Oxidativni dekarboxylace

B > : A -

vzen Kiepela
Ustav 1ékaiské biochemie 1. LF UK



Souhrn
oxidace
glukésy

Stage 3
Electron transport chain
in mitochondrial membrane

Glucose Shuttle transfer of
reducing equivalents
i >
—> 2ATP and fomall &
sources donate electrons to €
the electron transport chain &
2 Pyruvate > Pyruvate
\]/ Oxidative
phosphorylation 0, ‘"LJ/_}
Electron
transport ATEIHIER
via a \l, .
series of {:P)
electron \I/
by Citric acid
\I/ cycle
| ADP
€O,
W
VoA —> ATP
H,0 N
AlIP < ATP
: Exchange
g e -3 ADP

I~



Pieména pyruvatu na acetyl-CoA
(oxidativni dekarboxylace):

Pyruvat + NAD* + CoA-SH —

— Acetyl-S-CoA + NADH + H* + CO,

AG? =—33.5 kJ mol-1

Preménu Kkatalyzuje pyruvatdehydrogenasovy komplex
uvnitf mitochondrii, kam je pyruvat prenesen z cytosolu
protonovym symportem.




Koenzymy pyruvatdehydrogenasy:
TPP, lipoat, NAD, FAD
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Pyruvatdehydrogenasovy komplex

(a)
El = pyruvéatdehydrogenasa
E2 = dihydrolipoyltransacetylasa
E3 = dihydrolipoyldehydrogenasa
(b) //o
CH3C\ HSCoA
Pyruvate cooO- @ C E, >
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NAD® NADH + H"

Net reaction:
Pyruvate + NAD* + CoA —> CO, + NADH + acetyl CoA



Mechanismus pyruvatdehydrogenasové reakce:
TPP, thiaminpyrofosfat; E,, E, a E;, enzymové slozky multienzymového komplexu
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CyKklus tricarboxylovych kyselin (citratovy cyklus,
Krebsiv cyklus):
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1. Biosyntéza citratu:

. 0=C—C00"
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2. Preména citratu na a-ketoglutarat:
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3. Oxidativni dekarboxylace a-ketoglutaratu:

R
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4. Stépeni sukcinyl-CoA je spi-aZeno s tvorbou GTP:
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5. Preména sukcinatu na oxalacetat:
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Stechiometrie citratového cyklu

Acetyl-S-CoA + 2H,0 + SNAD* + FAD + GDP + PI >
2C0O, + 3NADH + 3H* + FADH, + CoA-SH + GTP

AG®’ = —-40 kJ mol-

Cyklus jako celek pracuje jednosmérnym zpiisobem protoze
jsou v ném tFi nevratné reakce:

« syntéza citratu AG®’ =-32.2 kJ mol-?
 dekarboxylace isocitratu AG®” =-20.9 kJ mol-
« dekarboxylation a-ketoglutaratu AG®’ = -33.5kJ mol-
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Anaplerotické reakce jsou reakce, které vytvareji meziprodukty citratového cyklu:

Pyruvatkarboxylasa
;
ATP + ?:D + HCO5 — (ll—C{}D_ + ADP + P; + H*
CHs H,C—CO00~
pyruvat oxalacetat
0 Biotin . Part of pyruvate
/Lk * carboxylase
HN™ “NH N
+ —o0
0 Ho”

il
S (CH,), —CG—Enzyme

ATP \

. Attachment of biotin to long
o J:LDFI: Biotin carboxylation lysyl side chain of the protein

0 : _ - provides a flexible arm to
PN or ATP-HCO; site allow biotin to osdllate

“0—C—N N .
between the two sites

.......... Pyruvate site

I
S (CH;)4 —CG—Enzyme

Kataplerotické reakce jsou reakce, které spotfebovavaji meziprodukty citratového cyklu
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Biologické oxidace

Oxidace = ztrata elektront:

Fe?t — Fed* + ¢

nebo ztrata elektroni + protont (= odnéti vodiku):
AH, > A + 2e +2H*

Redukce = ziskani elektront (vodiku)
Oba procesy jsou zpravidla spojeny
Metabolismus:

— ox1dace Z1vin poskytuje energii

— redukce vyzaduje dodani energie

Konecny akceptor elektroni v téle je molekuldrni
kyslik
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Napr. glukosa: H OH
CH,0, + 60, —» 6CO, + 6H,0
AG® = —-2820 kJ/mol (180 g glukosy)

Reaktivitu kysliku omezuje kineticka bariéra (tzv. spinova

restrikce) — nezbytna katalyza prechodnymi kovy (zelezo,
med’)



Redoxni kofaktory:

Nikotinamidové nukleotidy (NAD, NADP)

Flavinové nukleotidy (FAD, FMN)
Ubichinon (koenzym Q)

Hemové Zelezo (cytochromy)

Nehemové Zelezo se sirou (Fe-S clusters)
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Redoxni kofaktory:

* Nikotinamidadenindinukleotid (NAD*)

Adenine Nicotinamide H

| . | . __,,-""' CGNHE .
||'{Iht':r5E Il%lbnﬁe ‘
Phosphate—Phosphate H“N

e Nikotinamidadenindinukleotidfosfat
(NADP*)
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Reactive site
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Oxidace/redukce NAD:

AH,

A

X

NAD*

NADH X

+ HY

BH;

B

Reduced NADH + H*
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Priklady biologickych oxidoredukci
vyuzivajicich NADH:

CH;COCOO™ + NADH + H* =— CH;CHOHCOO ™~ + NAD*

Pyruvate EeT Lactate
dehydrogenase
?H Malate O
H-C—CO0"~ dehydrogenase ) EMCDD_
| _+ NAD™ < | + NADH + H*
H,C—COO0 H,C—CO00

Malate Oxaloacetate
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|soalloxazinovy kruh - ribitol - P - P - ribosa -
adenin

» Flavinmononukleotidfosfat (FMN)

Isoalloxazinovy kruh - ribitol - P
24
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Oxidace/redukce FAD :

@L?QL 7L

+e (H e)

Figure 11-2. Oxidoreduction of isoalloxazine ring in flavin nucleotides via a semi-
quinone (free radical) intermediate (center).
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Priklad biologické oxidoredukce

vyuzivajicich FAD:

EE:HE‘“‘“EDD_
EHE‘“‘“ED{]_

Succinate

HHE;EDD
+ Enzyme —FAD — E’_l + Enzyme—FADH, .
Succinate ""GGEH ~H
dehydrogenase
Fumarate
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. Fe ion co-ordinated with
the sulfur of four cysteine
residues in the
polypeptide chain

Polypeptide
chain of protein
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(A)

(B)

Fe—S centra

Fez*

&= Fe’*" + e
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FATS ~ POLYSACCHARIDES PROTEINS

b e

Fatty acids and  Glucose and Amino acids
glycerol other sugars R~

e | |

Stage Il

Oxidative
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Transmisni elektronog ram mitochondrie ©1995 GARLAND PUBLISHING



Schéma mitochondrie

Cristae

Intermembrane space
Matrix

Outer membrane

Inner membrane
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vSechny latky do asi
5000 Da

©1998 GARLAND PUBLISHING
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Viitfni mitochondrialni membrana

e Neobvykle sloZeni:

— vysoky obsah proteinti (76%)

— kardiolipin (difosfatidylglycerol)
e Voln¢ propustna pouze pro

— nenabité malé molekuly (voda, kyslik, CO,, NH,)

— monokarboxylove kyseliny (3-hydroxybutyrat,
acetat, acetoacetat)

* VSechny ostatni latky, ktere prochazeji,
potfebuji prenasece
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Dychaci retézec vnitini mitochondrialni membrany

MADH — &
-0.32 \/
AN REdDE_ . |cariera —_ e
potential \ Y
(Eq) Y _
i volts carrier b ——\-:
Y
carrier ¢ —_ e
Free \\J
carfier d —_ e~ i .
ATP eneray \/ ‘/— H* in solution
Free
ey 0.89 — Dxygen > H20
level ' -
W
ADP + P4

Celkova reakce:
NADH + H* + 1/20, —» NAD* + H,O
AG® =-219.25 kJ molt 39



Voltmeter

Rozdil afinity k
elektronum mezi dvéma Solution of 1M H* in equilibrium
redoxnimi péry se UdéVé TMXand TM X~ with 1 atm H, gas
ve voltech (V).
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Vztah mezi volnou enthalpii a
redoxnim potencialem

