Metabolismo I:

Metabolismo heterotrofico



Como fazer uma célula bacteriana®
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0 que é melabolismo?

Heterotrophy
Organic nutrient —

Autotrophy
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Destino dos precursores

Precursores de:

Nome Estrutura
1. Glicose-6-fosfato (P)-0—CH
of OH o Polimeros de carboidratos
OH
2. Frutose-6-fosfato @—O—CH; o CHOH N-acetilglicosamina, acido N-
oH acetilmuramico, mureina
OH
OH
3. Ribose-5-fosfato HHHH
1 I 1 1
C-c-c-c-cHO-(P) )
A OHOH ¢ Acidos nucléicos, histidina
O OHOH OH )

4. Eritrose-4-fosfato

H
I
C-C-C-CHO- s Zp
T 2 ® Aminoécidos aromaticos

O OHOH

5. Sedoheptulose-7- OHH H H Polimeros de

| | 1 . . ’
fosfato HOH,C-C-C-C- C[-(‘J—CHZO-® carboidratos/polissacarideos
O H OH OH OH

6. Triose-fosfato HES0, Precursor de dihidroxiacetona, lipidios
H(l:*OH
H,c-0—(P)

7. 3-fosfoglicerato o:(?—o- Aminoacidos da familia da serina
HC —OH

He-0—(P)

8. Fosfoenolpiruvato (I§OO'
G
S, Aminoécidos arométicos
9. Piruvato “IOO
Q= o
CHa Aminoécidos
10. Acetil-CoA H3C-ﬁ'S-COA Lipidios
11. a-cetoglutarato OH.  eHliiLon Aminoacidos da familia do glutamato
St
I
O OHHD
12. Oxaloacetato QLo Aminoécidos da familia do aspartato
' c-C-
N
OH

13. Succinil-CoA OH H H 5-CoA Heme
-¢-C-¢
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A célula bacteriona deve satisfazer trés
necessidades badsicas:

® Energia m ATP
m |3 precursores m Intermedidrios do metabolismo de
Carbono

m Poder redutor = NADPH



Diferentes estratégias de
sobrevivencio

® Vias metabolicas

®m Processos metabolicos

m Objetivo: obter ATP, precursores e poder redutor

0 que é metabolismo?



Heterotroficos
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Metabolismo heterotrofico

B Obtencao dos 13 precursores



Glicolise

via de Embden-Meyerhof-Parnas (EMP)

CgH,,04 + 2 ADP + 2 Pi + 2 NAD* & 2 H,C-CO-COO" + 2 H,O + 2 NADH + 2 H* + 2 ATP

Glicose Piruvato

Uma célula bacteriana pode crescer fazendo exclusivamente a EMP?¢
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Metabolito

Via predominante de
origem do

metabolito*

ATP

NAD(P)H
Glicose-6-fosfato
Frutose-é6-fosfato
Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato
Sedoheptulose-7-fosfato
Gliceraldeido-3-fosfato
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato

Acetil-CoA
Oxaloacetato

o -cetoglutarato

Succinil-CoA



Via de Entner-Doudoroff

CgH,,05 + ADP + NADP* + NAD* + Pi — 2 H;C-CO-COO- + ATP + NADPH + NADH

Glicose Piruvato

Uma célula bacteriana pode crescer fazendo ED?



Via de Entner-Doudoroff
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H,0 pyruvate ADP
' 6
8 ATP
0.
él; OH 8 OH
H-—-?—O—@ H—~C—OH
CH,OH CH,0(P)

2-P-glycerate 3-P-glycerate

Fig. 8.12 The Entner-Doudoroff pathway. Because there is only one PGALD formed, there is only one
ATP made. The enzymes unique to this pathway are the 6-phosphogluconate dehydratase (reaction
3) and the KDPG aldolase (reaction 4). The other enzymes are present in the pentose phosphate
pathway and the glycolytic pathway. Enzymes: 1, hexokinase; 2, glucose-6-phosphate dehydrogenase;
3, 6-phosphogluconate dehydratase; 4, KDPG aldolase; 5, triose phosphate dehydrogenase; 6, PGA
kinase; 7, mutase; 8, enolase; 9, pyruvate kinase.



Via de Entner-Doudoroff
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Via de Entner-Doudoroff
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Fig. 8.12 The Entner-Doudoroff pathway. Because there is only one PGALD formed
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Presenca das vias Embden-Meyerhof-Parnas e Entner-Doudoroff em algumas

bactérias
Organismo EMP | ED
Ralstonia eutropha . +
Pseudomonas aeruginosa . +
Pseudomonas saccharophila -
Escherichia coli + -f+*
Xhantomonas phaseoli . .
Bradyhizobium japonicum | - +
Azotobacter choococcum +
Bacillus subtilis +
Arthrobacter sp +

*E col soment sxpress = enrimas de Entner-DoudoralT
quendo cresce em glicomato

, there is only one

3) and the KDPG aldolase (reaction 4). The other enzymes are present in the pentose phosphate

pathway and the glycolytic pathway. Enzymes: 1, hexokinase; 2, glucose-6-phosphate dehydrogenase;
3, 6-phosphogluconate dehydratase; 4, KDPG aldolase; 5, triose phosphate dehydrogenase; 6, PGP:

kinase; 7, mutase; 8, enolase; 9, pyruvate kinase.



Via predominante de
origem do

MetabJdlito

metabolito*

ATP X X
NAD(P)H - X
Glicose-6-fosfato X X
Frutose-é6-fosfato X -
Ribose-5-fosfato ou ribulose-5-fosfato - -
Eritrose-4-fosfato - -
Sedoheptulose-7-fosfato - -
Gliceraldeido-3-fosfato X
3-Fosfoglicerato X
Fosfoenolpiruvato X
Piruvato X
Acetil-CoA - -
Oxaloacetato - -
o -cetoglutarato - -

Succinil-CoA - -



Nucleotidio

Nucleotidio
de nicotinamida

de adenina
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Via das pentoses

CH,,05 +ATP + 6 NADP* — C,H,0,PO,+ ADP + 3 CO, + 6 NADPH

gliceraldeido-3-fosfato
Glicose

Uma célula bacteriana pode crescer fazendo VP2
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CH,0(P) :
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s
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H—C—OH
CH,0(P)
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Fig. 8.11 The pentose phosphate pathway. Enzymes: 1, glucose-6-phosphate dehydrogenase; 2, -
lactonase; 3, 6-phosphogluconate dehydrogenase; 4, ribulose-5-phosphate epimerase; S, ribose-5-
phosphate isomerase; 6, 8, transketolase; 7, transaldolase. The two-carbon moiety transferred by the
transketolase is shown in the boxed area. The three-carbon fragment transferred by the transaldolase

is shown in the dashed box. The product of the glucose-6-phosphate dehydrogenase reaction is the™

lactone, which is unstable and hydrolyzes spontaneously to the free acid. However, there exists a
specific lactonase that catalyzes the reaction.
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NAD(P)H
Glicose-6-fosfato
Frutose-6-fosfato
Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato
Sedoheptulose-/-fosfato
Gliceraldeido-3-fosfato
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato

Acetil-CoA
Oxaloacetato

o -cetoglutarato

Succinil-CoA



Via
Metabolito predominante de
origem do

metabolito*

ATP X X
NAD(P)H - X
Glicose-6-fosfato X

X
Frutose-6-fosfato X -

X
X
X
Ribose-5-fosfato ou ribulose-5-fosfato - - X
Eritrose-4-fosfato - - X
Sedoheptulose-7-fosfato - - X

X

Gliceraldeido-3-fosfato

X X
3-Fosfoglicerato X X -
Fosfoenolpiruvato X X
Piruvato X X
Acetil-CoA - - -
Oxaloacetato - - -
a -cetoglutarato - - -

Succinil-CoA - - -

*EMP - via de Embden Meyerhof Parnas; VP- via das pentoses ED- via de Entner -Doudoroff



Via da Fosfocetolase
(Hexose monofostato)

(A) Glicose + ADP + 3 NAD* — AcetilCoA + Piruvato + ATP + 3 NADH + CO,

(B) 2 Glicose + 2 ADP + 2 NAD* — 3 AcetilCoA + 2 Piruvato + 2 ATP + 2 NADH

Uma célula bacteriana pode crescer fazendo VFe



Via da Fosfocetolase
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Via da Fosfocetolase
(Hexose monofosfato)
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Glicose-6-fosfato
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Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato
Sedoheptulose-7-fosfato
Gliceraldeido-3-fosfato
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato

Acetil-CoA
Oxaloacetato

o -cetoglutarato

Succinil-CoA
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Via predominante de
origem do

Metabolito

metabolito*

ATP X
NAD(P)H -

<X X X

Glicose-6-fosfato X
Frutose-6-fosfato X -

X

X

X
Ribose-5-fosfato ou ribulose-5-fosfato - - X
Eritrose-4-fosfato - - X
Sedoheptulose-7-fosfato - - X
Gliceraldeido-3-fosfato X X
3-Fosfoglicerato X
Fosfoenolpiruvato X
Piruvato X
Acetil-CoA - - -

Oxaloacetato - - -

X X X X X X X X X X

o -cetoglutarato - - -
Succinil-CoA - - - -

*EMP — via de Embden Meyerhof Parnas; VP- via das pentoses ED- via de Entner -Doudoroff



Os destinos do piruvato
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Os destinos do piruvato
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Os destinos do piruvato
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Piruvato Acetil-CoA
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/ O/\/\Q 2 HS-CoA Fig. 9.9 Etapas da reacao catalisada pelo com-

plexo piruvato desidrogenase, onde E,, E, e E,
representam respectivamente as enzimas: pi-
ruvato desidrogenase (TPP), diidrolipoil tran-
sacetilase (acido lipdico) e diidrolipoil desidro-
Acetil-CoA genase (FAD).

0
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H,C—C— SCoA



Metabdlito Via predominante de

origem do
metabolito*

EMP ED VP HMP CPD

ATP N
NAD(P)H i

- X _

X X X

Glicose-6-fosfato

X
Frutose-é-fosfato X _

X

X

X
Ribose-5-fosfato ou ribulose-5-fosfato - - X
Eritrose-4-fosfato - - X
Sedoheptulose-7-fosfato - - X
Gliceraldeido-3-fosfato X
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato
Acetil-CoA - - -

Oxaloacetato i i )

X X X X X X X X X X

a -cetoglutarato _ ) i

Succinil-CoA i i )



Os destinos do piruvato

(%OO'

C‘)'——«O

CHy Piruvato
Piruvato
Formiato
Liase

H,C-C-S-CoA

o Acetil-CoA

PFL

H,C-CO-COO- + HS-CoA —> H;C-CO-SCoA + HCOO-
Piruvato Acetil-CoA  Formiato



MetabJdlito

Via predominante de

origem do

ATP

NAD(P)H
Glicose-6-fosfato
Frutose-é6-fosfato
Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato
Sedoheptulose-7-fosfato
Gliceraldeido-3-fosfato
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato

Acetil-CoA
Oxaloacetato

o -cetoglutarato
Succinil-CoA

metabolito*

HMP

X

X X X X X X X X X X

CPD/
PFL



Os destinos do piruvato

(%OO'

C‘)'——«O
CHa Piruvato
Complexo Piruvato
piruvato Formiato
desidrogendse Liase
H,C-C-S-CoA
H.C-G-$~CoA SEL 5 Acetil-CoA
O

CPD

K Situacao em enterobactérias



Destinos de acetil-coA

m Precursor do metabolismo m Ciclo dos dcidos tricarboxilicos

m Raomos oxidativo e redutor

H\,}C-ﬁ—S-CoA
0



Ciclo dos acidos tricarboxilicos
(TCA ou ciclo de Krebs)

H,C-CO-SCoA +3 NAD* + FAD + GDP + P, + H,0 ——> 2CO, + 3NADH + 2H* + FADH, + GTP + HSCoA



o}
Vi

HC—C__
SCoA
OXALOACETATO H0 CITRATO
CcOo0-
<|300‘ CoA CH,
|
=0 HO—C—C00-
NADH + H* 1 citrato
(|3H2 sintase CH, &
I X
NAD* "o,;; €00~ coo- &
@oese (l:oo_
coo-
|
HO—C—H )
maLato "0~ = ISOCITRATO
C|H? HO—CH,
- I
oo Cco0-
ﬂ / NAD*
fumarase isocitrato \. NADH + H*
desidrogenase
H,0 L
Cco,
 J
CO0-
COO0- I
(|:H2 a-CETO
FUMARATO (l;H2 GLUTARATO
Q. C=0
(o)
[ ) |
Q"'/d/oo/ Coo-
0, % CoA
FADH, e
succinil-CoA C|H NAD*
H 2
sintetase | NADH + H*
“ - 7?’ CH,
eop ¢#°  co
CO0™ con  GTP OF € 2
SCoA
P,
SUCCINATO SUCCINIL-CoA

Ciclo de Krebs.

ATP

NAD(P)H
Glicose-6-fosfato
Frutose-6-fosfato
Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato
Sedoheptulose-7-fosfato
Gliceraldeido-3-fosfato
3-Fosfoglicerato
Fosfoenolpiruvato
Piruvato

Acetil-CoA
Oxaloacetato

o -cetoglutarato

Succinil-CoA



Em algumas condicoes o
complexo a-cefoglutarato
desidrogenase ndo estd
oresente ou estd inativado



3-Fosfoglicerato 1
ATP
¢ NAD(P)H

CGlicose-6-fosfato

Fosfoenolpiruvato Frutose-6-fosfato
/ Ribose-5-fosfato ou ribulose-5-fosfato
Eritrose-4-fosfato

Sedoheptulose-7-fosfato

H Gliceraldeido-3-fosfato
COZ \ /7 PI ruvato 3-Fosfoglicerato
. Fosfoenolpiruvato
¢ Piruvato
Acetil-CoA
Acetll' COA Oxaloacetato

a -cetoglutarato

Succinil-CoA
Y Y
Oxaloacetato Citrato
NADH . .
Ramo redutor /é’ NAD™ \ Ramo oxidativo

Malato Isocitrato

CcO
Fumarato . £
NADH NAD
NAD® NADH
Succinato

%-cetoglutarato



Via predominante de origem

Metabolito do

metabolito*

EMP  ED VP HMP CPD TCA RR/

/PFL RO
ATP X - X - X -

X
NAD(P)H - X
X

Glicose-6-fosfato

Frutose-6-fosfato

X

X

X
Ribose-5-fosfato ou ribulose-5-fosfato - - X
Eritrose-4-fosfato - - X
Sedoheptulose-7-fosfato - - X
Gliceraldeido-3-fosfato X X
3-Fosfoglicerato X
Fosfoenolpiruvato X
Piruvato X
Acetil-CoA - - -

Oxaloacetato - - -

X X X X X X X X X X

o -cetoglutarato - - -

1

1
<X X X
X X X

Succinil-CoA - - -



Shunt do glioxilato

acetyl-CoA

S

oxaloacetate citrate

/(\NADH +H' \
NAD"

malate isocitrate

acetyl-CoA  isocitrate
fyase
malate
synthase

glyoxylate

CO,

fumarate

CO,

succinate

2 Acetil-CoA + NAD* + 2H,0=>» Succinato + 2HS-CoA + NADH + 3H*



acetyl~CoA

CoASH
oxaloacetate H,0
<

X
NADH + H* citrate
NAD* (‘? ' H0 \
C\HB—'C"'SCOA [cis-aconitate]
COOH  CoASH 0 °\ 0
CH, ¢,¥ff H-(I:zfc?'
CHOH =
s COOH 1y oxylate COOH
£o malate (I:HZ
1 H—C—COOH
H—@/—,—?—H
(EOOH (;OOH isocitrate
Gt '<NADP+
TH2 / “NADPH + H*
COOIi succinate oxallosuccinate

ATP"\j\ K
g -

ADP+P, .
- ASIH e a-k?soglutarate
0 : 3
INCOA = +
succinyl~CoA & NAD
NADH + H*
CO, CoASH ;

-
The glyoxylate cycle. Enzymes: 1, isocitrate lyase; 2, malate synthase. The dashed arrows represent
reactions of the citric acid cycle that are bypassed.



Como as bactérias crescem
quando ndo ha glicose?




B -oxidacdo de acidos graxos

O
Il
ATP

PPi
CoASH

AMP

Il
CH;—(CH,)r—CH,—CH, —C~SCoA

o FAD
FADH,
0

u
CH; —(CHy)r—CH=CH—C~SCoA

H,0
31
i
OH

4 NAD*
NADH + H*
O

[
CH, —(CHz)n—ﬁ+‘—{aH2—C~SCoA

JIAN
Sl
i
CH; —(CHp)r—C~SCoA [§CH; —C~SCoA
0

—

CoASH

Fig. 9.1 B-Oxidation of fatty acids. Enzymes:
1, acyl-CoA synthetase; 2, fatty acyl-CoA dehydro-
genase; 3, 3-hydroxyacyl-CoA hydrolyase; 4, L-3-
hydroxyacyl-CoA dehydrogenase; 5, B-ketothiolase.



Como as bactérias crescem
quando ndo ha glicose?

1
Ala
Cys
Gy
Ser| — Piruvato 6
Thr lle
Trp Leu
Lys
Phe
Acetil-CoA €——— |Thr
Trp
2 Tyr
:Sﬂ — Oxaloacetato 5
SP Arg
His
a-cetoglutarato ——— g:z
Pro
3
Asp 4
Phe |— Fumarato Ile
Tyr S SucciniCoA ¢—— [Met
Thr
Wal

Destino da cadeia carbdnica dos aminoacidos, que foram repartidos
em seis grupos (1 a 6) de acordo com o composto formado.



Gliconeogénese

to| —»> Piruvato
l«r ATP
1 Oxaloacetato
14-% GTP

Fosfoenolpiruvato

I

2-Fosfoglicerato

Glicerol
3-Fosfoglicerato quinasel <= ATP
” <= ATP Glicerol é-fosfato
1,3-Bisfosfoglicerato glicerol 3-fosfato
“’ desidrogenase
Gliceraldeido 3-fosfato =“—— Diidroxiacetona fosfato

L jj
7

Frutose 1,6-bisfosfato

H,0
frutose 1,6-bisfosfatase P
i

Frutose 6-fosfato

I

Glicose 6-fosfato

: H,0
glicose 6-fosfatase
Py

Alanina

!

Lactato— Piruvato
co,

Piruvato
carboxilase

> ADP + P,+ 2H'

Oxaloacetato
GTP Gbp CO, -

Tl S e

Fosfoenolplruvato
CH2 carboxiquinase CH,

éOO— Fosfoen_olpiruvato

Fig. 14.4 Esquema simplificado da gliconeogénese. As reagdes que
convertem piruvato a oxaloacetato e este a fosfodnolpiruvato estdo
detalhadas na Fig. 14.3. As rea¢des comuns a via glicolitica podem
ser encontradas na sua forma completa na Fig. 9.5 (Segao 9.1). De-
ve-se ressaltar que sdo necessarias duas moléculas de cada um dos
compostos gliconeogénicos — alanina, lactato, glicerol — para sin- 4
tetizar uma molécula de glicose. 7




Nenhuma das vias
isoladamente consegue
suprir os precursores
necessarios ao metabolismo
bacteriano



Uma combinacdo de vias & necessaria



® Vias metabolicas

m Processos metabolicos

Iv

m Redes metabodlicas




Vitamins and cofactors
Folates

Riboflavin

Coenzyme A
Adenosylcobalamine
Nicotinamide

Purine Pyrimidine
nucleotides nucleotides

Pentose phosphate cycle Glycolysis
Phosphoribosyl
pyrophosphate <—r— Pentose-5-phosphate <«———— Glucose-6-phosphate — Glucose-1-phosphate ——» Sugar nucleotides

Histidine  Tryptophan

. Sedoheptulose-7-
Heptose in LPS <—|—1=

phosphate
Glyceraldehyde-
2-Keto- H phosphate
3-deoxyoctanate — \/
= Fructose-6- hosphate P Amino sugars
| ——Erythrose-4-phosphate
Fructose-1,6- dlphosphate
§
. ) Nicotinamide coenzymes
AfO"?ath family Glyceraldehyde-3-phosphate <&—— Dihydroxyacetone-phosphate <:
Drosine Glycerol-3-phosphate
Tryptophan y phosp!
Phenylalanine *
T 1,3-Diphosphoglycerate Phospholipids
Chorismate <€—<
Tryptophan
3-Phosphoglycerate » Serine family Z 1 Ethanolamine

Vitamins and Serine 1-Cunits
cofactors Glycine =——————3 Purine nucleotides
Ubiquinone 2-Phosphoglycerate Cysteine
Menaquinone
Folates

— Phosphoenolpyruvate ——————— Oxaloacetate Aspartate family

\ Asparagine
Malate Threonine
Pyruvate family <& Pyruvate Citrate l";‘;’?&ginnlge — Spermidine
Alanine / o
Valine N l TCAcycle ~ Humarate /L\sraiirtate Nicotinamide
Leucine 2 Isocitrate ysine coenzymes
Isoleucine Acetyl coenzyme A ) S
Succinate yrimidine
/ * \ nucleotides
. e 2-Oxoglutarate
tt
aiid); urein edeine s Succinyl coenzyme A ——> Heme

Glutamate family

Glutamate ——— Hemes
Glutamine

Arginine ———— Polyamines
Proline



Obtencao de ATP



Lactato -— ——
Etanol 4-; “+—— .
Formiato 14— ‘+-—

Heterotroficos
A Ao

NADPH
co, ' A

Constituintes celulares

B Glicose

NO,
e U @
ATP
-+ — 4—

Etanol — —— —— NADPH
co, 4\— “«— —

Constituintes celulares

C Glicose

Constituintes celulares

Sem O,

Sem O, com outro aceptor
final de eletrons

Com O,



Heterotroficos
A

Glicose

Lactato -— ——
Etanol 4-; ‘+———

Formiato l<— ‘+-—

co, 4\—4—4—

Constituintes celulares

NADPH

Sem O,

Sem aceptor de elétrons exdgeno

FERMENTACAO

Lactate

H,+ CO,

Acetate

Ethanol

Glucose

A

Polysaccharides

ADP
ATP

/(

“
Glucose-6P

NAD* NADP* NADPH
NADH )

3-Phosphoglycerate —— Amino acids

Lactate
NAD’

ADP ATP
ATP ADP

Proteins

NADH

Monosacchandes

ATP

ADP/l

\

H,+ CO,

Acetate

T Pyruvate
F ormate '————/l l

Acetyl-CoA

Oxaloacetate
Y

Nucleic acids

Amino acids

NADH
e NAOPH ATP a-Ketoglutarate o
Ethanol NADP* el

o

K\ Fatty acids

s

Reoxidacao de coenzimas NADH/NAD*



Fermentacdo

Glucose
2 ADP
<>2 ATP
\/
2 Glyceraldehyde 3-phosphate
( 2 NAD*
» 2 NADH A

\/
2 1,3-Diphosphoglycerate

4 ADP
<>4 ATP

\J
\ / p 2 Lactate

2 Pyruvate




Fermentacdo

2 NADH
H, + CO, 1/2 glucose CO, Acetyldehyde ——— Ethanol

\ x I
<—2 NADH Yeast
¥ | N

Formate

CH; —C—COOH
Acetoacetate I 2 NADH
o) Strent » |actate
2 NADH . . reptococcus
Clostridium Pyruvic acid

Butyrate Acetyl-CoA

butanol 2 NADH 2 NADH Enterobacter Propionibacterium
Acetone +CO, A -
Isopropanol c:ji erichia

Acetate Ethanol Butanediol Propionate




Glucose

Pentose phosphate cycle !

— Pentose-5-phosphate < Glucose-6-phosphate

Sedheptuldse 7 Glycolysis

Glyceraldehyde-3-phosphate )

Y

A .
0 Fructose 6- phosphate

Y
Erythrose-4- phosphate

Fructose-1,6- blsphosphate

L—— Glyceraldehyde 3- phosphate—LDnhydroxyacetonejohosphate

1.3 Dsphosphoglycerate

.

3-Phosphoglycerate

2-Phosphoglycerate

PepC

Phosphoenolpyruvate sse——gs Oxaloacetate G

Malate
Pyruvate Citrate D
l PFL TCA cycle Fumarate
Acetyl coenzyme A Isocitrate E
Succinate

2-Oxoglutarate
Succinyl coenzyme A

Formacao de precursores durante
a fermentacao de glicose em E.
coli (principais reagbes
anapleroticas em vermelho)



Etanol 4-; -+

Formiato 14— ‘+-—

Heterotroficos
A Ao

Lactato -— ——
_4—

NADPH
co, ' A

Constituintes celulares

B Glicose

5 NO,
H U
@ATP
—— — —

Etanol — —— —— NADPH
co, 4\— “«— —

Constituintes celulares

C Glicose

Constituintes celulares

Sem O, FERMENTACAO

Sem O, com outro aceptor
final de eletrons

Com O,



Heterotroficos

B Glicose

- gj
ATP
<+ 44— 4—

Etanol — —— —— NADPH
CO, 4\— «— —

Constituintes celulares

Sem O, com outro aceptor
final de elétrons

NO; NO; Glucose B
Potysaccharides
ADP
; ) NAOP* NADPH ATP
NO, NO, Glucose-6P 2 o Monosaccharides
0'1_____\.._/ NAD® ) fem
H I H NADH + 1
G 3-Phosphoglycerate Ammno acids
- r/ADP
g K7 Crn ATP ~ ATP

I NAD* NADH PP ADP +]

e ++— Lactate ‘A*/—pyfu"ﬂl‘? Proteins  Nudeic

b acids

L—-— Formate +~—m——

1 Oxaloacetate ——
Acetate Acetate Acetyl-CoA
Amino acids
NADH
NAD' NADPH~ - ATP a-Ketoglutarate )
Ethanol Ethanol naop* <[> Aop AR
S
i

ny

K\ Fatty acids

RESPIRACAO ANAEROBIA



Cadeias de transporte de
elétrons e fosforilacdo
oxidativa




2 NADH
H, + CO, 1/2 glucose CO, Acetyldehyde ———— Ethanol

\ oA
<—2 NADH Yeast
¥ | N

Formate

CH; —C—COOH
Acetoacetate I 2 NADH
o) Strent P [ actate
2 NADH . . reptococcus
Clostridium Pyruvic acid

Butyrate Acetyl-CoA
Butanol 2 NADH 2 NADH Enterobacter Propionibacterium
Acetone +CO, Escherichi NADH
Isopropanol scherichia 2
coli
Acetate Ethanol Butanediol Propionate

Produtos da fermentacao nao foram completamente oxidados
Podem gerar mais energia



CTE esqguema geral




CTE em E. coli guando nifrato € o
aceptor final de elétrons

MEMBRANA CITOPLASMA

Lactato

2e

Piruvato

cit B ess

NOé +2e+2HT

N0é+ H,0
ADP + Pi
C > H

ATP

+




NO, NO, Glucose B

Polysaccharides
AOP
NADP* NADPH

> . ATP
NO, NO, Glucose-6P L+ Monosaccharides
e i S NAD® R
H ] H NADH |
G 3-Phosphoglycerate ——— Amino acids
- /ADP
w ATP ~ ATP
g I NAD® NADH At v ADP +]
] ADP
e ++— Lactate "—LA——PYYUVGW Proteins Nudeic
4 acids
L.—— Formate DU
Acetate Acetate Acetyl-CoA Oxaloacetate v
y ( Amino acds
NADH
NAD® NADPH <3~ ATP a-Ketoglutarate -/
Ethanol Ethanol naop* <[> Aop AVEN
bt'c—@,

Fatty acids Afly-

RESPIRACAO ANAEROBIA



Table 6.3 Compounds that can serve as electron
acceptors in anaerobic respiration, replacing oxygen

Organic compounds

Inorganic compounds

Fumarate
Dimethylsulfoxide (DMSQO)

Trimethylamine N-oxide (TMAO)

Nitrate (NO,")
Nitrite (NO,7)
Nitrous oxide (N,O)
Chlorate (ClO,")
Perchlorate (ClO,")
Manganic ion (Mn**)
Ferricion (Fe’*)
Gold (Au**)
Selenate (SeO,*")
Arsenate (AsO,*")
Sulfate (SO,*7)
Sulfur (59




Obtencao de precursores
Na respiracao anaerdbio

Glucose
Pentose phosphate cycle

r— Pentose-5-phosphate <= Glucose-6-phosphate

@%E__mie-% Glycolysis

l Glyceraldehyde-3-phosphate )

‘ > Fructose 6- phosphate

hrose4 hos hate

Fructose-1,6- bnsphosphate

]\—. Gly(era|dehyde 3 phosphatev—LDlhydroxyacetone phosphate

1,3- Dlphosphoglycerate

3-Phosphoglycerate

2-Phosphoglycerate

L

PepC
Phosphoenolpyruvate = Oxaloacetate G

l

Pyruvate

l PFL

Acetyl coenzyme A

Malate
\D
TCA cyc'e Fumarate

Isocitrate E

Citrate

Succinate
2-Oxoglutarate

Succinyl coenzyme A



Etanol 4—; -+

Heterotroficos
A Ao

Lactato -— ——
_4—

Formiato l<— ‘+— 4— NADPH

co, ' A

Constituintes celulares

B Glicose

3 NO,
H’ U
@ATP
<+ 44— 4—

Etanol — —— —— NADPH
co, 4\— “«— —

Constituintes celulares

C Glicose

Constituintes celulares

Sem O, FERMENTACAO

Sem O, com outro aceptor
final de eletrons

RESPIRACAO ANAEROBIA

Com O,



Heterotroficos

Glucose C
- Polysaccharides
ADP
{ NADP® NADPH ATP

Glucose-6P —>—<—+ Monosaccharides — ICM

- |

3-Phosphoglycerate———— Amino acids

ADP ATP ATP
ATP _ ADP ADP

Amino acids —— Pyruvale Proteins Nudeic
adds
ATP  ADP .
AoetyI-CoA —>—<—' Fatty acids
NAOPH NADP”
-0, cor

C Glicose

3 Com O,

NADPH
co, e e e

Constituintes celulares



Cadeia de transporte de elétrons
aerobia

Cell exterior p 2H*  Jron-sulfur protein
Flavoprotein

g
NADH, Ubiquinone Gt

H,0
Cytoplasm 2H 2H* Cytochrome b Cytochrome o

FIGURE 4.2 The clectron transport chain. Abbreviations: NAD, nicotinamide adenine dinucleotide;



Quadro 8.2 Potenciais de oxido-redugao padrao dos
componentes da cadeia de transporte de elétrons

Par oxidado/reduzido E®> (volts)
NAD /NADH - 0,32
FMN/FMNH, — 0,30*
FAD/FADH, — 0,18**
CoQ/CoQH, + 0,04
Citocromo b (Fe'")/citocromo b (Fe’") + 0,06
Citocromo ¢, (Fe'")/citocromo ¢ (Fe** + 0,23
Citocromo ¢ (Fe**)/citocromo ¢ (Fe’") + 0,25
Citocromo a (Fe'’")/citocromo a (Fe’") + 0,29
Citocromo a, (Fe'")/citocromo a, (Fe’") + 0,55
0,/H,0 + 0,82

*O valor refere-se a coenzima ligada a NADH desidrogenase.
**O valor refere-se a coenzima livre; quando ligada a proteinas, seu
valor varia entre 0,0 e +0,3, dependendo da proteina.



Precursores/Pod

A

Glucose

Pentose phosphate cycle

~—— Pentose-5-phosphate < Glucose-6-phosphate

Sedoheptulose-7-
phosphate

L Glyceraldehyde-3-phosphate
L

Glycolysis

‘ ; Fructose-6-phosphate
Erythrose-4-phosphate l
L Fructose-1,6-bisphosphate
_

Glyceraldehyde-3-phosphate <———Dihydroxyacetone-phosphate

1,3-Diphosphoglycerate

3-Phosphoglycerate

2-Phosphoglycerate

PepC
Phosphoenolpyruvate = Oxaloacetate

Pyruvate Citrate

TCA cycle

Isocitrate

2-Oxoglutarate
S

uccinyl coenzyme A

Acetyl coenzyme A

Aerobiose

er redutor/AIP

Glucose

Pentose phosphate cycle

— Pentose-5-phosphate <¢——————— Glucose-6-phosphate

Sedoheptulose-7-
phosphate

Glyceraldehyde-3-phosphate

Glycolysis

< Fructose 6-phosphate

\
Erythrose-4-phosphate

Fructose-1,6- blsphosphate

L Glyceraldehyde 3| phosphate—LDlhydroxyacetone phosphate

1,3 Dlphosphoglycerate

L

3-Phosphoglycerate

2-Phosphoglycerate

PepC

Phosghoenolgxruvate—»Oxaloacetate\c
Malate
\D
TCA cyde Fumarate

Isocitrate E

Pyruvate
l PFL

Acetyl coenzyme A

Citrate

Succinate
2-Oxoglutarate

Succinyl coenzyme A

Anaerobiose




HC—CT
SCoA
OXALOACETATO H:0
CO0~ CoA
|
c=0
- | citrato
NADH + H
(|:H2 sintase
NAD* . coo-
"%,
g
CO0~
|
HO—C—H
maato "¢
CH,
|
CO0O~
fumarase
H,0
COO~
|
CH
FUMARATO I
HC
|
)
FADH P
. oV coo-
| il-
CH, su(_:cmnl CoA
| sintetase

€00~ coa  GTP

SUCCINATO
! Ciclo de Krebs.

CITRATO

coo-
|

CH,

|

HO—C—COO~

H—

HO—

isocitrato
desidrogenase

o
GDP ¢” co,

+

P

'

N SCoA

SUCCINIL-CoA

C—C00-
|

CH,
|

C00-

NAD*

NADH + H*

co,

CO0~

NAD*
NADH + H*

ISOCITRATO

a-CETO
GLUTARATO

3-Fosfoglicerato

CO; —

Y
Oxaloacetato
KNADH
NAD®

Malato

Fumarato
NADH

+

NAD

Succinato

v

( Fosfoenolpiruvato

|

Piruvato

{

Acetil-CoA

Citrato
Isocitrato
CO,
NAD*
NADH

Z-cetoglutarato



Alguns Pares Redox de Importancia Biolégica e
seus Potenciais de Oxidorredugao Padrao

| Par Redox E°’ (V)
2H"/H2 ~0,41
NAD*/NADH -0,32
S°/HS -~ 0,27
CO,/CH4 - 0,24
SO, HS ~0,22
Piruvato/lactato -0,19
Fumarato/succinato + 0,03
Ubiquinona ox/red. + 0,11
Citocromo aa3 ox/red + 0,39
NO3 /NO2 + 0,43
Fe3t/Fe®* +0,77
05/H,0 + 0,82




Heterotroficos
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co, ' A
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3 NO,
H U

<+ 44— 4—
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NADPH ——H"

Constituintes celulares

Sem O, FERMENTACAO

Sem O, com outro aceptor
final de eletrons

RESPIRACAO ANAEROBIA

Com O,
RESPIRACAO AEROBIA
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