Kofaktory, koenzymy a prosthetické skupiny
kofaktory — nizkomolekularni slouCeniny potrebné
pro enzymovou katalyzu, u€astni se katalyzy

- koenzymy

- prosthetické skupiny

- kovalentni modifikace aminokyselinovych
zbytku

- ionty kovu

- pomocné molekuly
(kys. askorbova pri hydroxylaci Pro)

kofaktory nejsou:
- stabilizujici slouceniny
- allostericke aktivatory
- post-translacni modifikace mimo aktivni misto
- proteinoveé podjednotky



Kofaktory, koenzymy a prosthetické skupiny
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Kofaktory, koenzymy a prosthetické skupiny

koenzymy — regulérni substraty, jsou v organismu
obsazeny v nizké koncentraci a v ramci
metabolismu se obnovuji (napf. NAD+)

prosthetické skupiny — jsou kovalentné nebo
nekovalentné navazany na enzym, jsou
soucasti katalyzatoru a jsou obnovovany
béhem katalytického cyklu enzymu (napr.
pyridoxalfosfat)

Pozor! Nekdo pouziva pojem ,koenzym" pro
nekovalentné a ,prostheticka skupina“ pro
kovalentné navazanou soucast katalyzatoru



Kofaktory, koenzymy a prosthetické skupiny

apoenzym — enzym, ktery potrebuje prosthetickou
akupinu, ale nema ji

holoenzym — apoenzym po navazani prostheticke
skupiny



Kofaktory, koenzymy a prosthetické skupiny
http://enzyme.expasy.org/enzyme-bycofactor.html
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Kofaktory, koenzymy a prosthetické skupiny
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Vitaminy

Exogenni esencialni faktory pro urcitou skupinu
organismu. Jsou charakterizovany nizkou spotrebou.
Casto se uplatnuji v katalyze.

Provitaminy: prekurzory vitaminu (napf. karoten)

Antivitaminy: slouCeniny, které kompetuji s vitaminy,
nebo je vyvazuji

Hypo/a/vitaminosa: nedostatek vitaminu

Hypervitaminosa: otrava vitaminem



NAD(P)+
nikotinamidadenindinukleotid(fosfat) — koenzym

http://www.ddg-pharmfac.net/dsd/DSD/dehydrog.htm
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NAD(P)+
nikotinamidadenindinukleotid(fosfat) — koenzym

http://www.ddg-pharmfac.net/dsd/DSD/dehydrog.htm
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Nikotinamid (niacin, vitamin B, PP)



NAD(P)+
nikotinamidadenindinukleotid(fosfat) — koenzym

absorbance

260 300 340 380 420 460
vinova délka (nm)



FAD
Flavinadenindinukleotid — prostheticka skupina
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FAD
Flavinadenindinukleotid — prostheticka skupina
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Pteriny
biopterin — koenzym

Essattoses HNrEth

biopterin dihydrobiopterin tetrahydroblopterln
Phe + THB — Tyr + 4a-hydroxy-THB

molybdopterin — napr. prostheticka skupina ve
xanthinoxidase
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Lipoova kyselina
— prostheticka skupina
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Chinony

Ubichinony a Plastochinony — koenzymy
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Hem
Hemy (vice druhu) — prosthetické skupiny

Vazana bud pomoci koordinacne-
Kovalentnich vazeb nebo adici
Cys na vinyly

Funkce:
- prenos e~
- prenos O,

- enzymy katalasa,
peroxidasa atd.
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Glutathion
koenzym

tripeptid (y-Glu-Cys-Gly, GSH)

oxidace: 2 GSH — GSSG



ATP

Aktivované monosacharidy

koenzymy

UDP-Glc, UDP-Gal, UDP-GalNAc, UDP-GIcNAc,
UDP-GIcUA, UDP-Xyl, GDP-Man, GDP-Fuc,
CMP-Neu5Ac

Dalsi podobné donory:
CDP-cholin, CDP-ethanolamin ...



PAPS
3'-fosfoadenosin-5'-fosfosulfat — koenzym

3'-Fosfoadenosin-5'-fosfosulfat (PAPS)
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ATP + SO42‘ — APS + PPi
APS + ATP — PAPS + ADP



SAM
S-adenosylmethionin — koenzym

S-adenosylmethionin
/4
Cb

proteiny » methionin HO~ “OH
| +ATP

S-adenosylmethionin
l methylace DNA, RNA, proteinu, fosfolipidu atd.

