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STEADY STATE ASSUMPTION

[Sol

(S] [P]
PHASES OF AN ENZYME
CATALYSED REACTION:

Concentrazione

(Elr = [E] + [ES]

1) PRE-STATIONARY PHASE
(PRE-STEADY STATE)

(Ely
2) STATIONARY PHASE
(STEADY STATE)

(rapid or dynamic equilibrium) |




Michaelis — Menten Equation
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Enzyme inhibition can be expressed in a general way
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Enzyme inhibition can be expressed in a general way

ACTIVE
ENZYME-SUBSTRATE

FREE ENZYME COMPLEX
Ks Kear

S

INACTIVE INACTIVE/ACTIVE
ENZYME-INHIBITOR depending on B (0<p<1)
COMPLEX



“SIMPLE” OR “LINEAR” INHIBITION

WHEN B = 0
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It is a complete inhibition since the enzyme has no catalitic
activity when saturated with the inhibitor (B = 0).

Linear in reference to the linear dependence of the apparent
values of K../Vax and 1/V,4x on the inhibitor concentration.

Depending on the value of o, we have different types of “simple”
inhibition: competitive inhibition, noncopetitive inhibition and
mixed-type inhibition
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COMPETITIVE INHIBITION

» When a.=00, we have pure competitive inhibition;
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FEATURES OF COMPETITIVE INHIBITION

S
E =S ES < S E+p
A S
I\?I
v
|

» apparent K¢ (or K,,) depends on [I]

» Vyax is independent of [I]
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The initial velocity equation can be derived from the
rapid equilibrium assuption.

v = kcarlES] K = LE][S] E % ES — >E+P
[ES] | \ﬂ,l
v kearlES] o E] ‘
[El,  [E]+ [ES] + [E]] ' [EI] E|
[s]
Ks 1S]
T ST v =Vmax
IR A ¢ (1+E)Ks+[5]




Understanding of inhibition model and determination
of K, by fitting the M&M equation to saturation curves
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The fitting yields values of apparent K,; and Vyx
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PLOTS OF Vyaxapp AND Ky, VS|[I]
determined from fitting of saturation curves
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The outdated and inadequate use of the reciprocal plot
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REPLOTS OF SLOPE AND Y-INTERCEPT
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NONCOMPETITIVE INHIBITION

The inhibitor has no effect on substrate binding and vice-versa

E «3'(8 > ES —2—> E+P
S

A
| I I |
Ile ) K
v S
\_° Bkcar
El| «<>—ESI > E+P
S

» When a=1 and =0, we have pure noncompetitive
inhibition;
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E] MODEL 1

[ interferes with the conformational change that alligns C but it
has no effect on binding of S



~ MODEL2

/./LW
K ‘ ' = — E+P
)

» I cannot bind to ES

» S binds to EI forming an inactive ESI complex

Pagina 22



MODEL 1 MODEL 2

S S
E<—7—ASKS—>ESL>E+P E SKS ES—2— E+P

I

S
El ESI El «—=—> ES|
S

S

» The properties of models 1° and 2° are identical when the
same four species are at rapid equilibrium

» At any [I], an infinitely high [S] cannot drive all the
enzyme to ES; (a portion of the enzyme will remain as the
non-productive ESI complex). Therefore, V, ., in the
presence of inhibitor will be lower;

» The Ky (K) value will be unchanged, since E and EI have
equal affinity for S;
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A 3" MODEL is possible, in which | sterically hinders binding of S
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F <———ES —2 >E+P

\ 4 \ 4
El ESI

This is a situation that could be either at rapid
equilibrium or at steady state and still give the same
equation as model 1 and 2
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The initial velocity equation can be derived from the rapid

equilibrium assumption.

