Ciclo de Krebs e Gliconeogénese
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O Ciclo de Krebs Carlos Hotfa



O ciclo de Krebs é central ao
metabolismo

CARBOIDRATOS PROTEINAS LIPIDIOS
GLICOGENIO ¢——— | GLICOSE | [ AmINOACIDOS | [ AciDos GRAXOS |
Asp Ala lle Glu T
A CyS Leu r 3
Gly Lys
Ser Phe
/ e e o
Ribose 5P (5) Piruvato (3) 4 T l
) 4
COz | [Aceti-CoA (2)
CO, CoA
v

Oxaloacetato (4) Citrato (6)

v

Malato (4) CICLO DE Isocitrato (6)
[ NucLEOTIDEOS | KREBS

CO,
Fumarato (4) a-Cetoglutarato (5) €+—

Succinato (4) s

« Duas reacoes irreversiveis
dao direcao ao ciclo

« Dois carbonos sao
liberados em forma de CO,



Conectando a glicolise ao ciclo
de Krebs

Cytosol

Pyruvate —
CH;— ﬁ -
o e

1 ntermembrane space Matrix

9 * Piruvato é transportado para a
™ mitocoOndria
Acetyl-CoA « O complexo piruvato
CH,— c— desidrogenase usa o piruvato
para formar acetil-CoA, CO, e
— NADH
\| 99 (C““z"'“e A) « Até agora, produzimos 2 ATP
| e 4 NADH a partir da glicose

Saldo: -1 Glicose, +2 ATP, +4 NADH, +2 Acetil-CoA, +2 CO,



Acetil Coenzima A € uma forma
de se ligar os dois C restantes a
enzimas

Acetyl group
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S~1:|—CH3
i
B-Mercapt(_)jthylamine 4 ICH2 ] i
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CH Admineg’ causa da ligacao tioéster
CH, osphate i
L — « Além de ser ponto de
Pantothenic ) | NH, .
acid residue c=o A n entrada do ciclo de Krebs,
H—C—OH N | \> de inici int d
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{0~ —0—f—0—gh, lipideos
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Acetyl-coenzyme A (acetyl-CoA)



O ciclo de Krebs termina a
degradacao da glicose

Acetyl-CoA
Citrate
Oxaloacetate hitrate
H— — Cltrlc co
E 2
acid
Malate cycle a-Ketoglutarate
Coy
Fumarate
:-.:.-;:-,; E Succinyl-CoA
Succmate GTP

Nucleosideo difosfato quinase
NTP + ADP 2 ATP + NDP

 Qcorre totalmente na

mitocondria

* QO ciclo de Krebs produz 3
NADH, 1 QH,, 1 GTP (1 ATP)
e 2 CO,

« Como as coenzimas sao
regeneradas?



PROCESS: CITRIC ACID CYCLE

NADH

Each reaction is catalyzed

[efo]o
Malate

by a different enzyme

|
COo0O~
Fumarate

The two red carbons enter }._._-_-'-------?00‘ tl':OO‘
the cycle via acetyl CoA a ?Hz ?Hz
: H,0  HO —cI:—cocr 2 HC—CO0O0~
| (Ima b HO —CH
1 .. %\ £H0s
oA Citrate Isocitrate
In each turn of
e HS —CoA the cycle, the
?00 two blue
Oz? carbons are
converted to
H
He cOoo
coO~

The CITRIC ACID
CYCLE

runs twice for each
glucose precursor

In the next cycle,
this red carbon
“|becomes a blue

carbon

FAD

cO,
NADH
)
TOO’
NAD* cl:u2
i
? —
Coo~

o-Ketoglutarate

—_—
NAD @

HS—CoA

Succinate

FADH,

All 8 reactions
of the citric
acid cycle
occur in

the
mitochondrial
matrix, outside
the cristae

co,

NADH




Reacao 1: formacao do citrato

/O
CH3_C
\S CoA o
- CH C/
Acetyl-CoA H,0 CoA-SH I : N
+ \ : HO—C—COO™
citrate | _
O0=C—CO00 "~ synthase CHz—COO
| Citrate
L —

Oxaloacetate

O grupo acetato do Acetil-CoA (C2) € condensado
com o Oxalacetato (C4) pela citrato sintase

