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Reaktion 0. Ordnung: z.B. konst. Zerfall

A (unendlicher Pool) B+

Reaktion 1. Ordnung: z.B. radioaktiver Zerfall

A B

Reaktion 2. Ordnung: z.B. zwei Reaktanten reagieren miteinande

A+B C



Reaktionsgeschwindigkeit:

d[A]/dt = dA/dt = A’
d[B]/dt = dB/dt = B’

KHA] = -k*A
kH{A] = k*A




Einfache Reaktionskiisis

]

C
Zweil Reaktanten: A A
A C B
A+ B - > C A B
. o c B g
Reaktionsgeschwindigkeit:

d[A]/dt = dA/dt = A
d[B]/dt = dB/dt = B

KHAJ¥[B] = -k*A*B
KHAJ¥[B] = -k*A*B



Drei Reaktanten: A A

Reaktionsgeschwindigkeit:

d[A]/dt = dA/dt = A’
d[B]/dt = dB/dt = B’

K¥[AJ¥[B]? = -k*A*B2
K¥[AJ¥[B]? = -k*A*B2



A
k, .
B 1 Reversible Reaktion
__1C|
K - Gleichgewichtskonstante
Alx[B

d[A]/dt = - k, *[A]*[B]+k
*IC]

d[Bl/dt = -k X[A{B]+ k. Systemgleichungen

*[C]
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meist einer Sattigungskurve.

* Wenn alle Enzyme belegt sind, kann die Geschwindigkeit
nicht
mehr zunehmen, auch wenn mehr Substrat dazukommt.

* Die Substratkonzentration bei halbmaximaler
Geschwindigkeit
entspricht Km.
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Energy

reactants

Effekt von Enzmen auf
Aktivierungs

For all reactions
you must get over
the activation
energy hurdle.

AH

s \_ products

Enzymes change
Enzyme catalyzed how a reaction
reaction will proceed.

This reduces the
activation energy.

It makes it faster.

N\ proes

P




Michaelis-Menten-Esgkigtion

1 k =
ES — =
k-l

E+S

Reaktionsgeschwindikeit

/[P
s — APl S
dt

Gleichung fur ES

d|ES]

— = 4 [E][S] ~ k-1[ES] ~ k[ES]
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Komponenten in einer simplen Michaelis-Menten-

[Sol

Concentration

[Ely =[E] + [ES]

[El+ ‘

[E] ><

Time

Y



* Annahme des
schnellen GG

* Annahme des
Steady States d[':S]




[E]r = [E] + [ES]

k([E][S] = k-1[ES] + k2[ES]

([E]r — [ESD[S] _ k-1 t ko

[ES] k,
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KulES] = ([E]r — [ES]IS]

[E]+[S]

e Ky + [S]




Michaelis=iiint

* Maximalgeschwindigke |/ = = [ [E|;
it

* Michaelis-Menten
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Figure 12-3. Key to Function. A plot of the initial velocity vq
of a simple enzymatic reaction versus the substrate concentration [S].

Copyright 1999 John Wilay and Sons, Inc. All nghis reserved
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Enzyme Substrate Ky (M) keg 571) ke Kyy (M1 o 571
Acetylcholinesterase Acetylcholine 9.5 X 107° 1.4 x 10* 1.5 108
Carbonic anhydrase Co, 1.2 X 1072 1.0 X 10° 8B 17
HCO;, 26 11> 4.0 x 10° 1.5 x 107
Catalase H,0, 2.5 % W= 1.0 x 107 4iiog 16°
Chymotrypsin N-Acetylglycine ethyl ester 4.4 x 10! SR 12 x 107!
N-Acetylvaline ethyl ester B85 102 L7 107 19
N-Acetyltyrosine ethyl ester 6.6 X 1074 1.9 x 10? 79'% 1P
Fumarase Fumarate 5.0 % 10°® 8.0 x 107 1.6 x 10®
Malate 25 % 107 9.0.% 107 3.6 X 107
Superoxide dismutase Superoxide ion (O, * ) 3.6 17 1.0 x 10° 2.85¢ 107
Urease Urea 2.5 X 1072 il 40 x 10°







Lineweaver=aim

1/v

Slope = Kp/ Viax

1/V

[MIELs

[S]=5 Ky

—1/K p 0
1S]

Copyright 1989 Jobn Wilay and Sons, Ine, All nghis reserved



Ky

4
EI + S —— NOREACTION

Copyright 1999 Jabn Wiley and Sons, Ine, All nghis reserved,



N Increasing
o = 1 (no inhibitor) 1]

[S]

Figure 12-6. A plot of v, versus [S] for a Michaelis—Menten reaction in tl
presence of different concentrations of a competitive inhibitor.
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Unkompetitive He %%%%%%%

kg k

E+S-TES—2*P+E
-1

+

I

!

