snimek 1

snimek 2

snimek 3

ENZYMOLOGIE

Katalfza - Berzelius 1838

Katalyzator - latky urychlujici chemicke reakce
- neméni rovnovahu chemickych reake

- snifuji aktivacni energii

energie

pribén reakce

Uncatalyzed

- = -| Reactams
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Pozadavky na hiokatalyzatory :

e A

A Reakee musi probihat clené.

(. Jejch akivitn musi byt presné regulovand

Biokatalyzatory

* Globularni bilkoviny — enzymy

* RNA - ribozymy

Historie pomini enzymi

1878
1860

1897
1926

KUHNEN - ENZYM - En Zyme - v kvasnicich
PASTEUR - vis vitalis - Zivotni sila v kvasinkich
LIEBIG - fermenty - chenrické litky

BUCHNER - extrakt kvasinek katalyzuje kvaseni

SUMNER - bilkovinnd povaha enzynn - ureasa
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Enzymologie :

o studium struktury enzymi

o studium kinetiky enzymovych reakei

o studium reakénich mechanismu

o studium forem a lokalizace enzymu

o studium vztahu enzymi k patologii organismu
o praktické vyuiiti enzymi

+ piiprava a studium umélch enzymu

Nizvoslovi

1. trivialni - trypsin, pepsin, ptyalin

2. nizev substritu +asa - lipasa, amplasa

reakee + asa - oxidasa, hydrolasa

3. substrdt + reakee - alkoholdehydrogenasa

substrt; + substrit, + reakee - alkohol: NAD-oxidoreduktasa

Enzymovi nomenklatura

IUB 1961 - nejnovéjsi 1984

1. OXIDOREDUKTASY - oxidaéné redukéni reakee

- alkoholdehydrogenasa

2. TRANSFERASY - pienos skupin

- aspartitaminotransferasa

3. HYDROLASA - hydrolytické Stépeni (+ H,0)

proteasy
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4. LYASY - nehydroly

ické Stépeni (bez H,0)

- karbonitanhydrasa

5. IZOMERASY - presuny atomil a skupin

- glukosafosfitizomerasa

6. LIGASY vznik vazby za sou¢asného
rozkladu ATP

- asparaginsynthetasa

1. Oddwedktiy  Aer*Ba = AatBu
1 Transferdzy AB+C = AC+B

3 Hydrolézy AB+HO — AH +B-0H

4. Lydzy A £ XY
3 X Y X
5 zomerézy =1
A-B A-B
£ Ligéy A+BAATP = AD+ADP+P
Oxidoreductase
cnl—?ucuu‘
OH
Lactate

Common name: Lactate dehydrogenase
Offcial name: 1-Lactate: NAD* oxidoreductase
Official number: 1.1.2.3

Transferase
(NMP), + GNTP = (GNP, = 72

{HNMP), = DNA with n nudleotides
{GNMP),41 = DNA with 7 + 1 nucleotides

29, = Pyrophosphate

Common name: DNA polymerase

Official name: Deoxynucleoside triphosphate: DNA deorym
Official Number: 2.7.7.7
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Hydrolase
0 o

Il
HiC—C—0—CHy—CHy—RCHyy + B0 =

Soine

Acetylchaline

Common name: Acetylcholinesterase
iDfficial name: Acetylcholine acetylhydrolase
iDfficial number: 3.1.1.7

Lyase

Lommon name: Carbonic anhydrase
{%icial ame: Carbonate hydrolyase
Dffcial number: 4.2.1.1

Isomerase
CH,0P0} CH,0P03"
c=0 == CHOH
CH,0H c=0

toisomerase

Officia
Ligase
€0, === ~00C—CH,CC00™

0 0
Oxaloacetate

CH,L—C00™

Con ate carboxylase
y

Official name: Pyruvate: O ligase (ADP-forming)

Official number: 6.4.1.1

ommon name: Pyruv

[
=

ECLLLY L 1L

Enzyme Commission
Tida -oxidoreduktsa

Podtiida - skapina CHOH ——

Podpodtiida ~ -hoenzym NAD

(iso enzvmy
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Vyjadiovini aktivity enzymu :

o smluvené jednotky

¢ IU - International Unit - mezinarodni jednotka (IUB 1961)

- poéet mikromolu preménéného substritu za minutu

 kat - katal (IUB 1971)

- poéet moli preménéného substritu za sekundu

Specificki aktivita - aktivita vztaZeni na mg bilkoviny

Cislo pfemény - poet moli substritu p

ménénjch molem

enzymu za jednu selundu

STRUKTURA ENZYMU

< jednoduché

slozené

KOFAKTOR + APOENZYM — HOLOENZYM

prosteticki skupina - ko

ORGANICKA LATKA <

disociabilni

Kofaktor - kovovy ion nebo organicka latka

METALOENZYMY
Kovovy ion enzym
7t
Ng* fosfohydrolasy
Mn® arginasa
T cytochromy
peroxidasa
katalasa
AT tyrosinasa
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Regenerace kofaktoru

