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Shrnut́ı

• deterministický p̌ŕıstup poskytuje tzv. makropohled
(populačńı model)

• ireversibilńı reakce 1. řádu modelována jako exponenciálńı
p̌reměna látky

• zákon o aktivńım působeńı hmoty modeluje reakce se dvěma
produkty/reaktanty (reakce 2. řádu)

• rychlost reakce charakterizována limitńı změnou koncentrace
produktu v čase

• změna koncentrace produktu v čase ∆t =
[počet koliźı molekul reaktant̊u] × [pravděp. kolize]

• vyjáďreno p̌ŕımou úměrnost́ı se součinem koncentraćı molekul
reaktant̊u

• obecný zákon použ́ıvaný pro deterministické modelováńı
populačńıch jev̊u

• možnost simulace (Eulerova metoda)
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• zákon o aktivńım působeńı hmoty modeluje reakce se dvěma
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• rychlost reakce charakterizována limitńı změnou koncentrace
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Reakce 1. řádu

• A
k1


k2

B

• fázový prostor pro k1 = k2 = 0.1 (Maple):

> with(DEtools):

> dfieldplot([diff(A(t),t)=-0.1*A(t) + 0.1*B(t), diff(B(t),t)=0.1*A(t)

- 0.1*B(t)],[A(t),B(t)],t=0..10,A=0..10,B=0..10, arrows=LARGE,

color=[0.1*A(t) - 0.1*B(t),-0.1*A(t) + 0.1*B(t),.1]);
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Reakce 1. řádu

A
k1


k2

B

k1 = k2 = 0.1

pr̊uběh A(t) a B(t) pro A(0) = 10, B(0) = 0
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Reakce 1. řádu

A
k1


k2

B

k1 = k2 = 0.1

pr̊uběh dA(t)
dt a dB(t)

dt v čase pro A(0) = 10, B(0) = 0
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Reakce 1. řádu

A
k1


k2

B

k1 = k2 = 0.1

výkon reakćı v čase pro A(0) = 10, B(0) = 0
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Reakce 1. řádu

A
k1


k2

B

k1 = 0.2, k2 = 0.1 k1 = 0.1, k2 = 0.2
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Reakce 1. řádu

A
k1


k2

B

k1 = 0.1, k2 = 0.1

k1 = 0.2, k2 = 0.1

k1 = 0.1, k2 = 0.2
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Reakce 2. řádu

A + B
k1


k2

AB

k1 = 0.1, k2 = 1
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Experiment

• rozkrojte jablko...

• jaký lze pozorovat dynamický jev?

EC 1.14.18.1
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Katalytické reakce

S + E
k−→ P + E

• enzym E působ́ı jako katalyzátor reakce

• nelze p̌ŕımo použ́ıt “mass action”

• zjednodušeně lze chápat jako reakci:

S
k−→ P

• skutečná rychlost záviśı na koncentraci enzymu E v buňce
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Michaelis-Menten

S + E
k1


k2
ES

k3−→ P + E

• obecně možnost modelovat pomoćı “mass action”

• jak źıskat hodnoty k1, k2?

• změny proměnných prob́ıhaj́ı v r̊uzných časových škálách

• dynamika [ES ] se jev́ı vzhledem k vývoji [P] výrazně
dynamičtěǰśı

k1, k2 >> k3

• lze využ́ıt ke zjednodušeńı modelu
L. Michaelis, M. L. Menten. Die kinetik der invertinwirkung. Biochem. Z, Vol. 49, No. 333-369. (1913)

d [S ]

dt
= −k1[E ][S ] + k2[ES ]

d [E ]

dt
= −k1[E ][S ] + k2[ES ] + k3[ES ]

d [ES ]

dt
= k1[E ][S ]− k2[ES ]− k3[ES ]

d [P]

dt
= k3[ES ]
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Michaelis-Menten

S + E
k1


k2

ES
k3−→ P + E

• uvažujeme-li S(0) >> E , docháźı p̌ri katalytické reakci ke
konstantńımu ustáleńı ES na relativně dlouhý časový úsek
G.E. Briggs and J.B.S. Haldane. A Note on the Kinetics of Enzyme Action.

