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1. Introduction

Metabolic oxidations

}

Reduced electron carriers
NADH and FADH2

Oxidation || Mitochondrion

ATP
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2. Mitochondrial Structure

and Function

« Outer membrane : porous

Inner membrane : much tighter,

as a

barrier to many biological metabolites,

highly folded into cristae
« Intermembrane space

«  Matrix

Most vertebrate £ 54 cells contain several

hundred mitochondria
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r Outer mitochondrial membrane  permeable to small molecules (Mr
5,000) and ions--------- move freely through transmembrane channels

formed by a family of integral membrane proteins called porinsfLa&H.

A

\ Inner membrane impermeable to most small molecules and ions,

including protons (H)------ only through specific transporters

components of the respiratory chain and the ATP synthase.

; Cristae
| A, Intermembrane space
Matrix

Inner membrane



Respiratory proteins are bound to the inner membrane
Density of cristae corresponds to the respiratory activity of a cell

For example

*Mitochondria in heart muscle cells (high rates of respiration) are densely packed
with cristae

«Mitochondria in liver cells (low rates of respiration) have more sparsely distributed
cristae

The total inner membrane of mitochondria is equal to 17 folds of
plasma membrane
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Processes occurring inside the mitochondrial matrix :
[ pyruvate oxidation
fatty acid oxidation

amino acid metabolism

_ citric acid cycle
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Protein electron carriers-- embedded

within the inner membrane

Five multiprotein complexes named I,
1, 11, 1V, and V

Smaller carriers

coenzyme Q and cytochrome
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3. Energy Generation

3.1 ATP ------ general “free energy currency”

drive countless biochemical reactions: cell motility, muscle contraction,
and the specific transport of substances across membranes.

NH,
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Adenosine tnphosphate (ATP)
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3.2 ATP is produced in the cell from ADP as a result of three types
of phosphorylations —

e Substrate-level phosphorylations: occur when a "high-energy"

phosphate containing molecule transfers phosphate to ADP in a chemical

reaction to form ATP

« Oxidative phosphorylation

e Photosynthetic phosphorylation (in plants)
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Substrate-level phosphorylations

i
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1,3-Bisphosphoglycerale FPhosphoglycerate

1,3BPG + ADP <=>3PG + ATP
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Phosphoenolpyruvate Pyruvate

PEP + ADP <=> Pyruvate+ ATP
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. Photosynthetic phosphorylation: H-&fAZS 3. {4 f5F

Fhatan Etroma Phatan

o,

Thylakaid lurmen
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. 4. Electron Transport

Biological oxidations generate reduced electron carriers NADH,
FADH,

*Reduced electron carriers donate their electrons to acceptor
molecules and become reoxidized in the process

*The acceptor molecules are reduced

Reductant + oxidant <=>

Oxididized reductant (has lost electrons) + Reduced oxidant
(has gained electrons)
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Definition

Electron transport system (i 144i% 4k %) IS the place in the cell
where electrons generated by oxidation are transferred.

Passage of the electrons through the system generates potential
energy that is used to make ATP in oxidative phosphorylation.
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4.1 Some electron carriers in multienzyme complexs

The Respiratory Chain Consists of Four Complexes: Three
Proton Pumps and a Physical Link to the Citric Acid Cycle

[ =t —_ ot o = o i R T T T
o 1ne Frotem con (1] T ine WNONC | €
i ; i ey o A ot e s e S R e b

Enzyme complex/protein Mass (kDa) Number of subunits* Prosthetic group(s)
I NADH dehydrogenase 8ol 43 (14) FMN, Fe-S
II Succinate dehydrogenase 144 4 FAD, Fe-S
Il Ubiquinone:cytochrome ¢ oxidoreductase 25() 11 Hemes, Fe-5
Cytochrome ¢’ 13 1 Heme
IV Cytochrome oxidase 160 13 (3—1) Hemes; Cu,, Cug

*Numbers of subunits in the bacterial equivalents in parentheses,
"Cytochrome ¢ is not part of an enzyme complex; it moves between Complexes |1l and [V 25 a fresly soluble protein,
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‘ Separation of functional complexes of the respiratory chain.