1. Prostetickd skupina se regeneruje na téze enzymoveé bilkovin :

alanin PLP I 4 kglutamovi
v
pyruvit PLPNH, kketoglutarova
2. Koenzym se odStépi napoji se na jiny apoenzym a regeneruje se

v jiné enzymove reakei :

alkohol + NAD" — aldehyd + NADH
pyruvat +NADH — laktat +NAD®

KOFAKTORY A VITAMINY

VITAMIN - FUNK - “amin potiebny pro Zivot”

Vitamin Kolaktor Funkee
Fozpusiné ve vodg T

Kaleif

tokor:

maftochinony - A

NIKOTINAMIDOVE KOENZYMY

k. nikotinovd nikotinamid
f N
N Nor /\\/( N,
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0

/\‘/(\\“.

CHCHOH + NAD(P)'= CHCHO + NADQ®H +H

Warburglv opticky test

260 300 340 380 420 460 500
Wavelength (nm}
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ELAVINOVE KOENZYMY
iboflavin B
0
0 N
HOAN A
% eSS
I BN SN
1eNAA A i
° CH,

{8 H-C—OH
BCon Edon
B0

B-(—0H o
HB—-C—OH
CH-0—P=0

Cii-0H :

5 0
EAD

1

cH,

B-C—0H

B-C—0H ]

N Ay
BC—0H 0 0 ad
CH—0—P—0—P—0—CH, Sy

L

0
|
AN AN
\ NT"
e \‘ N/Ko 1 e Tﬁ\-)*o

i




snimek 28

snimek 29

snimek 30

klipoovi

O (//3
\/\f/\/\/({gu +2[H) (\/\/\/ or
53

-2H BS SH

ubichinon

AIR

R-0-® * ®-@—Rib-ade B + BB +R-S—Rib-Ade

CH,
R-0H R-S—CH,
NH,
0 oo N Ay
0-p—0-p—0-p-0—CH, Ny
00 0 N
oH OH
R-OH R—COOH

R-0—®~® + ®—Rib-ade B~ +R-C—0—P—Rib—Ade
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aktivi sulfit

ktivoi sulia NH,

5 0
{ o0
A A\

N M ocoap = VM
Ho A

I [\
'\S/\/\Noon A\ oo

tetrahydrolistovi k.

methvlentetrahvdrolistovi k. methenvltetrahvdrolistova k.
N —N—
ou HE-X on B
xé\‘/\\/“": NV
N NN
ad Ny Ny

H H
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thiamin
&3
T
CH;-CH,OH
H_‘()\ ‘ e

NH, S

(H,

!

H \\«\ CH-CH-0-B-®
Q)\s -l

s

CH,

P
I

—r
AL
T

z

I

I

I

I

I

=

OH OH

CodSH + RCOOH = Coss—C—R + 10

Dt -
\
N
\p T Y
4
(e, / 0H¢R““*C°°i®FH:( A
(C % ()

ya o,
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N
iy P A
H,C-N—CH;-CH;0- CH, N

TR

cutidindifosfit N,
’

Lyagy a ligasy - bez kofaktoru nebo jiz popsanjm kofaktorem TPP

Hydrolasy - bez kofaktoru

Tzomerasy - vét§inou bez kofaktoru nebo kobalamin,

Enzymove bilkoviny
o 00O
 dlgomend

o mulfenzymové Komplyy
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Aktivai misto vy
atatiche
Aninokysefny vagehné

strukfurni

) W
J

\

o

g
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,Lock and key“ model

LInduced fit* model

Substrate

ES complex

,Transition state“ model
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Aktivni misto

Efekt priblizeni — prekryv orbitalt
Specifické mikroprostfedi — pH, I,
hydrofobita atd

Dehydratace

Koncentraéni efekt - 105

Vhodna orientace

Aktivacni energie

Uvolnéna pfi vazbé substratu na enzym

Mechanismus katalyzy

Acidobazicka

Kovalentni

Kovovymi ionty

Elektrostaticka interakce

Proximitni a orientacni

PFednostni vazbu pfechodného komplexu
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Acidobazicka

