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Aconitase
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HC — COO™

H(l:—(.(xr
OH

Isociorate

Isocitrate
dehydrogenase
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(Oxidative phosphorylation)
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A NADH®} FADH,=
A0 H = & AFE & E o= 2

 Think about which likes electron better?
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(a) Ethanol — acetaldehyde
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LS 83 M2 (Redox potential)

A Ml (NADH)= () & &2E 21D
gt &tathl (Oy)= (+) & dRAE =0




Table 20.1

Standard Reduction Potentials for Several Biological Reduction Half-Reactions

@ 2006 Brooks/Cole - Thomson

Reduction Half-Reaction E°" (V)
) O, + 2H' + 2 ¢ — Hy0O 0.816
Fe*t + ¢ — Fe2* 0.771
Cytochrome ag(Fe?) + ¢~ — Cytochrome ag(Fe2*) 0.350
qiyt()chromc a(Fe*) + ¢~ — Cytochrome a(Fe?*) 0.290
Cytochrome ¢(Fe**) + ¢~ — Cytochrome ¢ (Fe?*) 0.254
Cytochrome ¢ (Fe*) + ¢ — Cytochrome ¢, (Fe?®™) 0.220
CoQH" + H* + ¢~ — CoQH, (coenzyme Q) 0.190
CoQ + 2H" + 2 ¢ — CoQH, 0.060
Cytochrome by (Fe*) + ¢ — Cytochrome by(Fe?*) 0.050
Fumarate + 2 H* + 2 ¢~ — Succinate 0.031
(o) + H* + ¢ — CoQH" 0.030
[FAD] + 2 H* + 2 ¢ — [FADH,] 0.003-0.091*
Cytochrome b (Fe?**) + ¢~ — Cytochrome b (Fe?*) —0.100
Oxaloacetate + 2 HT + ¢~ — Malate —0.166
Pyruvate + 2 H" + 2 ¢~ — Lactate —0.185
Acetaldehyde + 2 H* + 2 ¢~ — Ethanol —0.197
FMN + 2 H* + 2 ¢ — FMNH;, —0.219
FAD + 2H* + 2 ¢ — FADH, —-0.219
1,3-bisphosphoglycerate + 2H* + 2 ¢~ —
Glyceraldehyde-3-phosphate + P; —0.290
NAD* + 2H* + 2¢ — NADH + H* —0.320
NADP* + 2H* + 2 e — NADPH + H* —0.320
a-Ketoglutarate + CO, + 2 H* + 2 ¢~ — Isocitrate —0.380
Succinate + COy + 2 H' + 2 ¢ — a-Ketoglutarate + HyO —0.670

a

:

Lol K.)ll

0 Hor




Ao B3l 82| (Redox potential)

SJIH U X E atstE oAz B &
AG=-nFAE
(n=& Xt==, F:.faraday &t 96,485kJ/V.mol, E: E& &)

Energy
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A B " Fig. 20-CO, p.540



alkel ESpelRalgel SRS DN PSE= S|

Flavins (FMN/FMNH2, FAD/FADH?2)
Iron-sulfur proteins

Quinones (Coenzyme Q = ubiquinone)
Cytochromes a, a;, b, c, ¢,

CHel s Zgh Sl

* Cytochromes= HMI2Iot) 2= 8 ANNE X =
DIE2E2|0F LHE Ol 2 &<l O UL
* Cytochromes2 & 0l= & A28 Ol Ct.




The structure of FMN
(Flavin mononucleotide)

© 2006 Brooks/Cole - Thomson

p.545
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MTEER

Quinones (Coenzyme Q = ubiquinone)

O OH
I I
H,CO C CH,q _ H,CO C CHy
: N : Vs ] g ;
~c c” +2 (1Y c? e
| | CHy = s | |
=S B | —9 (HY NS U
H5CO C [CH— CH=C — CHy],—H A H5CO C
I I
O OH
CoQ CoQH,

(Oxidized quinone form)
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(Reduced hydroquinone form)

CH,
I

[CHy— CH=C — CHo],—H

Fig. 20-4, p.545



Mi}ﬁ O_I&§}9_| E—II}X_-I gjﬂ Cytochromes - Heme Iron

Methyl
POSITION a CYTOCHROMES ¢ CYTOCHROMES

group
1 Same Same
2 (in a) —(IJH— CHy—(CHy— CH=(II — CH,)3H
OH CH,
2 (in ¢ — (llHCHg,
S— protein
(Covalent attachment)
3 Same Same
4 Same — CHCH,
H, |
(‘/H \ Propionyl S — protein
/ e CH, group 5 Same Same
_ \
Coo COO™ 6 Same Same
7 Same Same
8 — C=0 (Formyl group) Same
H
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Fig. 20-9, p.551
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Non-Heme Iron

