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' ELECTRON TRANSPORT CHAIN (ETC) OR
RESPIRATORY CHAIN

The final steps in the overall oxidation of food stuffs
(carbohydrate, fat and amino acids) result in formation

€ of NADH and FADH,.

n The electron transport chain (ETC) oxidizes NADH
and FADH, by transferring electrons (reducing

te : : o 9 : :
equivalents) by a series of oxidation reduction reactions

™ to Oy, the terminal electron acceptor. In the presence of
Oy, the ETC converts reducing equivalents into energy,
(ATP) by oxidative phosphorylation.

ff;:_ Localization of the Electron Transport Chain

)T

The electron transport chain is present in the inner
re  mitochondrial membrane (Figure 10.1). The enzymes of

yA  the electron transport chain are embedded in the inner
membrane.

Components of the Electron Transport Chain

to The major components of the electron transport chain
include:

N®Y '«  Nicotinamide adenine dinucleotide (NAD™M).

* Flavin mononucleotide (FMN) and Flavin adenine
dinucleotide (FAD).

* Ubiquinone or coenzyme Q.

1 * The iron-sulfur (Fe-S) protein associated with FMN
the and cytochrome b.
»l:ile: * Cytochromes (hemeproteins): b, ¢y, ¢, a and as. Of

these, only cytochrome ¢ is water soluble and easily
diffusible, whereas cytochromes b, ¢y, a and a3 are
lipid soluble and therefore, are fixed components of
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membrane

Figure 10.1: Structural organization of components of respiratory
chain and FoF1 ATPase in the mitochondrial membrane

the membrane. Cytochrome aasz are also called
cytochrome oxidase; and are copper containing
hemeproteins.

Except coenzyme Q, all members of this chain are
proteins. Coenzyme Q (CoQ) is a fat soluble quinone
(ubiquinone) and is a constituent of mitochondrial
lipids.

Structural Organization of Components of
Electron Transport Chain

The mitochondrial electron carriers are organized into
four complexes (complex I to IV) that catalyze
oxidation-reduction reactions of the electron transport
chain (Figure 10.2).

+ Complex I, NADH- CoQ reductase, catalyzes the
transfer of electrons from NADH to coenzyme Q
(CoQ).

¢ Complex II, Succinate-CoQ reductase, transfers
electrons from succinate to coenzyme Q-

NADH

}

FMNH;

gFesS

Complex |
NADH-CoQ reductase
(CoQ)

]
'F) H‘E

Succinate

" NM"’
%)
~ Complex Il

Succinate-CoQ reductase

Complex il
&Fe-s ] CoQ-Cytochrome c reductase

« Complex III, CoQ- Cytochrome c reductase,
transfers electrons from CoQ to cytochrome c.

« Complex IV, Cyctochrome oxidase, transfers
electrons from cytochrome ¢ to O

Components of the respiratory chain are arranged in
order of increasing redox potential (Table 10.1). Redudng
equivalents flow through the chain from the components
of more negative redox potential to the components of
more positive redox potential.

Reactions of Electron Transport Chain

The following sequence of reactions occurs in the
transfer of electrons from substrate to the ultimate
acceptor oxygen (Figure 10.3).

1. NAD® is reduced to NADH by various
dehydrogenases which remove two hydrogen atoms
from their metabolite (MH;) and get oxidized to M. In
this oxidation reduction reaction, one hydrogen atom
is accepted by NAD" to form NADH, while the second
proton (H") is released into the aqueous medium.

2 The reduced NADH is oxidized by an enzyme
NADH dehydrogenase. This enzyme contains
coenzyme FMN. The coenzyme FMN accepts two
electrons (2e7) and a proton (H") from NADH and a
free H* from the aqueous medium to form FMNH-.

3. In addition to FMN, NADH dehydrogenase also
consists of Fe-S proteins, which accepts only electron
from FMNH,. Thus two Fe-S protein molecules
accept two electrons from one FMNH: molecule with
release of two protons (2H") into the medium and
FMNHS; gets oxidized to FMN.

4. CoQ accepts two electrons from two Fe-S protein
molecules and two protons (2H™) from the medium

i e iy

Coenzyme Q —— [CYtB—=pIFeSE=RCICH — Cytc —»Cyta—» Cytaz— O, —» H.O

e g e s e e et

Complex IV
Cytochrome oxidase

Figure 10.2: The electron transport complexes
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Lvu ESSENTIALS OF BIOCHEMISTRY

Table 10.1: The redox potential Eo’ of redox couples of components of electron transport chain

Redox couple Redox potential Eo’

components of electron transport chain
2H* + 2¢°

— Hz

NAD + H* + 2¢- —_— NADH
FMN + 2H* 4+ 2" —— FMNH,
Ubiquinone +2H* + 2¢- —_ Ubiquinol
Cytochrome b (ox) + e~ —_ Cytochrome b (red)
Cytochrome ¢4 (ox) + e~ — Cytochrome ¢, (red)
Cytochrome ¢ (ox) + e~ —_ Cytochrome ¢ (red)
Cytochrome a (ox) +e= o Cytochrome a (red)
Cytochrome a4 (X)+e Cytochrome a3 (red)
1/20; + 2H*42¢- — H.0