Biochem J. 1925; 19(2): 338-339. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1259181/

• pomoćı kvazi-stabilńı abstrakce lze zjednodušit:

d [ES ]

dt
= 0⇒ 0 = k1[E ][S ]− (k2 + k3)[ES ] (1)

• celková koncentrace enzymu [ET ] v systému je dána součtem
volné a vázané formy:

[ET ] = [E ] + [ES ]⇒ [E ] = [ET ]− [ES ]

• dosazeńım do (1) dostáváme: [ES ] = [ET ] 1

1+
k2+k3
k1[S]

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1259181/
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Základy deterministických model̊u – opakováńı Kinetika enzymů
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Michaelis-Menten

S + E
k1


k2

ES
k3−→ P + E

• Michaelisova konstanta Km – koncentrace substrátu S p̌ri ńıž
je dosaženo poloviny maxima produkce P:

Km =
k2 + k3

k1

[ES ] = [ET ]
1

1 + Km
[S]



Základy deterministických model̊u – opakováńı Kinetika enzymů
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Michaelis-Menten

S + E
k1


k2

ES
k3−→ P + E

• [ET ] odpov́ıdá iniciálńı koncentraci enzymu (p̌red započet́ım
katalýzy), a lze jej vzhledem ke kvazi-stabilńı abstrakci chápat
jako konstantu ve vztahu

[ES ] = [ET ]
1

1 + Km
[S]

(2)

• dle “mass action” plat́ı pro P: dP
dt = k3[ES ]

• substitućı dle vztahu (2) dostáváme:

dP

dt
= Vmax

[S ]

Km + [S ]

kde konstanta Vmax = k3[ET ] udává maximálńı dynamiku
katalytické reakce
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Michaelis-Menten – redukce parametr̊u

S + E
k1


k2
ES

k3−→ P + E

⇓

S
Km,Vmax−→ P
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Michaelis-Menten

S
Km,Vmax−→ P

dS

dt
= − Vmax [S ]

Km + [S ]

dP

dt
=

Vmax [S ]

Km + [S ]

• p̌ŕıkladem je fosforylace (enzymy kinázy, EC 2.7.1.)

S + E
k1


k2

ES
k3−→ SP + E

• SP znač́ı fosforylovanou látku S

• fosforylace způsobuje chemickou aktivaci látky
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Základy deterministických model̊u – opakováńı Kinetika enzymů

Michaelis-Menten

k1 = 0.1 k2 = 1 k3 = 1
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Michaelis-Menten

Km = 1+1
0.1 = 20 Vmax = k3[ET ] = 1 · 100 = 100
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Michaelis-Menten

výkon katalýzy v závislosti na množstv́ı substrátu
(původńı model mass action)
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Michaelis-Menten

výkon katalýzy v závislosti na množstv́ı substrátu
(zjednodušený model Michaelis-Menten)
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Michaelis-Menten – specifické módy

• S >> Km

⇒ S
Km+S ≈ 1 ⇒ dP

dt ≈ Vmax = k3E (0)

• S = Km

⇒ S
Km+S = 1

2 ⇒
dP
dt = Vmax

2 = k3E(0)
2

• S << Km

⇒ S
Km+S ≈

S
Km

a nav́ıc ES ≈ 0 a tedy E (0) ≈ E

⇒ dP
dt ≈ Vmax

S
Km
≈ k3

Km
[E ][S ]

• konstanta k3
Km

vystihuje celkovou efektivitu enzymu
• perfektńı enzymy dosahuj́ı maximálńı hodnoty dané možnostmi

dif̊uze – 108 – 1010M−1s−1
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Michaelis-Menten – omezeńı

• p̌redpokládáme, že produkt se nekonvertuje zpětně na substrát

• vycháźı se z iniciálńı koncentrace enzymu p̌red katalýzou
(neuvažuje se dynamika vlastńıho enzymu!)

• enzym neńı v pr̊uběhu reakce regulovaný

• p̌resnost dána vztahem:

ε =
E (0)

S(0) + Km

• dává dobré výsledky, když [E ] << [S ]
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Michaelis-Menten – reversibilńı reakce

• reversibilńı varianta Michaelis-Menten kinetiky:

dRp

dt = Vf max
[R]

Kmf +[R] − Vrmax
[Rp ]

Kmr+[Rp ]
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Kaskády transdukce signál̊u
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Zpětné vazby
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