Treatment
with digitonin X\

+ 2 .
. ""';I" \4- . Osmotic rupture
i % -- ': ﬁ" 2
Inner v
. - h"*"‘t‘? o Solubilization with detergent
R ® D followed by ion-exchange chromatography
Outer membrane LY
fragments . I
discarded 1 Qz\ Y l' ‘ i ‘
ATP t‘ ¥ 1 11 I v ATP
synthase {.’ synthase
e 2 s > .| : | -
1 | =
/ | i
.I | |
N 7N N N N
NADH Q@ Sue- Q Q Cyte Cyte O ATP ADP
cinate -
Py

Reactions catalyzed by isolated fractions in vitro



Intermembrane Glveerol Glyeerol

space (P side) 3-phosphate d-phosphate
r]:-'h'.drngmm*-'-l:- /" (evtosolic)
) o ~ FAD\
¢ e
@ l__ s ;._q.ﬂ_h
| r !.__ wdrir -..‘.&:'_—..\_
. ‘\ L '= Fﬁg‘x /T8,
. ) ) )
Fest | ( Fap | ETRQ—< MP
| "‘.} _ “ & J oxidoreductase] _
| o ! : -l 1 o
(e~ Succinate— | “FaD )
/ ” |
Ix ; 5 Fumarate prp.< 4 7
S NAD* = [Nt
NADH + H Acyl-CoA " FAD |
dehydroge nmw*"’ﬂ F‘:"D
Matrix (N side) Fatty acyl-CoA—"

Enoyl-CoA
Path of electrons from NADH, succinate, fatty acyl-CoA, and glycerol 3 —

phosphate to ubiquinone.
Electrons from NADH pass through a flavoprotein to a series of iron-sulfur proteins
(in Complex | )and then to Q. Electrons from succinate pass through a flavoprotein

and several Fe-S centers (in Complex | 1) on the way to Q



Succinate




4.1.2 The High-Potential Electrons of NADH Enter the
Respiratory Chain at NADHQ Oxidoreductase.
NADH + Q + 5H;_..— NAD" + QH, + 4 H_, ...

NADH is reoxidized to NAD* by complex | of the mitochondria
(also called NADH dehydrogenase).

NADH dehydrogenase contains flavin mononucleotide (FMN)
NADH + H* + FMN <=> NAD* + FMNH2

Complex | contains about 25 separate polypeptide chains
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NADH is generated by numerous dehydrogenases in the cell

TABLE 19-1 Some Important Reactions Catalyzed by NAD(P)H-Linked Dehydrogenases

Reaction” Location®
NAD-linked

ce-Ketoglutarate + CoA +NAD™ =— succinyl-CoA + CO, + NADH + H™ M
L-Malate + NAD™ =—= ouxaloacetate + NADH + H™ M and C
Pyruvate + CoA + NAD™ =— acetyl-CoA + CO, + NADH + H™ M
Glyceraldehyde 3-phosphate + P, + NAD™ == 1,3-bisphosphoglycerate + NADH + H™ C
Lactate + NAD™ =—= pyruvate + NADH + H™ 5
B-Hydroxyacyl-CoA + NAD™ —= B-ketoacyl-CoA + NADH + H™ M
NADP-linked

Glucose 6-phosphate + NADP™ =—= &-phosphogluconate + NADPH + H™ H

NAD- or NADP-linked

L-Glutamate + H.0 + MNAD(P)™ =—= a-ketoglutarate + NH; + NAD(P)H M
lsocitrate + NAD(P)™ == a-ketoglutarate + CO, + NAD(PJH + H™ M and C

These reactions and their enzymes are discussed in Chapters 14 through 18,
M designates mitcchondvia; C, cytosal.
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Structure of NADH-Q Oxidoreductase (Complex I).

The structure, determined by electron microscopy at 22-A
resolution, consists of a membrane-spanning part and a long
arm that extends into the matrix. NADH is oxidized in the arm,
and the electrons are transferred to reduce Q in the membrane.
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Intermembrane
space (P side)

>

Complex 1

Membrane
arm

Matrix
(n side)

NADH + H* Series B ¥ o . - .ﬂ"
of Fe-S 2
centers =«

- A5

JY NADH: ubiquinone oxidoreductase (Complex I).



Complex Il (succinate dehydrogenase)

Not in the path traveled by electrons from Complex |

Electrons from FADH, produced by the enzyme succinate
dehydrogenase In the citric acid cycle

Both complexes | and Il donate their electrons to the same acceptor,
coenzyme Q

Contains iron-sulfur proteins, participate in electron transfer
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Structure of Complex Il (succinated ehydrogenase).
(PDB ID 1ZOY)
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Coupled Electron-Proton Transfer Reactions
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Complex 11 -

Contains a diversity of electron carrying proteins

Include cytochrome b, iron sulfur centers, and cytochrome C1.

QHE + 2 E}rt Ciig + 2 H!;Htr'm - Q. + 2 C"}'t Cred + 4 Hr-:l-ytnmj
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Iron-Sulfur Clusters.
(A)A single iron ion bound by four cysteine residues.
(B) 2Fe-2S cluster with iron ions bridged by sulfide ions.

