
Chapter 5:

Microbial Metabolism

Part II



Cellular Respiration

I.  Aerobic Respiration

C6H12O6 + 6 O2  ----->  6 CO2 + 6H2O + ATP

Glucose oxygen     oxidized reduced

Most energy efficient catabolic process.

Oxygen is final electron acceptor.

Aerobic Respiration occurs in three stages:

1.  Glycolysis

2. Kreb’s Cycle

3. Electron Transport & Chemiosmosis 



Three Stages of Aerobic Respiration



Cellular Respiration

I.  Stages of Aerobic Respiration

1.  Glycolysis:  “Splitting of sugar”.  

Glucose (6 C) is split and oxidized to two molecules of 

pyruvic acid (3C). 

Most organisms can carry out this process.

Does not require oxygen.

Occurs in cytoplasm of cell.

Net yield per glucose molecule:
 2 ATP (substrate level phosphorylation)

 2 NADH 



In Glycolysis Glucose is Split into Two 

Molecules of Pyruvic Acid



Cellular Respiration
I.  Stages of Aerobic Respiration

2.  Krebs Cycle (Citric Acid Cycle):   

Before cycle can start, pyruvic acid (3C) loses one carbon 

(as CO2) to become acetyl CoA (2C).

Acetyl CoA (2C) joins oxaloacetic acid (4C) to form citric 

acid (6C).

Cycle of 8 oxidation-reduction reactions that transfer 

energy to electron carrier molecules (coenzymes NAD+ 

and FAD). 

 2 molecules of carbon dioxide are lost during each cycle.

Oxaloacetic acid is regenerated in final step.

Net yield per glucose molecule:
 2 ATP (substrate level phosphorylation)

 8 NADH

 2 FADH2



Pyruvic Acid is Converted to Acetyl 

CoA Before the Kreb’s Cycle Starts

Notice that carbon dioxide is lost.



Kreb’s Cycle:  Two Carbons In & Two Out



Cellular Respiration
I.  Stages of Aerobic Respiration
3.  Electron Transport Chain and Chemiosmosis: 

Electrons from NADH and FADH2 are released to 

chain of electron carriers. 

 Electron carriers are on cell membrane (plasma 

membrane of bacteria or inner mitochondrial 

membrane in eucaryotes).

 Final electron acceptor is oxygen.

A proton gradient is generated across membrane as 

electrons flow down chain.

ATP is made by ATP synthase (chemiosmosis) as 

protons flow down concentration gradient. 

Net ATP yield:
 2 FADH2 generate 2 ATPs each: 4 ATP

 10 NADH generate 3 ATPs each: 30 ATP



Electron Transport Chain in Aerobic Respiration:

Oxygen is Final Electron Acceptor



Chemiosmosis in Aerobic Respiration:

ATP Synthesis Requires Intact Membranes



Summary of Aerobic Respiration in Procaryotes



Total Yield from Aerobic Respiration of 1 

Glucose molecule:  36-38 molecules of ATP

In procaryotes:  

C6H12O6 + 6 O2----->  6 CO2 + 6 H2O + 38 ATP

In eucaryotes:  

C6H12O6 + 6 O2 -----> 6 CO2 + 6 H2O + 36 ATP

Yield is lower in eucaryotes because transport of

pyruvic acid into mitochondria requires energy.



Cellular Respiration

II.  Anaerobic Respiration

 Final electron acceptor is not oxygen.

 Instead it is an inorganic molecule:

Nitrate (NO3
-): Pseudomonas and Bacillus.  Reduced 

to nitrite (NO2
-):, nitrous oxide, or nitrogen gas.

 Sulfate (SO4
2-): Desulfovibrio.  Reduced to hydrogen 

sulfide (H2S).

Carbonate (CO3
2-): Reduced to methane.

 Inefficient (2 ATPs per glucose molecule).  

Only part of the Krebs cycle operates without oxygen.  

Not all carriers in electron transport chain participate.

 Anaerobes tend to grow more slowly than aerobes.



Fermentation
Releases energy from sugars or other organic molecules.

Does not require oxygen, but may occur in its presence.

Does not require Krebs cycle or an electron transport 

chain.  

 Final electron acceptor is organic molecule.

 Inefficient.  Produces a small amount of ATP for each 

molecule of food.  (1 or 2 ATPs)

 End-products may be lactic acid, alcohol, or other energy 

rich organic compounds. 

Lactic Acid Fermentation:  Carried out by 

Lactobacillus and Streptococcus.  Can result in food 

spoilage.  Used to make yogurt, sauerkraut, and pickles.

Alcohol Fermentation:  Carried out by yeasts and 

bacteria.



Fermentation is Less Efficient Than Aerobic Respiration



Alcohol and Lactic Acid Fermentation



Fermentation: Generates Various Energy Rich, 

Organic End-Products



Catabolism of Various Organic Food Molecules 



Photosynthesis

6 CO2 + 6 H2O + Light ----->  C6H12O6 +  6 O2 

Light Dependent Reactions

Light energy is trapped by chlorophyll.

Water is split into oxygen and hydrogen.

NADP+ is reduced to NADPH.

ATP is made.

Light Independent Reactions

Do not require light.

CO2 from air is fixed and used to make sugar.

Sugar is synthesized, using ATP and NADPH.



Metabolic Diversity

Living organisms can be classified based on 

where they obtain their energy and carbon.

Energy Source

Phototrophs:  Light is primary energy source.

Chemotrophs: Oxidation of chemical compounds.

Carbon Source

Autotrophs:  Carbon dioxide.

Heterotrophs:  Organic carbon source.



Four Groups Based on Metabolic Diversity
1. Chemoheterotrophs: 

Energy source: Organic compounds.

Carbon source: Organic compounds.

 Examples: Most bacteria, all protozoans, all fungi, and all animals.

2. Chemoautotrophs:

 Energy source: Inorganic compounds (H2S, NH3, S, H2, Fe2+, etc.)

Carbon source: Carbon dioxide.

 Examples: Iron, sulfur, hydrogen, and nitrifying bacteria.

3. Photoheterotrophs:

 Energy source: Light.

Carbon source: Organic compounds.

 Examples: Purple and green nonsulfur bacteria.

4. Photoautotrophs:

 Energy source: Light.

Carbon source: Carbon dioxide.

 Examples:  Plants, algae, photosynthetic bacteria



Organisms Are Classified Based on Their 

Metabolic Requirements


