Derivation of the Michagli

Derivation of the Michaeli-Menten equation describing the kinetics of enzyme-catalyzed
reactions.

KEinetics Hand ot

1. cooventians
Suppoae you have a reaction:

kg
¢ (1}

Ky

In distussivna of enzyme kinetlics 1t i3 usually aszamed that the raaction
ip irreversible becagpe B iz removenl and go the reaction is wguelly written:

A

kI
5 we— P (2}
E= gtarting matarial [(or substrate)

Fw product
k1= rate constant for forward reacklom

2, Rata of Uncatalyzed Reaction
For an uncatnlyzed raacticn
Eate of reaction = Vv (for valocity)

= reta of S disappearanca
= rate of P formation (the way the rate is usually

ueaaured experimentally}
= k; 5] (by Law of Mass hction) (3)
. e 'U" in pr:lpurtiunll tn [5] for all vwalua af [5]:

v

£
3. RERate of ao Enzyme-Catalyzed Reaction
ne ivzad ==

For an enzyme catalyzs
¥ is not propoztional to [S] at all waluma of [§); for a fixed enzyme
concantration {E.) the relationship of ¥ te & looks lika this:

v

ﬁlﬂu—?'nnt [ tn[ﬁ][h&cauue enzyme oonc. iz limiting)
') £
/3 arg
[s]+

To darive the formula that relates V¥ to [s]lnd Eo, (enzyme cnncmtzatim} it
iz necessary to make four assumptions.
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r 13
tions;
1. % whzyre (E} forms a complex {EE} with the subatrate (£1:
k1 '
E 4 [ ——— T E = anzyms
L ES = complex (4}
| 4
2

The conplax decomposes irrevarsibly te form the product:

k3
ES sy P {5}
Combining assumptions 1 apd 2 the overall reaction becomss:
E+ 5 = g -y {6}
<
k! -

The foarmation of the complax {(E + 8 ———p EH] is tmuch fasxtar than the
daccmposition of the complex (E5—3P) so rx (5] is ratm limiting. This
assumpticn ig eguivalent to the statement that the rate of the overall
reaction is proporticmal to [ES] and ngt to [E] amd/or [E].

Tha reaction (E + §——> E5—a F) runs ip a steady state sc tha con-
centraticn of ES is congtant.

Putting all thoss amsumptionz together® produces tha following agquation]

- kg + Ky - E_ = initial enzyma comcentration

—_ - ir)
k, +{5] '

Tg gimplify this equation (and for varicus other reasons) tha 2 guantities
Vopax 804 Fn are defined:

Vpax = K21E,)
k: + k3
Ka - X3
vhan thess ere zubstitutead in equatiom 7, it becomesa:

Yax [£] (63

Yoax
L
¥m {3A or Michaslis-Manten sguation)

i

* gem

lagt page for derivation if you want to know the details

http://www.col umbia.edu/cu/biol ogy/courses/c2005/handoutsmmderiv.html (2 of 4) [9/3/2008 12:07:34 AM]



Derivation of the Michagli

LI

Irportant pointy $0 notice about the M.M. equation {(8A)
1. ¥ ia proportional to LE] a¢ Eg]g; Ko
2. v ig indepsndent of [E] at [SF)! Km
3. ¥ = Vpa when (5] = Ep

] . .
g yourself of these points by substituting the asprooriate values in
tmﬁm j{rﬂh} and by msulﬁinq the graph of ¥ vs & on the bottom of g.1)

4. Significance of B, V., aod K3

Vox ™ speed of reascticn at [B] = =

Vogy /< ™ gpeed of reaction when [5] = Ky

X3 = tornovar t of tha sanzyme
= the maximuom # of moleculss of substrace convertad per
molecule of anzyme per sacond

when ky, k3 are wuch greatar than k3 (ses assuption 3)
" = k2
k1

- Kq
= dissociztien ecmetant for ES

*or EE_‘_B + 5

s0 the lower the K, the h:i.qhef the ability of the snzyme o bipd ltx substr

5. Datarmination of Vp,, &nd Ep

Tha Michaelis-Msnten egquation can be rearranged to give:

1. (h)(;),, 1 Lineweaver-surk, squaticn
m -

v Vg 5/ Vmay
This squation repressants m plot of 1/v vs 1/3 which ia & straight lins
with gsloba = Ep/Vpa, and y intercept = I/Vmpy (and nled X intercept =
=1/Epyl - v )

v

"}‘f{ K’,“,

] [] )
+ « The usual way o f£ind a V ﬂfasné,f’ur Em is to measure V at Ziffsrent
valuax of &, plot L/v vs 1/x &% Linewsaver-Burk plot} and read the
valusd 0f 1/Vpay (¥ intercept)s -1/FK; {® intarcapt) off the gceph.
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*Darivation of Michaelizedenten equation

- S} (E) = R, (EB} = k,(ES}
MEEE] Ky iSHe L 2 ) by iaw of mass action

aies) . by assumption &
T [+
3 Om kl (3) (E) - kz(ES’ - ka (ES}
(B¢} = (B) + (ES) = totzl enzyme copcentration

o (E) = (Ee)l ~ (ES)
pubstituting for (E] and rearranging

(E8)mk1{Es) (5)
1 + Ry v Ry

v = GOF = k3(ES) by asswmption 3
it

substituting the value for {ES)

T mky -~ kl}E-){SI
kl (s) + kz + k3

which gives egquation 7 when rearranged
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