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2 Model reakce a numerické řešenı́
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M+M

Leonor Michaelis
1875 (Berlı́n) - 1949 (New York City)
německý biochemik
působil i v Japonsku a USA

Maud Mentenová
1879 (Port Lambton) - 1960 (Leamington)
kanadská lékařka a biochemička
provedla jako prvnı́ elektroforéznı́ separaci bı́lkovin
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Systém Michaelis - Mentenové

S + E �k1
k−1

SE , SE →k2 E + P
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Reakce majı́cı́ charakter M-M systému

výživa bakteriı́ glukózou

očišt’ovánı́ plicnı́ch sklı́pků

odhady biodiverzity v dané oblasti

vstřebávánı́ alkoholu v krvi
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Reakce majı́cı́ charakter M-M systému
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Law of mass action

Zákon akce hmoty

”Rychlost chemické reakce je přı́mo úměrná součinu
koncentracı́ reaktantů.”
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Rovnosti charakterizujı́cı́ M-M systém

Připomenutı́ schematického zápisu reakce

S + E �k1
k−1

SE , SE →k2 E + P

ds
dt

= −k1se + k−1c

de
dt

= −k1es + (k−1 + k2)c

dc
dt

= k1es − (k−1 + k2)c

dp
dt

= k2c

kde s,e, c,p jsou koncentrace substrátu, enzymu, komplexu a
produktu.
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Dalšı́ fakta

koncentraci produktu vypočteme pouhou integracı́
de
dt + dc

dt = 0
zákon zachovánı́ enzymu: e(t) + c(t) = e0

počátečnı́ podmı́nky volı́me
s(0) = s0,e(0) = e0, c(0) = p(0) = 0
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Substituce a převod na bezrozměrný tvar

τ = k1e0t ,u(τ) = s(t)
s0
, v(τ) = c(t)

e0

λ = k2
k1s0

,K =
k−1+k2

k1s0
, ε = e0

s0

Po dosazenı́ dostáváme:

du
dτ

= −u + (u + K − λ)v

ε
dv
dτ

= u − (u + K )v

a řešı́me s počátečnı́mi podmı́nkami u(0) = 1, v(0) = 0.
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Numerické řešenı́ 1

k1 = 3, k−1 = 2, k2 = 5, s0 = 200, e0 = 0.1
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Numerické řešenı́ 1 - chovánı́ blı́zko počátku

k1 = 3, k−1 = 2, k2 = 5, s0 = 200, e0 = 0.1
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Numerické řešenı́ 2 - vysoká rychlost tvorby produktu

k2 = 50
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Numerické řešenı́ 3 - rychlý zpětný rozpad komplexu

k−1 = 200
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Hypotéza

Z chovánı́ modelu lze usuzovat, že

dc
dt = ε2 dv

dτ ≈ 0

Zı́skáme tak soustavu rovnic

du
dτ

= −u + (u + K − λ)v

0 = u − (u + K )v

Můžeme vyjádřit v pomocı́ u a (tzv. vnějšı́) řešenı́ zı́skáme
pouhou integracı́:

u + K ln u = 1− λτ
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Numerické řešenı́ 1 - MATLAB (pro porovnánı́)

k1 = 3, k−1 = 2, k2 = 5, s0 = 200, e0 = 0.1
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Numerické řešenı́ 1 - Mathematica (pro porovnánı́)

k1 = 3, k−1 = 2, k2 = 5, s0 = 200, e0 = 0.1

50 100 150 200
cas

0.2

0.4

0.6

0.8

1.0

komplexHgreenL - substratHblueL
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Vnějšı́ řešenı́ - srovnánı́

50 100 150 200
cas

0.2

0.4

0.6

0.8

1.0

komplexHgreen, redL - substratHblue, yellowL
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Vnějšı́ řešenı́ - srovnánı́ blı́zko počátku

0.002 0.004 0.006 0.008 0.010
cas

0.2

0.4

0.6

0.8

1.0

komplexHgreen, redL - substratHblue, yellowL
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Hraničnı́ vrstva

Pro vyšetřenı́ chovánı́ systému blı́zko počátku (v oblasti tzv.
hraničnı́ vrstvy) zavedeme ‘zpomalený čas ’:

σ = τ
ε

Po úpravách zı́skáme soustavu:

dU
dσ

= ε(−U + (U + K − λ)V )

dV
dσ

= U − (U + K )V

a položı́me ε = 0 - tedy dU
dσ = 0
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Vnitřnı́ (singulárnı́) řešenı́

Vzhledem k počátečnı́ podmı́nce U(0) = 1 platı́:

dV
dσ

= 1− (1 + K )V

Integracı́ zı́skáme řešenı́

V (σ) =
1

1 + K
(1− e(−(1+K )σ)).
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Tvar singulárnı́ho řešenı́

5 10 15 20
cas

0.2
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0.8

1.0

komplexHgreenL
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Singulárnı́ řešenı́ - porovnánı́ (hraničnı́ vrstva)

0.002 0.004 0.006 0.008 0.010
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komplexHgreen, redL
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Singulárnı́ řešenı́ - porovnánı́
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Závěr

Děkuji za pozornost.
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