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Michaelis-Menten Kinetics

k1l
k2
E+S _ ES — P+E

k—

E = Enzyme

S = Substrate

ES = Enzyme-substrate complex (Michaelis Complex)
P = Product

What is the unit of k?
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Chymotrypsin: Catalytic Triad
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Assumptions

k1l
k2
E+S _ ES — P+E

N
¢ k,<<k,

— Rapid equilibrium

— Product dissociation is not rate limiting
* Steady state

— Rate of [ES] formation equals the rate of
consumption



Rate of Reaction (Velocity)

—_ k2
E+S ES — P+ E
—
k—1
aP k,[ES]
YT A T

How can we determine [ES]?



Remember 2"d Assumption

k1

k
E+S T ES - P+E
{_
k_
e Steady state:
d[ES]
dt 0

* Overall rate equation for [ES]:

d[ES]
dt

= 0=k, [E][S] = k_{|ES| — k,[ES]



What do we know about [E]?

k1

k2
E+S  ES — P+E
{_
k_
[E]ly = [E] + [ES]

* Rearrange to solve for [E]:
[E] = [E]r — [ES]

e Substitute into overall rate equation for [ES]:



[ES] rate equation

k1

E+S _ ES S P+E
-
T = 0= k1, — [BSD - [ES1GK_, + k)

e Combine like terms:
ki[SIElr = [ES](k_1 + ky + ky[S])
* Divide by k;:

k ,+ k, +k k_, k, k_, + k,
[ES]( +k1 + k.[SD _ (k_l + 5] +E)[E5]:( ;:: +[s])[55]

[SIE]r =



Solve for [ES]

k1l
k2
E+S _ ES — P+E

k—

[SI[E]r

(k_l;\: 2 + [51)

[ES] =

) = (—) = K; (whenk,;>>k,)



Calculating Reaction Velocity (v)




Calculating Reaction Velocity (v)

k1l
k2
E+S _ ES — P+E

k—

When [S] >> | E] there is no free [E] so [E]r = |ES]

Umax = Ka [ET

. UTH.{II [S:
YT Ky ¥ [S])

Vmax [S] - Vmax

When [S1= Ku = v = 57+ 5D = 2




Reaction rate
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Acid Base Equilibrium

HA + H,0 5 H,0* + A°

K = [H,0*][A]
[HA][H,O]

KTH,0] = K, = [H,0*][A]
[HA]

= [H*][A]
[HA]

[H,0] = 1000 geL?

18.015 gemol?

=55M



Water Dissociation Constant
H,O S H + A

K = [H*][A]
[H,0]

KIH,01 = K,, = [H*][A"]
at 25" CK, =101 M?
Neutrality is defined when [H*] = [AT]
Therefore, [H*] = [A] = 10/

pH = -log[H"]



Henderson-Hasselbalch Equation

pH of a solution is dependent on the concentration
of the acid and its conjugate base

HA S H,0* + A

K, =[H1[A]
[HA]
pH = -log[H*]

[H*] = K, * ([HA]/[A])
-log[H*] = -log (K, * ([HA]/[AT]))
pH = -logk,, — log([HA]/[A])

= pKa + log ([A]/[HA])



Zero-Order Reactions

r=k[A]°=k (1) =k

Constant k has units of M ¢ sec!



First-Order Reactions

A—=P
d[A] dP
r= g T o Al
d[A]
m= —kdt

[t [

In|A] = In[A], — kt

|A] = [A]DE_M (k has units sec?)



Half-Life of First-Order Reaction

At the reaction half-life, t1 », [A] = [‘42]':’
A
Al = [A],e "tz
2
Al _ Kty
2[4],
In 2 0.693

1H2 — ktlfz e tlfz —_——— —



Second-Order Reactions

2A = P
d[A]  dP 2
r = T E—k[}l]
d[A]
S = ke
J'[A] d[A] t
= —k f dt
a1, [A1° 0
1 1
+ kt (k has units M1 e sgcl)

[4] ~ [Al



Association vs. Dissociation Constants

A+ B AB
o _ B
= — . 1
a [A] [B] (K, has units of M)
~ [A][B]
K; =
[AB] (K, has units of M)
1
K,= —
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