AG =-naF AE

A .. pocet prenasenych elektronu
F ... Faradayova konstanta =96 485 C /mol

C (Coulomb) = J/ V
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Proud elektronii je po spadu redoxniho potencialu:

NADH —» FAD/FMN — Fe-S —» Q — cytochromy — O,

NADH —

0.4 .
Redox
potential .
T ®) e \
in volts Succinate —., |,
0 - Q —F
‘\KJ

e
Cytochrome ¢ — o

| Cytochrome a ~

Cytoch nérme as

+0 4 —
Free \ a

energy
level W \ . ,
Ay H* in solution
Oxygen H.O

+[1.8 —
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Cytochrome ¢

Outside AT jj;.D hf_‘ﬁ
1L, -.
Inner T=>q "“?-_;‘;» | '.
mitochondrial I . 111 v
membrane i | .
Matrix e
/N
" J T
NADH FADH: 0,

Komplexy dychaciho retézce:

| .... NADH-CoQ oxidoreduktasa

Il ... Sukcinatdehydrogenasa

[11 ... CoQ-Cytochrom c oxidoreduktasa
IV ... Cytochromoxidasa
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Mobilni komponenty
dychaciho retézce:

Koenzym Q

Cytochrom c

NADH

v
Q «

\ 4

[

Cytochrome ¢
oxidase

J

Succinate-Q
reductase
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Chemiosmoticka teorie oxidacni

fosforylace.

Peter Mitchell
Nobel Prize 1978

Inner mitochondrial membrane
impermeable to protons

Higher [H*].
‘ "= Proton
Respiratory ; .

2 dient
complexes _ _ . A°
ejecting NADH ﬂ::m::nndnal Lower [H'] -
protons /7 FaDH

<1 e
A
J/ ATP ADP + P
03 I\_._//
. & . ATP synthase
IIIII
2H-0 s
: = Membrane
+ + + + - potential due
S 1y to ejection of
o

protons 45




Iontovy gradient na membrané miZe konat praci

@ @ @ @ @ c(Na*),; =120 mmol/I

Na
BV @ © G
@ @ c(Na*), = 12 mmol/l
¢
AG = —-RTIn = —(8.3143 x 298.15) x In 10 =
€2 = _5.7 ki/mol

Rovnice plati, jestlize ¢, > ¢, (difuze do c,); pro 37 °C je koeficient — 5.9
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Ap = 60 mV +160 mV =220 mV _



-0.4 —

Redox

value
in volts
(Eq)
(j _—

+0.4 —

+0,8 —

Proton translocation through
NADH inner mitochondrial membrane
/_? Illrnlt'i.&
H* | — 200
-
H” P H”
e \
- _ ! 4
€ . € . \ k] mol
FQ < TII E'C‘y'tc L'%
SO e |
VRN -~ 100
| Iv |
II II
I“&_ -
o
4H*
05 Hl/‘ 2H-O 0
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Redoxni prenasSece v

dychacim retézci:
* prenaseji vodik
(protony+elektrony):
— NAD™
— FAD (FMN)
— Ubichinon (Koenzym Q)
e pienaseji pouze
elektrony:

— Cytochromy
— Fe-S centra

H+




e Obsahuje FMN, Fe-S

« Transportuje 4 protony
na kazdé dva elektrony,

presny mechanismus ?
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Komplex I1I: Koenzym Q-
cytochrom ¢ oxidoreduktasa

11 podjednotek, dimer.
» Obsahuje hem b, , hem b, , hem c,, Fe-S

 Transportuje 4 protony na kazdé dva
elektrony

o1



Komplex I11: Q-cyklus

CoQH,-cytochrome ¢
reductase complex

NADH-CoQ
reductase @ ‘

=
FeS ‘—> Cyt C1

complex =
2H* [
pieo

COQK CoQH, Cyt bsge
L@

Intermembrane space

Innerb Cyt bess
membrane CoO- K
CoQ- C00H2
Matrix \ -
2H"

2H"
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» Obsahuje hem a, hem a;, Cu, , Cug

 Transportuje dva protony na kazdé dva
elektrony neznamym mechanismem
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Cyt Creduced Cyt Coxidized

4H*  4H"
Pumped  Chemical
protons  protons
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Mitochondrial
matrix

Inner

mitochondrial
membrane

Qutside

Komplex V: ATP Synthasa

ATP /N ADP+ P,

N

ATP synthase .

