
Electron Transport Chain
ETC



ETC !!!

Most of the ATP generated
during the aerobic
catabolism of glucose is not
generated directly from
Glycolysis and TCA pathways.
Rather, it is derived from a
process that moves
electrons through a series of
electron transporters that
undergo redox reactions: the
electron transport chain.
This causes hydrogen ions to
accumulate…



ETC is a transfer of electrons from electron
donors (NADH, FADH2) to electron acceptors (O2)
via redox reactions and through multiple carriers.
The electron transfer is coupled with the transfer
of protons (H+ ions) across a m.membrane. This
creates a proton gradient that drives the synthesis
of adenosine triphosphate (ATP).

The final acceptor of electrons in the ETC
during aerobic respiration is molecular oxygen

https://en.wikipedia.org/wiki/Proton
https://en.wikipedia.org/wiki/Electrochemical_gradient
https://en.wikipedia.org/wiki/Adenosine_triphosphate


ATP accounting sofar…

• Glycolysis →2 ATP

• Kreb’s cycle →2 ATP

• Life takes a lot of energy to run, need 

to  extract more energy than 4 ATP!

What’s 
the  point?

A working muscle recyclesover

10 million ATPs persecond

There’s got to be a better way!



Mitochondria

• Double membrane

– outer membrane

– inner membrane

• highly folded cristae

• enzymes & transport 

proteins

– intermembrane space

• fluid-filled space 

between  membranes
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Electrons flow downhill

• Electrons move in steps 

from  carrier to carrier 

downhill to O2

make ATP
instead of

fire!
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Building proton gradient!

What powers the proton (H+) pumps?…



Complex Name No. of

Protein

s

Prosthetic  

Groups

Complex I NADH

Dehydrogenase

NADH-Coenzyme Q

Reductase

46 FMN,

Fe-S cntrs.

Complex II Succinate-CoQ  

Reductase

5 FAD, cyt b560eF ,-

srtnc S.

Complex III Cyt c  Reductase 11 cyt bH, cyt bL,  

cyt c1eF ,-SekseiR

Complex IV Cytochrome c

Oxidase

13 cyt a, cyt a3   ,

uCAuC ,B



Composition of the Electron TransportChain

Four large protein complexes.

• Complex I - NADH-Coenzyme Q reductase

• Complex II - Succinate-Coenzyme Q reductase

• Complex III - Cytochrome c reductase

• Complex IV - Cytochrome c oxidase.

Cytochromes : Electron-transfer proteins 
that  contain a heme prosthetic group







Complex I: catalyzes oxidation of NADH, with reduction of
coenzyme Q.
NADH + H+ + Q NAD+ + QH2
Coenzyme Q accepts 2 e- and picks up 2 H+ to yield the
fully reduced QH2
Complex I includes at least 46 proteins…
Pumps 4 protons across the mitochondrial membrane

Electrons pass from

• NADH → FMN → Fe-S cluster →ubiquinone
)flavin mononucleotide)  )CoenzymeQ(



Succinate Dehydrogenase of the Krebs Cycle is also

called complex II or Succinate-CoQ Reductase

FADis the initial e− acceptor
•FAD is reduced to FADH2during  oxidation of succinate 
to fumarate.

•FADH2 is then reoxidized by transfer of  electrons through 
a series of 3 iron- sulfur centers to CoQ, yielding QH2.

It does not pump any proton during transport of electron
across the inner mitochondrial membrane



cytochromes b, c 1

and c( Cytochrome c reductase

Electron transfer from ubiquinol to

cytochrome c
heme prosthetic group



Cytochrome c oxidase

•Combination of cytochromes a and a 3,10 protein

subunits. It catalyses the transfer of electrons from

cyt c to molecular oxygen.

•Electrons are delivered from cytochromes a and a3 to

O2  e- transfer: cyt c → CuA → cyt a → heme a3/CuB 

→O2  



Flow of electrons
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Energy is not released at once, but

in incremental amounts at each

step.
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• Set up a H +

gradient

• Allow the protons

to flow through

ATP synthase

• Synthesizes ATP

ADP + Pi →ATP

Are we  
there yet?

“proton-motive” force