Iron—sulfur bonding in
nonheme iron proteins
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- ~
Fumarate Succinate

F2 > Complex II
Succinate-CoQ
. oxidoreductase
Fe-S,y
NADH Fe- ,,X CoQ Fe-S;q ‘,Cytclo,‘XCyt C,XCyt a e _Cu(l). Cytag oy H,0O
NAD* MNH,  Fe-S,, CoQHX‘e—Sox BECtC1red Cytcg, OyLG PHUUNENNSCytz, . 1O,
4 Y = . N J
Complex I ’ Complex III Complex IV
NADH-CoQ CoQHy—cytochrome ¢ Cytochrome oxidase
oxidoreductase Cytb oxidoreductase
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Fig. 20-5, p.546
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Flow of e~
Intermembrane Complex I Complex II1 @/) @\
space _ , @

Complex IV

Lipid bilayer N
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Matrix
NADH

2@+?l’02 Hy,O
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6015 2K 208H= S SAICH

Fig. 20-7, p.548



&I[E U X E 2t stE L X = B E
AG=-nFAE
(n=& Xt==, F:.faraday &t 96,485kJ/V.mol, V: 3 & H)

Energy

NADH
AG” = -81 k]/mol
. = =19.4 kcal/mol NADH
J Cyt b
C0Q ~ P
\ } AG® = =34.7 k] /mol
Bl = —8.3 kcal/mol
Cyt
e Cyt a N

> AG® = =102 k]/mol
= =24.5 kcal/mol
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NADHS| &tst= (HEH ADPE| Q1&g 2t &

The "chemiosmotic theory" (3

by Peter Mitchell
(1978, =¥ 3} A

<HAE 0>

proton gradient (%”93 A sE=FAD
pH gradient (pH =& & Al
proton motive force: X2 S &




012t B0 20| YA Rt Mg

Outer mitochondrial Inner mitochondrial Intermembrane Matrix
membrane membrane

Electron transport leads
to proton pumping across
the inner mitochondrial

membrane Fig. 20-1, p.541



NADHZ £H & He 8Kt AMAZ ML= HEUMN 8EEes X2
= 100 2 —’E’SEW UL,

LHC”o MO0 &0 A =5 SAOI=ZI) It 4L

JIZ2J1E iAot = 80| 2M4eStCH - proton motive force > ATP &8 AE
Soll AZECH > ATPIF - & Ch

UK 34O MEE HOLCHATP 8 & XoF M21CF,

Outer Inner
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membrane space membrane Matrix

: -, . .

== ® & g O
. : Increased [H'] : - Decreased [H']

- @@ —

. = @ @ === Wi

=N IR=——=1 niccon

: 2 @ @ E===3 .

: : . ADP +(@®)
=0 © @

="HY?0

. D @ . i
- - (D

== 0?8

© 2006 Brooks/Cole - Thomson F|g 20-16, p556



=L
nA
_
oT o
S N m
up JH
0] = |
= S
X0 m
<0 m
00 ._.ﬂ m =
- o o
=3 | |58
% =on
Bl ol

I10d o M 5

ol K{ ™
oD o o 5

0] <1 20
w = 10 ol

XX o

Do




ATP synthetase = F,F,ATPase

« F1 =&X= apydel CrAIHKl EHRIAM 2
&L H, o= WA SIIF=2= 4o,
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S2E g4l dgs L2 Ut s

0
AV,

> ZE0ls

0

B

.':?1.:(“{‘ U 2R
[\

L\

2

LS

© 2006 Brooks/Coie - Thomson



ADP2t ATP2| Ol =

e« ADP2} ATP= UIEZE2|0 LHEt= AFS S A
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Uncoupler

@ NADHZ2H atA 029 MAEE

@

®

HSEILEATP &40 EA
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Uncoupler

@ Thermogenin= uncoupling protein-1 (UCP-1)
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i X2 A A (Brown Adipose Tissue)
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White Fat



Uncoupler

@ 2,4-dinitrophenol (DNP):
proton=2 W2 AHU

| Zo2 0|SA|ZICH OH

NO,

NO,
2,4-Dinitrophenol (DNP)




Miracle diet pill: 2,4-DNP

Drugs used to change the structure or functions of the body do not come within the -copc of the Food and Drugs Act.
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cytochrome oxidase-oxygen
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cytochrome oxidase-oxygen

@ Antimycin A:
cytochrome b-cytochrome C1
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4 Oligomycin, DCCD:
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L-Lactate L-Valine D-Hydro- D-Valine
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isovalerate

Repeating unit of valinomycin

(Valinomycin is a cyclic trimer of four repeating units.)

