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Electron Transport

Dec. 4, 2007

Overview

* Reduction Potentials
o Phosphorylation and Oxidation
« Electrontransportsystem

* Slide 3Missing: bi ical Hal -Reactions Al i { Improtant
o Ifthe standard reduction potential is large positive valuethen the oxidized formis astronge -
acceptor (strong oxidizing agent)
o Itsconjugantreduced formisaweak e donor (reducing agent)

* Slide 4Missing Table 16-4A Standard i f Some Bi: Important half -
reactions
o Oxygenisbestoxidizingagent/electron acceptor (large positive V)
o NADHisnota good oxidizing agent (better reducing agent)

« Cytochromes
o lIronisatom thatgets reduced

Table 16-4b Standard Reduction Potentials of Some
Biochemically Important Half-reactions
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Electron Transport

Dec. 4, 2007

Reminder

All students in section 1D, Tuesday 1-
2pm with Midge will have a room
change for next week Dec 4", Please
join Rebecca and section 2D in WGYH
CS24 at the same time.

There is plenty of room!!!

Overview

* Reduction Potentials
*+ Phosphorylation and Oxidation
* Electron Transport System

Biochemical Half-Reactions
Are Physiologically Important

A" e <> A

+ |f standard reduction potential is large
positive value then the oxidized form is
a strong e acceptor (strong oxidizing
agent)

* lts conjugant reduced form is a weak e
donor (reducing agent)



FALM, (fre

Lipoic acid + IH° + 2e Ihyslradipoic acid
NAD® + H' + 2 == NADH
NADP' + H* + 20~ o NADPH

Acetmce sl 2N+ 2o e ehydroxybutyrate

Biochemical Half-Reactions
Are Physiologically Important
* Anxm +tne <--> Ared
« If standard reduction potential is large
then the oxidized form is a strong e
acceptor (oxidizing agent)
« Its conjugant reduced form is a weak e
donor (reducing agent)

Thermodynamics of Electron
Transport

» NADH oxidation is highly exergonic

« Electron transport is thermodynamically
efficient

NADH Oxidation Is a Highly
Exergonic Rxn

+ Half-rxns for O, oxidation of NADH
% Own £°(v)
50, +2H' 42" == H,0 o315

NADY + H* 420~ === NADH o35 ,
1)Sol‘f£ for AG" 5 5l
) -Wete ovea) Oxn AG® = -nFAL Fe6
—_— coeXy) V%
2 - 218kT/ms| nemele”

L0, + H'+ NADH = H,0+ NAD'

2) - Slve Ry 'Alf" . . _ p.glsv+ 0.318V =Y
AgYs f(z‘mr"v)"EQ'J-ﬂ-r) "
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+ EMctrons passes through

+ Proten complexes contain

* Overall NADH (or FADH,) free

+ ATP in made via coupled

+ Physiological thamodynamic

Table 1648 Standard Reduction Potentishs of Some
Biochemically Important Hal reactions

Thermodynamics of Electron
Transport

* NADH oxidation is highly exergonic

= Electron transport is thermodynamically
efficient

NADH Oxidation Is a Highly
Exergonic Rxn
* Half-rxns for O, oxidation of NADH

* Write the overall rxn
« Solve for A"
« Solve for AG™

Electron transport system is more
energy efficient than cars on the 405

protein comphexes (ot dinectly
0 0,)

recox centers

enorgy is broken up amongst
proten comphenes

cxicatve phosphoryladon

efficency = about 70%

The Sequence of Electron
Transport

= Series of 4 protein complexes
* Electrons pass from lower to higher
standard reduction potentials



Electron transport system is more

energy efficient than cars on the 405

» Electrons passes through
protein complexes (not directly
to O;)

« Protein complexes contain
redox Centerfedox centers carry e through syste

. [Ove{au NADH free energy is

broken up amongst three
protein complexes, FADH, is
o broken up amongst four
+ ATP is made via coupled
oxidative phosphorylation
+ Physiological thermodynamic
efficiency = about 70%

* Automobileengine 30% efficient

The Sequence of Electron
Transport

« Seriesof 4protein complexes
« Electrons pass from lower to higher standard reduction potentials

Figure 22-9
The mitochondrial electron-transport chain.

A — (-0.315 v
g AD + §
02 Complex 1|
— AL = 0,960 V - Rotarmns o

l‘\li - ~859.6 k) - mol

2 111, Compton

Wi q..:wuﬁ—a-\"'

g
3

Complex 1V
A

" iahibier
- ATH

le. 1 FBeachin
ﬁmp*’ +Go0leso)y

Complex 1does not directly make ATP
Rotenone or Amytal are inhibitors of complex 1

Comp fex 3 RescHon
Cot e ¥ 2egochrome € (o)~ COtany * Legchmme oy

C.*-rlog Y Reoction
2¢yt Clea) ¥ %Ozﬂbj}uc(px)* H,0

Complex 2 Reacton

_ompex

- 11,0 (+0.815 V)

Oxygenisterminal electron acceptor

FADH, + Ca@fy)—> FAD *GoR (pgp)

Lecture Page 3

3 ATRINADH x 10 NADHIghucoss
2 ATRIFADM, x 2 FADH,ighicoss
* 2 ATPighicoss om ghycolysis
* 2 ATPighicose ¥om TCA cycle

Figure 22-9
The mitochondrial electron-transport chain.

