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e Electron Transport Chain (ETC) :

- A system of electron transport that uses respiratory 02 to finally
produce ATP (energy)

- Located in the inner mitochondrial membrane.

- Final common pathway of metabolism

- Electrons from food metabolism (long sequences we took them before)
are transported to 02

- Uses maximum amount of body’s oxygen
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Metabolic breakdown of
energy-yielding molecules

. Js_f. Metabolism
oSl sl = ) 3A) dulas
Ol 88 = Fausi dules E:t?,".}{‘.fi;:"s
NAD*
NADH + H*
FADH, .
NADH & FADH2 - reduced form on + Ho Here the enzymes for reduction
NAD+ & FAD - oxized form
R 2 Here the enzymes for oxidation
ADP + P; l NADH + H*
FADH,
21 NAD*
ATP l FAD
H,0 Excess energy

Oxidative phosphorylation
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generates heat

(ATP synthase) S A80y Jaih Lele AL ¢ s<iOxidative Phosphorylation ) &da s

INNER MEMBRANE
Impermeable to
most small ions,
small and large
molecules

Outer membrane

Cristae

Matrix

transport assembly

Cristae increase the
surface area

ATP synthesizing
structures (ATP
synthase)

MATRIX

« TCA cycle enzymes

« Fatty acid oxidation enzymes
« mtDNA, mtRNA

= Mitochondrial ribosomes
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e Components of ETC :

- All components are located in the inner mitochondrial
membrane (IMM)

- IMM contains 5 complexes:
o Complex |, II, lll, IV (part of ETC)
o Complex V (ATP synthase that catalyzes ATP synthesis)
o Mobile electron carriers
= CoQ

= Cytochrome c

these two Mobile electron carriers will be used between two complexes

e Organization of ETC :

- Each complex accepts or donates electrons to mobile carriers

- Carriers accept electrons from donors and then donate to the
next carrier in chain

- Electrons finally combine with oxygen and protons to form
water

- Oxygen is required as a final acceptor (respiratory chain)
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Electron Transport Chain

Substrate
(reduced)

Product
(oxidized)

Complex Il

Complex IV

OMmp
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These two complexes are part of the TCA cycle

e Complex | — NADH Dehydrogenase :

- This complex collects the pair of electrons from NADH and
passes them to CoQ

Substrate
(reduced)

Product
(oxidized)
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e Complex Il — Succinate dehydrogenase :

- Itis also a part of the TCA cycle

- Transfers electrons to CoQ

Substrate
(reduced)

Product
(oxidized)

¢ AU usliagsl) B :
CoQ - Bl (9 AN miay 5 FADH2 I (Al Wa
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e Coenzyme Q (CoQ) :

- Also called ubiquinone <« Js & llss (ubiquitous in biological
systems)

- A non-protein member of the ETC
- Lipid soluble and mobile a¢=
il g ) W) Jaay L L8 L) S0

CoQ I ¥ ¢ S 3 dgisig 0 ETC ) il g€a (S
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e Cytochromes :

- Each cytochrome is a protein that contains

o Heme group (porphyrin ring + iron in Fe’' state)

- When cytochromes accept electron
o Fe*' is converted to Fe**

o Fe”" is reoxidized to Fe** when it donates electrons to the
next carrier

CoQ & g ASl) iy ¢ Adal) (A 98 Fpullaa g€l (A AN yaal
Ladl) AU ey o ¢ JIMA) dgles 4d Ciaad
(A JEUL daiadd (g 50U A88) o) dles Al daaal o

il g S g 0a JS B 13Sa g

e ComplexlIlland IV :
- Complex lll: Cytochrome bcl

- Complex IV: Cytochrome a + a;

Electrons flow from:
CoQ > Complex Il 2 Cyt. c > Complex IV

Mobile electron carriers =) (s (<G 138
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Site-specific inhibitors of ETC

by any one of these Inhibitors

Q [=] =}

stops electron flow from 500 500G l 5009
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transport chain are tightly (reduced) W ® \yﬁiz‘bioﬁ’% ® ®

coupled like meshed gears. !

g (]

Blocking electron transfer Rotenone Antimycin A CN-
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The Inhibitors will inhibit ETC
pathway, and this leads to stop
the aerobic form and change it

to the anaerobic form. Then

increasing in the lactic acid

e ETCis coupled to proton transport for ATP synthesis :

- The energy of electron transfer is used to drive the protons out
of the matrix

(inter membrane space-) Jadi  -xd)

- It is done by complexes |, lll and IV (proton pumps) <lwslia g<l)
5y guall gﬁ ;@Jjﬂ
- This creates a proton gradient across the IMM to synthesize

H+
i T T
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Coupling of electron transport (green arrow) and ATP
synthesis
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e ATP synthase (Proton Channel) :

- ATP synthase (Complex V) synthesizes ATP

Consists of two domains:

o Fop—membrane spanning domain

o F1—extramembranous domain
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e Energetics of ATP synthesis :

The energy required for phosphorylation
of ADP to ATP = 7.3kcal/mol

ADP + Pi = 3rcamar ATP
Energy produced from the transport of a pair of electrons from
NADH to O, = 52.58 kcal
No. of ATP molecules produced is 3

(NADH to O,)

Excess energy is used for other reactions or released as heat

NADH produce 3 ATP only
52.58 - (7.3 *3)=30.95
therefore, 30.95 released as Heat

e P:Oratio:
- ATP made per O atom reduced
— For NADH Important
* P:0=3:1

A;\JM‘JSJ‘;\@S@&S%@.\Q
— For FADH2

* P:O0=2:1
a9 Cpas] g8 2 (S ol ) &
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¢ Inhibitors of ATP synthesis :
1-Oligomycin:
o Binds to Fo domain of ATP synthase and closes the H*

channel
ATP synthase JD& Jlaad¥) aa i o (e cligigpall e (o jhll (32 A L

2-Uncoupling proteins (UCPs):

o Create proton leaks (allow protons to reenter the matrix

without ATP synthesis)
o Energy is released as heat
o (nonshivering thermogenesis) Uncoupling proteins create a |
“proton leak,” allowing protons
to reenter the mitochondrial
matrix without capturing any
energy as ATP. /—'\
uh &4 J,L“ J:ltl.d @3 e.lg Lﬂ . | unpcr%ltlgill!lng
ATP synthase = i & (g0 UCPs ) P
ATPU 4slia ¥ Ml
“"‘lmunmux“‘“mw
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