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* O cérebro necessita de cerca de
120 g de glicose/dia, 1sso € mais
que a metade de toda a glicose

e estocada no figado e musculo.

e Entre as refei¢oes, jejuns ou
depois de exercicios fisicos
vigorosos, o glicogénio €
depletado



Gliconeogénese

e A capacidade de sintetizar glicose € crucial
para a sobrevivéncia dos animais

e Os niveis de glicose sanguinea devem ser
mantidos, para sustentar o metabolismo de
tecidos que utilizam glicose como substrato
primario.

e Esses tecidos incluem: cérebro, eritrocitos,

medula renal, retina, mucosa intestinal, entre
outros.



Manutenc¢ao da glicemia

O organismo dispde de mecanismos para
manter a glicemia mesmo em tempos
afastados das refeicoes.

A medida que vai diminuindo a concentracio
de glicose circulante derivada da ingestao de
alimentos, a degradacdo do glicogénio
hepatico incube-se de manter a glicemia.

Essa reserva € limitada e insuficiente para
além de 8 horas de jejum.

Gliconeogénese se processa no figado e
minoritariamente nos rins.
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Figure 22.9. The five phases of glucose homeostasis. Reprinted with permission from Ruderman, N. B., Aoki,T. T.,
and Cahill, G. E, Jr. Gluconeogenesis and its disorders in man. In: R. W. Hanson, and M. A. Mehlman (Eds.),
Gluconeogenesis, Its Regulation in Mammalian Species. New York: Wiley, 1976, p. 515.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

Cérebro e hemacias dependem de glicose



Nos mamiferos a gliconeogénese ocorre

ocorre principalmente no figado. *Ocorre em menor
extensao também no rim.

Utiliza muitas das enzimas da Glicolise..
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Figure 22.3. Metabolic interrelationships of major tissues in early fasting state.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Gliconeogénese

Sintese de glicose a partir de compostos

COO~
C—H

(|3=0 Pyruvate
CHj

NADH + H”
lactate
dehydrogenase 1 N
NAD

0 (O
N\
\C

|
HO—(I')—H Lactate
CH;

AG'°= —25.1 kd/mol

que ndo sao carboidratos:

Aminoacidos, lactato e glicerol

1-St

O,

L a0

1
C —0/

%H 0—C
O=

C

earoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol



Blood Other
glucose Glycoproteins monosaccharides Sucrose

Glyvcogen Disaccharides Starch

f

Glucose osphate

Animals
Pyruvate Glucogenic Glyeerol 3-Phosphoglyecerate
amino
P S
__— Lactate Triacylglveerols CO,

fixation



glucose-6-phos-
shatass ¢ 'G'X kohnm (32.9)

Glucose-6-phosphate
lphuphogiueooe isomerase (1.1)
Fructose-8-phosphate

fructose bisphos-
phatase (-&X X’”‘Mm&lm (24.5)

lddolm(lz.l)
triose phosphate
Dihydroxyacetone isomerase _ Glyceraldehyde-3-
phosphate phosphate

P, + NAD* -\‘ NAD* + P,
glyceraldehyde-3-phos
/ phate dehydrogenase
NADH + H’ NADH + H*

pho-vhotbume
A‘I'P

“mmw mutase (1.3)
2-Phosphoglycerate cl)_pog‘
][W CH,=C—C00"
€O, + GDP | Phosphoenolpyruvate

PI-:PCK
A 0 kinase
—_ —_ pyrunu
i /C CH, C—C 6. ‘)
0 )
P, + ADP
pyruvate Pyruvate O
carboxylase ,
CH;3 —C—C

ATP + CO,




3 passos da glicdlise sao irreversiveis

Glycogen
UDP

UTP

o Glucose 1-phosphate
Glucose
Third P; Y ATP /
b;
ypass A

Glucose 6-phosphate

Fructose 6-phosphate
. A’

P 1
c————- a
Seontl =) 5 S o vl
fructose 2,6-
bisphosphate Fructose 1,6-bisphosphate

