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Michaelis-Menten kinetics

V, varies with [S]

G
=
N’
=
O
K=,
]
>
-
o
=
O
©
O
o

V

/ Vm ax Vmax

approached
asymptotically

V, is moles of product
formed per sec. when [P]
Is low (close to zero time)

E+SeoES=E+P
Michaelis-Menten Model

VO = Vmax X[S]/([S] g Km)
Michaelis-Menten Equation

Substrate concentration [S] — |
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aE] _

Kk | EN[S] + (k_y + k) [ES |-k, [ E]|P]
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% = ky[ES]-k ,[E][P]
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ES] =

K,

koy + ks

which gives, after rearrangement.
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Michaelis-Menton Equation: V= — []

Ky +[S]

In an analogy to “half-life”, v is chosen to be measured at half vy, ,or V=—-v__ or Ky = [3]
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Experimental Result Interpretation

A Linear Plot

V —————————————

max,

Enzyme Activity v Saturation
[nmole I min x mg]

Michaelis Constant

Mathematical Description

& Michaelis- Menten Equation
Substrate Ccosncentratlon V. X Cg
v(cg) =
KM + CS
Lineweaver-Burk Plot
1/v 4 g 3
Lineweaver-Burk Equation
1 Ku 1 1
— B X +
v Vinax Cs Vinax
T } ¥ max. - The Michaelis-Menten kinetic describes
—- > the most simple, “ideal” situation of enzyme
\_Y_/ 1icg catalyzed chemical reactions
- UK,
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y-intercept = 1/Vmax

x-intercept =-1/K,

\/

slope = Kin/Vimax
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Apoenzyme

Holoenzyme

COFACTOR

INACTIVE
PROTEIN

Without the cofactor
attached, the protein
is not active.

Binding
site

ACTIVE
PROTEIN

Cofactor binding
activates the
protein.
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Substrate

Coenzyme

Apoenzyme Cofactor Holoenzyme
(protein (nonprotein (whole
portion), portion), enzyme),
mactnve activator active
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Competitive I]Non-competitive ﬂUncompetitive

Equation and Description

Cartoon Guide

Substrate
’ E & 4’
Compete for 0

Inhibitor actlve site Different site

E+SOESEDR E+S E+P E+SA{ES)E+P
+

+ -

| I I

I
) ) ! )
£l @734@) EIS

[/]bindsto free[EJonly, ' 1jpindsto free[E] or [ES] | [7] binds to [ES] complex

and competes with [S];
increasing [S] overcomes
Inhibition by [7].

complex; Increasing [S]can | only, increasing [S] favors
notovercome[7] inhibition. | the inhibition by [1].
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(a) Reaction

Substrate

Active
site
Enzyme-%

(b) Inhibi
Inhibitor

ti

ion |
Enzyme‘

site

Active

LX)

Enzyme binds substrate Enzyme releases products

J d

Enzyme binds inhibitor Inhibitor competes

with substrate




Competitive Inhibition

| E+S = ES — E+P||

Substrate\
Enzyme },

naiEtor —\8 '
E+1 =—— El
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Enzyme

Enzyme Malonate

O C{—i__ Fumarate
O~ /CH_, g +
o //C - “nzyme
O

Succinate-enzyme complex

No product
is formed

Malonate-enzyme complex
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(@) Competitive inhibition

Substrates % ) tﬁ |

" ‘Regulatory
molecule

Enzyme in absence Competitive inhibition

of regulation The substrates cannot
bind when a regulatory
molecule binds to the
enzyme’s active site.
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Substrate

Competitive
inhibitor

Reversible
competitive
inhibitor

Increase in
substrate
concentration
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Classical competitive inhibition Non-classical competitive inhibition

Cb & L &

If the inhibitor Binding of the inhibitor to

binds to the active a site other than the active

site first it blocks it site changes the shape of

and no substrate the active site and the

can bind. substrate can no longer
bind
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Substrate 2T
I — / inhibitor
ES-Complex

— Products
0 mr \ No inhibitor

present

Enzyme

d Competitve Inhibitor

Inactive Enzyme

Inhibitor present

No
inhibitor

1/ velocity

No inhibitor present

Slope = K,,,/Viyax

Enzyme Veloci

1
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Noncompetitive Inhibition

E+l =— El E'nzlyme |E+S$ ES —» E+Pl
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(b) Noncompetitive inhibition

dehydratase

Substrate

Active 0 ;
site (
& X

A

e

Enzyme
Noncompetitive
inhibitor

Threonine

4

[soleucine

Catalyzed by
threonine
dehydratase

Noncompetitive inhibition of threonine

a-Ketobutyrate
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ompetitive
inhibitor
interferes with
active site of
enzyme So
substrate

annot bind

(a) Competitive inhibition

Noncompetitive inhibitor
changes shape of
enzyme so it cannot
bind to substrate

b) Noncompetitive inhibition
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Reaction Steps Noncompetitive Pathway

Mixed inhibition

R e i d A0 e —
’ ' (1) E+S = E*S

() E+1 & 1oL (nactive)

(3) T+E§ = T+E*S (inactive) {; =
() S+TeE &= T¢E+S (inactive)
(5) Eo§ — P+F
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Kss
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Non-competitive inhibition




Normal Enzyme

Competitive inhibitor, same V),
different Ky,

Noncompetitive inhibitor, SameK,
different Vy,,,

MNoncompetitive
Inhibition

Compeliive
rihibition Nr.:a
Inhibiton

Kk
EFS — E + P

- _ [Es]I]
" [ESI ESI ¥ (NR)

Vs = I!:“-’"‘I/ (1+ lflf.} Ka' = K /'{ (1+ le.}

- f Ky unaffected

Reaction Velocity (M sec™)

Reaction in the presence of
areversible noncompetitive
inhibitor

[Substrate]




(B) Competitive

Substrate\ inhibitor\

(A)

Uncompetitive
(5F  Substte / inhil':itor (D) Substrate
\ Noncompetitive \
) inhibitor \

Figure 8.14
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company



Uncompetitive Inhibition

Product—{. + #1

Enzyme

[E+S == ES — E+P! -' | | ES+ = ESI

Substrate __ ,. _ Inhibitor







Normal
Normal

[S] - 1/[S]

Both the effective Vmax and effective Km are reduced with an inhibitor

UNCOMPETITIVE

NO INIHIBITOR
INHIBITOR \ PRESENT
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The Lineweaver-Butk plots for inhibition

=~ hibitor ~ (hibitor - Whibitor

, / = 10 mhibitor Il = 110 inhibitor = 110 inhibitor

/ Slope:KM/'I':nnx

1) N 1[S]
Competitive Uncompelitive Noncompelitive

inhibition inhibition inhibition
Ky(Increased Ky reduced Ky( unaffected
V.. unaffected V... reduced V... reduced
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