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Induced-Fit Model

L &3 .. causing a conformational
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The data below was from an enzyme activity
determination.

1.[S]3 v M ——————— - v =10.4 v mol/min
2.[S]5 b M ——————-————- v =14.5 p mol/min
3.[S]10 v M ———————-——- v = 22.5 v mol/min
4.[S]30 uM —-————-——-- v = 33.8 1 mol/min
5.[S]90 v M ————--—--—- v = 40.5 1 mol/min
Question:

a). what is the value of V,, and K_,?
B). make a double recripocal plot (Lineweaver-Burk)
1/v vs 1/[S].
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Pl (competitive inhibitions)
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where V, =k,[E,Jand K! = K;n[uK— .
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The net effect of competitive inhibitions is an increased
value of K/ opp with reduced reaction rate, but same

maximum reaction rate.

Furthermore, the competitive inhibition can be overcome by

high substrate concentration. a4
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Plots on Non-competitive Inhibitions
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The net effect of non-competitive inhibitions is a reduction

in Vm,appwith same Michaelis-Menten constant.

High substrate concentration would not overcome non-
competitive inhibitions. Other reagents need to be added to
block binding of it to the enzyme.
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With similar equations and derivatives as before,

< _ LENS]
[ES]

[Eo]=1E]+

V=K,

« _ [ESIOI]
[ESI ]

ES]+][EI]

ES]

Vi aop [S]
Krgw,app T [S]

we can get, V =

\ :
Vm app 5 Km,app -
where | [1 N [l]) and (1 N Ll])
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Plots on Uncompetitive Inhibitions
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Obviously, the net effect of uncompetitive inhibitions is a

reduction in both K, . and V) .. and the net result is

a reduction in reaction rate. -



KA1 (Substrate Inhibitions)
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With similar equations and derivations as before,

_[E]ls] P _[E5][S]
[ES ] I [ESS ]

AW FEAR _K.[E5] _[Es]1]
/]‘ 51 7k

[E,]=[E]+[ES]+[ESS ]

K

[E,] Then, _ V
[55]:1+K'"l+[5] we can get ! Ko +1+ (51
[S] K ger, [S] K,
v :k+2[E‘5] B |/m[5][5]2

Vi = K,.[E] NNk, =V /[E,] Ksr



Discussions about Substrate Inhibitions

« Low substrate concentration
v,  V,[5]

151 __, V= = P s
Namely E<< I-‘-hen 1+[.ksm] [5]+Km or ;_l/m-l‘l/m[s]

The origin Michaelis-Menten equation obtained, thus no inhibition
observed.

« High substrate concentration

| Vo 1 1 [S
Namely [/;—'"]«1 , then V=W or 721/,,,+I/,E/<5]I
Ksr

The inhibition effect is dominant.
« The substrate concentration at which the maximum reaction rate

achieves can be obtained by setting % =0, and we can get,

L
v =

When [5]max = K/r’:KSI d " 2 Kﬂ,?
Ksr

LN
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Plots on Substrate Inhibitions

v
- Substrate Inhibition L4 . substrate Inhibition
+ Substrate Inhibition + Substrate inhibitio:t/

i Yz

o
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At low substrate concentration, the rate expression approximates
to the Michaelis-Menten equation, then the curve in double-
reciprocal plot is parallel with the linear line denoted the instance
without substrate inhibition.

Similarly, at high substrate concentration, the curve in double-
reciprocal plot is in hyperbolic mode.
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PP (product inhibitions)
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With similar equations and derivations as before,

VinlS]

V =
K 1+ [P])+[S]

Microenvironmental substrete concentration {B)
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hexokinase
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Hexokinase: Left: without glucose (shown the Glc
binding pocket) ; Right: with glucose
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Fig. 8-3

Oxygen Binding and Unloading

Oxyhaemoglobin Deoxyhaemoglobin
Mol weight: 64 460

Increasing H (P2

Increasing 2,3 - DF
Falllng =

Increasmg P,
zO

™

3t

0.
Relaxed binding structure Tight binding structure
Marmal axygen binding capacity (20 kPa) 1.34 ml STPD g (thearetical: 1.39)
One mol of gas has a STFD volume of 224 1. Thus, 1 g of haesmo-
globin in theory binds: (1/64 460) *4* 22400 ml STPDg") = 1.39ml O, g".
Arterialized blood contains: 1.34* 149 (g1™) = 200 ml O, STPD ™.
KM

MeTE A
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> Allosteric Enzyme

The rate expression:
d[S]_ VST
dt K +[5]

where n is the cooperativity coefficient(4» @ % £), and
n>1 indicates positive cooperativity. (1—3.2)

v = Hill J5F%

By rearranging, we have,

In

v
=n-Inf8]-InK/
vV —v n-inf[S]-Ink;

e, MerfEH 2.53
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Plots on Allosteric Enzymes<
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For CASE I (Ionic Enzyme):

The reaction scheme is as follow:

E- + H*

g

EH + S
+

K.
L EH5£> EH + P

He Where the meanings of the denotations are:
« EH: active form
Kl“ « E-, EH,*: inactive form
EH,* . E-: deprotonation form

« EH,*: protonation form
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With similar analysis and derivations as before,