. _ [EIS] _ [N

The equilibria are: [ES]  [ESI]
Tk _[EIIT  [ES]I]
E <—7—48—> ES —— E+P Ki =5 = TEsT
| I | |
Y
Tk 4 _ Ks
e el ™ T, T T
v = keyr[ES] 3 S]
v = Vmax ] ]
Ks(l -I-E) + |S] (1 +FI
vo_ kcarlES] Viax [S]

[E]e ~ [E]+ [ES] + [EI] + [ES]] ”:( M) (Ks + [S])
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PLOTS OF INTERCEPTS (1/Vyaxapp) AND SLOPE (Ki,a50/Viax )
(obtained from fitting of hyperbolic saturation curves) vs [I]
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LINEAR MIXED-TYPE INHIBITION

£ S S s Eup

S
| | | l/|
K oK
S aKg v "
El «———ESI Y, £,p
S

» When 1<a<oo and =0, we have a /linear mixed-type
inhibition that may be considered as a mixture of pure
competitive and pure noncompetitive inhibition,

» 1 affects both Vy;,y and K, values




The initial velocity equation can be derived assuming rapid

equilibrium conditions:

v = kear[ES] K, = l[igg] oK = [I[E;]S[g]
v kcarlES.
[E]l, [E]+[ES] + [EIl + [ESI] E100] (ESI0)
- KI — ) CXKI =
LS] [E]] [ESI]
v _ KS
kear[El, ST, [1] |, [1[S]
CAT [ ]t 1+ KS + KI + aKSKl. VMAX [S]
V= —
(o), o)
" Ks 7y T [S]
1+ -2
( “KI)
N S]
— VMAX
U u
Kg (1 + FI) + |S] (1 + CI_KI) _—




ALLOSTERIC INHIBITION CAN MANIFEST
ITSELF AS
LINEAR MIXED-TYPE INHIBITION

THE CASE OF PNP OXIDASE:
ALLOSTERIC FEEDBACK INHIBITION
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Pyridoxine 5’-phosphate oxidase (PNPO)

o)

H
(0] T OH (or NH,) (0]
I N PNPO I N
-O// \O | N / T -O// \O | X (+ NH3)
0 = \' 0 =
N N/

H* FMN FMNH,

H
PMP or PNP >< PLP

H,O. (6)
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K Kear
E «<—=—ES > E+P
A S
Pl-P PP
A (oK
S
\aKM
The inhibitor (P) only binds to
PisboundatanS S is bound at the the aIIosteric Site' ThIS iS
allosteric site active site because the aff|n|ty for the
allosteric site is much
greater.

Once the inhibitor (P) has bound to the allosteric site its
affinity for the active site is even lower, so that only the
substrate can bind at the active site, forming the PES
complex, which is inactive.
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COMPLEX INHIBITION SYSTEMS
in which 0<B<1

Also called

“PARTIAL” INHIBITION SYSTEMS
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In this cases B#0

PR GNP RS
S
| | | |
K oK,

S
aKg
F| «<—=—ES|I_f* | ,p
S

The inhibition is PARTIAL since even at an infinitely high [I] the
velocity is not zero.



A general Initial velocity equation can be derived
assuming rapid equilibrium conditions:

v = kcar|ES] +Bkcar [ESI]

vo_ kcar|ES] + BkcarESI]
|E]; [E]+ [ES]+ [EIl + [ESI]
» st o LB IES)
v kCAT K [E] + ,BkCAT aKSKI [E] [EI] [ESI]
Ele 1)+ g1+ Wig + LB g
v = Vimax 7] = 7]
Is],, g 10)iS] Ky 1+_'—+[S](1+”‘_"4
v K P aKK, (1+L) (1+ﬁ_1]



oo (14 10)
VMAXapp = Vpax (1 . Z[LZ) KSapp Kg (1 . iiljl)

The inhibition is PARTIAL since at an infinitely high [l], the
velocity equation reduces to:

[S]
CIKS + [S]

v = BVuax
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PARTIAL COMPETITIVE INHIBITION

(1<o<oo and B=1)

S
E s Es 5 L E4p
A S A
N A
v S\aKS v K
El <—ESI——EI+P
S

» ES and ESI complexes both yield product with the same k¢

» Vuax is unchanged but K, ,, varies from Kg to a limit of aKs as [I]
is increased from O to infinite
» v cannot be driven to 0 by increasing [I].
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The moonlighting RNA-binding activity of cytosolic serine
hydroxymethyltransferase contributes to control
compartmentalization of serine metabolism.