Saldo: -1 Glicose, -2 Oxalacetato, +2
ATP, +4 NADH, +2 Citrato, +2 CO,

PROCESS: CITRIC ACID CYCLE




Reacao 2: citrato é transformado
em seu isdmero, isocitrato

CH,—CO0O~ H0 [ (|:H2—C00_ ] H,0
Ho—¢_coo- —<Z .| ¢—coo- R W
H—(IZ—COO' aconitase g COO- aconitase
I I
H | H |
Citrate cis-Aconitate
(IZHz—COO‘
H—Cl— CO00~
HO—(|Z—H
COoO0~
AG'° = 13.3 kJ/mol Isocitrate

A aconitase catalisa uma reacao de hidratacao e
uma de desidratacao, formando o Isocitrato (C6)

Saldo: -1 Glicose, -2 Oxalacetato, +2
ATP, +4 NADH, +2 Isocitrato, +2 CO,

PROCESS: CITRIC ACID CYCLE

(l:oo—
i
?OO &
—CH (lgz
| In the next cycle, T
?Hz _|this red carbon — S—CoA
co :: r:es ablue Succinyl CoA
coo"
Malat éo Y i GTP
| FAD CH,
CH | ATP
II CH, "
CH i) |
| [elelen
Each react talyzed } Cor W a8
i ccina
by a diffe ym Fumai




Reacao 3: o isocitrato e

descarboxilado

foo‘
i
(o]
Z
H_T_c\ _
HO —C—H
C
7\
0o o
Isocitrate

NAD(P)™ NAD(P)H + H*

Vo _os®

isocitrate
dehydrogenase

(1)

Isocitrate is oxidized by
hydride transfer to NAD+
or NADPT (depending on
the isocitrate dehydroge-
nase isozyme).

Oxalosuccinate

co,
- 7

2]

Decarboxylation
is facilitated by
electron
withdrawal by
the adjacent
carbonyl and
coordinated
Mn2+,

3]

Rearrangement
of the enol
intermediate
generates

a-ketoglutarate.

C
I\ _
o0

a-Ketoglutarate

A isocitrato desidrogenase quebra um grupo metila,
produzindo a-Cetoglutarato (C5) e NADH

Saldo: -1 Glicose, -2 Oxalacetato, +2 ATP,
+6 NADH, +2 a-Cetoglutarato, +4 CO,

PROCESS: CITRIC ACID CYCLE

The two red carbons enter |....-«#€00™
the cycle via acetyl CoA |
H,0 Hcl:—coo- co, All 8 reajtions
NADH of the cifric
e _?H acid cydie
> T4 0 €00~ 3 oceur in
Acetyl CoA Citrate Isacitrate ?OO— the |
In each turf of NAD* ?Hz $:t‘:‘i;h° _ldt:iadle
HS—CoA the cycle, tjje ’ )
= s CH -
“300 twoBlie i the cristpe
0:t‘: carbons ar ?=0
CH, g‘g‘;’eﬂed coo
J:OO‘ (x—Ketnqutarate‘ e cy
Oxals tat NAD* |
xaloacetate
The CITRIC ACID @ NADH
CYCLE Hs—CoA
runs twice for each
NADH 8

Coo~
Malate

Hy0

by a different enzyme

Each reaction is catalyzed t

glucose precursor

this red carbon

In the next cycle,
~"|becomes a blue

{ lcarbon
H t[:oo-
c‘:oo FAD CH,
CH |
II CH,
CH 5 |
| coo~
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Reacao 4. mais uma reacao
envolvendo CoA

CoA-SH

CH,—COO0~ NAD* CH>—COO"~

I NADH | -

CH> CH> + CO2

I J__ [

c=o a-kEtogI i C—S-COA PROCESS: CITRIC ACID CYCLE
| - dehydrogenase |
coo complex o

a-Ketoglutarate Succinyl-CoA

« O complexo a-cetoglutarato desidrogenase
produz Succinil-CoA (C4) e CO, .
- Esta reagéo, e complexo enzimatico, sdo bastante i I
parecidos com o0 complexo piruvato desidrogenase L
 E um ponto de regulacdo da via importante

Saldo: -1 Glicose, -2 Oxalacetato, +2 ATP,
+8 NADH, +2 Succinil-CoA, +6 CO,




Reacao 5: um GTP é formado

CH,—COO" COO0~

GDP + P; GTP CoA-SH |
CH, // CH,
I \ .
ﬁ_S-COA succinyl-CoA (|:H2
o) synthetase COO-
Succinyl-CoA Succinate

« Aligacao da CoA com o C é muito energética, sua
quebra pela succinil-CoA sintetase possibilita a
formacao de GTP

