Citratovy cyklus
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Procento prijmu

Zivina ;
energie/den
v . . 0
Skroboviny 55 — 60 %
Tuky <30 %
Bilkoviny 10 -15 %
Esencialni MK: linolova, a-linolenova
Podminéné esenc. MK: arachidonova
Esencialni AK: Phe, Trp, Val, Leu, Ile, Met, Thr, Lys
Podminéné esenc. AK:  His, Arg (détstvi), Ala, Gln (metab. stres)

BIOCH-9

SAFA =5 %
MUFA ~ 20 % *
PUFA = 5 %

* 67 % tuku



protoze v nich prevazuji nizka oxidacni Cisla uhliku

?FbOH 41 0 1

0 o, H3C—CI3H—COOH
0

OH () NH,
OH | OH

0 OH alanin: 7,9 % H

Primérné ox. €. C=0,0
glukosa: 6,7 % H
Pridmérné ox.¢. C=0,0
11

-1l COOH
HsC -

stearova kyselina: 12,8 % H

Primérné ox. €. C = -1,8 = uhlik je nejvice redukovany



Faze

Lipidy Sacharidy Proteiny i katabolismu
Mastné kyseliny  Glukosa  Aminokyseliny | I_ ____________
Pyruvat
' 1
Acetyl-CoA

|

GTP =——

DR
Redukované kofaktory —— ATP
NADH + H+, FADH»

- —————————— - - — - -

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 230.
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|. Hydrolyza slozitych molekul (biopolymert) na zakl. stavebni
jednotky probiha v travicim traktu -

Il. Postupna oxidace glukosy, AK na amfibolické meziprodukty -
pyruvat, acetyl-CoA (mohou byt pro syntézu)
ziska se jen (glykolyza)

beta oxidace MK — acetyl-CoA +

1. Oxidace acetyl-CoA (CC) + reduk. kofaktort (DR)
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eoxidacni dekarboxylaci pyruvatu
*3-oxidaci MK

*katabolismem nékterych AK
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O
4
H3C—C\ acetaldehyd

H
dekarboxylace
O
// O
H3C—C oxidacni 4 , _
\COOH > dekarboxylace H3C— C octova kyselina
in vitro OH
pyruvat
oxidaéni O
dekarboxylace H;C—C
in vivo
(mitochondrie) S—CoA
acetyl-CoA 7

BIOCH-9



Oxidacni dekarboxylaci pyruvatu katalyzuje

pyruvatdehydrogenasovy komplex:

3 enzymy a 5 kofaktor(
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N~ °N
I

N

H->N CHs

+ thiazolium O O
N A\ I I _
||\ CH2CH2_O_|?_O_FI)_O

7S O O

reaktivni atom C
vaze "aktivni acetaldehyd™
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</\7f/\\//\”/COOH
/ S—S

1,2-dithiolan

* cyklicky disulfid

* prijetim 2H vznikne dihydrolipoat s dvema -SH skupinami
* soucast komplexni oxidacni dekarboxylace 2-oxokyselin
(pyruvat, 2-oxoglutarat, 2-oxokyseliny z Val, Leu, lle)
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Latkova bilance oxidacni dekarboxylace pyruvatu

/ CO, + CH3CO-S-CoA + 2H

vydycha se CC D

CH;3-CO-COOH + HS-CoA

A~
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/7
H3C_C\
COOQOH

COo

+

\|+\|| N
Mg

TDP
(thiazoliovy kruh)

H
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N
\N \
|

)\S
\

OH

hydroxyethyl-TDP

"aktivni acetaldehyd"

HaC,
C
H

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 231.
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(Y\/\/ﬁ\ll\l/ Lys—Ez /\(\/\/ﬁ\ll\l/ Lys—E2

S_S H /S S\ /CH3 H
H ﬁ [l
lipoat vazany na enzym O S-acetylhydrogenlipoat
- (thioester)
+
\N +
H3C\ I N AN
|
Co S )\S
OH H
TDP

* hydroxyethylova skupina se pfi transferu dehydrogenuje na thioester
* jeden atom H redukuje atom siry lipoatu na —SH skupinu

 druhy atom H se opét navaze na TDP
NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 231.
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(3) Transfer acetylu na koenzym A

O
O
W ~Lys—E; |
I S S\ H
H/s S.___CHa H H H
g dihydrogenlipoat
O
\
C—S—CoA
HsC
HS—CoA
acetyl-CoA

makroergni sloucenina

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 230.
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_Lys—E>

N/LyS_EZ

A

FADH,

NADH + H NAD+

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 230. 15
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Pyruvatdehydrogenasa je inhibovana
konecnymi produkty:

acetyl-CoA + NADH

BIOCH-9
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Citratovy cyklus

*terminalni metabolicka draha
*tfi typy produktu:

*CO, — vydycha se

* redukované kofaktory — DR

*GTP —> ATP

BIOCH-9
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?HZ—COOH

- O H,O
O=¢—CO0H Hg—cf// g o HO—C——COOH
CHp~COCH . 7 8—CoA CH,—COOH
oxalacetat acetyl-koenzym A citrat