Phosphorylation and
Oxidation are Tightly Coupled

+ Oxidation of NADH by O, yields 3 ATP (3
ADP are phosphorylated)

+ Oxidation of FADH, by O, yields 2 ATP (2
ADP are phosphorylated)

+ P/O ratio is used to describe stoichiometry

* P/Oind that in mi dri
can only occur if ADP is phosporylated at the
same time

However, P/O Ratio Values Depend
on the Biochemist You Ask

= 2.5 ATPINADH x 10 NADHighucose
15 ATPEADH, x 2 FADH, ighucoss
+ 2 ATPighuicose from glycolysis
+ 2 ATPighicase from TCA cycle

=38 ATP =32 ATP

Closer Look at the Components of the Electron-
Transport Chain

+ Inner mitochondrial  + Laterally mobile

membrane proteins.  « Don't form higher
complexes order structure(s)

« Each complex = = Transfer electrons
several proteins + between each other
prosthetic groups



Team members of electron-transport chain

Phosphorylation and

Oxidation are Tightly Coupled o e
+ Oxidation of NADH by O, yields 3 ATP (3 = = = X i

ADP are phosphorylated)
» Oxidation of FADH, by O, yields 2 ATP (2

ADP are phosphorylated)
* P/Oratio is used to describe stoichiometry | | oyt

stands for phosphorylation

+ P/O indicates that oxidation in mitochondria  3/tratiofor NADHto AT? “

can only occur if ADP is phosporylated at the

same time

Figure 22-14
The ial elect port chain,

The P/O Ratio Values Depend
on the Biochemist You Ask

Wil use Heese valves
» 2.5 ATP/NADH

+ " 3IATP/NADH
* B ATPIFADH, - 1.5 ATP/FADH,

+ 10 NADH/glucose
* 2 FADH,/glucose
* 2 ATP/glucose from
glycolysis
* 2 ATP/glucose from
TCA cycle
+ 38ATPc * 32 ATP

9210 + 22 4 ?_+DSi

*Alternative slidetitle: Closerlook at components of ETC

Components of the Electron-
Transport Chain

+ Inner mitochondrial ~ + Laterally mobile
membrane proteins . pon't form higher
complexes order structure(s)

+ Each complex = « Transfer electrons

several proteins + between each other
prosthetic groups
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Complex |

+ Passes electrons from NADH to CoQ
« B850 kD

+ Flavin mononucieotide (FMN)

* lron-sulfur clusters

* Iron-sulfur clusters are redox active

Figure 22-16 X-Ray structure of ferredoxin from
Peptococcus aerogenes.




* Slide 16: Complex 1: Slide Missing

The Coenzymes of Complex |

Slide 14: Missing Team members of electron transport chain
o Complex 1: NADH-Coenzyme QReductase @
o Complex Il: Succinate-Coenzyme QReductase) . 1
o Complex|il:Coenzyme Q-Cytochrome C Reductase 1 y A
o Cytochromec o - -
o ComplexIV: Cytrochrom cOxidase -
+ FMN and CoQ can accept one or two electrons

+ FMN and CoQ bridge the 2-electron donor NADH to

yt
ENDLECTURE... RAN OUT OF TIME.

Figure 22-14
The mitochondrial electron-transport chain.

What does each electron-
transport chain component
look like?

+ Complex | (NADH-Coenzyme Q
Reductase)

Complex Il (Succinate-Coenzyme Q
Reductase)

Complex Il (Coenzyme Q-Cytochrome
c Reductase)

Cytochrome ¢
Complex IV (Cytochrome ¢ Oxidase)

Complex |

Passes elctrons from NADH to CoQ
850 kD

Flavin mononucleotide (FMN)
Iron-sulfur clusters

Iron-sulfur clusters are redox active
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Figure 22-16 X-Ray structure of ferredoxin from
Peptococcus aerogenes.

The Coenzymes of Complex |

+« FMN and CoQ can accept one or two
electrons

+ Why?

« FMN and CoQ bridge the 2-electron
donor NADH to cytochromes (one-
electron acceptors)

Figure 22-17a
Oxidation states of the coenzymes of complex |. (a) FMN.
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Figure 22-17b
Oxidation states of th.e coenzymes of complex |. (b) CoQ.
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Hrme poripasryrein 0

Figure 22-22a Porphyrin rings in
cytochromes. (a) Chemical structures.

Figure 22-29 Coupling of electron
transport (green arrow) and ATP synthesis.

i
Figure 22-31  The Q cycle.
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Figure 22-43 Model of the E. coli
F,F—ATPase.
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