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Citratovy cyklus

- Synonyma: cyklus trikarboxylovych kyselin - TCA,
Krebsuv cyklus

« Katabolicky pochod (nejen, ale prevazné)

« Spojnice metabolismu sacharidu, lipidu a
aminokyselin

« Odbourdavad aktivni acetdt vznikly

o oxidacni dekarboxylaci pyruvatu (pochazejiciho z glykolyzy)
o nebo R-oxidaci mastnych kyselin — viz prislusnd kapitola

« Vstupy a vystupy dalSich metabolit?
« Lokalisovan v mitochondridlni matrix

o Uzkd vazba na respiraénifetézec
o Aerobni podminky - reoxidace redukovanych kofaktor?
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Cyklicky prubeh

Reakce acetylCoA s oxalacetdtem — citrat

Premeny dehydrogenacemi a dekarboxylacemi
Degradace acetdtu

Formd&lné CH,COOH +2H,0=2CO, +8H

Produkce redukovanych kofaktord — vodik

Uhlik a kyslik jako CO,

Vystup starfovni molekuly oxalacetatu
Formulovan H. Krebsem (Oxford 1937), NC 1953

o DilCizjisténijiz drive — A. Szent-Gyorgyi, F. Knoop, C. Martius
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Prubéh TCA
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Citrat syntasa
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« Bez UCasti ATP
o Aldolovd kondensace
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Citrat syntasa
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« Usporadany mechanismus

nejprve vazba oxalacetatu

pak acetylCoA

hydrolytické misto se zformuje nakonec
nehydrolyzuje se acetylCoA, ale citryl CoA
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Citrat syntasa

Oxaloacetate-
binding sites

« Homodimer (savci)

o podjednotky po 49 kDa
o zmeéna konformace
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Rovnovahy

« Citrate synthase

« Ko = [Citrate][CoA]/[Oxaloacetate] [Acetyl-
CoA][H,0] =2.24£0.11 x 10¢

« Citrate lyase

+ Ko = [Citrate]/[Oxaloacetate][Acetate] = 2.22 £
0.16 m! -28,4 kJ/mol

¢ Ovlivhéno [Mg?t]
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Rovnovahy

« 1. Citrafe synthase, AGP'=-34.2 kJ/mol,
« 2. Aconitase AGY'= + 6.4 kJ/mol
« 3. Isocitrate dehydrogenase AGY'=-20.9 kJ/mol
« 4. -Kefoglutarate dehydrogenase AGY= -33.5 kJ/mol
: 5. Succinyl-CoA synthetase AGP'=-4.0 kJ/mol
« 6. Succinafe dehydrogenase AGY'=-1.4 kJ/mol
« 7.Fumarase AGP'=-3.8 kJ/mol

« 8. Malate dehydrogenase AGO'= +29.7 kJ/mol
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Dil&f kroky TCA

1
TABLE 17.2  Citric acid cycle
AGO!
Prosthetic
Step Reaction Enzyme group Type* kcal mol~! kJ mol~!
1 Acetyl CoA + oxaloacetate + H,O — Citrate synthase a 5 ~31.4
citrate + CoA + HT
2a  Citrate == cis-aconitate + H,O Aconitase Fe-5 b +2.0 +8.4
2b  cis-Aconitate + H,O isocitrate Aconitase Fe-S c =b.5 -21
3 Isocitrate + NADT —— Isocitrate d+e 2.0 _8.4
a-ketoglutarate + CO, + NADH  dehydrogenase
4 a-Ketoglutarate + NAD ' + CoA =— a-Ketoglutarate  Lipoicacid, d+e G ~30.1
succinyl CoA + CO, + NADH  dehydrogenase =~ FAD, TPP
complex
5  Succinyl CoA + P; + GDP =— Succinyl CoA f ~0.8 33
succinate + GTP + CoA  synthetase
6  Succinate + FAD (enzyme-bound) = Succinate FAD, Fe-S e i) 0
fumarate + FADH, (enzyme-bound)  dehydrogenase
7 Fumarate + H,O == L-malate Fumarase c 0.9 -3.8
8  L-Malate + NAD™ Malate e Hiem +29.7
oxaloacetate + NADH + H* dehydrogenase

*Reaction type: (a) condensation; (b) dehydration; (c) hydration; (d) decarboxylation;
(e) oxidation; (f) substrate-level phosphorylation.
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Akonitasa
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« Ustaveni rovnovahy

« Fe-S protein (klastr Fe,S,)

o Vvniffni oxidoredukce (no net)
o Rovnovdaziny stav 9:1:2 (dle cMg?)
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[socitrat dehydrogenasa
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« Dvoustupnovad preménao

o dehydrogenace
o dekarboxylace B-karboxylu
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a — ketoglutaratdehydrogenasa
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« Multienzymovy komplex — analog pyruvdat DH
o Lipoamid DH stejnd
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SukcinylCoA syntetasa