ESI —— NO REACTION

Cepyright 1999 John Wilsy and Sons, Inc. All nghis reserved



1fvu

Increasing

[1]

a’'= 1 (no inhibitor)

Slope = K/ Vipax
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ky ko
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EIl ESI — NO REACTION
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Effekte von Inhibitoren auf Paramet
der Michaelis-Menten- Glez T

Type of Inhibition e K5pP

None Vi Ky

Competitive Vi aky

Uncompetitive Vot 0 K,/ o

Mixed Ve & ak,/ o
[1] [1]

”a=1+E anda’=]+?i'



Beispiel Regulationiﬁmﬁm@rtate
tranSC m j::::::f::: ,,,,

O\\Q 0O
C‘\
NHg CHZ
| + |
C C
= _
07 opoz H,N" H >coo
Carbamoyl phosphate Aspartate
aspartate
transcarbamoylase
O\\\Q A
C\
NH, CH,
| | + HPO;
C L
= _
0 \H’/ H™c00

N-Carbamoyl aspartate

Copyright 1988 John Wilsy and Sons, Inc, All righis reserved



Carbamaoyl phosphate AT o

+ » N-Carbamoyl aspartate
Aspartate ¢ M
. /
\ '
H = 6 enzymatic
I ¢ reaction steps
B
- '
i
. -
o NH,
N
I/ ‘

R 07N
0—P—0—P—0—P—0—CH,
0 o o

HO OH

Cytidine triphosphate (CTP)

Copyright 1660 John Wiley and Sons, Ine, All rights resaned,
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BRI —

ATP
No allosteric
v, effectors
I I | |
0 10 20 30 40

|Aspartate| (mM)

Figure 12-10. Plot of v, versus [Aspartate] for the ATCase reaction.
[After Kantrowitz, E.R., Pastra-Landis, 5.C., and Lipscomb, W.N.,
Trends Biochem. Sci. 5, 125 (1980).]

Copyright 1999 John Wiley and Sors, Ing. all nghis resarved



Katalyse mit Substratinhibition:

T
---- L 17

Analoge Vorgehensweise liefert:

d—S:— * EQ* S

de 4 (Km+S+Ki*S?)
mit

Ki=(l<—1+l<2)>l<l<3

klxk—3
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Partieller steady state:
Bsp: Teilgeschwindigkeit:
d ES,/dt = k*E*S, - (k, + k,)*ES, = 0

dP1

S1xKm2
= k.XF*S. - (k k. )* = ——=k2 E0
d ES,/dt = KBS, - (k, + K)*ES, = 0 gt (STeKm2+S 2+ KmI+KmI+Km2)

Gesamtgeschwindigkeit v = k,*ES,; + k,*ES,

E,=E +ES, + ES,
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)as erste Substrat A bindet an das Enzym, um den Enzymsubstrat
omplex EA zu bilden. Dann bindet das zweite Substrat B.

)ie Reaktion produziert EPQ und Produkt P wird vor Produkt

) freigesetzt.

A B p Q
I,

\ W
" EA EAB-EPQ EQ E

Copyright 1999 John Wiley and Sons, Inc. All nghis reserved

Davon abgeleitet ergibt sich:

V=V 15 S51xS2

(KiS1%KmS2+KmS2%S1+KmS1%52+51%52)




as erste Substrat A vereinigt sich wiederum mit Ezu EA. Dann
ird jedoch schon das erste Produkt P freigesetzt. Das zweite Sub-
rat B bindet nun und Produkt Q wird freigesetzt.

10 ==

A p B Q
N N

V A4
E BA-FP F FB-EQ |

Copyright 1999 John Wilay and Sons, Ing. All nghts resenved

Hier ergibt sich folgende Geschwindigkeit:

S1xS2
(KmS2%S51+KmS1x52+51%52)

V=V 1%



Struktur
Enzymintermediate

Per3+

o
Perzr ~————
o
02\‘ //02 I/HN
e e-

Ham- compound Il —— compound | compound |l

grupp




Peroxidas Aromat
e

(Methylenblau)

2NADH + O, . 2NAD* +
2H,0



Fallbeis :

