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Unimolekularni rozklad

P¥i vysokych tlacich bylo pozorovano, 7e molekula A pfechazi na Produkt
podle rychlostni rovnice:

A—P
dea
— 5 = kapca

kap je pozorovana rychlostni konstanta
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Lindemanntv mechanismus unimolekularniho rozkladu

(1922)

A+M =22= A"+ M
A" =E-p

pfiblizeni ustaleného stavu:

—dé:/;* = k1CAC|\/| — kQCA*CM — k3CA* =0
pPro Cax:
_ _kicacm
Cax = kacv+ks d Lk
! .o_dep __ K3KicaCm
dosadime pro cp: — 7 = k3zCax = o
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Jak zvysit rychlost reakce?
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Jak zvysit rychlost reakce?

2Fe + 3 0y~ Fe,03
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Katalytické reakce
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Katalyzatory(?)
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Biologické katalyzatory: enzymy

P¥. Tyrosinaza (enzym nutny pro syntézu melaninu), p¥i normdlini teplot&
téla siamské kocky degraduje.

Enzyme activity ——

Temperature ——
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Biologické katalyzatory: enzymy

Lock and key (Emil Fisher,
1890) Induced fit (Daniel
Koschland,jr. 1958)
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Enzymova kinetika: rychlost v ¢ase v zavislosti na

koncentraci substratu
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Enzymova kinetika: mechanismus Michaelis-Mentenové

(1914)

Enzym se miiZe reverzibilné navdzat na substrat, a kdyZ uZ je navdzan,
miZe substrat pfeménit na produkt.

V biochemii jsou reakce témé¥ vZdy v rovnovdzném stavu, enzymatickou
kinetiku miiZeme ¥esit, bud exaktn&, nebo za predpokladu predrazené
rovnovahy nebo podminky ustaleného stavu.

_ k1 k3
pro reakci: E + S X —P
predfazend rovnoviha: Ky = % = %
celkovd koncentrace enzymu: cg(0) = cg + cx

_ <e(0)cs
X = oo+ Kais

_dep _ _ ., ce(0)cs

v="q = ksx = ks s+ Kais

maximalni rychlost (kdyZ jsou vdechna aktivni mista obsazena):

Vm = k3CE(O)
tislo premé&ny (turnover number): ks [typické hodnoty: (102 — 103)s™}]
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Enzymova kinetika: mechanismus Michaelis-Mentenové

(1914)

. k1l k3
pro reakci: E + S X —=—P
4 N 7z Ve . k
predfazena rovnovaha: Kyis = % =%
celkova koncentrace enzymu: cg(0) = cg + cx
_ <e(0)cs
X = ot Kas
_ de _ _ CE(O)CS
V= o = ke = ki,
Vm = k3CE(0)
v = VmCs _ Vm

cs+Kgis 1+'§—g‘
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Enzymova kinetika: mechanismus Michaelis-Mentenové

(1914)

— Vm
Vv =
1+4m
S

Potateeni rychlost: v(0) = dd%|t%0
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Enzymova kinetika: mechanismus Michaelis-Mentenové
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Mechanismus Michaelis-Mentenové, vyneseni podle

Lineweaver-Burka (1934)

Slope = Km/Vm
3100 \

1 1 K
W0 = v T Vmcs(0)
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Mechanismus Michaelis-Mentenové, &islo premény

k3 — kcat

Table 7.2 Turnover numbers of some enzymes

Enzyme Turnover number (per second)
Carbonic anhydrase 600,000
3-Ketosteroid isomerase 280,000
Acetylcholinesterase 25,000
Penicillinase 2,000
Lactate dehydrogenase 1,000
Chymotrypsin 100
DNA polymerase | 15
Tryptophan synthetase 2
Lysozyme 0.5
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Mechanismus Michaelis-Mentenové, Ky

Table 7.1 Ky values of some enzymes

Enzyme Substrate Ky (uM)
Chymotrypsin AcetylL-tryptophanamide 5000
Lysozyme HexaN-acetylglucosamine 6
B-Galactosidase Lactose 4000
Carbonic anhydrase CO, 8000
Penicillinase Benzylpenicillin 50
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Mechanismus Michaelis-Mentenové, konstanta specificity

ks / Kwu

Table 7.3 Substrate preferences of chymotrypsin

Amino acid in ester Amino acid side chain keat /K (s M)
Glycine —H 13 x 107"
Valine CH,y 20