Reduced substrate such as

malate, pyruvate, isocitrate

" Complex | 1 ATP

“Complex I1ATP

in volt

-0.41
-0.32
-0.32
+ 0.04
+ 0.07
+ 0.23
+0.25
+ 0.29
+ 0.55
+0.82

_ Complex IV 1 ATP

MH N l 4 1
2 AD FMNHZ Fe QH2 Fe¥* Fe?* Fe3* l Fe2* 1 Fe¥* Fe2* l %0
223)()8 (ox) (red) (ox) (red) (ox) (red) :
e- 2cytb 2Fe-S 2cyt e, 2cytc 2¢cyta 2cyt ay
2
M NADH FMN Fe?* Q Fe* * " Fe¥* Fe2* Fed* Fo?* 3 H,0
7 (red) (red) (ox) (red) (ox) % = ’
2H* I 2H* =3 o
Fumarate X FADH;
T Succinate FAD T
 Complexi
Figure 10.3: Electron transport chain
to get reduced to CoQHy. CoQ also collects reducing ¢Ytochrome
. ca
equivalents from FADH, formed by FAD-linked transferg jtg t::, :Cclept only one electron, CoQH2
dehydrogenases. aand o> to two molecules of

5. Beyond CoQ, oxidation reduction process occursby g,
removal of electrons with the help of cytochromes.
Cytochromes accept only electrons from coenzyme

. to molecy
QH; with the release of 2H* in the medium. As a

%?T:lsrt() é;fobiufl ¢ aand a, sequentially.
(cyt aay) Whii:h ome complex js cytochrome oxidase

electrong from
the mediym, ,

Yo passes electrons from cytochrome €
*ygen. Each OXygen atom accepts two0
Ytochrome ajy and two protons from
nd a molecyle of water results.
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The reduction of Oz by cytochrome oxidase reaction
accounts for the production of about 300 m1 of water/
day. This water is called metabolic water,

Formation of ATP

During the transfer of electrons through the electron
transport chain, energy is produced. This energy is
coupled to the formation of ATP molecujes by
phosphorylation of ADP by an enzyme F, F; ATPase.
The formation of ATP from ADP and Pi is termed phos-
phorylation, as phosphorylation is coupled with
biological oxidation, the process is called biological
oxidative phosphorylation.

Sites of ATP Synthesis

* There are three ATP synthesizing sites of the electron
transport chain, these are (Figure 10.4):
1 Oxidation of FMNH; by CoQ
2 Oxidation of cytochrome b by cytochrome ¢;
3 Cytochrome oxidase reaction (oxidation of

cytochrome a by cytochrome as.

* These sites provide the energy required to make ATP
from ADP and Pi by an enzyme Fy F; ATPase.

¢ Electrons that enter the chain through NADH pass
through ail three ATP synthesizing sites and thus
yield three ATPs.

e However, electrons that enter the chain through
FADH; pass through only two ATP synthesizing
sites, as they bypass site 1, they yield two ATPs.

INHIBITORS OF ELECTRON TRANSPORT CHAIN

Inhibitors of respiratory chain may be divided into three

groups.

1. Inhibitors of the electron transport chain proper

2. Inhibitors of oxidative phosphorylation (FoF;
ATPase)

3. Uncouplers of oxidative phosphorylation.

Inhibitors of Electron Transport
Chain Proper (Figure 10.5)

Inhibitors of electron transport chain proper include,
inhibitors that inhibit the flow of electrons through the
respiratory chain. These inhibitors block the respiratory
chain at three sites:

1. Complex | (NADH to CoQ), inhibited by:
Barbiturates such as amobarbital

- An antibiotic piericidin A

The insecticide rotenone,

These inhibitors prevent the oxidation of substrates
by blocking the transfer of reducing equivalents from
Fe-S protein to CoQ.

NAD
N Blocked by rotenone
amobarbital and plericidin
Fe-S Complex |
Cio
cytb
Blocked by antimycin A,
dimercaprol and BAL
Complex Il
cytcy
cyl! c
cyt aay
Blocked by cyanide,
H,S, carbon monoxide
0, Complex IV

Figure 10.5: Sites of action of various Inhibitors of electron
transport chain

Succinate
|
ATP F':D ATP ATP
Substrate — NAD — FMN 74+ CoQ — Cytb Cytc, — Cytc — Cyta Cyta, —» O,
ADP + Pi ADP + Pi ADP + Pi
Site 1 Site 2 Site 3

Figure 10.4: ATP synthesizing sites of electron transport chain
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140 ESSENTIALS OF BIOK

2. Complex III (cytochrome b to cytochrome c1),
inhibited by:
— Dimercaprol
— Antimycin A (antibiotics)
— British antilewisite (BAL), an antidote used
against war gas.
These inhibitors prevent the transfer of electrons
from cytochrome b to cytochrome c;.
3. Complex IV (cytochrome oxidase), inhibited by:
— Cyanide
— Carbon monoxide
— HS,S.

These inhibitors prevent transfer of electrons from
cyt aas to molecular oxygen by inhibiting cytochrome
oxidase and can therefore totally arrest respiration.
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