@ uoue i

o HY £2
R—C HoNR® aSee B C N

Kovalentni

i i

d |
slo

Step1: E—(Ser)—OH + R."\‘—('—R‘ — E—(Se)—0—CR

Covalent intermediate
H

0
|

"+ RNH,

(‘J
Step2: E—(Sen)—OCR' + H,0 > E—(Ser)—OH + RC—OH

Kovovymi ionty

M M M
(‘) 0" 0" R 0
R—C—OR' == R—C—OR' == R—C—0 =R—C
OH, *OH, on M
(b)

+ R'OH

ol
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Elektrostatickou interakci

X 100
= {' - -
> Za3+
P \Wn_..
_— His 54
//

Proximitni a orienta¢ni

Pfednostni vazbu pfechodného
komplexu
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Lysozym

Lysozym




snimek 58 —

snimek 59

snimek 60
Lysozym
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+ Fosfotriosoisomerasa

+ Fosfotriosoisomerasa
Glul6s
- His95

Lys13

* Mechanismus
plsobeni PTI

&
W el
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Specifita enzvmové reakce

specifit reakéni - aéinku - jaki reakce probéhne
specifita substratovd - absolutui
- skupinovi

- stereospecifta

transaminace

Ii' klfcoo'
R—C—€00"
. g
}{/O ? 4 dekarboxvlace
@G oH - HI—COO'.= ®@-H OH  —y R—CH-MH,
Ok
. ? \*CH,

H, N 5 pieména
postr. fetézce

R-(—C00'
"N,

sl

olitamit=NAD B0 & oxogutarit = NHy + NADH + '
wejtorodf

aminokyselina = FAD + H,0 &+ g-onokyselina + NH, = FADH,

FADH, + 0, @ FAD + )0,
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ENZYMOVA KINETIKA

Reakce s jednim substritem
RROWN 1002
MICHAFLIS MENTENOVA 1913

a) 7ivislost poiteéni rychlosti na koncentraci enzymu

~
//
e
e

=]

Ustaleny stav
E +S=ES & EP—~E+P

\\ shbstte 5 o

P

1

1Y V [ES] enzyme subsirate:

|

! TEfroe enzyme
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b) zivislost pocatecni rychlosti na koncentraci enzymu

18]

Rovnice Michaclis Mentenové

V - maximlu (limitni) reakeni rychlost

Kum - Michaelisova konstanta

Spokm v = Py

kn + [ \
[S)e<Km LB

v = ——=konst[S]
Km
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Stanoveni Km a Vmax

Stanoveni Km :

LINEWEAVER BURKE

sm = Km/V

1s]

K= W+ ? Ve

Enzyme Substrate Ky (mM)
Catalase H;0; 0.001
Hexokinase from brain ATP 04
o-Glucose 0.05
o-fructose 15
Carbonic anhydrase HCO3 9
Chymotrypsin Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 25
B-Galactosidase Lactose 40
Penicillinase Benzylpenicillin 0.050
Pyruvate carboxylase ATP 0.060
Pyruvate 040
HCO3 10
Ribulose 1,5-bisphosphate Ribulose 1,5-bisphosphate 0.028
carboxylase (rubisco) €0, 0.009
Ribulose 1,5-bisphosphate Ribulose 1,5-bisphosphate 0.028

oxygenase (rubisco} 0; 0.535
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Enzyme Substrate y per second)

Catalase 0,

Carbonic anhydrase HC03

Acetylcholinesterase Acetylcholine

Penicilinase Benzylpenicillin

Lactate dehydrogenase Lactate

Chymotrypsin Glycyltyrosinylglycine

DA potjmeiase ONA

Ribulose 1,5-bisphosphate Ribulose 1,5-bisphosphate = €0
carboxylase

Ribulose 1,5-bisphosphate Ribulose 1,5-bisphes 4
oxygenase

Reakee se dvéma substraty

Mechanismy - CLELAND

Sekvenéni :
a) ndhodny
A PoQ
| EA EAB&EPQ | EQ ‘
EB EBAGEQP EP
B Q P
b) usporddany
A P 0Q
EA EABGEPQ | EQ ‘
Pingpongovy
A p B Q
EAGEP F FB&EQ
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Latky ovliviiuicf &innost enzymu

aktivitory
Latky ovliviiujici ¢innost enzymu <

inhibitory

Aktivitory - zvySuji rychlost enzymové reakee

Inhibitory - snifuji rychlost enzymové reakce

Inhibice

o Treverzibiln inibice

E+I4H

 Reverzibilni inhibice
Kompetitivni inhibice

E+I1 e El

M 1
UKm I

Vkm,

Km>Km V=V
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Nekompetitivni inhibice
E+I6 El

1,

EA +16 EAI

Vis)

Viv pH
Aktivita i
pH
optimum
—
|
L
i ] Trypsin
| |
o/ ] -
T T E
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Viiv teploty

log k

/

| teplotni nplimmn\

30 40 50 60 gl
Temperature (°C)