Guiducci et al. (2019) Nucleic Acids Research, 2019, Vol. 47, No. 8

O
| -
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) :
H—O — CH
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Hzc\-._.C/COO WI o leloH —< />—UZ— N —ClH
I \ |
NH, " €o-
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H,0
H,0
i
N_ N =0
HN__~
H N 2N
¢ + HN s (':H
NH Il I / |
S 0 HC—NIO—\\ >/—@—N—C|IH
H CO
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glycine 5, 10-CH,-H,PteGlu



At saturating [L-Ser] concentration, no free enzyme
is present and the enzyme mainly exists
as the E-L-Ser complex

E-Ser + THF = E-Ser-THF —— E + Gly + CH,-THF

This system can be treated as a one-substrate system

E+S—/——ES ——— E+P
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Fixed saturating [L-Ser] 10 mM tRNA uM

0. e 0
e 0.11
0.4 e 0.221
o 0443
2...0- e 0.887
= o 177
0.1
e |
0.000 0.025 0.050

1/[THF]

» Vyax is constant as in pure competitive inhibition
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0.15
. 20.3 uM THF

< . 407
£ 0.10 . 813

£
z
3
7]
o]
< 0.05- .
;“_

0.00 . . . . . . r

0.00 025 050 0.75 1.00 1.25 1.50 1.75
[tRNA] (uM)

» At constant [THF] (constant [S]), as [I] is increased to
infinity, the velocity of the reaction cannot be driven to zero
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400
300+ ’
Ks =26.2 +/- 6.4 uM
200~ oKs = 401.8 +/- 22.1 uM
aKS

100+ a=15.1

/vOC : : .
0.0 0.5 1.0 15 2.0
[tRNA] (WM)

» MOREOVER, as [I] is increased from 0 to infinite, K

sapp INCreases
from K to a limit of aKg (hyperbolic inhibition)
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K

E+S +—— E-S

|

FeR + S —= EeReS — = .E.R + P

Keat

"E+P

+R OCKH+R
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PARTIAL NONCOMPETITIVE INHIBITION

(a=1 and 0<pB<1)

E < iKS > E+P

I I I I
Y~ \IZ

Ks

S A 4
El <——=ESI—<  E|+P
S

» ES and ESI complexes yield product with different k., (0<p< 1);

» Vyax decreases in the presence of I. K remains the same.
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v (UM min1)

Ks=1M K=1M
a=1  p=0.2

trt et

[1=0uM
[11=0.5K,,
[=1uM
[1=3uM
[1=5uM
[1=10 uM

05 0.0
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PLOTS OF Vyax AND Ky, Vs [1]
determined from fitting of saturation curves

“— 1/Vyax is not linear

(] (uM)

(1] (uM)

does not go to 0 (BV y4x)

(5 1 1 (k)

V =V =
MAXapp MAX (1 R [1]) Vuaxapp Vmax (1 4 ﬁ[l])

K,
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PURE NONCOMPETITIVE INHIBITION

0.6- 0.8
1/Vpax is linear
g 0.4-
©
=
£
2 0.2
0.0-
[1] (uM) Goesto 0 01 (uM)

PARTIAL NONCOMPETITIVE INHIBITION

1/Vyax is not linear

L) S ——————————— +-}1.0 0.4 0.5
-0.8 0.3 -0.4 =
10 g 5
g 06 = ® 0.3 *©
e . 2 g0.2 §
g 2 = o
> 0.4 © - F0.2 o~
5 0.1 8
— 0.2 0.1
0.0 1 T T 1 T 1
0 . : . . —-0.0 0 2 4 6 8 10
0 2 4 6 8 10 [ (uMm)

M (uM) Does not go to 0 Pagina 53



HYPERBOLIC MIXED-TYPE INHIBITION

(1 <o<00; O<[3<1)