, _[EH][S] _[EH[H ] _[ETNH]
-7 775 R -7
[E,]=[E 1+[EH]+[EH,)]+[EHS ]
v = k[EHS ]
we can get, v = VnlS]
Kn;,app + [5]
: : K [H "]

h i 2

where /(m,app Km£1+ TH ) + K ]
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BRI, BeATHIAE R B e 5 R He AR AR
K
E-+ H =%=EH + H* —L= EH,*

MR A o ) e R B ) o = < fE AT 45
_[EHIH ] _[EJH]
[EH, ] [EH ]

[EJ=[E 1+ [EH]+[EH,]

K, K,
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HER [E-] A [EH,*] T, RI152]:
[EH] 1

[E] [H], K

4 1L
K. [H]
o AEHVIED) o mmy
dH "]
[H+]op‘r = VKK,

1
By, pHopT L E(Pl(l + pK;)
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For CASE II (Ionic Substrate)

The reaction scheme is as follow:

Km' Kk
SH* + E ESH* ——2, E + HP*
Ky
p Similarly, we can get,
- S VyIS]
H* B
Km,app +[S]

where K’ o = TS
"]
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1. BEBOEER (LFHK).
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V:kz[E]
_E,
kzzA.e RT
. V:A.e_E%T [E]

Inv :InA+ln[E]—EaRT

[E] EMEEFHIIRE

E, 2 MiEEE (kcal/mol).
R 2Rk

T Z4MEE, AZIHET

i
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2. PRIEER (FREX).

(il ) £ AR AR )
i ) AR R TERT & — R R N8 J1 5 T R
d[£]
A=l _ g

BABRE, [El=[F] e
2 [Bo) BEIIATARIREE ky ZRTEFREL.

WAL, k — A, e i

A £, is the denaturation energy (kcal/mol).

v = Ae _E%T [E] = A[Eo]e_EaRT : e_kdf
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BI2-1: FERYIRBEIA RIS HER R R385, MBI VK BE
2mmol/L, £ 1% K%, ¥ 13 %190%, 3K & KT I T A £. .41
R T FLh

) _LS]
1+[S5]

fif: E7REIC R DS

__dls]_ [s]
o dt 1+[S]

Rf:

*Rﬁ’f%@] - [ [S,]

[5]
BEAL R H90%, BI([S,]-[S1)/[S,]=0.9, [S]=0.2

r=ln0—22+(2—0.2)=4.1min 75
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Fl2-2: BRBEEEA WANEET L, BRI R ML AT &
RN, WREEREP R, REERGENX

Km k+2
E+S <— [ES] —— E+P
+
i IREME S IR A 1R S
_[E][S] _[E5]5] K
n="1Es1 Ko = [Ess) n > K.
[ESS] —— [ES]+P
MRYEBH R T E A5
[&]1=[E]+[E5]+[E55]
RN I EIE S

_ K, [E5] [ES][S]
[E,]1= (5] +[ES]+ L., .
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[615]
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[S] K.; [S] Ksr
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4P KIE) . ki)
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S
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P R L ST AR AR, =S -
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(5] Ky

Vnax=K.2([ES]+[ESS])=k.,[E]
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fl2-3: FEEEL RN, HK =0.01 mol/L, IS iZ kNt
73110 minit, JEWWREH3.4X 105, B4I[S,])=3.4X 104
mol/L .5 E Z N FHM-MGTERR. &K:
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Two-Substrate Reactions

I. Random sequential mechanisms BEPLHLE

7]

| | 1
AQEAB"—EPQ <:l>7

[ ]
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+ +

B B K — KAK*B 4 KPAB]  KBKPA 4 KBAB]  KBAKE 4 [B))
N KAB 4 [B] - KAB 1 [B] - KAB 4 [B]
Il &2 s
EB+A —— EAB— E+P+Q
KBP'- kcat
v [A][B] I
Viax  KAKAB 4+ KAB[A] 4+ KBA[B] 4+ [A][B] where Vinax = keat[ET]
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[B] [B]
(c) (d)

Figure. Fixed substrate concentration dependence for

enzymes displaying randomsequential mechanisms:

(a) Dependence of V max on [A]; (b) dependence of K on [A];
(c) dependence of V max on [B]; (d) dependence of K on [B]} 81



11. Ordered sequential mechanisms JiFHL5
A B P Q

o |

E  EA (EAB == EPQ) EQ E

v [AI[B]
Vmux B KjAKAB + J'(‘/;AE[*"{‘J‘] + [A][B]

K;"L KA.B

kcat
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where ]"f]'nax == ‘E‘-Cﬂt[ET]
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111. ping-pong mechanisms

YA BIGA A [FBT 5BE45 5

(EA=—=EP) E’ (E'B*== EQ) E

K2 KB

ki k> ks

Kk
E+A — EA — E+B —FEB—E
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3 [A]B]

Vimae  (ka/k2) KA[B]+ KB[A] + [AI[BI(1 + ka/ k2)

v [A][B]
Vinax B EKA[B] + KE [A] + [A]|B]

i
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Vinax al{#‘l
I T
[B] [B]
(a) (b)
Vinax KE’H

[A] [A]
(c) (d)

Figure 7.3. Fixed substrate concentration dependence for
enzymes displaying ping-pong mechanisms:

(a) Dependence of V max on [B]; (b) dependence of K on [B];
(c) dependence of V max on [A]; (d) dependence of K on [A].
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