S-adenosylhomocystein
l +H,0

homocystein



kobalamin
prostheticka skupina

vitamin By,
methioninsynthasa
propanedioldehydratasa
glyceroldehydratasa
methylaspartatammonolyasa
ethanolaminammonolyasa
B-lysin-5,6-aminomutasa
D-lysin-5,6-aminomutasa
D-ornithin-4,5-aminomutasa
leucin-2,3-aminomutasa
methylaspartatmutasa
methylmalonyl-CoA-mutasa H.C
2-methyleneglutaratmutasa

HO CH3

Vitamin B12



kobalamin
prostheticka skupina

haptokorin transcobalamin Il
(transcobalamin [)

vnitrni faktor



folaty

koenzymy
dihydrofolat (DHF) o OO kyselina listova (folat) o X0
OH N N
& H
N O =
NZ j/\N redukce )I j/\
H
HZN)%N ” O H N)\ o

redukcel

i D 0
Hr/d Hﬁf Hﬁf — Y — Y

tetrahydrofolat (THF) N> N'°-methenyl-THF N° -methyl-THF
N19-formyl-THF N°N'0-methylen-THF

N~ 7

kyselina listova — vitamin B,



folaty

o) o}
, O
Folat
OH N
H
N O
N7 N N
PN "
& p r
H,N N N S
Methotrexat o X7
NH, N

N @)
HZNAN 7 CH o



biotin
prostheticka skupina
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O
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“0-CO-0-PO,* + biotin-BCP —
karboxybiotin-BCP + Pi

vitamin H

antivitaminy — avidin a streptavidin



thiamindifosfat
prostheticka skupina
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koenzym
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pyridoxalfosfat
prostheticka skupina
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pyridoxalfosfat
prostheticka skupina

Glycine dehydrogenase (decarboxylating).

Glycine hydroxymethyltransferase.
Glutamate formimidoyltransferase.
Fluorothreonine transaldolase.

Glycine C-acetyltransferase.
5-aminolevulinate synthase.
8-amino-7-oxononanoate synthase.
Serine C-palmitoyltransferase.
Cysteine synthase.

Cystathionine gamma-synthase.
O-phosphoserine sulfhydrylase.
Cysteate synthase.

O-phosphoserine sulfhydrylase.
Aspartate transaminase.

Alanine transaminase.

Cysteine transaminase.

Glycine transaminase.

Tyrosine transaminase.

Leucine transaminase.
Kynurenine--oxoglutarate transaminase.
2,5-diaminovalerate transaminase.
Histidinol-phosphate transaminase.
Acetylornithine transaminase.
Alanine--oxo-acid transaminase.
Ornithine aminotransferase.
Asparagine--oxo-acid transaminase.
Glutamine--pyruvate transaminase.
Succinyldiaminopimelate transaminase.
Beta-alanine--pyruvate transaminase.
4-aminobutyrate--2-oxoglutarate transaminase.
D-amino-acid transaminase.
Diiodotyrosine transaminase.
Thyroid-hormone transaminase.
Tryptophan transaminase.
Pyridoxamine--pyruvate transaminase.

dTDP-4-amino-4,6-dideoxy-D-glucose transaminase.

UDP-N-acetylbacillosamine transaminase.
Glycine--oxaloacetate transaminase.
L-lysine 6-transaminase.
2-aminoethylphosphonate--pyruvate transaminase.
2-aminoadipate transaminase.
Branched-chain-amino-acid transaminase.
Aminolevulinate transaminase.
Alanine--glyoxylate transaminase.
Serine--glyoxylate transaminase.
Diaminobutyrate--pyruvate transaminase.
Alanine--oxomalonate transaminase.
5-aminovalerate transaminase.

Dihydroxyphenylalanine transaminase.
Glutamine--scyllo-inositol transaminase.

Serine--pyruvate transaminase.

Phosphoserine transaminase.

Taurine--2-oxoglutarate transaminase.

Aromatic-amino-acid transaminase.
dTDP-4-amino-4,6-dideoxygalactose transaminase.
Adenosylmethionine--8-amino-7-oxononanoate transaminase.
Glutamine--phenylpyruvate transaminase.
N(6)-acetyl-beta-lysine transaminase.

Valine--pyruvate transaminase.

2-aminohexanoate transaminase.

D-4-hydroxyphenylglycine transaminase.
Diaminobutyrate--2-oxoglutarate transaminase.
Taurine--pyruvate aminotransferase.