(C) 4Fe-4S cluster.
Each of these clusters can undergo oxidation-reduction reactions.
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Cys

Cys

Rieske iron=sulfur center

Structure of Q-Cytochrome C Oxidoreductase (Cytochrome BC1).
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2H*

Q Cycle
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Cytochrome c

Small protein (Mr = 13,000)
Associlated with the inner membrane of the mitochondria
Readily extracted in soluble form.

The other cytochromes are integral membrane proteins.

The amino acid sequence of the protein---highly conserved in
evolution, nearly 50% identity (from yeast to human)

WL A Pk B AT AR AL, AER SIS IV 2 1Ak i iy
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Tuna Rhodaspirillum rubrum Paracoccus denitrificans

SAUl e AL . B BRI

Conservation of the Three-Dimensional Structure of Cytochrome C.
The side chains are shown for the 21 conserved amino acids and the
heme
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0.6 | * |
| — Reduced
0.5 ! — Oxidized
i
g 04|
g 1
5 o2
& !
< oz |

Cytochromes — are proteins, strong .

300 400 S00 GO0
Wavelength, nm

absorption of visible light. @ Cyioonrome b
Each type of cytochrome in its reduced oe r_ (——
(Fe?*) state has three absorption bands

In the visible range.

Absoroance

Absorbance

400 S00 S00

Wavelength, nm

2015-4-13
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Cytochromes are a group of red or brown hemeXV £k Ifl. 21 %

porphyrin ARItk-- cyclic structure, consists of four five-
membered, nitrogen-containing rings, The four nitrogen atoms

are coordinated with a central Fe ion, either Fe2* or Fe3*,

CHa HEH=CH2

CH;=CH | Hx’= CH,
N—Fle —N
I'!lI RE"*=
CHs CH:CH,COO™

",
cf,  CHyCH,COO-
Iron protoporphyrin IX
(in &-type cytochromes)
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N /J'J' Wy, Attachment of C -Type Cytochromes

A heme group is covalently attached to a protein through thioetherfi it linkages
formed by the addition of sulfhydryl groups of cysteine residues to vinyl groups on

protoporphyrin.
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Complex IV

Cytochrome oxidase 4f il & 25 58 A1 il
Contains cytochromes a and a3

Takes electrons from cytochrome c
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Heme a

Heme a,

AN

[

¥

Structure of Cytochrome C Oxidase.
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Cytochrome Oxidase Mechanism.

‘I . Electron transfer to Cug

2. Electron transfer to Fe
in heme a,

Cytochrome ©
~— 7 s A
P ™ = ™
Cula/Cuy
He
e 2
Heme -IJJI cl.lg

A e,

A

8. Release of water

o @

A

H'I' H'r

H*

7. Reduction of the

ferryl group

LVLY T AV

@ —

3. Both Cug and Fe
in heme a4 in
reduced state

o ™)
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o @

|
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6. Cleavage of

0-0 bond

s

@ @

4. Binding of O,

-~

7
00

-

5. Formation of

peroxide bridge



Proton Transport by Cytochrome C Oxidase.

4 Cytcpg + 4 Hipix + O;— 4 Cyte,, + 2H,0

4H" 4H’
Pumped  Chemical
protons  protons
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Intermembrane
space (p side)

Fumarate
Suceinate

NADH + H*

Miatrbeixaide) Summary of the flow of electrons and protons through

the four complexes of the respiratory chain
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4.2 Determining the Sequence of Respiratory
Electron Carriers

Standard reduction potentials of the major respiratory
electron carriers.
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Voltmeter Standard reduction potential,

EO’ BRIl JR B

Species with a higher standard
reduction potential tend to
accept electrons from molecules
with a lower standard reduction
potential

Solution of 1M H" in equilibrium
M X and 1M X with 1 atm H, gas

Oxidant + e~ —— reductant

Measurement of Redox Potential
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NADH

