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ke ks
E+S«—->ES->E+P
-1
E =enzyme S = substrate P = product
Full reaction kinetics for this system:
d[E] d[ES]
~r = ~RlElSI+ k_a[ES + o [ES] —7= = i [E]IS] = k_1[ES] ~ ks [ES]
d[S] d[P]
— = ~ka[E1[S] + k-4 [ES] 5 = kalES]

Approach 1: quasi steady-state approximation for ES

d[ES]
7t~ 0= klE]lS] = k1 [ES] — ko [ES]
Using
[E] + [ES] = [E], = const - [E] = [E], — [ES]
Substituting in above for [E] and solving for [ES],
kilE]olS
5] — —alElols]
_[ELIS]
[S]+ (k_y + k) /Ky
_ [E1oIS]
[S]+ Ky
where we have made the definition:
k_i+k,
Ky=——F—
M k,
Now compute the rate of product formation:
_dp
T
= k,[ES]
_ ka[E]o[S]

[S]+ Ky



Make the definition:

Vmax = k2 [E]O

Then the rate is given by,

5]

U = VUmax

[S]+ Ky

Approach 2: rapid equilibrium approximation for E + S < ES
Assume that substrate binding is in equilibrium with the reactants. Then,

ES] ks
[E1IST ks
Solving for [E],
_ k4[ES)
A
Combining with the mass balance equation [E] + [ES] = [E],,
koalES] [ES] = [E]
ka[S] B
Solving for [ES],
5] - LELS
ST+
If we now define
K, = 1
T
Then,
_ [E]olS]
BT = {51+ K

And the remainder of the derivation proceeds as before.

Therefore the quasi steady-state and equilibrium approximations lead to slightly different
expressions for the Michaelis constant K,,. For reactions that are rate-limited in the formation
of the product, k, < k_;, the two approaches are roughly equivalent.



