
3/1/2013

1

Energy Metabolism

Nur Hidayat

Topics

• TOPIC 1: OXIDATION, REDUCTION, AND NADH

• TOPIC 2: GLYCOLYSIS

• TOPIC 3: KREBS (CITRIC ACID) CYCLE

• TOPIC 4: ELECTRON TRANSPORT CHAIN AND 
OXIDATIVE PHOSPHORYLATION

• TOPIC 5: FERMENTATION



3/1/2013

2

TOPIC 1: OXIDATION, REDUCTION, 
AND NADH

• The chemical reactions involve a transfer of 
electrons from one molecule to another in a 
series of reactions that gradually extract the 
energy. We speak of oxidation-reduction 
reactions, or redox reactions for short. 

• Oxidation is defined as a loss of electrons; 
reduction is a gain of electrons.

C6H1206 + 6 O2 6 CO2 + 6 H20

• glucose molecule is said to be oxidized and is 
called a reducing agent 

• Oxygen is reduced; it is the oxidizing agent
• Notice that the oxygen molecules on the left side 

of the equation were sharing electrons equally
• During the reaction, they gain electrons, or get 

reduced, because they become linked to carbon 
or hydrogen atoms and bind the electrons more 
tightly than do carbon and hydrogen.

• Always, when something gets oxidized, 
something else gets reduced.
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NADH

• The electrons and their associated free energy 
usually pass through an intermediate, NADH.

• For example, a dehydrogenase enzyme will 
pass a pair of electrons from part of the 
glucose molecule as follows:

NADH

• NADH adalah sebutan bagi molekul NAD+ yang 
tereduksi dengan penambahan 1 atom
hidrogen

• NADH merupakan bentuk koenzim aktif dari
vitamin B3

• Metabolisme etanol akan menghasilkan NADH 
dan mempercepat laju konversi asam piruvat
menjadi asam laktat

http://id.wikipedia.org/wiki/Molekul
http://id.wikipedia.org/wiki/Nikotinamida_adenina_dinukleotida
http://id.wikipedia.org/wiki/Nikotinamida_adenina_dinukleotida
http://id.wikipedia.org/wiki/Atom
http://id.wikipedia.org/wiki/Hidrogen
http://id.wikipedia.org/wiki/Vitamin_B
http://id.wikipedia.org/wiki/Vitamin_B
http://id.wikipedia.org/wiki/Metabolisme
http://id.wikipedia.org/wiki/Etanol
http://id.wikipedia.org/wiki/Asam_piruvat
http://id.wikipedia.org/wiki/Asam_laktat
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TOPIC 2: GLYCOLYSIS

• Glycolysis takes place 
in the cytosol of the 
cell

• Glycolysis begins the 
breakdown of glucose

• This is achieved by 
substrate-level 
phosphorylation;
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• This chain of reactions converts each 6-carbon 
glucose molecule to two 3-carbon pyruvate
molecules.

• A net of two ATP molecules and two NADH 
molecules also is formed for each glucose.

• Actually two ATP molecules are hydrolyzed 
and four are made, making a net of two ATP 
molecules.

• The end-product of glycolysis, pyruvate

• If oxygen is insufficient, fermentation occurs,

• When there is adequate oxygen present, 
pyruvate is modified for entry into the Krebs 
cycle as acetyl-coenzyme A (acetyl-CoA)
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TOPIC 3: KREBS (CITRIC ACID) CYCLE

• the Krebs cycle, which also is known as the 
citric acid cycle, or TCA cycle.

• The cycle begins as the acetyl group (two 
carbons) from acetyl-eoA is linked to 
oxaloacetate (four carbons) to form citrate

• This is the first of eight steps

• This series of steps is called a cycle because 
the pathway closes back around to form a ring 
of reactions
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TOPIC 4: ELECTRON TRANSPORT CHAIN 
AND OXIDATIVE PHOSPHORYLATION

• The final stage in cell respiration begins with 
the donation of two electrons from each 
NADH and FADH2 to an electron transport 
(respiratory) chain found in the inner 
membrane of  mitochondria

• The NADH (and FADH2) is oxidized (lose 
electrons) as the first member of the chain, 
NADH-Q reductase (a specialized protein), is 
reduced (gains the electrons).
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ELECTRON TRANSPORT CHAIN

Oxidative phosphorylation

• Oxidative phosphorylation refers to the 
linking of the (oxidative) flow of electrons 
along the respiratory chain to the 
phosphorylation of ADP to form ATP

• During this final stage of cell respiration, a net 
of about 32 ATP molecules is formed by 
oxidative phosphorylation from the 12 NADH 
+ FADH2 molecules generated by oxidation of 
1 molecule of glucose.
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TOPIC 5: FERMENTATION

• In humans, The pyruvate is reduced to lactate 
by NADH, regenerating NAD+. This allows us 
to make some additional ATP, but we 
eventually slow down as lactic acid builds up 
in our muscles and blood.

• The same process of lactic acid fermentation is 
the general method of energy production by 
some fungi and bacteria that we use for 
making cheese and yogurt.
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Fermentation