S
S Kear
E «<——=—ES > E+P
A S A
N RN
K ak|
v 9( R
EI < > )ESI BKear S E+P
S

» The binding of one ligand has effect on the binding of the other;

» Vuyax decreases hyperbolically in the presence of I. Kg,,,
increases hyperbolically from K to aKs. v cannot be driven to 0
by increasing [I].



v (uM min)

Ks=1M  K=1M

a=5 p=0.2
10 - []=0puM
- [=0.5K,,
d - []=1uM
6 = [[][=3 uM
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4- —— []=10 uM
— S| —+ [=15uM
V== > []=0uM2
0 T 1 1 L 1
0 2 4 6 8 10
[S](uM) aK
Vimax —° 10
4- <
- 83
E:'L 34 —- Vmaxapp é”
\_é - Km -6 =
0 2- =
X 3
1 =
/0

[1] (uM)

IIIIIIIIIIZBV
0 2 4 6 8 10 12 14 16 18 20 MAX
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@® 1/Vmax

1.6+
0201 1/Vmax is not linear ~e~ Km//max
E - P
£ g 1.0 2
= x .
= £ 0.15- 2
= = 0.5 %
©
©
0.10 Ku/Vuax is not linear
-1.0 -0.5 0'0 0.5 1.0 - I T T T T T 0.0
0 2 4 6 8 10

1/[8] (uM~)
(] (uM)

@® 1/Vmax
-o- Km/VVmax

ddEXELU/\/ddEWM
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THE PECULIAR CASE OF THE
“PARABOLIC INHIBITION”

When 2 molecules if inhibitor bind to the enzyme

SITE-SPECIFIC MUTAGENESIS EXPERIMENTS ON THE
ALLOSTERIC SITE OF E. coli PNPOXx
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Pyridoxine 5’-phosphate oxidase (PNPO)

o)

H
(0] T OH (or NH,) (0]
I N PNPO I N
-O// \O | N / T -O// \O | X (+ NH3)
0 = \' 0 =
N N/

H* FMN FMNH,

H
PMP or PNP >< PLP

H,O. (6)
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IN THE WILD-TYPE PNPO ALLOSTERIC
FEEDBACK INHIBITION MANIFEST ITSELF AS
LINEAR MIXED-TYPE INHIBITION




>

1
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©

RN
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o
o
o

Initial velocity (UM s

[PNPo1] (M)

[PLP] (uM) [PLPT (uM)
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ALLOSTERIC SITE “ARGININE CAGE”

Barile et al. J. Biol. Chem. (2021) 296 100795 Pagina 64



R23L/R24L “ARGININE CAGE” MUTANT
PARABOLIC INHIBITION

Initial velocity (uM min™)

{OHH

[PNP] (uM)

[PLP] (uM)

Parabolic behaviour

P S
EP < E s ES —2 > E+P

P}-P

7K

P

=]

P

P
Coplex with 2 inhibitors bound

—~P

v

S

PP
oK,

SaKM v BKear
—=—> PES > PE+P

PE <

S
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0.020

R23L/R215L “ARGININE CAGE” MUTANT

0.015+

Initial velocity (uM min-1)

0.0104 &

PLP °
PLP 60 °
:
S 40-
zé 20-
50 100 150 200 250 R A
[PNP] (uM) [PLP] (uM)
P Ko
P
F’\ P PP P[P
7K, K| oK
v P K K Pk
y aKy, CAT
PEP «—=—> PE <= PES ———> PE+P
P S

12000

~9000

~6000

~3000
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“ARGININE CAGE” R23L/R24L/215L MUTANT
COMPETITIVE INHIBITION

= 0o O 5 Q ©—1000
£ £
% ‘_E - -750
g g-'é 12 -500
_TE é 6 -250
IS q
T 5 &5 s = 15
[PNP] (uM) [PLP] (uM)
F{K SK k
X CAT
EP < > E <_47_M—> ES > E+P
A P A S A
PP
N P«|}-P PP
/K K, ak|
v P v S v
K, aK BKear
PEP <= PE <= PES > PE+P

P S Pagina 67
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