OCH
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CHyCHg
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N O CHg
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Il
CNH
OH HsC
NHCHO

O
Antimycin A
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Rotenone
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DIEEE2|0t2 transport system

@ Dicarboxylate carrier --- exchange diffusion of
malate, succinate, fumarate and Pi

@ puruvate carrier -- exchange pyruvate for OH-

® glutamate carrier -- exchange glutamate and
asparte for OH-

@ tricarboxylate carrier -- citrate diffusion

® Pi transport system : transport pi with H+ symport




0l E252/0t2 transport system

@ Glycerol phosphate shuttle

Malate-aspartate shuttle

NEZZEOA (HEU4E= Soll) &= NADHE
DIE2EC20t= 0l =




Inner

mitochondrial

membrane

Cytosol

Glycerol phosphate

NAD*

NADH + {\H’“D

Glycolysis === C=0O

Cytosolic
glycerol phosphate
dehydrogenase

CIIH2OH
O '

Mitochondrial
-—;—'—‘\

glycerol

phosphate

déhydrogenase

l [ '
CHg-—O—ll’—O'

O

Dihydroxyacetone
phosphate
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Mitochondrion

Glycerol phosphate shuttle




Inner mitochondrial Cytosol
membrane

o-Ketoglutarate Aspartate
(EOO_ OO0~
CH, H;Nt—CH
| L-Aspartate > L-Aspartate |
CH, / ( ~ CH,
(|:= o o-Ketoglutarate : > a—K;;?lgol:l:(a)r::‘; . (1:0 o-
éOO‘ [{ Oyt .osoli‘c asPa.rlatc aspartate
aminotransferase AN OtAnETerse
L-Glutamate : 1-Glutamate
- 4
C ;I}'L'( )l}'Si\ Oxaloacetate Oxaloacetate
l Cvtosolic Mitochondrial =l
o malate malate
NADH + [ H}) dehydrogenase .de.hydr'ogenase A
4 : (citric acid cycle)
NAD* Yz Oxaloacetate
1
L-Malate > L-Malate C|IOO"
Glutamate (|:= o
= Malate
(iJOO ‘I::Hz
(|3H2 ?00 (elelom
CH, HO — (|: —H
l
HNt— (lIH (IJHz
COO™ COO™
Mitochondrion
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Malate-aspartate shuttle




T CHOI A A| ATP A AFES

Table 20.3

Yield of ATP from Glucose Oxidation

ATP Yield per Glucose NADH FADH,
Glycerol- Malate—
Phosphate Aspartate
Pathway Shuttle Shuttle
Glycolysis: glucose to pyruvate (cytosol)
Phosphorylation of glucose =1 =1
Phosphorylation of fructose-6-phosphate -1 -1
Dephosphorylation of 2 molecules of 1,3-BPG +2 +2
Dephosphorylation of 2 molecules of PEP +2 +2
Oxidation of 2 molecules of glyceraldehyde-3-phosphate yields 2 NADH +2
Pyruvate conversion to acetyl-CoA (mitochondria)
2 NADH produced +2
Citric acid cycle (mitochondria)
2 molecules of GTP from 2 molecules of succinyl-CoA +2 +2
Oxidation of 2 molecules each of isocitrate, a-ketoglutarate, and malate vields 6 NADH +6
Oxidation of 2 molecules of succinate yields 2 FADH, +2

Oxidative phosphorylation (mitochondria)
2 NADH from glycolysis vield 1.5 ATP each if NADH is oxidized by glycerol-phosphate +3 +5 -2
shutde: 2.5 ATP by malate—aspartate shuttle

Oxidative decarboxylation of 2 pyruvate 1o 2 acetyl-CoA: 2 NADH produce +5 +5 -2
2.5 ATP each
2 FADH, from each citric acid cycle produce 1.5 ATP each +3 +3 =2
6 NADH from citric acid cycle produce 2.5 ATP each +15 +15 —6
Net Yield +30 +32 0 0
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Energetics of oxidation of glucose

@ Glucose + 36 ADP + 36 Pi + 36 H+ + 60,---> 6 CO, + 36 ATP + 42 H,0

@ AMNEEE= 2EHA
36 or 38 ATP

OPA

SOl Tt 22 iU X dat&=2 CH=L0L

@ oSN S2 = 263  x 100=38%

® S &4 Respiratory quotient (RQ)= moles of CO, produced
moles of O,consumed

RQ for glucose =1, RQ for protein =0.80, RQ for fat =0.71
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Energy sources of working muscle

1. Creatine P ﬂosphate, which reacts directly with ADP in

substrate-level phophorylation to produce ATP

2. Glucose from glycogen of muscle stores,

Initially consumed by anaerobic metabolism

3. Glucose from liver, both from glycogen
stores and gluconeogenesis from lactic
acid in the muscle, initially consumed by anaerobic

metabolism

4. Aerobic metabolsim In the muscle mitochondria




