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Energy Source for microbes



3

Chemoorganotrophic Catabolism
Aerobic respiration
 using oxygen as exogenous electron acceptor
 yields large amount of energy, primarily by electron 

transport activity

Anaerobic respiration
 using molecules other than oxygen as exogenous

electron acceptors
 yields large amount of energy, primarily by electron 

transport activity

Fermentation
 using endogenous electron acceptor
 often occurs under anaerobic conditions
 limited energy made available
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Overview of aerobic catabolism
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Most common
Also called Embden-
Meyerhof pathway
Occurs in cytoplasmic 
matrix of both 
procaryotes and 
eucaryotes
Generation of NADH
ATP synthesis via 
substrate-level 
phosphorylation

Glucose + 2 ADP + 2 Pi + 2 NAD+ 2 Pyruvate + 2 ATP + 2 NADH + 2 H+

Glycolysis
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3 Glucose-6-P + 6 NADP+ + 3 H2O 

2 Fructose-6-P + Glyceraldehyde-3-P + 3 CO2 + 6 NADPH + 6 H+

• provide NADPH as 
source of electrons

 4-carbon sugar for 
aromatic amino acid 
synthesis and 5-carbon 
sugar for nucleic acid 
synthesis and CO2
acceptor

 Aerobic or anaerobic

Pentose Phosphate Pathway
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Entner-Doudoroff Pathway

Glucose + ADP + Pi + NADP+ + NAD+

2 Pyruvate + ATP + H2O + NADPH + NADH

Generally found in 
Gram-negative 
Psedomonas, 
Rhizobium, 
Azotobacter, 
Agrobacterium and 
one Gram-positive 
Enterococcus faeclis
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TCA Cycle

TCA (tricaboxylic 
acid) cycle or 
Citric acid cycle or
Kreb’s cycle 

Function
Provide carbon 
skeletons for use 
in biosynthesis

Aerobic
Use O2 as e-

acceptor
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Electron transport

Electron donors: 
NADH (3 ATPs)  
FADH2 (2 ATPs) 

Electron acceptor:

Electron transport chain
in the inner membrane of the mitochondrion
in the bacterial plasma membrane

Oxidative 
phosphorylation:
process by which 
energy from electron 
transport is used to 
make ATP  
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Oxidative Phosphorylation
Chemiosmotic hypothesis

Postulates that energy released during electron transport 
used to establish a proton gradient and charge difference 
across membrane

Proton motive force (PMF)
Drive ATP 
synthesis
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Glucose catabolism
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PyruvateCO2 catabolism

Fermentation
 No exogeneous e-

acceptor
 Use organic 

molecules as e-

acceptor
 ATP formed by 

substrate-level 
phosphorylation

Anaerobic
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Chemolithotrophy
Inorganic electron donors

Hydrogen, sulfur and iron oxidation

Sergei Winogradsky
 Russian microbiologist
 First discovered the concept of chemolithotrophy
 Provided the first evidence that an organism could 

oxidize an inorganic substance as an energy source
 Winogradsky column
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Anaerobic respiration
Other compounds are used as 
electron acceptors in stead of O2

Assimilative metabolism
An inorganic compound is 
reduced for use as a nutrient 
source

Dissimilative metabolism
An inorganic compound is 
reduced for use as an electron 
source
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Fermentation
Organic compounds serve as primary e- donors and 
ultimately e- acceptors

ATP is produced by way of substrate-level phosphorylation

Substrate-level 
phosphorylation
ATP is produced by 
the breakdown of
organic molecules

Oxidative phosphorylation
ATP is produced by proton 
motive force
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Fermentation
Energetic consideration

Dissolved oxygen: 9.6 mg/L at 1 atm and 25oC
Anoxic environment
No inorganic electron acceptor

Energy-rich compounds organophosphate
Coenzyme A molecules

Energy yields
Glucose                  Ethanol  +  CO2
7 ATPs in theory, only 2 ATPs in fact.
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Fermentation
Redox consideration

Electron balance must be 
maintained between oxidation 
and reduction.
The production of H2 is 
important in electron balance 
of fermentation, but is 
unfavorable in energetics.
The production of acetate is 
energetically advantageous.

Fate of excess electrons
To make more reduced end 
product
To produce H2
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Organic acid metabolism
Glyoxylate cycle Oxalacetate

C4
Regeneration required to 
keep TCA cycle running

C3 utilization
Pyruvate  +  ATP  + CO2

Oxalacetate  +  ADP  +  Pi

Phosphoenolpyruvate  +  CO2

Oxalacetate  +  Pi
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Lipid catabolism

Enzyme action

-oxidation
Cytoplasmic membrane and 
storage material
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Protein and amino acid catabolism
Protease
 Hydrolysis of protein to amino acids
Deamination
 Often occurs by transamination