Lower [H']  — = — — — —

* Proton
. gradient

Higher [H*]

. Membrane
1’ potential

o

+ 4+ + 4+ + +

Proton

channel

Fi unit

: ..Fu unit

Respiratory

complexes

¢ . Protons ejected by

electron flow through
respiratory complexes
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ATP

ATP synthasa

Rotates

Cytosolic

H+

medium

Exoplasmic
medium

Rotation of ¢ ring

Proton bound
to aspartate

Proton half

channel



@

(b)

O (open)

L (loose binding)

Energy is required
for the release of ATP

T (tight)

ATP

v

ATP

rotating shaft
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—— Aspartic acid

Subunit ¢

Cytosolic half-channel

Matrix half-channel

Subunit a
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i H+ in either H* " H+ clockwise
direction




61



Dychaci retézec a oxidativni fosforylace:
Souhrn

* Proud elektronu soustavou redoxnich kofaktora
dychaciho fetézce na kyslik

* Prenos protoni z matrix mitochondrie na cytosolovou
stranu vnitini mitochondrialni membrany (protonovy
gradient).

Protonmotivni sila = pH gradient + elektricky potencial

* Protony se vraci zpét pres ATP synthasu a pohani syntézu
ATP.
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Bilance oxidacni fosforylace

Pokud F, komplex u savei ma 10 ¢ podjednotek: jedna
otoCka znamena prutok 10 protoni.

F, ¢ast ma 3 ATP tvorici mista: jedna otocka znamena
syntézu ti'i ATP from ADP + Pi

Nejméné 3 H" musi byt dychacim retézcem
preneseny z matrix na vyrobu 1 ATP

DalsSi H* se spotrebuje na import fosfatu

Transport 2 elektroni z NADH na kyslik (komplexy |,
11, 1V) vypumpuje 10 protoni, z FADH, na kyslik
(komplexy |11, 1V) 6 protoni.

Oxidace 1 NADH produkuje 2.5 ATP
Oxidace 1 FADH, produkuje 1.5 ATP
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Protonovy gradient pohani také
transportni procesy na vnitrni
mitochondrialni membrané

H* H’
ATP synthase |
ADP-ATP Phosphate
translocase translocase
% | Respiratory
Mitochondrial - ATP“" ADP™ U = | complexes
matrix 4 ERE A
Inner
mitochondrial
membrane
Qutside b4 v
ATP*" ADP’~ Pi W H* "
Antiport Symport
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Mitochondria ATP Malate Citrate + H OH- OH-

4 4
Inner
mitochondrial
membrane UL | ]\ | .
[ W W N X C Y W N N LN W N N
Cytosol ADP Phosphate Malate Pyruvate Phosphate

ATP-ADP  Dicarboxylate Tricarboxylate  Pyruvate Phosphate
translocase carrier carrier carrier carrier
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Inhibitory bunécného dychani jsou jedy

Malonat
Komplex |l
: FAD
Sukcinat FeS Prash

H.S

TTFA 2

BAL C "
Antimycin A CN
Komplex | Komplex I l Kct:)mplex IVA
NADH «—{  FMN, FeS Cyt b, FeS, Cyt c, vtoaem| V-2 e T

———-

1 I Cu Cu
. v
Piericidin A i g

Rozpojovace Amobarbital e—+—— Rozpojovate s
Rotenon

Ollgomycm —74‘\‘ /—% Oligomycin —7@
ADP +P; ADP+P, ADP +P,
Protonova pumpa Protonova pumpa Protonova pumpa

Obr. 14-7. NavrZena mista inhibice (©) respiracniho fetézce specifickymi léky, inidly a antibiotiky. Jsou vyznagena
mista, kde dochazi k fosforylaci. BAL — dimerkaprol. TTFA je chelator Zeleza. Komplex | — NADH: ubichinon-oxidore-
duktasa, komplex Il — sukcinat: ubichinon-oxidoreduktasa, komplex lll — ubichinol: ferricytochrom c-oxidoreduktasa,
komplex IV — ferrocytochrom c: oxygen-oxidoreduktasa. Dal$i zkratky jako v obr. 14-4.
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