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All major types of nutrition and metabolism evolved among 
microbes: they are the ultimate biochemistsmicrobes: they are the ultimate biochemists

The microbes exhibit some unique modes of nutrition as well as 
every type of nutrition found in eukaryotes.every type of nutrition found in eukaryotes.

Major Modes of Nutrition:

Microbes exhibit a great diversity in how they obtain the necessary 
resources (energy and carbon) to synthesize organic compounds.

S  b i   f  li h  ( h h )  hil  h   Some obtain energy from light (phototrophs), while others 
use chemicals taken from the environment (chemotrophs).

 Many can utilized CO as a carbon source (autotrophs) and  Many can utilized CO2 as a carbon source (autotrophs) and 
others require at least one organic nutrient as a carbon 
source (heterotrophs).



Energy Sources



Depending upon the energy source AND the carbon source, 
microbes have four possible nutritional modes:

1. Photoautotrophs: Use light energy to synthesize organic 
ds f  CO I l d s th  b t i  (A t ll  compounds from CO2 – Includes the cyanobacteria. (Actually 

all photosynthetic eukaryotes fit in this category.)

2  Chemoautotrophs: Require only CO as a carbon source 2. Chemoautotrophs: Require only CO2 as a carbon source 
and obtain energy by oxidizing inorganic compounds. This 
mode of nutrition is unique only to certain microbes.

3. Photoheterotrophs: Use light to generate ATP from an 
organic carbon source. This mode of nutrition is unique only 
to certain microbes.

4. Chemoheterotrophs: Must obtain organic molecules for 
energy and as a source of carbon. Found in many bacteria as 

ll   kwell as most eukaryotes.









Metabolic Menu
For Chemotrophsp



Oxidation and Reduction are Coupled Reactions

A is oxidized, B is reduced, ,
losing electrons

,
gaining electrons



Redox Rxns:





Thermodynamics: The Chemical Fuels and Oxidants of Life

e- source e- sink



Adenosine-5’-triphosphate (ATP)

The energy molecule



Nicotinamide adenine dinucleotide (NAD)

The redox moleculeThe redox molecule



Flavin nucleotides, components 
of flavoproteins

Specialty redox
l lmolecule





Acetyl-coenzyme A (acetyl-CoA)

Specialty energy Specialty energy 
molecule





Two Ways to Make ATP: Quick & Dirty
or Turbo-Charged



Table 7.1

Table 7.1





Glycolysis: Short Form





Glycolysis aka
E bd M h fEmbden-Meyerhof

The short form!f

4 ATP / 2 Net
2 NADH+H2 NADH+H



Entner-Doudoroff

2 ATP / only 1 Net
2 NADH+H

No PFK!!!

Many Gram negatives
use this pathway







Citric Acid Cycle Citric Acid Cycle 
aka TCA cycle

The short form!The short form!

2 ATP (via GTP)
8 NADH+H
2 FADH2

All Carbon to CO2



Electron Transport
Chains and their 
Relative Potential



The heme part of a cytochrome, the elegant porphyrin ring!



Electron transport chain in aerobic bacterium

FADH2

FAD+



Abbreviated electron transport
chain of an iron-oxidizing bacteriumg



Generation of PMFf



ATP Synthase
Structure & Function



F1 Subunit Topview

ATP Synthase acts as 
a rotary motor turning
in 120 degree steps.in 120 degree steps.





Fermentation – Key Features

(1)  Substrate-level phosphorylation is the rule*.

(2)  Always anaerobic (even when some O2 might be around).

(3) No externally supplied terminal electron acceptor.

Many types.... 2 major themesy yp j

(1)  NADH+H+ gets oxidized to NAD+

(2)  Electron acceptor is usually Pyruvate or its derivative.

*Rules are always meant to be broken!



Pasteur Effect: 20X more biomass when aeratedPasteur Effect: ~20X more biomass when aerated











Propionic Acid Fermentation
Pyruvate OAA

Lactate

Pyruvate OAA

Mal

Fum

Succ

Succ CoA

MM C AProp CoA MM CoA



Methyl Red TestMethyl Red Test



Voges Proskauer TestVoges-Proskauer Test



Clostridial Fermentations

Pyruvate





The short list





The unusual fermentations of succinate and oxalate



The unusual fermentations of succinate and oxalate


