A5-Metabolismo Bacteriano

Diferenciar anabolismo e catabolismo
ATP

Enzimas

Formacao estruturas celulares

Vias metabdlicas



Chemical processes that form the
basis of all cellular metabolism

Enzyme-mediated catalysis

Reaction coupling

Energy harvesting by redox reactions
organic substrates
inorganic substrates
photochemical reactions

Use of membranes to form charge gradients and
chemical concentration



Heat Simple molecules such
as glucose, amino acids,
glycerol, and fatty acids

Catabolic reactions C * Anabolic reactions

released

transfer energy from transfer energy from
complex molecules ATP to complex

to ATP molecules
- ADP+(P),

Complex molecules
O papel do ATP no \. such as starch, Heat
acoplamento de reacdes =~ Proteins, and lipids released

anabodlicas e catabodlicas
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Energy
requirements of
chemical reaction

Reactant

Reaction Activation
without enzyme energy
without
enzyme
W - R . W A_ ________________
Activation
Reaction energy
with enzyme with
enzyme
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Initial energy level

Final energy level

Q0

Products
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Escherichia coli K12

Genome
4 639 221 bp

4377 genes
4290 proteins
87 RNAs



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

1,894
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Associated proteins
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Wall .
Peptidoglycan .
Periplasm //\

Proteins

Cytoplasm
Proteins

tRNAs

Glycogen and
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Polysomes

mRNA

Ribosomes:

rRNAs and riboproteins

Vesicles (not shown)
Protein and

Cell membrane phospholipid membranes
Proteins

Phospholipids

Flagella
Proteins
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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




Table 5.3 Overall composition of an

average Escherichia coli cell

% of total

Substance dry wt

Macromolecules

Protein 55.0

RNA 20.4
23S RNA 10.6
16S RNA 5.5
5S RNA 04
Transfer RNA (4S) 2.9
Messenger RNA 0.8
Miscellaneous small RNAs 0.2

Phospholipid 9.1

Lipopolysaccharide 34

DNA 3.1

Murein 2.5

Glycogen and other 2.5

storage material

Total macromolecules 96.1

Small molecules

Metabolites, building blocks, 2.9

vitamins, etc.

Inorganic ions 1.0

Total small molecules

3.9




Chemical

All organisms

[
\J

Energy source

Chemotrophs

I— Carbon source —I

I
Light

\J

Phototrophs

I— Carbon source —I

Organic compounds

\J

Photoheterotrophs

CcO,

\

Photoautotrophs

Organic compounds CO,
Chemoheterotrophs Chemoautotrophs
|
Final electron acceptor
|
02 Hydrogen-,
+ sulfur-, iron-,
. nitrogen-, and
I;::L:?'fr:lsi’ carbon monoxide-
gl, oxidizing bacteria
protozoa,
bacteria
— Not O, —
Organic Inorganic
compound compound
Fermentative: Electron
Streptococcus, transport chain:
for example Clostridium,
for example

Green nonsulfur
bacteria,
purple nonsulfur
bacteria

Use H,0 to reduce CO,?

Yes

\J

No

\J

Oxygenic
photosynthesis
(plants, algae,
cyanobacteria)

Anoxygenic
photosynthetic
bacteria (green

and purple
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A Chemoautotrophs l

Cell membrane

¢

Inorganic Cco,
ionsgyt

CO, fixation

Electron Inorganic | Feeder pathways
flow IoNsj, \
H* \ ok REEEEEE Reductant

Y| —ADP
H* : > H*
H+ v ATP

Y NAD*

. ---- » Oxidant

\l

Central pathways

Pentose
phosphate

pathway Glycolysis

TCA cycle

:

Precursor metabolites

B Photoautotrophs

Cell membrane

Source of H

o,

N~ CO,fixation
\/

Feeder pathways

o \/\/\’\»\’*

Photophosphorylation

H+
H+

NADP*-—»NADPH

ADP?ATP

Central pathways

Pentose
phosphate

pat(viy Glycolysis
TCA cycle

Precursor metabolites




'RESPIRATION FERMENTATION

An overview
of respiration
and
fermentation

Fermentation

e Electrons

Electron
transport
chain and
chemiosmosis




TABLE 5.3 ATP Yield During Prokaryotic Aerobic Respiration of One Glucose Molecule

Source ATP Yield (Method)

Glycolysis
1. Oxidation of glucose to pyruvic acid

2. Production of 2 NADH

2 ATP (substrate-level phosphorylation)

6 ATP (oxidative phosphorylation in
electron transport chain)

transport chain -
and chemiosmosis

Preparatory Step
1. Formation of acetyl CoA produces

2 NADH
Krebs Cycle

6 ATP (oxidative phosphorylation in
electron transport chain)

1. Oxidation of succinyl CoA to succinic \ W 2 GTP (equivalent of ATP; substrate-level phosphorylation)
acid
2. Production of 6 NADH 18 ATP (oxidative phosphorylation in electron transport chain)
3. Production of 2 FADH 4 ATP (oxidative phosphorylation in electron transport chain)
Total: 38 ATP
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¥ +2 H*

Preparatory step

ATP PRODUCTION

3~

Electron
transport
chain and
chemiosmosis

38 ATP
(Total)



Electron transport chain

Energy

Key:

KReduction
yOxidation
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2 ADP

2 NAD*
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Lipids

Amino acids - S Glycerol ’ I Fatty acids

-
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Catabolism of
organic food
molecules

Electrons

Electron
transport
chain and
chemiosmosis



Requirements of ATP
production

Energy Sources
(electron donors)

Sun in conjunction
with photosynthetic

Glucose, elemental
sulfur, ammonia, or

pigments hydrogen gas
Electrons
Electron Carriers
NAD*
NADP* FAD

—

Final Electron Acceptors

0,

(aerobic
respiration)

NO;~, SO,2~
(anaerobic
respiration)

Organic
compound
(fermentation)
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The Krebs cycle
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