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AG - 209K, 1atm, 1M
AG? (biochemical free energy change) - 209K, 1atm, pH 7.0

Catalysis by ENZYMES

Lessaccurate
+

+ More accurate. Resembles transition

state

® Induced fit model

Class: Ligase
Subclass: synthetase

Hexokinase (ifctor v

(®) After glucose binang

Hexolunase
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Contributors to AG*(Ea)
o Changeinentropy
o Solvationshellof H-bonded water
o Distortion of substrates
o Alignment of catalyticfunctional groups

Benefitsof bindingtoanE
o Entropyreduction
o Alignsubstrates and reactive functional groups
o Desolvation

Mechaelis-Menten

V, = Vo[ 8] Vo= initiod fad'CA/(JDCH"j
K t[s]

Assume steady state
Steady state: refers to analysis of initial rates
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The Kinetics of Enzyme Catalysis

k & s
E+S =~ ES * EP X E+P
k., k. &

the simplest enzyme catélyzed rxn-
single substrate < single product

To simplify even more, assume:
1. ES and EP are identical, call ES
2. Reverse rxn, E + P — ES. is insignificant
k

k ;
E+S — ES — E+P
-1

Vo=, [ES]

[Et]=otel ergyme CaCenrection
Free enzyene [z, ] - [ES]

Considerthatatvery high [S], [ES] is negligible to [S].
Rate of [ES] formation = k1([Et]-[ES])[S] ) ) )
Rate of [ES] breakdown = k.1[ES] + ka[ES] Need toknow how to derive thisequation

[ES] is constant since we are assuming steady state
Ka([Ed]-[ES])[S] =k-1[ES] +k2[ES]

Solve the equation

K1[E][S] - ka[ES][S] = (k-1+k2)[ES]
K1[E{][S] = (k-1+ k2)[ES] +k1[ES][S]
Ka[Ed[S] =(ka[S] +k1 + k2) [ES]
SOLVEFOR[ES]

(esi= k [EI(S]
b [STak_+k,
(eg- [EJls]
DL
b, -k, D/
(Es) =[£.JIST

[s]+k..
\, = (6] \, =k, [ES]
k, [ST+,.
Va =_1$7_£Ell[§l \/Max:kz[Eﬁ]
Kt [s]
Vo= Vinex [S_)

Ko +[5]
Whew V, =V

l
Vimax = __m\/ &ES]
Z K.+

lLimitatinne Afmirhanlic mantan Annniatian.
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Z klm + [S:] Limitations of michaelis-menten equation:
\v K 1. Doesn'tshow us how many steps
Sotve [N Doesn'tshow usrates of each step

K""‘ +£s) =z ZESJ 3. Doesn'tshow uswhatchemistryisinvolved

K= [5]) when Vv, = %_\/\rvmﬁ

N

Calculations based on Michaelis-Menten coquation

I the enzyvme phosphatase has Ky = 2.0 = 10 M and its substrate p-nitrophenyl
phosphate 15 present 2t 5.0 = 107 M, find the rate of reaction ai as a fraction of V.. and
by i Vo = 5.0 = 107" B &7

o) calculating v, a5 a fraction of V.. 1‘f B [S]
";I'."-':."'. EM N [5’]
5x10”

0.7l
b caleulating ¥. for & given valug of Ve = 3.0 = 10°* M 57!
Vo = 0.71 X Vi,
V, =01 x50 Ms™
53.5%10°F Mg

I glucosidase has Ky = 6.0 % 1077 M, what value of [8] 15 needed 10 get a) v, = 0.75 Vi,
By v =40% 107 M 57 given Voo = 20x 100°M 5

X [s] b o0’ (8]
b A 2.010% K, + [S]
0.75(E, + [Sh=[5] 0.200(K,,+ [S]) = [8]
0.75K,, - 025[8) 020K, - 0.80[5]

[s] 3Ky
(] 18510 M
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IF[S] = 0.5 Kw, what 15 v, expressed as a fraction of Ve?

—_

w6
5K
K. +0.5k.
033 Vpex

If%% / vimax = 0.86, what is [S], expressed as a multiple of Ky?

136 (s)
K.+

$6(K w+(s3) 7S]

=71 k\h
Double reciprocal plot (Lineweaver-burk plot)
1/v,
Slope” K ' VA
Voo v = Vo [S]

S1-05K,. \7:/ VL]

meaXX
5 l d k\m 41
S) = —
(] Kn V,  VidS] Virer
f¢ _1/Ky, 0
v 1/(8]

Figure 14-9 A double reciprocal (Lineweaver—Burk) plot.

ll' newLtove, - burk e G ation
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