CH
N
CH;
Norvaline —CH,CH,CH; 36 % 107
Norleucine —CH,CH,CH,CH, 30 %103

Phenylalanine 1.0 X 10°

Source: After A. Fersht, Structure and Mechanism in Protein Science: A Guide to Enzyme Catalysis and Protein
Folding (W. H. Freeman and Company, 1999), Table 6.3.
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Michaelis-Mentenové: kompetitivni inhibice

Substrate \ Competitive
\ inhibitor
! A

Enzyme

Inhibitor se vaZe na stejné misto, jako by se mohl vazat substrat.

Vi = Vi, Ky > K
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Michaelis-Mentenové: kompetitivni inhibice

Substrate \ Competitive
\ inhibitor
! A

Enzyme

Inhibitor se vaZe na stejné misto, jako by se mohl vazat substrat.

Vi = Vi, Ky > K
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Michaelis-Mentenové: kompetitivni inhibice

Substrate \ Competitive
\ inhibitor
| a

Enzyme

k1 k3
E+S X—=——P
Inhibitor se vaZe na stejné misto, jako by se mohl vazat substrat.
E+ I El
* k21
K = &4

CEl
PYes priblizeni ustéleného stavu:
Vo = (o
0 Cs s [1+ ! ]
Vyneseni Lmeweaver—Burk
v =t Rl

Vo

Vm Cs
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Michaelis-Mentenové: kompetitivni inhibice

______ T T 1V

Vyneseni Lineweaver-Burk:
1 _ 1 Km
w = T Rl

Vo Vm
Mé&ni se smérnice, priselik zlstava.

@ Maximalni rychlost se nezméni, kdyz je pfitomno hodné substratu,
v8echen inhibitor vytladi.
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Michaelis-Mentenové: nekompetitivni inhibice

Substra te
Su bstrate

Noncompetitive l
mh|b|t0r
Enzyme
Enzyme

Nejcastéji se inhibitor vdZe na jiné misto nez substrdt a ovlivni enzym
zménou konformace (allostericky).
/ A
Vm < Vm, Ky = Ku
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Michaelis-Mentenové: nekompetitivni inhibice

Substrate ~N

ubstrate
! Non_cor_npelilivse \
|nh|b\lor\\
Enzyme
k1 k3
E+S X —=——P
Inhibitor se vdZe na enzym, ale ne na aktivni misto, p¥esto inhibuje reakci.
E+ 1 = El
X+ 1 =Xl

Pf¥edpoklada se, Ze komplex s

inhibitorem neni ovlivnén substratem: oy

K = €4 = «xa
CEl CXi 1

PYes priblizeni ustdleného stavu:
Vo = vimcs(0) _ VK 2

[es (0)+Km][1+ 7] \ gz
Vyneseni Lineweaver—Burk C
1 _ 1 ’
v Lvm + vmcs(O ][1 + ]
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Michaelis-Mentenové: akompetitivni inhibice

Substrate Uncompetitive
\\ Substrate f inhibitor
\ \\ ‘
/\ 4
Enzyme
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Michaelis-Mentenové: akompetitivni inhibice

Substrate Uncompetitive
\ Substrate f inhibitor
\ \\ v
/\ v
Enzyme

Enzyme

Inhibitor se vaze, az kdyZ je navazan substrat.

Yo — Ku
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Ky for uninhibited enzyme
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Autokatalytické reakce

A—P
Vv = kCACp
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Oscilujici reakce: Alfred J. Lotka (191

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

H2 + Br2—> 2HBr
1/2
vV = kobsCH2CB,—2

@ Iniciace - fotoiniciace, termicka ¢ chemicka iniciace

Br, + M 2Br- + M
@ Propagace - kinetickd délka fetézce
Br- + H, HBr + H-

H- + Br, <2~ HBr + Br.

© Terminace
2Br- + M —= Br, + M
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Exploze: rozvétvené fetézové reakce

Space shuttle, Challenger, 1986
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