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Unimolekulárńı rozklad

Při vysokých tlaćıch bylo pozorováno, že molekula A p̌recháźı na Produkt
podle rychlostńı rovnice:

A→P
−dcA

dt = kapcA

kap je pozorovaná rychlostńı konstanta
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Lindemannův mechanismus unimolekulárńıho rozkladu
(1922)

A + M k1
k2 A* + M

A* k3 P

p̌ribĺıžeńı ustáleného stavu:
−dcA*

dt = k1cAcM − k2cA*cM − k3cA* = 0
pro cA*:
cA* = k1cAcM

k2cM+k3

dosad́ıme pro cP: −dcP

dt = k3cA* = k3k1cAcM

k2cM+k3
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Jak zvýšit rychlost reakce?

2 Fe + 3
2 O2→Fe2O3
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Katalytické reakce
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Katalyzátory(?)
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Biologické katalyzátory: enzymy

Př. Tyrosináza (enzym nutný pro syntézu melaninu), p̌ri normálńı teplotě
těla siamské kočky degraduje.
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Biologické katalyzátory: enzymy

Lock and key (Emil Fisher,
1890) Induced fit (Daniel

Koschland,jr. 1958)
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Enzymová kinetika: rychlost v čase v závislosti na
koncentraci substrátu
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

Enzym se může reverzibilně navázat na substrát, a když už je navázán,
může substrát p̌reměnit na produkt.
V biochemii jsou reakce témě̌r vždy v rovnovážném stavu, enzymatickou
kinetiku můžeme řešit, bud’ exaktně, nebo za p̌redpokladu p̌reďrazené
rovnováhy nebo podḿınky ustáleného stavu.

pro reakci: E + S
k1

k2
X

k3
P

p̌reďrazená rovnováha: Kdis = cEcS
cX

= k2
k1

celková koncentrace enzymu: cE(0) = cE + cX

cX = cE(0)cS

cS+Kdis

v = dcP
dt = k3cX = k3

cE(0)cS

cS+Kdis

maximálńı rychlost (když jsou všechna aktivńı ḿısta obsazena):
vm = k3cE(0)

č́ıslo p̌reměny (turnover number):k3 [typické hodnoty: (102 − 103)s−1]
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

pro reakci: E + S
k1

k2
X

k3
P

p̌reďrazená rovnováha: Kdis = cEcS
cX

= k2
k1

celková koncentrace enzymu: cE(0) = cE + cX

cX = cE(0)cS

cS+Kdis

v = dcP
dt = k3cX = k3

cE(0)cS

cS+Kdis

vm = k3cE(0)
v = vmcS

cS+Kdis
= vm

1+Km
cS
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

v = vm

1+Km
cS

Počátečńı rychlost: v(0) = dcP
dt |t→0

v(0) = vm

1+ Km
cS(0)
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)
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Mechanismus Michaelis-Mentenové, vyneseńı podle
Lineweaver-Burka (1934)

1
v(0) = 1

vm
+ Km

vmcS(0)
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Mechanismus Michaelis-Mentenové, č́ıslo p̌reměny
k3 = kcat
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Mechanismus Michaelis-Mentenové, KM
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Mechanismus Michaelis-Mentenové, konstanta specificity
k3/KM
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Michaelis-Mentenové: kompetitivńı inhibice

Inhibitor se váže na stejné ḿısto, jako by se mohl vázat substrát.
v ′m = vm,K

′
M > KM
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Michaelis-Mentenové: kompetitivńı inhibice

E + S
k1

k2
X

k3
P

Inhibitor se váže na stejné ḿısto, jako by se mohl vázat substrát.

E + I
k1I

k2I
EI

KI = cEcI
cEI

Přes p̌ribĺıžeńı ustáleného stavu:
v0 = vm

1+ Km
cS(0)

[1+
cI
KI

]

Vyneseńı Lineweaver-Burk:
1
v0

= 1
vm

+ [1 + cI
KI

] Km
vmcS(0)
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Michaelis-Mentenové: kompetitivńı inhibice

E + S
k1

k2
X

k3
P

Vyneseńı Lineweaver-Burk:
1
v0

= 1
vm

+ [1 + cI
KI

] Km
vmcS(0)

Měńı se směrnice, pr̊useč́ık z̊ustává.

Maximálńı rychlost se nezměńı, když je p̌ŕıtomno hodně substrátu,
všechen inhibitor vytlač́ı.
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Michaelis-Mentenové: nekompetitivńı inhibice

Nejčastěji se inhibitor váže na jiné ḿısto než substrát a ovlivńı enzym
změnou konformace (allostericky).

v ′m < vm,K
′
M = KM
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Michaelis-Mentenové: nekompetitivńı inhibice

E + S
k1

k2
X

k3
P

Inhibitor se váže na enzym, ale ne na aktivńı ḿısto, p̌resto inhibuje reakci.
E + I EI
X + I XI

Předpokládá se, že komplex s
inhibitorem neńı ovlivněn substrátem:
KI

.
= cEcI

cEI
= cXcI

cXI

Přes p̌ribĺıžeńı ustáleného stavu:
v0 = vmcS(0)

[cS(0)+Km][1+
cI
KI

]

Vyneseńı Lineweaver-Burk:
1
v0

= [ 1
vm

+ Km
vmcS(0) ][1 + cI

KI
]
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Michaelis-Mentenové: akompetitivńı inhibice

Inhibitor se váže, až když je navázán substrát.
v ′

m
vm

=
K ′

M
KM
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Autokatalytické reakce

A→P
v = kcAcP
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Osciluj́ıćı reakce: Alfred J. Lotka (1910)

https://www.youtube.com/watch?v=IBa4kgXI4Cg
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Řetězové reakce

H2 + Br2→ 2 HBr

v = kobscH2c
1/2
Br2

1 Iniciace - fotoiniciace, termická či chemická iniciace
Br2 + M

k1
2 Br · + M

2 Propagace - kinetická délka řetězce

Br · + H2
k2

HBr + H ·

H · + Br2
k3

HBr + Br ·

3 Terminace
2 Br · + M

k-1
Br2 + M
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Exploze: rozvětvené řetězové reakce

Space shuttle, Challenger, 1986
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