptkgkyStkgkyrkgky)






