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Diversidade Metabolica

Fonte de energia para produzir ATP

/ Energy Sources \

Fonte de Carbono

Chemicals Light
Chemotrophy Phototrophy
Organic / \ Inorganic
chemicals chemicals
(glucose, acetate, etc.) (H,, H,S, Fe?*, NH,", etc.)

Chemoorganotrophs = Chemolithotrophs Phototrophs
(glucose + O,—>CO, + H,0) (Ho+ O, —H,0) (light)

! ! |

ATP ATP ATP



Reacoes Quimicas

Energia Livre de Gibbs

< 0 Expontania - exergodnica (libera energia)
> 0 Nao é favoravel - endergbnica (consome energia)

A+B—->C+D
AGY = GfO[C + D] — GfO[A + B] Activation
~ energy —

_ |noenzym

AG = AGY + RTInK g Substrates (A + B)f Activation
o energy with
3 , enzyme
L | AGP=G{C +D)-

GPA + B)
 Products (C+D)
Condigao Padrao: pH 7, 25 C, 1 Progress of the reaction

ATP, 1M de sybstrato e produto



Chemical processes that form the basis of
all cellular metabolism

* Enzyme-mediated catalysis

» Reaction coupling

e Energy harvesting by redox reactions
organic substrates
inorganic substrates
photochemical reactions

* Use of membranes to form charge gradients and
chemical concentration



O papel do ATP no acoplamento de reagoes
anabolicas e catabolicas

Heat Simple molecules such
released as glucose, amino ac-lds,
glycerol, and fatty acids

~transter energy 1rom | transfer energy from
complex molecules ATP to complex

" [ \ ¥
t Catabolic reactions ( Anabolic reactions

to ATP molecules
ADP+(P), |

Complex molecules
such as starch, Heat
proteins, and lipids released



Table 5.2 Gene products of Escherichia coli associated with

various metabolic processes

Functional category No. of genes
Metabolism of small molecules
Degradation and energy metabolism 316
Central intermediary metabolism 78
Broad regulatory function 51
Biosynthesis
Amino acids and polyamines 60
Purines, pyrimidines, nucleosides, and nucleotides 98
Fatty acids 26
Metabolism of macromolecules
Synthesis and modification 406
Degradation 69
Cell envelopes 168
Cell processes
Transport 253
Other, e.g., cell division, chemotaxis, mobility, 118
osmotic adaptation, detoxification, and cell killing
Miscellaneous 107
Total m
N

Em torno de 40 %
das proteinas
produzidas por um
microorganismo



Metabolisto & Anabolisto Microbiano

Heterotrophy
Organic nutrient —

Autotrophy

CO, + inorganic

energy source

CO, + light ——

PO,3-

l

Fueling

50,2

» Fueling
products

Biosynthesis

Energy
ATP, PMF

Precursor metabolites
Glucose-6-phosphate
Fructose-6-phosphate
Pentose-5-phosphate
Sedoheptulose-
7-phosphate
Erythrose-4-phosphate
Triose phosphate
3-Phosphoglycerate
Phosphoenolpyruvate
Acetyl coenzyme A
2-Oxoglutarate
Succinyl coenzyme A
Oxaloacetate
Pyruvate

Reducing power
NAD(P)H

blocks

[ [ » Building —— > Macromolecules —— Structures
Polymerization
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RNA
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Ribosomes

DNA

(~8)

Nucleoid




Todo o Processo envolve Equilibrio Redox:
Oxidacao e Reducao

Fonte de energia para produzir ATP

/ Energy Sources \

Fonte de Carbono

Chemicals Light
Chemotrophy Phototrophy
Organic / \ Inorganic
chemicals chemicals
(glucose, acetate, etc.) (H,, H,S, Fe?*, NH,", etc.)

Chemoorganotrophs = Chemolithotrophs Phototrophs

(glucose + O,—>CO, + H,0) (Ho+ O, —H,0) (light)

! ! |

ATP ATP ATP



Reacoes Redox: Oxidacao e Reducao

Agente Redutor

Doa e-
Reacao de oxidagao  Reacio de reducao Electron Electron
donor acceptor
1.H,=>2¢e + oH* 2.%02 + 2e=> 0% 3. oH" + 0 > H,O 4. H, + %OQ-»HZO
Electron-donating — Electron-accepting — Formation of water — Net reaction
half reaction half reaction

Figure 4.8 Example of an oxidation-reduction reaction. The formation of H,O by reaction of the electron
donor H» and the electron acceptor Oo.

Agente Oxidante
Recebe e-



Redox couple Eqy (V)

- -0.60
S0,2/HSO;™ (-0.52) 2 &~ ~
COy/glucose (-0.43) 24 e~ \ - -0.50
2H*/H, (-0.42) 2 & — 40
CO,/methanol (~0.38) 6 &~ — 1
i NAD*/NADH (-0.32) 2 &~ — _0.30 Valores < 0 sao
CO,Jacetate (-0.28) 8 & 7 ono bons agentes
0 — - -
2 é”zcs H('°-28)fe i / redutores
p . . . 2/CH, (-0.24)8&~ L o0 Jom p
otencial de Oxidagao FAD/FADH (-0.22) 2 (doadores de e-)
Pyruvate/lactate (-0.19) 2 e~
S0427/H,S (-0.17) 6 &~ - 0.0
S,027S,04> (+0.024) 26  — ] 040
= +0.
Mostra oS bons receptores =» Fumarate/succinate (+0.03) 2 e~
dee- E (V)>O @) Cytochrome bgyreq (+0.035) 1 &~ - +0.20
Felt/Fe?** (+0.2)1 e, (pH 7) | .0.30
Ubiquinoneyyreq (+0.11) 2 e~
Cytochrome Coyreq (+0.25) 1 &~ / - +0.40
Cytochrome agy/oq (+0.39) 1 €~ / | 050
—> NO;/NO;™ (+0.42) 2 & Valores > 0 sao
- +0.60
" bons agentes
NOs /% Ny (+0.74) 5 & —__[F*o70 oxidantes
(©) Fe®*/Fe?* (+0.76) 1€, (PH2)  — L ,o0.80
L 1 0,/H,0 (+0.82) 2 & —
— +0.90
(1)H, + fumarate —> succinate AGY = -86 kJ

(2H, + NO,~  — NO,” +H,0 AG” = -163 kJ
1 0, _
(3H,+5 0, —= HO AG” = -237 kJ



Par Redox em Microorganismos

NAD* H

H
Nicotinamide —__

0
I “SNH, + H*
HO—P—0—CH,

[ NADH + H*
C\

Ribose
. OH  OH NH,
HO—P=0 A | \J‘ R
0—CH, © NN NAD*/ NADH
Ribose Adenine E, —-0.32V
OH  OH

Figure 4.10 The oxidation-reduction coenzyme nicotinamide adenine
dinucleotide (NAD*). NAD™ undergoes oxidation—reduction as shown and
is freely diffusible. “R” is the adenine dinucleotide portion of NAD ™.

Temos outras moléculas, como NADP+ para NADPH



ATP : Molecula de alta Energia para ser usada no

A
FPM apenas ocorre 1
no Processo de ’
Respiracao e
Fotossintese, mas

Nnao ha

fermentacao

Fermentacao ocorre para
acucares mas nao para acidos
Graxos (muito reduzidos para
serem fermentados)

Intermediates

Ammd.B B~P mmp C~P D
(@) Substrate-level phosphorylation

Energy-rich
intermediates App ATP

4 ++ + + + + T

Energized +
membrane\

+, ot
+t++++++++++++++++

ADP + P \l’
; ATP

+ + o+

Less energized .
membrane -

+ + + + + + o+ o+ o+
(b) Oxidative phosphorylation

Figure 4.13 Energy conservation in fermentation and respiration.

(a) In fermentation, substrate-level phosphorylation produces ATP (b) In respi-
ration, the cytoplasmic membrane, energized by the proton motive force, dis-
sipates energy to synthesize ATP from ADP + P; by oxidative phosphorylation.



Table 5.4 Some cellular activities requir-
ing energy

Cellular activity

Growth related

Entry of nutrients

Biosynthesis of building blocks

Polymerization of macromolecules
Modification and transport of macromolecules
Assembly of cell structures

Cell division

Growth independent

Motility

Secretion of proteins and other substances
Maintenance of metabolite pools
Maintenance of turgor pressure
Maintenance of cellular pH

Repair of cell structures

Sensing the surroundings

Communication among cells




Fermentacao e
Respiragao, Qual € a
diferenca’

RESPIRATION

Electron
transport
chain and
chemiosmosis

FERMENTATION

Fermentation




Glicolise — Produz 2 moléculas de ATP

stagel Consumo de 2 ATPs

HOCH, atp  (BOCH; ATP B ®ocH,
Cc=0
|
F (P)OCH, _O~_ H,COH (P)OCH, _O~_ H,coP H,COH 2 NAD* =
B C 1
) H H H HG, {I . 1
OH H OH H OH |
@ 2 3 @ :
H OH OH OH HO H HC=0 :
Glucose E' HC—OH ® I
I
stagell Produz 4 ATPs e 2 NADH H,CO®) !
2 O 2 o 2 O 2 O 2 :
0=C O0=C O0=C O0=C 0=C—0 !
| 10 | o . & ;@ ofo@ |
O:(i‘, # O—ﬁ —— ®O—CI) —— OH—|C—H T OH—(l_‘,—H |
CHg CH, HO—CH, @O—CH2 @OCH2 F :
Pyruvate 2 ATP I H © 2ATP +2NADH----- -
AR
Fermentacao @) v 2lactate
Stage Ill 2 Pyruvate 12 18 Oxidagao dos 2 NADH para NAD+
2 ethanol + 2 CO,
Intermediates F 1, 3-Bisphosphoglycerate Enzymes . Phosphoglycerokinase
A Glucose 6-P G 3-P-Glycerate . Hexokinase . Phosphoglyceromutase
B Fructose 6-P H 2-P-Glycerate . Isomerase . Enolase
C  Fructose 1, 6-P | Phosphoenolpyruvate ‘ Phosphofructokinase . Pyruvate kinase
D' Dihydroxyacetone-P . Aldolase ‘ Lactate dehydrogenase
E Glyceraldehyde-3-P . Triosephosphate isomerase ‘ Pyruvate decarboxylase
Energetics ‘ Glyceraldehyde-3-P . Alcohol dehydrogenase
Yeast Glucose — 2 ethanol + —239 kJ dehydrogenase
2CO,
Lactic acid bacteria  Glucose —> 2 lactate -196 kJ




ENVIRONMENT

Respiragao: FPM e Cadeia de elétrons na

membrana

COO~ COO~
Ey | |
’ 0 (V) + - (|:H2 ICH2
,/ + Heme (a porphyrin) CH Cl;Hz Protein
/ HsC on, A
/ + 3 Doa e- (NADH s g
/ 4 H* O[h
022 . T~ p’e*/

NAD*
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-0.22V
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§/ oxida a NAD+)  Histiine-

+0.1 +

1 CYTOPLASM
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\ +

\

\

\

\‘ o

\ 2
+0.36
\
\
\
\
\
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\
\
\
+0.39
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\ +

----- -Histidine
CHy

-Cysteine

Cysteine-S

Amino acid —Amino acid

Cytochrome
(©

| - Processo de
Oxidacao de NADH/

FADH?2 cria diferenca
de potencial pq?
Doa e- e H+

2- O2 recebe os e- e
Doa e H+

Fe+2 para Fe+3 + e-



Respiragao: FPM e Cadeia de elétrons na
membrana

ATP sintetase usa a
diferenca de potencial
na membrana (como

F, se fosse uma bateria)

R e

Energized
membrane para geral ATP
In
e
ADP + P, \l’
; ATP
Less energized N
membrane +
+ + + + + + + + o+
(b) Oxidative phosphorylation
c -
2, 7n Out
4 1 S
’ ~
- ~
H* H+ H*

@



Respiragao: FPM e Cadeia de elétrons na
membrana

Key:

KReduction
yOxidation

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Energy




Respiracio —Apos a Glicolise — CAC (Ciclo do Acido
Citrico)

FLOW OF ELECTRONS ATP PRODUCTION

Wi,

S2ATR”
A “}
y
|
2 NADH ) -~ »(2co,
+2 H ; ’

Preparatory step

J

6 CO,
otal)

jJ"--/u/‘b,7

> 2 ATP g\
‘I:’.j/\\ J\\‘ =26

A\

S T
> 34 ATP/
Electron /\J\\N
transport
chain and NAaa_
chemiosmosis <38 ATPZ

= (Total) ¢
%X I/\J'\j



CAC (Ciclo do Acido Citrico) = |5 ATPs/Piruvato

Pyruvate™ (three carbons)

NAD* + CoA
NADH 4= co, c,
Acetyl-CoA C,
Cg
CoA Cs
Oxalacetate?” itrate3-

NADH Citrate

y Aconitate®"
NAD*

Malate? ‘

t Isocitrate®~
NAD(P)*
Fumarate?~
FADH, co,
FAD“Succinate?- o NAD(P)H
» Succinyl-CoA CoA + NAD*
CoA

NADH

@

Energetics Balance Sheet for Aerobic Respiration

(1) Glycolysis: Glucose + 2 NAD* = 2 Pyruvate™ + 2 ATP + 2 NADH

to CAC to Complex |
(a) Substrate-level phosphorylation

(b) Oxidative phosphorylation
2 NADH—- 6 ATP

(2) CAC: Pyruvate™ + 4 NAD* + GDP + FAD—=> 3 CO, + 4 NADH + FADH, + GTP

to Complex |

(a) Substrate-level phosphorylation
1 GDP + P;—= 1 GTP (=1 ATP)

(b) Oxidative phosphorylation 15 ATP (x 2)
4 NADH =12 ATP
1 FADH,—> 2 ATP

(3) Sum: Glycolysis plus CAC = 38 ATP per glucose

to Complex Il

b

Moedas de energia (Cadeia de Transporte de elétrons)

INADH = 3 ATP

| FADH =2 ATP




Catabolism of organic food molecules

Lipids

Amino acids | ‘Sugars Glycerol ’ I Fatty acids

-

Electrons

Electron
transport
chain and
chemiosmosis



FERMENTATION

Fermentation

i

Electron
transport
chain and

chemiosmosis




Diferentes Produtos provindos da Fermentagio

|
.
y




Diversidade Catabolica em Microrganismos

Chemotrophs

2 ATP

[ Fermentation ¢ Carbon flow QU imi-o rgan otrofico - Hetrotrofico

co,
Carbon flow in
respirations Electron transport/ —— ATP

Organic compound —:|

h Biosynthesis
generation of pmf \_y NAD(P)H

| O: | Acrobic respiration | Respiracdo ou Fermentacio

Electron—>~30 NO,~ S0,2- Organic e~

acceptors | s N acceptors | 38 ATP

Anaerobic respiration

(a) Chemoorganotrophy

Hy, HpS, Fe?, NH,*  CO, sy Quimi-litotroéfico - Autotrofoco
Nao é possivel  Eectrontranspory === ATP ] Sosyninesis
~ ti f pmf
Fermentacio ienef 'oni pm‘ T NANe A
Respiragao (aer/anae)
Electron—>-38% S0, NOj;” 02|Aerob|c resplratlon|

acceptors | |
Anaerobic respiration

Phototrophs

(b) Chemolithotrophy

nght 4 'e 4 'e
Photoheterotrophy Photoautotrophy Fototrofico — Heterotrofico ou
Organic e co, Autotrofico
compound EI: :;:)Og’rt donor Ho
\ HQS
Luz para gerar ATP
Generatlon of pm
and reducmg power
Biosynthesis Biosynthesis

ATP NAD(P)H

(c) Phototrophy



Exemplos de Autotoficos

A Chemoautotrophs

Cell membrane ~ A'

Electron Inprganic | Feeder pathways
flow\ ions;,,
H+ T Rttt Reductant

Y| —ADP
H* : +
H+ v ATP

Y NAD*

el - - » Oxidant

T \/

Central pathways

Pentose
phosphate

pathway Glycolysis

TCA cycle/

Precursor metabolites

B Photoautotrophs

Cell membrane \

ource of H

Photophosphorylation

— 1

CO, fixation

| Feeder pathwaysl

NADP*—>NADPH

H+
H+

‘ Central pathways

Pentose
phosphate

pathway Glycolysis

TCA cycIe/

Precursor metabolites




Anabolismo — Consumo de ATP - Sintese

Pyruvate™ (three carbons)

NAD* + CoA
NADH « co
2 C2
Acetyl-CoA C,
Cs ]
CoA C6
Oxalacetate?” Citrate®
NADH
y Aconitate3'
NAD*
Malate?
r Isocnrate3‘
NAD(P
Fumarate?~
FADH,
FAD
Succinate® M' utarat e2' NAD(P)H
?\Succmyl CoA CoA + NAD*
GDP + P; NADH

GTP
@

Sintese de Aminoacidos

Citric acid cycle

v

Glycolysis

v

Phospho-
enolpyruvate

v

~
Erythrose-4-P

v

a-Ketoglutarate el

Oxalacetate m——))

Pyruvate )

3-Phosphoglycerate mmly

Chorismate =)

Glutamate family
Proline
Glutamine
Arginine

Aspartate family
Asparagine
Lysine
Methionine
Threonine
Isoleucine

Alanine family
Valine
Leucine

Serine family
Glycine
Cysteine

Aromatic family
Phenylalanine
Tyrosine
Tryptophan



Anabolismo — Sintese de DNA/RNA e

Amino group
of aspartate \

NARc— X N

Formyl W
group cis AN

(0]
4 _
(from folic N 0— POCH2

acid) \/ H

Amide nitrogen
of glutamine Ribose-5- P

(a) Purine skeleton (b) Inosinic aC|d

Linid

/C Glycine HN
N\
/ e M)

Purine biosynthesis

Aspartic acid
NH3 (I? / P / \N/

\ _C
HE @H -0— POCH2
7 SN\

/ @ W cor

(c) Orotic acid (d) Urldylate
|

Pyrimidine biosynthesis

i 0
HsC—C—ACP HOOC—CH,—C—ACP
cetyl-ACP Malonyl-ACP

co,

ACP
O Acetoacetyl-CoA

I
H,C—C—CH,—C—ACP
2 NADPH

H,0 2 NADP*

I
HyC—CH,—CH,—C—ACP

\ /
Palmitate 4C

(16 C) P
CO, co, 6C
3C
co,

(o)

C

3C.8C
Co,
12CIS Z 10