Typ reakce: kondenzace Enzym: citratsynthasa
Kofaktor: koenzym A Poznamka: nevratna

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 233.
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sekundarni
hydroxylova skupina

|
I
1
|
|
|
v

CIZHZ—COOH ‘ HO—CH+COOH
| |
HO—C——COOH © CH—COOH
i CH,~COOH CH,~COOH
: citrat Isocitrat
|
|
terciarni Typ reakce: izomerace Enzym: akonitasa Kofaktor: Fe-S

hydroxylova skupina Poznamka: ve skute¢nosti dveé reakce, meziprodukt cis-akonitat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 233.1
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FII H\C/COOH
H—C—COOH I

| >
C.
HO=(—C00H ‘ HOOC—CH,~ ~COOH
CH,~COOH

H>0O
citrat cis-akonitat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 233.
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H,O

H\‘/COOH

C
|
C<
HOOC—CH, COOH

cis-akonitat

HO—(|3H—COOH

BIOCH-9

> C|3H—COOH

CH,—COOH

ISocitrat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 233.
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HO—CHT-COOH O=C——COOH

?H_@i" + NAD O Clle + NADH+ H'
CH,~COOH ’ CH,—COOH
isocitrat 2-oxoglutarat

Typ reakce: dehydrogenace + dekarboxylace Enzym: isocitratdehydrogenasa
Kofaktor: NAD* Poznamka: nevratna

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 234.
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—C—1CQOO —~—c—
| COO NADT  O=CTS—CoA
(l:HZ + HS—COoA ~ (|:H2 + CO,
-NADH + H
CH>~COOH CH,—COOH
2-oxoglutarat sukcinyl-koenzym A

thioester
makroergni meziprodukt

Typ reakce: oxidacni dekarboxylace Enzym: 2-oxoglutaratdehydrogenasa
Kofaktory: TDP, lipoat, CoA, FAD, NAD*

Poznamka: nevratna, mechanismus podobny oxid. dekarboxylaci pyruvatu

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 234.
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O=C—S—CoA O=C—OH

CH; * GDP + Pi CHy +  GTP
CH,—COOH CH,—COOQOH
sukcinyl-koenzym A sukcinat guanosintrifosfa

Typ reakce: substratova fosforylace

Enzym: sukcinyl-CoA-syntethasa Kofaktor: koenzym A

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 234.
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Chemicka energie makroergniho sukcinyl-CoA
je postupné transformovana do dvou makroergnich
meziproduktu a nakonec do makroergniho GTP

(Passing a hot potato)

BIOCH-9
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(5a) Adice fosfatu na sukcinyl-CoA

OO 0 COO"

CH;, - O—P—OH |

| | _ ?Hz
955’__’,/ O Gy + HS—CoA

2N C I

O S—CoA m o~ \O_Fl,_o—
fosfat ma cty¥i O )

sukcinyl-CoA sukcinylfosfat

smiSeny anhydrid karboxylové
a fosforecné kyseliny

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 235.
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(5b) Fosforylace His
v aktivnim misté enzymu

COO" Enzym
o i g0
2

| 72 CH
CH, + NH ’
| O _ CH,
Co_ I N ﬂ |

0" "0—PZO N _C<

sukcinylfosfat sukcinat

_O\ /

/P\\

0 o

fosfo-His

substituovany
fosfoamid

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 235.
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7
NH
nzym ? o
| - ||
N HN
@' 5@[ N j[ >
N HoN~ °N” N
O\P N— HoN™ N 2
_ 7N
o o R f n R 9 9
©0—pP—0—P—0 ~O~P—0—P—0—P—0
o P O O O O O
guanosindifosfat guanosintrifosfat
OH OH OH OH

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 235.
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=0

~ 0

O—T

fosforyl
-PO,%

skupina neschopna existence

BIOCH-9

n
_OI?OH

O

fosfat
HPO,> (P)

anorganicky fosfat

sloucenina realné existujici
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nuk eosid-difosfatkinasa

GTP + ADP

w8

BIOCH-9

= ATP + GDP
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COOH H. _COOH

1C
-1l
CH; + FAD - _|g + FADH,
IICH; < HOOC~ H
COOH
sukcinat fumarat

Typ reakce: dehydrogenace (-CH,-CH,- vazby)
Enzym: sukcindtdehydrogenasa Kofaktor: FAD

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 236.
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-| O(|:

C. * HO S - HO—¢™H
HOOC H ol | CHZ_COOH

fumarat L-malat

> =-lI > =-ll

Typ reakce: hydratace Enzym: fumarasa Kofaktor: Zadny
Poznamky: 1) adice vody na dvojnou vazbu je stereospecificka

2) hydratace neni redoxni reakce

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 236.
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Hydratace:

adice vody na dvojnou vazbu

substrat + H,0 —> produkt

Hydrolyza:

Stépeni ruznych vazeb (C-O, C-N) vlivem H,0O

substrat + H,O - produkt; + produkt,

BIOCH-9
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/)OC /COOH Substrat

Enzym

Vznikne pouze jeden enantiomer (L-malat)

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 26.
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(;OOH adice z levé adice z pravé (_:OOH