* Die Reaktion oszilliert unter

g verschiedenen Bedingungen
g swo * Die Oszillationen konnen viele

Stunden andauern

-
o

027 (uM)

o b
o

0.0
4000 4200 4400 4600 4800 5000

time (s)
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Fallbeispiel 1 - Peroxid

enmentarreaktionern

H,Q> (f)2
Perz+
Per3+ = compound | NAD" 5. \k
2

+ MLT
il Perd+ N ~ compound II
MLT compound li MLT* NAD" + NAD* NAD"
WADz
compound Il = compound |
NADH + MLT" NAD" + MLT + H*
NAD' + O, NAD* + O,
20, +2H* H,0, + O,
2NAD' —— NAD, 2NADH + O, + 2H* -> 2NAD+* + 2H,0
(respiration)
NADH + O, + H¥ NAD* + H,0,

NAD* NADH (enzymatic)

O,




1. HyO;2 + per3* 2 col
_1
2. col + MLTH *2) colT + MLT
3. colI + MLTH %25 per3+ + M LT
4. per3* + 05 X4 coIlT
5. 2H+ + 205 X% H,0, + O
6. colll + Oy %ey col + 0O,

Reactions occurring in cytoplasm:

7. NADPH + Oy X% NADP+ + H,0,
8. NADP + O, ¥ NADP+ + O5

9. 2H+ + 205 %2 H,0, + O,

10. MLT + NADPH ¥4 MILTH + NADP:

11. 2NADP % (NADP),

12. k3 NADPH
k

13. k‘_l_'é Oz (cytoplasm)
—-13

Diffusion terms:

14. O (phagosome) :‘—1—‘4 Oz (cytoplasm)
14

k
15. H20, (phagosome) ,:TI—E H30O2 (cytoplasm)
15

16. MLTH (phagosome) ”5_1_9 MLTH (cytoplasm)
16

17. MLT" (phagosome) %1‘—7 MLT" (cytoplasm)

7

18. O3 (phagosome) ’E_l_é O3 (cytoplasm)
18

NADPH ozxidase:

Fallbeispiel 2 - Peroxidas

k‘l [HzOz]p[PeT3+]p - k_l [COI]p

ko[col],[M LTH],
ks[colI],[MLTH],
ka[per*+],[05]p
ks[Oz 13
ke[coIlIT),[03 1p

k7[NADPH].[O:].
ks[NADP];[O:]c
ko[O2]2
k1o[MLT'|.[NADPH].
k11 [NADP]2
k12
k13 — k_13[O2].

k14([O2]p — [O2]c)
k15 ([H202]p — [H202].)

k16((MLTH), — [MLTH].)

ki7([MLT), — [MLT"].)

k1s([O31p — [O2]c)

Beispiel fur Systemgleichung:
coll’ = k2*coI*MLTH - k3*coll[*MLTH

k1= 5.0 x 10" M—!
k_; =58s1

ko= 1.0 x 10" M1 g
k3= 4.0 x 103 M~ 1 g
k4= 1.1 x10" M~ 1 g1
ks= 1.0 x 10" M~ 1 g
ke= 1.0 x 10° M—1 s

k=1 M-1g1

ks= 5.0 x 10" M1 g1
ko= 5.0 x 108 M—1 g1
kio= 1.0 x 10?" M—1 51
ki1= 6.0 x 107 M1 g1
ki = 22-35 uM s~
kiz= 12.5 /I,M s—1

k_13 =45x%x10"25s1

kig =30s7!
kis = 30s71
ki = 10s71
ki7 = 10s™1

kis = < 0.01 s~ 1
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m UNIT OF ACTIVITY - the amount of enzyme
required to catalyze a reaction rate of
transformation of 1 micromole of
substrate/minute under standard conditions®.

Example: if 0.1 milligram/mi of
enzyme catalyzes the conversion
of 10 micromoles of substrate per
minute, then that millifiter
contains 10 units of activity.

FoTAMNDARD COMDITIONS - conditions appropriate to a given enzyme
(e VWARIABLE STANMDARDI!). However, when possible:

e Temperature = 30°C = pH at Optimum

s 5Substrate concentration at 10X its half saturation concentration {10 Km})
EME 2010 2 1995 I B Wamper




Einschub: Einheiten

i
i ]
N>

m SPECIFIC ACTIVITY - amount of activity per
amount of protein, Typically expressed as
Units/mg of protein.

m MOLECULAR ACTIVITY - (previously called
"turnover number”) the number of molecules of

substrate transformed per minute per molecule
of enzyme.

m CATALYTIC CENTER ACTIVITY - molecular
aclivity on a per site basis.

NOTE: definition of units is a progressive and iterative process

dependent on purity of the enzyme & its substrates, measurement
of its molecular weight, improved measures of Vmax & Km,
discovery of the number of sites and the evolving “STANDARD"

EME 2010 conditions. @ 1992 I E. Warnper
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