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Chapter 7 
Cellular Respiration

Outline
• Day 1

– Overview of Energy Metabolism
– Overview of Anaerobic and Aerobic Metabolism
– Glycolysis
– Anaerobic Fermentation

• Day 2
– Citric Acid Cycle
– Oxidative Phosphorylation

• Electron Transport
• Chemiosmosis

– Energy Budget
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Overview of Energy Metabolism
SUN Light Energy

(Photons)

Photosynthesis

H2O        O2

CO2 Glucose

Cellular Respiration

CO2

O2

H2O

ADP          ATP

Cellular Work

Follow the electrons!

Heat

Heat

Heat

Anaerobic and Aerobic Metabolism

Anaerobic Metabolism
Glycolysis – cytosol
Fermentation – cytosol

Aerobic Respiration
Glycolysis – cytosol
Krebs cycle – Mitochondrial Matrix
Oxidative Phosphorylation

- Inner Mito Membrane
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Overview of Glycolysis

Glycolysis
10 enzyme metabolic pathway

(cytosol)
Glucose

(6 carbon molecule)
2 Pyruvate

(3 carbon molecules)

2 ADP 2 ATP

Substrate Level Phosphorylation

2 NAD+ 2 NADH

Glycolysis – 11 enzymes

1 Spitting Reaction

Priming Reaction Splitting Reaction Harvesting Reaction

Phosphofructosekinase (PFK) – key regulatory enzyme in priming steps
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Aerobic Metabolism

GlycolysisGlucose 2 Pyruvate

2 ADP 2 ATP

2 NAD+ 2 NADH

How does ATP and NAD get recycled?

Alcoholic Fermentation

GlycolysisGlucose
2 Pyruvate

2 ADP 2 ATP

2 NAD+ 2 NADH

Alcoholic
Fermentation 

CO2
+

Ethanol
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Lactate Fermentation

GlycolysisGlucose
2 Pyruvate

2 ADP 2 ATP

2 NAD+ 2 NADH

Lactate
Fermentation 

Lactic Acid
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Overview of Krebs Cycle

Krebs Cycle
9 enzyme metabolic pathway

(mitochondrial matrix)
1 Pyruvate

(3 carbon molecule)
3 CO2

(1 carbon molecules)

1 ADP 1 ATP

Substrate Level Phosphorylation

4 NAD+

1 FAD
4 NADH
1 FADH2

(Double everything to account for the carbon flow from 1 glucose

Key enzyme Pyruvate Dehydrogenase
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Overview of Oxidative Phosphorylation

Oxidative Phosphorylation
Electron Transport Chain &

ATPase Complex
(mitochondrial inner membrane)

½ 02

3 ADP 3 ATP

Substrate Level Phosphorylation

NAD+NADH

H2O

Electron Transport Chain
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ATP Synthetase Complex

Overview of Oxidative 
Phosphorylation
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GlycolysisGlucose Pyruvate Dehydrogenase
+ Citric Acid Cycle

2 Pyruvate 6 CO2

2 ADP          2ATP 2 ADP          2ATP

Substrate Level Phosphorylation

2 NAD+ 2 NADH 8 NAD+ 8 NADH
2FAD             2 FADH2

Oxidative Phosphorylation

6 O2            H2O

34 ADP

34 ATP

(Follow the carbons and the electrons)
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Energy Budget
Glycolysis 2ATP

2NADH

Pyruvate dehydrogenase
2NADH

Citric Acid Cycle 2ATP
6NADH
2FADH2

Oxidative Phosphorylation
from 10 NADH ~30ATP
from 2 FADH2 ~4ATP

Total 38ATP

Feedback 
Regulation of 
Respiration

Pyruvate Dehydrogenase
-

NADH

-
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