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E+S < pS —Kecat | p.p Briggs and Haldane:
k_1 * k., not necessarily << k, and k_,
« when reaction velocity is constant,
[ES] is constant or the variation of
d[ES] _ [ES] is << [S]
dt
dl ES
LES) TS - ko[]S = R[S -[ES) - k1 8] - ke [ES] -
= ki[ S| E¢] -[ES](ki[S] + k_1 + kcat)
d[ES] [E¢] k_1+Kkeat
= k E¢| =|ES|(k k k —==1
dt 0 = I[S][ t] [ S]( I[S] +K_1+ cat) [ES] + kl[S]
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(B | kK, (Bs] - EJafs] [EJS]
[ES] k,[S] k,[S]+k_; +kg, [S]+k_1 +K gy
kl
SO L I Y O ©
k 11:'kcat +[S] k 11:kcat +[S] Km+[s]
1 1
K = k—l +kcat When kcat<< k1 and k-1 Km = Ks

Carbonic anhydrase features Briggs-Haldane kinetics
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John Burdon Sanderson Haldane: Enzymes, Longmans Green & Co. London, 1930
Reversible Reactions: pp.80-83

ki k3 ks
E +S <> ES <> EP <> P+E
k, k4 kg

d[ES]
dt

= k[S]([Et]-[ES] -[EP]) + k4[EP] -(ko +k3) ES]

d[ EP]
dt

= ke[ P]([Et] -[ES] -[EP]) +k3[ES] - (k4 +ks5) EP]

Under steady-state conditions: both d[ES]/dt and d[EP]/dt =0
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Under steady-state conditions:

ki[S]([Et]-[ES] -[EP])+k4[EP]-(k +k3)ES] =0

k6[P]([Et] ~[ES] —[EP])+1<3[ES] - (k4 +k5)[EP]=0

Let us consider [ES] and [EP]:

k{[SI[E1+[EP](k 4 - k{[S]) p— k[PI[E{]1+[ES](k3-kg[P))

[ES]=
kl[S]+k2 +k3 k6[P]+k4 +k5

[ES] _kiSI+[EPVE I(kq -ky[S])  [EP] _Ke[P1+[ESVIE I(k3-kelP))
[E¢] k1[S]+k»o +k3 [E¢] kelP]+ky4 +k5 |
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[ES] _ ki[SI+[EPVIE, (k4 -k;[S) [EP] _ kg[PI+[ESVE Kk3 -kg[P)
[E] kq[S]+k», + k3 [E,] kg[Pl+ky +Ks

k[P]+ [ESV[E: k3 -kg[P
K, [S]+ (kg -Ky[S) 6[P1+[ESV/[E k3 -kg[P))
[ES]= k6[P]+k4 +k5
[Et] kl[S]+k2+k3

kl[S](k4 +k5 +k6[P])+ k4k6[P]—k1k6[S][P]+ [ES]/[Et](k4k3 +k1k6[S][P]—k4k6[P]—k1k3[S])
(k4 +k5 +k6[P])(k1[S]+ k2 + k3)

[E—S][(k4 +k5 +k6[P])(k1[S]+ k2 + k3)—k4k3 —k1k6[S][P]+ k4k6[P]+ k1k3[S]] =

[E¢]

kik4 [S]+kik5[S]+kikg[SI[P]+k4kg[P]-kikg[S][P]
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[[le:—si[(k4 +ks5 +kg[PD(k[S]+ ko +k3)-kgks —kikg[SIPT+kykg [P+ kik3[S]] =
t

kik4[S]+k{k5[S]+kikg[SI[P]+ k4kg[P]-kikg[SI[P]

[[E—S}[kﬂsl(kfs +ky +ks5)+kg[Pl(ky +k3 +kg)+koks+ksks+kokys]=ki[SItky +ks)+kykglP]
t

[ES] _ k1[SI(kg4 +ks5)+kakg[P]
[Et] kl[S](k3 +k4 +k5)+ k6[P](k2 +k3 +k4)+k2k5 +k3k5 +k2k4