Aspartate--prephenate aminotransferase.
Glutamate--prephenate aminotransferase.

Nicotianamine aminotransferase.

Succinylornithine transaminase.

Putrescine aminotransferase.

LL-diaminopimelate aminotransferase.

Arginine--pyruvate transaminase.
UDP-4-amino-4-deoxy-L-arabinose aminotransferase.
dTDP-3-amino-3,6-dideoxy-alpha-D-glucopyranose transaminase.
dTDP-3-amino-3,6-dideoxy-alpha-D-galactopyranose transaminase.

UDP-4-amino-4,6-dideoxy-N-acetyl-beta-L-altrosamine transaminase.

4-aminobutyrate--pyruvate transaminase.
UDP-2-acetamido-2-deoxy-ribo-hexuluronate aminotransferase.
GDP-perosamine synthase.

Cysteine desulfurase.

Molybdenum cofactor sulfurtransferase.

L-seryl-tRNA(Sec) selenium transferase.
O-phospho-L-seryl-tRNA(Sec):L-selenocysteinyl-tRNA synthase.

1-aminocyclopropane-1-carboxylate deaminase.
Kynureninase.

Aspartate 4-decarboxylase.
Valine decarboxylase.

Glutamate decarboxylase.
Hydroxyglutamate decarboxylase.
Ornithine decarboxylase.

Lysine decarboxylase.

Arginine decarboxylase.
Diaminopimelate decarboxylase.
Histidine decarboxylase.
Aminobenzoate decarboxylase.
Tyrosine decarboxylase.
Aromatic-L-amino-acid decarboxylase.

Sulfinoalanine decarboxylase.

Phenylalanine decarboxylase.
2,2-dialkylglycine decarboxylase (pyruvate).
Phosphatidylserine decarboxylase.
Threonine-phosphate decarboxylase.
Diaminobutyrate decarboxylase.
L-glutamyl-[Btrl acyl-carrier protein] decarboxylase.
L-threonine aldolase.

Phenylserine aldolase.
Sphinganine-1-phosphate aldolase.
D-threonine aldolase.

Low-specificity L-threonine aldolase.
L-allo-threonine aldolase.
Aminodeoxychorismate lyase.
3-hydroxy-D-aspartate aldolase.
Tryptophanase.

Tyrosine phenol-lyase.

Tryptophan synthase.

Cystathionine beta-synthase.
Pyrazolylalanine synthase.
3-amino-5-hydroxybenzoate synthase.
Capreomycidine synthase.

Threonine synthase.
Ethanolamine-phosphate phospho-lyase.
5-phosphonooxy-L-lysine phospho-lyase.
Glucosaminate ammonia-lyase.
Carbamoyl-serine ammonia-lyase.
Diaminopropionate ammonia-lyase.
Threo-3-hydroxy-L-aspartate ammonia-lyase.
L-serine ammonia-lyase.

D-serine ammonia-lyase.

Threonine ammonia-lyase.
Erythro-3-hydroxy-L-aspartate ammonia-lyase.
Threo-3-hydroxy-D-aspartate ammonia-lyase.
Cystathionine gamma-lyase.

Homocysteine desulfhydrase.

Alliin lyase.

S-alkylcysteine lyase.

Cystathionine beta-lyase.

L-3-cyanoalanine synthase.

Cysteine lyase.

Methionine gamma-lyase.
Cysteine-S-conjugate beta-lyase.
1-aminocyclopropane-1-carboxylate synthase.
Selenocysteine lyase.

L-cysteate sulfo-lyase.

3-chloro-D-alanine dehydrochlorinase.
S-carboxymethylcysteine synthase.

Alanine racemase.

Methionine racemase.

Glutamate racemase.

Arginine racemase.

Amino-acid racemase.
2-aminohexano-6-lactam racemase.
Isopenicillin-N epimerase.

Serine racemase.

D-ornithine 4,5-aminomutase.
Glutamate-1-semialdehyde 2,1-aminomutase.
Glutamate 2,3-aminomutase.
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Vitamin K 0
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vitamin K,
nutny pro vznik y-karboxy-Glu v koagulacnich faktorech

Antivitaminy: warfarin

Ostatni vitaminy:

Vitamin A — retinol — fotosenzor v oku, role v signalizaci
Vitamin D — kalciferol — metabolismus vapniku
Vitaminy E — tokoferoly — antioxidanty
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