Glyceraldehyde l Dihydroxyacetone
3-phosphate X, \—/ phosphate
NAD*

NAD*:
NADH

NADH
1,3-Bisphosphoglycerate

ADP j ADP
ATP K ATP Glycolysis

Gluconeogenesis 3-Phosphoglycerate pathway
pathway 1

2-Phosphoglycerate

Phosphoenolpyruvate
CO, GDP

GTP ADP
Oxaloacetate
NADH L» ATP

+
Malate paD

First Malate
bypass NAD*
NADH
Oxaloacetate
acetyl-CoA ——-> @ ADP

COpuetd  ATP
Alanine “ Pyruvate
4

Pyruvate

Alanine



Reacoes com energia livre muito negativas t€m que ser substituidas
na gliconeogénese por reagdes que tornem essa via termodinamicamente
favoravel.

Free-Energy Changes of Glycolytic Reactions in Erythrocytes’

Glycolytic reaction step AG" (kJ/mol) AG (kd/mol)
@ Glucose + ATP — glucose 6-phosphate + ADP + H* =16.7 -33.4
@ Glucose 6-phosphate = fructose 6-phosphate 1.7 ~2.9
@ Fructose 6-phosphate + ATP — fructose 1,6-bisphosphate + ADP + H* bl =i
@ Fructose 1,6-bisphosphate = dihydroxyacetone phosphate + glyceraldehyde 3-phosphate 23.8 -1.25
@ Dihydroxyacetone phosphate = glyceraldehyde 3-phosphate 1.5 2.5
@ Glyceraldehyde 3-phosphate + P, + NAD® — 1,3-bisphosphoglycerate + NADH + H* 6.3 -1.7
@ 1,3-Bisphosphoglycerate + ADP — 3-phosphoglycerate + ATP -18.8 1:29
3-Phosphoglycerate = 2-phosphoglycerate 4.4 0.8
@ 2-Phosphoglycerate == phosphoenolpyruvate + H,0 7.5 ~8:9
Phosphoenolpyruvate + ADP + H™ — pyruvate + ATP -31.4 =107

*AG' is the standard free-energy change, as defined in Chapter 14 (see p. 494). At pH 7.0, AG is the free-energy change calculated
from the actual concentrations of glycolytic intermediates present under physiological conditions in erythrocytes. The glycolytic
reactions bypassed in gluconeogenesis are shown in red.



Etapa 1: piruvato a fosfoenolpiruyatg

Todas as substancias
tém que ser convertidas
em oxaloacetato

Os caminhos dependem do

Glycogen
UDP

precursor Y

ucose 1-phosphate

o Gl
Glucose
Third P‘Y’ e /
b;
ypass ADE
Glucose 6-phosphate

Fructose 6-phosphate
ATP

Py
e ") .
fructose 2,6-
bisphosphate Fructose 1,6-bisphosphate

s |

v
NAD*
NADH
NADH

1,3-Bisphosphoglycerate

Glycolysis
pathway

Gl N 3-Ph

pathway 1

2-Phosphoglycerate

Phosphoenolpyruvate

C0, GDP

GTP ADP
Oxaloacetate

V NADH
"

Malate VAP

Malate

First
NAD*

bypass
NADH
Oxaloacetate
acetyl-CoA ——-> @ ADP

COg ! ATP
“) Pyruvate

Alanine

rur
-
PEP
carboxykinase CO‘Z

Oxaloacetate

NADED + H°

o _Th’.r.inl ie
malate
dehydrogenase

Malate

NAD*

Malate
NAD*

PEP

co,

mitochondrial PEP

NADB + 1

Oxaloacetate

pymuvate
carboxylase

Pyravate

CO,

carboxvkinase
Oxaloacetate

pyravate
carboxylase

Pyravate

' Mitochondrion
Cytosol

Pyruvate

Pyruvate

NADB + 1

lactate
delhydrogenase

g

CO,

NAD*



Piruvato - PEP

PEP
cytosolic
PEP
carboxykinase coz

Oxaloacetate

cytosolic NADH +H*

malate
dehydrogenase NAD*

Malate
A

Malate

A
mitochondrial NAD*
malate (
dehydrogenase NADH +H*
Oxaloacetate

pyruvatet
co,

carboxylase

Pyruvate

Mitochondrion

—>

Cytosol

Pyruvate



Etapa 1: piruvato a fostoenolpiruvato

Piruvato carboxilase

Piruvato + CO, +H,0 + ATP—Oxaloacetato + ADP
+P1 + 2H*

pyruvate O O O O O
| _ carboxylase _ I _ PEPCK |l _
CH;—C—C—O / 5 \ > O—C—CH;—C—C—O / = \\ » CH,—C—C—O
Pyruvate ) Oxaloacetate - ) Phosphoenol-
HCO,; + ATP ADP + P; GTP GDP + CO,

pyruvate (PEP)



Bicarbonate Pyruvate

O C”> 0
HO—C  + CH;—C—C
\ \

O O

ATP
pyruvate /

biotin

carboxylase \)
~ ADP + P;
Oxaloacetate
(a)
T

| _ carboxylase _ I _ PEPCK |l _
oHy—c—c—0 / A \ e Y O C—C—0 / 5 \ » CH;—C—C—O
GTP

Pyruvate Oxaloacetate - Phosphoenol-
HCO; + ATP ADP + P; GDP + CO, pyruvate (PEP)
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O oxaloacetato € entdo convertido em fosfoenolpiruvato

O O CO, O
N\
C /CE‘ C—C JA > | HoC=—=C—C
(\ / q \‘\ \\‘
O O O = O

O
Oxaloacetato @te enolate

|

O O O
| ) N
Guanosine— O—FP—0—P—0

——g—

- & &
e @D
v
2
H,C=—C C
I g

POS

Phosphoenolpyruvate
(PEP)

A formag¢ao de um composto de alta energia € contrabalancada pela
Hidrolise do GTP



Oxaloacetate
O\ /O
~ /C—CH2 TC—C\
+

0 1.3
:Guanosine :—O—P—O—fl’— — —0

I
O O

O

GTP

PEP

carboxykinase
TS co,

c|>—Po§
CH,=C—CO0O0O
Phosphoenolpyruvate

(b)

PEP
eytosolic
PEP v
carboxykinase COZ

Oxaloacetate

NADH + H*

eytosalic
malate
dehydrogenase

NAD*
Malate

MIte PEP
NAD*
Co,
mitochondrial PEP
NADH + H* carboxykinase

Oxaloacetate Oxalogcetate
]:'-‘"jm_ pyruvat
arboxyl COZ hoxylas Coz
Pyruvate Pyruvate
1 Mitochondrion
Cytosol
Pyruvate Pyruvate
NADH + H*
lactate
dehydrogenase
NAD
Lactate

A descarboxilagao facilita o ataque do oxigénio da carbonila pelo

fosfato do GTP



Alternativamente:

Oxaloacetato + NADH + H* — L-malato + NAD™

A reacao da malato desidrogenase € reversivel ocorre nas duas vias

Ciclio de Krebs e neoglicogénese

¢OO0" NAD*  NADH +H' 00
HO—C—H K / 0=C
CHz - - CH2
malate
COO~ dehydrogenase COO~
NAD} NADH +H*

Oxaloacetate

L-Malate




No citossol 0 Malato € reoxidado em oxaloacetato com a produgao de
NADH citossolico

COO" NaD™ NADH + H* cO0"

HO—C—H \\ / 0=C
CH2 - . CH2

malate

COO™ dehydrogenase COO~
L-Malate Oxaloacetate

AG'° = 29.7 kd/mol



Piruvato + ATP + GTP + HCO5;™ — Fosfoenolpiruvato + ADP+ Pi +

Co,

Logica para que a reacdo
ocorra na mitocondria

Citossol:
NADH/NAD+ = 8 x10“*M,

5 vezes menor que na mit.

PEP
eytosolic
PEP ‘
carbaxykinass CO?

COrxaloacetate

NADH + H*

cyhosd ilie

malata

dehydrogenase

NAD*
Malate

MI‘M-! PEP
NAD*
co,
mitochondrial PEP
NADH + H* carboxykinase

Crealoacetate Crxaloacetate

PyTaveie pyruvate
carbexylase CO2 carboxylase C02
Pyruvate Pyvravate
1 Mitochondrion
Cytosol
Pyruvate Pyruvate
NADH + H*

lactate

dehvdrogenase
NAD®

Lactate



Quando o lactato € o precurssor o caminho €
mais curto

Piruvato carboxilase

Piruvato + CO, +H,0 + ATP—Oxaloacetato + ADP
+P1 + 2H*

Oxaloacetato + GTP — Fostoenolpiruvato + CO,+
GDP

Fosfoenolpiruvato carboxiquinase

NAD!
Malate



3 passos da glicdlise sao irreversiveis

Proximo passo irreversivel:

Glycogen
UDP

UTP

Glucose 1-phosphate

Glucose
— P, ATP /
bypass
b }ADP /
Glucose 6-phosphate
Fructose 6-phosphate

Py
oo " . S o el
VP fructose 2,6- ADP sphosp!

bisphosphate Fructose 1,6-bisphosphate

Glyceraldehyde l Dihydroxyacetone

3-phosphate X, \/ phosphate

NAD*
NAD*:
NADH
NADH

1,3-Bisphosphoglycerate
ADP ADP

ATP ATP Glycolysis
Gluconeogenesis 3-Phosphoglycerate pathway
pathway 1

2-Phosphoglycerate
Phosphoenolpyruvate

O, GDP

GTP

ADP
Oxaloacetate
NADH k, ATP

+
Malate A

First Magte
bypass NAD*
NADH
Oxaloacetate

acetyl-CoA —— —>@ ADP

CO, ATP
Alanine Pyruvate

Pyruvate

Alanine



Etapa 2:
Conversao de Frutose 1,6-difosfato a frutose 6 -fosfato

Fructose 6-phosphate

\

ATP P,
Glycolysis / Gluconeogenesis
PFK-1 FBPase-1

ADP/

\

Fructose 1,6-bisphosphate

Frutose 1,6-bifosfatase



Frutose-1.6-bifosfatase

P1
0 ) 0
— | 6 . [ 6 1 | o
O— Pl)jO_CI 12 0 éHz OH ATP ADP O Il) _O CI ]2 0 CI 12 -O—P:O
0 5 2 \I!Igj X 0 5 2
H OH  phosphofructokinase-1 H OH
4 |3 4 |3
OH H OH H
Fructose 6-phosphate Fructose 1,6-bisphosphate

AG? = —14.2 kJ/mol



Glycogen
UDP

UTP

3 passos da glicdlise sao irreversiveis
|

Py
oo " . S o el
VP fructose 2,6- ADP sphosp!

bisphosphate Fructose 1,6-bisphosphate

Proximo passo irreversivel:

Glyceraldehyde l Dihydroxyacetone

3-phosphate X, \/ phosphate

NAD*
NAD*:
NADH
NADH

1,3-Bisphosphoglycerate
ADP ADP

ATP ATP Glycolysis
Gluconeogenesis 3-Phosphoglycerate pathway
pathway 1

2-Phosphoglycerate
Phosphoenolpyruvate

O, GDP

GTP

ADP
Oxaloacetate
NADH k, ATP

+
Malate A

First Magte
bypass NAD*
NADH
Oxaloacetate

acetyl-CoA —— —>@ ADP

CO, ATP
Alanine Pyruvate

Pyruvate

Alanine



Etapa 3:

No figado e rins- hidrolise simples de éster fosforico

Glicose-6-P1 + H,O — Glicose + Pi
Glicose-6-fosfatase

HO—CH,
O ATP ADP
VRN e/
OH H hexokinase
HO OH
H OH H OH
Glucose Glucose 6-phosphate

AG'° = —16.7 kd/mol



Sequential Reactions in Gluconeogenesis Starting from Pyruvate’

Pyruvate + HCO3 + ATP — oxaloacetate + ADP + P, + H” K2
Oxaloacetate + GTP —= phosphoenolpyruvate + CO, + GDP X2
Phosphoenolpyruvate + H,0 —= 2-phosphoglycerate X2
2-Phosphoglycerate —= 3-phosphoglycerate X2
3-Phosphoglycerate + ATP — 1,3-bisphosphoglycerate + ADP + H* K2
1,3-Bisphosphoglycerate + NADH + H" — glyceraldehyde 3-phosphate + NAD" + P, X2

Glyceraldehyde 3-phosphate —= dihydroxyacetone phosphate

Glyceraldehyde 3-phosphate + dihydroxyacetone phosphate — fructose 1,6-bisphosphate
Fructose 1,6-bisphosphate + H,0 — fructose 6-phosphate + P,

Fructose 6-phosphate = glucose 6-phosphate

Glucose 6-phosphate + H,0 — glucose + P,

um: 2 Pyruvate + 4ATP + 2GTP + 2NADH + 4H,0 — glucose + 4ADP + 2GDP + 6P; + 2NAD" + 2H"

*The bypass reactions are in red; all other reactions are NADH consumed in the glyceraldehyde 3-phosphate
reversible steps of glycolysis. The figures at the right indicate dehydrogenase reaction (the conversion of lactate to pyruvate
that the reaction is to be counted twice, because two three- in the cytosol or the transport of reducing equivalents from
carbon precursors are required to make a molecule of glucose. mitochondria to the cytosol in the form of malate) are not

Note that the reactions required to replace the cytosolic considered in this summary.



table 20-3

Glucogenic Amino Acids, Grouped

by Site of Entry’

Pyruvate Succinyl-CoA
Alanine Isoleucine’
Cysteine Methionine
Glycine Threonine
Serine Valine
Tryptophan' c t
o-Ketoglutarate P:ren:;;;nine‘
Arginine Tyrosine'
Glutamate

Glutamine Oxaloacetate
Histidine Asparagine
Proline Aspartate

*These amino acids are precursors of blood glucose or liver
glycogen because they can be converted to pyruvate or citric
acid cycle intermediates. Only leucine and lysine are unable
to furnish carbon for net glucose synthesis.

"These amino acids are also ketogenic (see Fig. 18-19).
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Pathways converting lactate, pyruvate, and
citric acid cycle intermediates to oxaloacetate.

Lactate

Alanine l
Cysteine O O
Glycine HaC y C 4

5 R — «C—C—C
Serine N Glucose
Threonine 8 4
Tryptophan Pyruvate /

/
/
/ sluc renasia
/ gluconeogenesis
/
/

/‘/\.._/\M/\f\/\x,\,\\— /

Aspartate
Asparagine

f O
= o) O
N\ Il Vi
. == C—CH,—C—C
74 N y
= = Acetyl-CoA

% O O
7 RO

Malate Citrate
o / . N\
A\ 4 Isocitrate
/C— CH=—CH— (1\
5 L o— CITRIC
Fumarate ACID & 3 "
CYCLE
v N\ I 4
Phenylalanine C—CH;—CH;—C—C
Tyrosine -0 o

Succinate

\() 0]
AN

Il
/(,‘. — CH, —CH;— C—SCoA
O
Succinyl-CoA

{

Isoleucine
Methionine
Valine

o-Ketoglutarate ‘

/ Arginine

Glutamate
Glutamine
Histidine
Proline



CH.—@—S-COA

Glucose Acetyl-CoA
Oxaloacetate Citrate
Malate
t Cm:;cfec'd Isocitrate

o-Ketoglutarate

Succinate /
Succinyl-CoA \

€O,

Fumarate I\ co,



Glicolise e Gliconeogénese sao processos espontaneos.

Se as duas vias estiverem ativas simultaneamente em uma célula, 1sso
constituiria

um ““ciclo futil” que gastaria energia.

Portanto, para prevenir o gasto de energia de um ciclo futil, Glicolise e
Gliconeogénese sao reciprocamente regulados.

O controle inclui regulacao alosterica reciproca por nucleotideos de
adenina.

Fosfofrutoquinase (Glicolise) € mnibida por ATP e estimulada por AMP.

Frutose-1,6-bisfosfatase (Gliconeogénese) ¢ inibida por AMP.



Fructose 6-phosphate

\

ATP P,
Glycolysis / Gluconeogenesis
PFK-1 FBPase-1

ADP/

\

Fructose 1,6-bisphosphate



ATP AMP, ADP

1 \
B
Fructose 6- + ATP > Fructose 1,6- + ADP
phosphate 7‘® @ bisphosphate
r (

o\ \
citrate fructose 2,6-
bisphosphate

AMP ® -FRUTOSE 2.,6-BISPHOSPHATE
Frut 1,6 bisfosfat
Frutose 1,6 P —//—==¢ \'S osfa2*e Erutose 6 P
Pi




ATP Fructose 6-phosphate

ativa 1nibe

PFK-2 <« <« <«F26BP,, ., ., FBPase-2

ADP Fructose 2,6-bisphosphate

(a)

v

Fortemente 1nibida por AMP
Estimulada por AMP e ADP



N7,

~
~ / PFK-2 —
# [Fructose 2,6-bisphosphate] =~ —/ (active) o

Stimulates glycolysis, FBPase-2
inhibits gluconeogenesis (inactive) \
\l ATP
cAMP-dependent ____ glucagon
protein kinase | @ < (4 [cAMP])
|
\/' ADP
PFK-2 O
v [Fructose 2,6-bisphosphatel] (inactive) I
. ~ O-P-0O
Inhibits glycolysis, — / FBPase-2 /| —~ |
stimulates gluconeogenesis —/ (active) / — O~
T/ N
(b)

Glucagon aumenta quando a glicemia cai. Neste caso, a producdao de cAMP ativa a
Proteina quinase com consequente redugao nos niveis de frutose 2,6-bifosfato.
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N7,

~
~ / PFK-2 _
?[Fructose 2,6-bisphosphate] ~ —/ (active) oH

FBPase-2
(inactive)

Stimulates glycolysis,
inhibits gluconeogenesis

\ ATP

l
cAMP-dependent glucagon
6 ————
protein kinase ) @ (4 [cAMP])
/ ADP

PFK-2 )
¥ [Fructose 2,6-bisphosphate] (inactive) l
~ O-P-0
Inhibits glycolysis, — / FBPase-2 /| —~ |
stimulates gluconeogenesis —/ (active) : O
NEERER
(b)

Glucagon aumenta quando a glicemia cai






Ciclo Glicose-alanina
Transporte de amoOnia

para o figado

Muscle
protein

Amino acids

e NH;
“ Glucose == Pyruvate
A glycolysis Glutamate
b alanine
aminotransferase
Alanine @-Ketoglutarate
y
Blood Blood
glucose alanine
a
y
Alanine
a-Ketoglutarate
alanine
aminotransferase
Glutamate
Glucose <e==—Pyruvate
gluconeo-
genesis N
NH:
‘ urea cycle

Urea



glucomogonosis

Glucoso
6ATP
AATP Glucose
2 Pyruvate
ureogenesis
2-NH2 \
Glucose

Urea kldneys 2NAD* 4-6
2 Alamne X ATP
\ glycolysis | 2NADH 0,
Blood
Liver 2 Alanine 2 Pyruvate 2ATP
\_ 2 A];ﬁ:\
2-NH»
Muscle cell
Musculo:
(b) Esfor¢o intenso: glicose —lactato

Jejum: aminoacidos —alanina

Copyright © 1997 Wiley-Liss, Inc.




Transformacao de alanina e lactato em
glicose 1nicia-se por sua conversao a
piruvato

Alanina + a-cetoglutarato — Piruvato + Glutamato

alanina aminotransferase

gliconeogénese
Piruvato —> Glicose



Metabolismo do etanol
O figado € responsavel pelas duas primeiras etapas no catabolismo
do etanol

alcool desidrogenase citosolica
Etanol + NAD* — acetaldeido + NADH + H*

alcool desidrogenase mitocondrial
CH;CHO + NAD* + H,0 —- CH;COO" + NADH + H*

acetato
acetaldeido

Ingestao mesmo moderada de alcool gera muito NADH



H O
| alcool desidrogenase 7/
CH; G OH < == ST CHy G
H NAD?* NADH H
O O

7 acetaldeido desidrogenase

CH; 7 C._ +H,0 < — <~ CHy;—Cw_

H NAD* NADH O
O
//O acil-CoA sintetase . CH —C//
CH;—C N Cn

O ATP  AMP HS-CoA



Ingestao mesmo moderada de dlcool gera muito NADH

PEP
cytosolic
FEP v
carbaxykinass ; COJ

Enzimas da gliconeogénese
(lactato desidrogenase e malato
desidrogenase requerem NAD?

Inibi¢ao da gliconeogénese
Inibe oxidagao de acido graxo e
Pode ocorrer cetogénese,

Pode levar a acidose latica

Oxaloacetate
NADH + H*
eytosalic
malata
e h‘fl])‘l(.;r'h:ﬁv'
NAD
Malate
M.It& PEP
NAD*
Co,
mitochondrial PEP
NADR + 1 carboxykinase
Oxaloacetate Oxaloacetate
pyruvate pyTavate
carboxylase COZ carboxylase C02
Pyravate Pyravate
,' Mitochondrion
Cytosol
Pyruvate Pyruvate
NADH + H*
lactate
dehydrogenase
NAD

Lactate



Conditions 1n the cytoplasm 1

5 f@hawldehyde > Acetate
60 mM 4
100 mM /—\
+ A (+)
'NAD NADH+H" 4
0.5 mM
- |
» \ 4
/TH\ & /_ _ — Acetyl-CoA T
CH,CHOHCOOH - CHECOOH = = 0
Lactic Acid Pyruvate
0.1 mM
Acumulo de lactato Escapa acetato para

O sangue (krebs inibido por NADH



O\ /O

Etanol + NAD* —> acetaldeido + NADH + H* ¢
(|3=O Pyruvate
CHj

TPP, Mg?'

Piruvato + NADH + H+ — Lactato + NAD* pyruvate

decarboxylase

- [€0;
O H
/
(lf Acetaldehyde

CHg
— NADH + H”

alcohol
dehydrogenase

—s NAD+
Oxaloacetato + NADH+ H+ —malato + NAD+ OH

|
CH, Ethanol
CH3

A sintese da glicose € limitada pelas quantidades de piruvato e
oxaloacetato disponiveis para reagOes catalisadas pela
piruvato carboxilase e PEP carboxiquinase



PEP

PRD Etanol + NAD* — acetaldeido + NADH + H*

carbaxykinass Co'z

Oxaloacetate

| SADE + °
"‘;Ij:.".':';k Piruvato + NADH + H+ — Lactato + NAD*

dehydrogenase
NADY
Malate

MItE PEP
NAD*
002
mitochondrial PEP
- + HY carboxykinase

Oxaloacetate Oxalogcetate

pymavate pyruvate
carboxylase 0. C"ﬂ‘“‘-‘(.\'lnsr‘$ co
Prlbate 2 pewae — Oxaloacetato + NADH+ H+ —malato + NAD+

1 Mitochondrion
Cytosol

Pyruvate Pyruvate

lactate
dehydrogenase

NAD*

Lactate



