
Exercise 1: Try it yourself!

Derive the rate equation for an enzyme acted on by an

inhibitor I, with the following mechanism:

ESI



Exercise 1: Solution
Bound enzyme species:

𝐾𝑠 =
𝑒∙𝑠

𝑒𝑠
; ∴ 𝑒𝑠 =

𝑒∙𝑠

𝐾𝑠
𝐾𝑝 =

𝑒∙𝑝

𝑒𝑝
; ∴ 𝑒𝑝 =

𝑒∙𝑝

𝐾𝑝

𝐾𝑖 =
𝑒𝑠∙𝑖

𝑒𝑠𝑖
; ∴ 𝑒𝑠𝑖 =

𝑒𝑠∙𝑖

𝐾𝑖
=

𝑒∙𝑠∙𝑖

𝐾𝑠𝐾𝑖

Fractional saturation:

𝑌𝐸𝑆 =
𝑒𝑠

𝑒𝑇
=

𝑒𝑠

𝑒 + 𝑒𝑠 + 𝑒𝑝 + 𝑒𝑠𝑖
=

𝑠
𝐾𝑠

1 +
𝑠
𝐾𝑠

+
𝑝
𝐾𝑝

+
𝑠 ∙ 𝑖
𝐾𝑠𝐾𝑖

𝑌𝐸𝑃 =
𝑒𝑝

𝑒𝑇
=

𝑒𝑝

𝑒 + 𝑒𝑠 + 𝑒𝑝 + 𝑒𝑠𝑖
=

𝑝
𝐾𝑝

1 +
𝑠
𝐾𝑠

+
𝑝
𝐾𝑝

+
𝑠 ∙ 𝑖
𝐾𝑠𝐾𝑖



Rate equation:

𝑣 = 𝑘2𝑒𝑠 − 𝑘−2𝑒𝑝 =

𝑘2𝑒𝑇
𝑠
𝐾𝑠

− 𝑘−2𝑒𝑇
𝑝
𝐾𝑝

1 +
𝑠
𝐾𝑠

+
𝑝
𝐾𝑝

+
𝑠 ∙ 𝑖
𝐾𝑠𝐾𝑖

=

𝑉𝑓
𝑠
𝐾𝑠

− 𝑉𝑟
𝑝
𝐾𝑝

1 +
𝑠
𝐾𝑠

1 +
𝑖
𝐾𝑖

+
𝑝
𝐾𝑝

=

𝑉𝑓
𝑠
𝐾𝑠

1 −
Γ
𝐾𝑒𝑞

1 +
𝑠
𝐾𝑠

1 +
𝑖
𝐾𝑖

+
𝑝
𝐾𝑝



Exercise 2

Reduce the above equation by 

substituting: α=1, h=1, p=0.

𝑣 =
𝑉𝑚𝑓 ∙

𝑠
𝐾𝑠

1 +
𝑠
𝐾𝑠

=
𝑉𝑚𝑓 ∙ 𝑠

𝐾𝑠 + 𝑠

Reduces to the irreversible Michaelis-

Menten equation!!



Exercise 3: Analysis of experimental data

For an enzyme catalyzed, chemical reaction,

A     B, the following initial rates were obtained 

(a and b given at t = 0):

Calculate:

• Vmf

• Vmr

• Ka

• Kb

• Keq

v a b

(mM/s) (mM) (mM)

9.9 10 0

7.86 10 5

9.8 5 0

6.01 10 10

-30.3 0 10

-32.68 0 50

Assume a random order 

mechanism and rapid equilibrium 

binding of substrate and product.



9.8



Exercise 4

Derive a rate equation for the following reversible, two-

substrate, one-product, random order mechanism, 

using the rapid equilibrium binding assumption.



Exercise 4: Solution
Bound enzyme species:

𝐾𝑎1 =
𝑒∙𝑎1

𝑒𝑎1
; ∴ 𝑒𝑎1 =

𝑒∙𝑎1

𝐾𝑎1
𝐾𝑎2 =

𝑒∙𝑎2

𝑒𝑎2
; ∴ 𝑒𝑎2 =

𝑒∙𝑎2

𝐾𝑎2

𝐾𝑎1 =
𝑒𝑎2 ∙ 𝑎1

𝑒𝑎1𝑎2
; ∴ 𝑒𝑎1𝑎2 =

𝑒𝑎2 ∙ 𝑎1

𝐾𝑎1
=
𝑒 ∙ 𝑎1 ∙ 𝑎2

𝐾𝑎1𝐾𝑎2

Fractional saturation:

𝑌𝐸𝐴1 =
𝑒𝑎1

𝑒𝑇
=

𝑒𝑎1

𝑒 + 𝑒𝑎1 + 𝑒𝑎2 + 𝑒𝑎1𝑎2 + 𝑒𝑏
=

𝑎1
𝐾𝑎1

1 +
𝑎1
𝐾𝑎1

+
𝑎2
𝐾𝑎2

+
𝑎1 ∙ 𝑎2
𝐾𝑎1𝐾𝑎2

+
𝑏
𝐾𝑏

𝐾𝑏 =
𝑒 ∙ 𝑏

𝑒𝑏
; ∴ 𝑒𝑏 =

𝑒 ∙ 𝑏

𝐾𝑏

Let 𝐷 = 1 +
𝑎1

𝐾𝑎1
+

𝑎2

𝐾𝑎2
+

𝑎1∙𝑎2

𝐾𝑎1𝐾𝑎2
+

𝑏

𝐾𝑏
;  then

𝑌𝐸𝐴2 =

𝑎2
𝐾𝑎2
𝐷

; 𝑌𝐸𝐴1𝐴2=

𝑎1 ∙ 𝑎2
𝐾𝑎1𝑎2
𝐷

; 𝑌𝐸𝐵=

𝑏
𝐾𝑏
𝐷



Rate equation:

𝑣 = 𝑘1𝑒𝑎1𝑎2 − 𝑘−1𝑒𝑏 =
𝑘1𝑒𝑇

𝑎1 ∙ 𝑎2
𝐾𝑎1𝑎2

− 𝑘−1𝑒𝑇
𝑏
𝐾𝑏

1 +
𝑎1
𝐾𝑎1

+
𝑎2
𝐾𝑎2

+
𝑎1 ∙ 𝑎2
𝐾𝑎1𝐾𝑎2

+
𝑏
𝐾𝑏

=
𝑉𝑓
𝑎1 ∙ 𝑎2
𝐾𝑎1𝑎2

− 𝑉𝑟
𝑏
𝐾𝑏

1 +
𝑎1
𝐾𝑎1

+
𝑎2
𝐾𝑎2

+
𝑎1 ∙ 𝑎2
𝐾𝑎1𝐾𝑎2

+
𝑏
𝐾𝑏

=

𝑉𝑓
𝑎1 ∙ 𝑎2
𝐾𝑎1𝑎2

1 −
Γ
𝐾𝑒𝑞

1 +
𝑎1
𝐾𝑎1

+
𝑎2
𝐾𝑎2

+
𝑎1 ∙ 𝑎2
𝐾𝑎1𝐾𝑎2

+
𝑏
𝐾𝑏