CoA—S
\C///O COO-
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« Opacny smér
« GITP — ekvivalent ATP

o Specidlnifunkce GTP
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SukcinylCoA syntetasa
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« Ucast fosfohistidinu
o Obecnéjsimechanismus prenosu ~P
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Sukcinat dehydrogenasa

COO~ FAD FADH,
H COO~
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Succinate Fumarate

« Membrdanoveé vazany enzym

o Ostatni enzymy TCA rozpustény v matrix
o Reoxidace prostetické skupiny FADH,
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Sukcinat dehydrogenasa

Complex Il

- )

Inter-membrane Space

Komplex 4 podjednott
o 2 katalytické
o 2 membrdnové
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Fumarasa

CO0-
H COO- HO
| HO—C—H
H—C—H
~00C H
CO0O~
Fumarate Malate

« Adice vody, lyasa
« Stereospecificita — L-maldat
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Stereospecificita adice vody Fumarate
— L-malat
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Malat dehydrogenasa

COO~™ NADT NADH + H*

o) COO~
\ /
A k / \ﬁ'

rd

H—C—H H—‘C—H
COO~ COO™
Malate Oxaloacetate

+ Kope = [Oxaloacetate] [NADH]/[Malate] [NAD*] = 2.86
+0.12x 10~

« AGU'=+29.7 kJ/mol
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Malat dehydrogenasa

Asp1 ES

His195
H HEN
é ® »— Arg109
N " HoN
H. £
o
NH&————-D || Q- "'HEN
AGTI— @ ©% C—C—Ch—C—(©O @ )— Agl02
NHz ----0 . O- - HgN
NH2
H
(8]
|
M

e Aktivni misto MDH

® Footer Text

11/5/2018 @24



Malat DH

e Homodimer

o Glykoprotein
o Vdzané oligosacharidy

« Mitochondridlni

« vs. cytoplasmatickd
o Fylogeneticky odlisné
o Prokaryontni predek
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Bilance TCA

CH,CO.SCOA + 3H,O + 3NAD* + FAD )
HSCOA + 2CO, + 3 NADH + 3 H* + FADH,

Energetickd
« |1 GIP (2 GTP/glukosu)
« Dalsi energie se ziska oxidaci NADH a FADH,

Proces striktiné respiracni — provazdn s dychacim
retezcem
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Metabolicke vztahy

« Zjednodusené schema

« Dekarboxylace pyruvatu
o ireverzibilni proces (zivoCichové)

® Footer Text

Glucose

[
/

Pyruvate

Pyruvate
dehydrogenase

lcomplex

Acetyl CoA

'
I

CO, Lipids

11/5/2018 @28



Anabolicky vyznam TCA

« Vyvojove starsi

o Funkce za anaerobnich
podminek
o Adaptace pro aerobni
organismy

e U mikroorganismu

o NeUplny TCA za anaerobiosy
o Smysl vyslovené katabolicky

Vzdjemné vztahy mezi TCA
a metabolismem sacharidu,
lipidu a aminokyselin.
ZvIastni vyznam ma
biosysntetickd draha syntézy
porfyrin0 (modfre)
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Biosynteticke vztahy TCA

Sacharidy Pyruvate
Other  olukosa |
amino acids, N\
purines, - Acetyl CoA
pyrimidines \
‘ Oxaloacetate \
Aspartate 4% g Citrate
7 “=p Fatty acids,
sterols
Purines
i f
Succinyl o-Ketoglutarate 4
COA N\ Other
ins, 4 amino acids
Porphyrins, Glutamate

heme, chlorphyll



Anapleroticke drahy

« Doplnéni metabolit?

o Odcerpanych z TCA k nezbytnym biosyntetickym Ucelim
o Prevadénych na zasobniformy (glukosa)

« U zZivocichu
o karboxylace pyruvatu (vzniklénho hlavné glykolyzou)
o produkty katabolismu aminokyselin
o ZA&visi na prisunu sacharidy

« Mikroorganismy a rostliny

o Jsou schopny doplnovat metabolity TCA i z jednodussich [atek
(dvouuhlikaté metabolity — z MK apod.)

o Anaplerotické drahy nezdvislé na prisunu sacharidd
o 2enzymy tzv. glyoxyldtového cyklu — isocitratlyasa a maldatsyntasa
o Zivo&ichové nemaji — nepotvrzené zpravy
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Glyoxylatova draha (zkratka)

Glyoxylitovy cyklus:
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« Preklenuti dekarboxylacnich kroku
e« 2CH3CO.SCoAmm) HOOC.CO.CH2.COOH + 2 HSCoA
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