And:

[EP] _ Ke[P](kp +k3)+kk3[S]
[Et] kl[S](k3 +k4 +k5)+k6[P](k2 +k3 +k4)+ k2k5 +k3k5 +k2k4

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



STEADY-STATE

[ES]= kl[S](k4 +k5)+k4k6[P]
[Et] kl[S](k3 +k4 +k5)+ k6[P](k2 +k3 +k4)+k2k5 +k3k5 +k2k4

[EP]= kelPl(ks +k3)+kik3[S]
[Et] kl[S](k3 +k4 +k5)+k6[P](k2 +k3 +k4)+ k2k5 +k3k5 +k2k4

(kiksk5[S]-kok4kg[PDI[E ]
kl[S](k3 +k4 +k5)+ k6[P](k2 +k3 +k4)+k2k5 +k3k5 +k2k4

v=Kk3[ES]-k4[EP]=

Ve (kik3k;5[S]-kokakg[PDIE¢ ] _ VK'[S]-VK[P]
kl[S](k3 +k4 +k5)+ k6[P](k2 +k3 +k4)+ k2k5 +k3k5 +k2k4 KK'+K'[S]+K[P]

With:

vo KakslEel i KokglE] o kokg +koks+ksks o, koky +koks +ksks
k3 +kyg +ks kr+k3+ky ki(k3z +kyg +ks) ke(ko +kj +k4I)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




STEADY-STATE

Ve VK'[S]- V'K[P]
KK'+K'[S]+K][P]

vo K3ksEel y_ kokg[E(] Kok +koks+ksks o Kokg +koks +ksks
k3+k4+k5 k2+k3+k4 kl(k3+k4+k5) k6(k2+k3+k4)

It [P]=0:

v VK'[S] _ VI[S]
KK'+K'[S] K +[S]

withV=V .« andK=K

At equilibrium :

yo YKISIEVRIPT o yegroygppy 112 VK _ kokaKe

- = Haldane relationship
KK'+K'[S]+K[P] [P] VK' kikj3ks
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_ kcat[Et][S] vV = Vmax[s] Lineweaver and Burk:
K., +[S] K., +[S] double-reciprocal plot
_=Km+[S]= U (Ky | 1_, 1 _,
v Vo [S] T Vo \[S] v OS]

y = +—T ex y=a+bex Linear plot, easier to handle!

X: -1/K,,
Slope: K /V,.x Intercepts <
y: 1/V

max
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The reciprocal plot features crouded points
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\"

(HM/s)

0.708
1.195
1.551
1.821
2.468
2.799
3.135
3.336
3.446

1/[S]
(MM-T)
0.0400
0.0200
0.0133
0.0100
0.0050
0.0033
0.0020
0.0013
0.0010

1/v
(s/pM)

1.4124
0.8368
0.6447
0.5491
0.4052
0.3573
0.3190
0.2998
0.2902

v/[S]
(s)
0.0283
0.0239
0.0207
0.0182
0.0123
0.0093
0.0063
0.0044
0.0034
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v vs. [S] plot
4t - y = (@a*x)/(b+x)
3 :— ‘: a= Vmax
s b= Kn
> | i
e ;

! » Points well separated
ot—— 4+ v L L * Fitting by computer
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Lineweaver-Burk plot

20 _"Illll ""I""I""I""I""_
3 ] y = a+ bex
15 | .
- i i a=IIA/max
> L 4
3 10:_ _ b=-1/K,
05 | -
I ] * Points at high [S] crouded
00:..|/.........1.........1....: * Easy fitting
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Eadie-Hofstee:

V(K +[S]) = V... [S] v=V__ —veK_/[S]

max

y=v X=VI[S] y=V, . -K,*X

X: Vaxd K
Slope: -K., Intercepts <
y:V

max

m
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Eadie-Hofstee plot

S L e e e e
) ] y =a-bex
4 -
E E a= Vmax
w 3 ;
I : b=K_ex
> 2f -
1 :
) ]  Points well separated
ol b « Easy fitting
0.00 0.04
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