 Areacao GTP + ADP s GDP + ATP, catalisada pela
nucleotideo difosfato quinase, € bastante rapida

Saldo: -1 Glicose, -2 Oxalacetato, +4 ATP,
+8 NADH, +2 Succinato, +6 CO,

PROCESS: CITRIC ACID CYCLE

CYCLE




Reacao 6: succinato € oxidado a
fumarato (C4)

(|IOO FAD FADH, H._ _COO0 -
H—Cl-—H \ / cl'i
H . cl - H ‘ SUCCinate B OOC /c \H PROCESS: CITRIC ACID CYCLE
CO0 ~ dehydrogenase
Succinate Fumarate

* Asuccinato desidrogenase ¢é ligada na
membrana da mitocondria

« O FAD/FADH, esta ligado covalentemente a
enzima

Saldo: -1 Glicose, -2 Oxalacetato, +4 ATP,
+8 NADH, +2 FADH,, +2 Fumarato, +6 CO,




Reacao 6: succinato € oxidado a
fumarato (C4)

COO0

| FAD FADH> H co0 ~
H—Cl—H j a‘ i\ \ﬁ/
B ¢—H ) succinate ~00C A& \H
COO ~ dehydrogenase
Succinate Fumarate A coenzima Q (quinona/quinol)
c00® & regenera o FAD.e, portanto,
- Hao g devem ser considerada como
2 C . ~
{|: . i O — i + QH, produto final desta reacao
[ * I
Cﬂﬂe 00C H
Succinate Fumarate

Saldo: -1 Glicose, -2 Oxalacetato, +4 ATP,
+8 NADH, +2 QH,, +2 Fumarato, +6 CO,



Reacao 7: a fumarase hidrata o
fumarato

H €00~ .. H -

C
.
nu----OH
'OOC/ \H fumarase 'OOC/ \H

Fumarate Carbanion
transition state

H+ PROCESS: CITRIC ACID CYCLE

fumarase

H
, _C00"
H-cl/
C

-
/ ( OH ‘CHz converted to

~00C : o doo-
oo~ (x—Ketnqutarate\’ €0
AG'° =-3.8 kJ/mol L-Malate Oxgloacetate The CITRIC ACID NPT @ NADH

CYCLE HS—W
runs twice for each
NADH 8

Malato (C4) é produzido a partir de fumarato através P ~ b
da fumarase em uma reagao de hidratagao D

red carbon

Saldo: -1 Glicose, -2 Oxalacetato, +4 ATP, Wl ‘?—L ‘)J

o | C00~
Each refction is catalyzed t [ole

+8 NADH, +2 QH2, +2 Ma|at0, +6 C02 b;adii(ntenzyme F"mafym“z Succinate




Reacao 8: o oxaloacetato €

regenerado
C°°_ NAD* NADH + H* C|°°'
|-|o—c—|-| K / o=|
> CH>
coo_ deh zslateenase coo - PROCESS: CITRIC ACID CYCLE
L-Malate ydrog Oxaloacetate

A malato desidrogenase produz oxalacetato e
NADH a partir de malato e NAD*

Saldo: -1 Glicose, +4 ATP,|+10 NADH, +2 QH,| +6 CO,

Qual o destino do NADH e QH produzidos?




O ciclo de Krebs também é

importante na sintese de novos

compostos

Pyruvate
Glucose Fatty acids,
4 pyruvate sterols
carboxylase Acetyl-CoA
PEP carboxykinase
/\ Glutamine
Phosphoenolpyruvate === Qya|oacetate Citrate Proline
(PEP) PEP ini
carboxylase \ Argmine
Citric \ T
+ acid
S Aspartate Malate cycle a-Ketoglutarate ——3 Glutamate
Glycine AspRraping malic 1
Cysteine 1 — \ Putt
. < Succinvl-CoA urines
Phenylalanine Pyrimidines Pyruvate uccinyl-Co
Tyrosine
Tryptophan I
Porphyrins,

heme

* O elementos do ciclo de
Krebs podem ser usados
como precursores de muitos
metabolitos

* O elementos do ciclo de
Krebs podem ser renovados
via piruvato e
fosfoenolpiruvato



da glicose it
O ciclo de Krebs produz 3 NADH, 1 ¥ %
QH,, 1 GTP (1 ATP) e 2 CO, '

esqueletos de C para outras vias|
metabolicas