- strany strany :
HO—C—H <= » H=C—OH
CH,COOH CH,COOH
L-malat D-malat

Vznikne racemicky D,L-malat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 26.
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COOH ?OOH
I

HO—C—H + NAD' O=C + NADH+ H’
| ) |
CH,—COOH CH,—COOH
L-malat oxalacetat

Typ reakce: dehydrogenace
Enzym: malatdehydrogenasa Kofaktor: NAD?*

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 236.
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' &ﬂ Eﬂ | Legenda

Pyruvat |~
{ acem @ ﬁ | ol . .
& m SH + NAD* o L =1 Ao simmir ostat
sl Pyruvatdehydrogenaza - _ .
@ - o gYG g @ . et
™ (ecetycon ) . o e
! SH = a
Acety-CoA :ﬂ a9 @ ﬂ: [ FeenzymQ Hlm!!""'-ﬁ-
Hm-!+ ATR ¥oda MeDH Hikotnamd ademn diniddeotid
Pyruvatkarboxyldza Pyruvatd ehydrogenaz Emym
ADP + Py Citrats yntaza Akonitaza 9 O
L

e

l“—i-[ 03 aloacetat ] Vods [Cis-aknnitit] o ey

o v -
3 ©ag%. P )
ﬂﬂ o ﬁa NADH, H P-Jf.c-n'rt:-iza‘\{' ﬂ ol ﬁ
.ﬁ - Malatdehydrogenaza [D-Isncitrit ] ﬁ&ﬁ ﬂ'
NAD* e .9 @
e o e
e 9 [ it rato vy ] NADH, H* o ﬁ&
ﬁﬂ @ O LA CykiLE kocitratdehydrogenaza
ﬂﬁ Fumaraza % ﬁ a ﬁ
- [F I
Yoda [ a -ketoglutarat 1 ﬁ @ @ ﬂ-:
P NAD" +[ Eoa }SH °
a-ketoglutaratdehydrogenaza
0.9 ~ MADH, H'+ CO,

Sukcinat

E 'ﬁ |I:|:|.ﬁ. |-5H+ TR
Q
o 36
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Sukcinatdehydrogenaza
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O O G
CH,-CO-S-CoA + 3NAD* + FAD + 2H,0 + H* + HPO,> + O—B—O—B—O—Iﬁib

O &
O 0 0 G
2 CO, + CoA-SH + 3 NADH + 3H* + FADH, + ‘O—Ii_—O—i—O—i_—O—Iilib

* dva atomy uhliku jsou kompletné€ oxidovany na 2 CO,

* uvolni se pritom 8 atomu vodiku ve formé ¢ty redukovanych

kofaktort (3 x NADH+H*, 1 x FADH,)
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Energeticka bilance CC

Vznik v CC Ekvivalent ATP (DR)
1 x GTP 1
3 x NADH + H* 9
1 x FADH, 2
Celkem 12 ATP
Reakce GTP / Redukované kofaktory Ekvivalent ATP
isocitrat - 2-oxoglutarat 1 NADH+H* 3 ATP
2-oxoglutarat - sukcinyl-CoA 1 NADH+H* 3 ATP
sukcinyl-CoA - sukcinat 1GTP 1 ATP
sukcinat - fumarat 1 FADH, 2 ATP
L-malat - oxalacetat 1 NADH+H* 3 ATP

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 237.
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 energeticky stav bunky rozhoduje o pribéhu CC
* pomér ATP/ADP a NADH+H*/NAD*

* allostericka inhibice

* inhibice produktem

* CC muze probihat jen za aerobnich podminek (pokud nema
bunka dostatek kysliku je CC zastaven, NADH+H* inhibuje),
hypoxie zpusobuje zastavu

BIOCH-9
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Enzym ATP2| NADH? | Jiny vliv
Pyruvatdehydrogenasa - - - acetyl-CoA (inh. prod.)
Citratsynthasa - - citrat (inhibice produktem)
Isocitratdehydrogenasa - - + ADP (alostericka aktivace)
2-OG-dehydrogenasa - - sukcinyl-CoA (inh. prod.)

a allostericky inhibitor
b zpétnovazebny inhibitor (inhibice produktem)
¢ allostericky aktivator

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 237.
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Schéma regulace citrétového cyklu

PYRUVAT

A
£ L
i
o
- x ATPT_L

‘-"fy\N\k

CITRAT

T~

CIS-AKONITAT
L-MALAT ISOCITRAT
NADH+H* I
e
FUMARAT 2-OXOGLUTARAT

N\ bl

SUKCINAT o > SUKCINYL-CoA

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 238.
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Popis:

cervenymi teckami jsou
oznaceny reakce, o jejichz
regulaci se zajimame

cervené Sipky naznacuji
alosterickou inhibici, ktera je
zajisténa ATP a NADH+H*

( naznacuji,
které reakce NADH+H*
produkuji

fialové Sipky naznacuji
inhibici produktem
zelena Sipka naznacuje

alosterickou aktivaci pomoci
ADP
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Pribéh citratového cyklu

acetyl~CoA

ST OT I V)



Regulace citratového cyklu

pyruvat
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