Regulace tinnosti enzymu
+ Regulace koncentrace enzymu
o Allostericki regulace MONOD 1963
+ Regulace zpétnou vazhou
+ Regulace kovalentni modifikact

+ Kompartmentace
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Regulace koncentraci enzymu

Operonovy model

Activator Repressor
binding site binding site

Promoter

ona Ul

Structural
\ o genes
N\ Regulatory ./ 1,23
sequences

Promoter  Operator

\

Repressor

SR totamet
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j-Galaciosidase Permease Acetylase
A

Allosterie

Alloslenc Site
Active Site Subslra(e

S
Enzyme ~
Inactive * *
Enzyme
7

Regulatory Alloslenc Calalyllc
Subunit Inhibitor Subunit

1L

L

Allosterie

Single Subunit Allosteric
Enzyme Enzyme

Substrate Substrate
c C
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Allostericky aktivator

Allgsteric

a; tor allosteric

o
‘ * h

Allostericky inhibitor

Allosteric
in) or

.ﬂlfnlE

Symetricky model

FL 7

T state

5

[ ]

Inactive form
of the enzyme:
substrate cannot bind




snimek 97

snimek 98

snimek 99

Sekvenéni model

Allosterie hemoglobinu

Myoglobin
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Vazba O, na Hb

Vazba O, na Hb
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Hb versus Mb

Solné mastky

(a) T State (deoxy) (b) R State (oxy)

Solné mistky
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Solné mustky

(8) alotze
ta () pletizce
8

o ¢

f4

2 B

Bohrv effekt — vliv H* a CO,

#b(0,),H, + O, == Hb(0,), + xH

CO, + H,0 == H' + HCO

Bohruav effekt — vliv H* a CO,

Yoz




snimek 109 .
Bohriv effekt — vliv H* a CO,

Blood Cell in Capillaries of Tissues
00y ————= C0; + H0
S calls of tissues / carbonic anhydrase

HLO3 + HbOz)

HCOj w—— HCO3 + H'Hb + 405 = 0;
plasma to cells of tissues

snimek 110 .
Bohrv effekt — vliv H* a CO,

& Rad Biood Cell in Capillaries of Lung

oy — C0; + H0

dnto air /( carbonic anhydrase
HiCO3 + HblOz)g
A
HCOy ———=HCOy + H'Hb + 40y 0
plasma from air
r
snimek 111
200,+2H0 Gas transport
i N carbonic anhydrase " in mammals
2 H,C0,
N [spontaneous] .-~
F2HCO; #2 1 7 Hemoglobin - 40,
10,

; Lungs .
RNy Blood

Hemoglobin « 2 H 4% H' +2 HCOs

40,
“[spontaneous]
carbonic acid, H,CO, Ll 2 H,CO,
PHy =64, pK s =102 carbonic anhydrase

¢ Perinherd Tissues 2C0,+2H0.




snimek 112

snimek 113

snimek 114

Viiv BPG

o A
¢

0

H—C—0PO]
H—C—0P
H
23 -bisfosfoglycerit 232G

Vliv BPG a nadmofrska vyska

pso tort

Vliv BPG a nadmorska vyska
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Fetalni versus normalni Hb

Fetalni versus normalni Hb

6 12 138 24 % %1 6 12 18 24 0 3% &£ 44
Bith
Postconception age (weeks) Posinatal age (weeks)

Regulace kovalentni modifikaci
glykogenfosforylasa
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Regulace kovalentni modifikaci
glykogenfosforylasa
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Regulace kovalentni modifikaci

&
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s
Arg
[T -
Leu I Tyr Al
A chain B chain
Aktivace zvmogeni
Saludek pepsinogen — pepsin
pH
slinivka biisni enterokinasa

trypsinogen — trypsin
s

chymotrypsinogen — chymotrypsin

proelastasa — elastasa
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Regulace zpétnou vazbou

¢ e

Regulace

Vvuziti enzvmu
« bioanalyticki chemie - stanoveni substritu
- stanoveni inhibitoru
- nepfimé stanoveni
o lékarstvi
o primyslové vyuiiti
o primyslovévyuiti - praci prostiedky
- krmivafstvi
- potravinafstvi
- farmacie

o enzymovi kataljza v organické chemie




snimek 124

snimek 125

snimek 126

Uil eyy
o Syuymy

Py | r—
v dUL} Ill\)‘

Ribozymy — katalytickd RNA

1989 Nobelova cena

+ Altman (Yale University) ribonukleasa P

» Cech (University of Colorado) mRNA
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Ribonukleasa P

Acc

Autokatalytickd mRNA

Tetrahymena thermophila
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