v

, Succinate-0Q
Q = reductase
L J

Cytochrome ¢

oxidase

L d

0,
2015-4-13

Oxidant Reductant n EnV

Acetate + CO, + 2HT Fyruvate + H,Or 2 —070
Succinate + CO, + 2H™ o-Ketoglutarate + H,O 2 —067
Acetate + 3H™ Acetaldehyde + H,O 2 -0l
O, 0, 1 —45
Ferredoxin (oxidized) Ferredoxin (reduced) 1 —ih43
2H* Ha 2 —0.42
Acetoacetate + 2H" 3-Hydroxybutyrate 2 —0.35
Pyruvate + CO, + HY Malate 2 —-033
NADY + HY MALH 2 =032
NADPT + H* NADPH 2 —0.32
FMN (enzyme-bound) + 2H™ FMMNH, (enzyme-bound) 2 =30
Lipoate (oxidized) + 2H™ Lipoate (reduced) T —029
1,3-Bisphosphoglycerate + 2H™ Glyceraldehyde-3-phosphate + F; 2 —0.29
Glutathione (oxidized) + 2H™ 2 Glutathione (reduced) 2 —023
FAD + 2HT FADH- 2 —022
Acetaldehyde + 2H™ Ethanol 2 =020
Pyruvate + 2H™ Lactate 2 —-019
Oxaloacetate + ZH: Malate 2 —0.l17
«-Ketoglutarate + NH, + 2H" Glutamate + HoC 2 —0.14
Methvlene blue (oxidized) + 2ZH*  Methvlene blue (reduced ) 2 0.01
Fumarate + 2H™ Succinate 2 XNE]
CoQ + 2HY ColJH, 2 (r04
Cytochrome & { +3) Cytochrome & (+2) 1 .07
Dehydroascorbate + 2H™ Ascorbate 2 0.08
Cytochrome ¢ (+3) Cytochrome ¢y (+2) 1 0.23
Cvrochrome ¢ (+3) Cvirochrome ¢ (+2) 1 0.25
Cytochrome a { + 3} Cytochrome a [ +2} 1 (29
%0, + H,O H.O, 2 0,30
Ferricyanide Ferrocyanide 2 0,36
Mitrate + 2H™ Mitrite + H,O 1 0.42
Cytochrome a; { +3) Cytochrome a; { +2) 1 (.55
Fei+3) Fe(+2) 1 077
0, + 2HY H,0 2 082



10, + 2HY 4 27— HLO Ej= +0.82V (a)
NAD' + H* + 2" —— NADH Ey=—-032V (b)
10, + NADH + H* — H,0 + NAD" (c)

AG = —nlFAE;

AG? = =2 23.06kecal mal™ 'V x +0.82V —
(=2 X 2306 kcalmol "V ' X —0.32V)

= —~37 8kecalmol™ = [14.8 keal mol 1)
~52.6keal mol™" { =220.1 k] mol ")
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HEIH IR

|
FAD

l
NADH — FMN — CoQ — Cytb — Cytc1 — Cytc — Cytaa; — O,

A 1.14-Volt potential difference between NADH and O2
drives Electron transport through the chain and favors
the formation of a proton gradient
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Inhibitors

, antimycin A §15 2 A,
cyanide F (LY, azide B %14, and carbon monoxide

Specific inhibitors : rotenone £ i

(=

Reapiratory HOtenone Cyangle, azide
inhibitors: anmytal Antirmycin A carbon monaxds

& b &

HADH —= FMM Fe—5 —= Col} —= cyt b Fe-5 —»coyto, — cyic cyt 8 cyta, —= 0O,
—0.32 [— 0300 :« {+0.04) [+1.07) :~. {+0.83) {+0.25) :[m?ﬂ]

(+0.560)  (+0LB2)

Artificial '.'5._r::l,'§.._'.
glectron I 1.26)
accepiors: P07 [ +0.08}
; ar ::.I ....... 1
ol ! 1
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Rotenone 1 B, amytal ‘22K 2, BE FITINADH i & i 25 [ 45 &

Piericidin—A K7 1 e 22 A4 CoQI1 45 /4 RALLW)

SRCyt aagyh, H eyt VR ML ZE 22 B 6 BE AT S5 Prflt Rk IA T
J e AV B

X Cyt aa, 731 H BT & B 20 RAF R IR T 2 T 5B 4, ab
Al RE 50,. CO. CN—454 . Il Eae s i i
HESNSY A
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An inhibitor ----a specific target of inhibition--- crossover point

overall pathway is blocked

Before the crossover point, electron carriers----reduced state

After the crossover point, electron carriers ----oxidized state
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5. Oxidative Phosphorylation

5.1 Definition
Oxidative phosphorylation ------

IS a process where the energy of biological oxidation is ultimately
converted to the chemical energy of ATP.

SR AT
ik KR A4t B B A A A

T A 4 40 BALPT & A 6 B ER AL T A2 AR h BALARBR LR
F. BALBERLAE R R A5 A 4 B A2 P ARk 69 e AL AS R,
ATPegit A2, |ALARERALAE M A F e Eshegfinl, £
EENRERAR.
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Movement of electrons through ETS ( the electron transport
system)

Protons to be pumped from the mitochondrial matrix of a cell to
the intermembrane space

The difference in potential

Provides the energy source for making ATP in the mitochondrion
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ADP + P, + H* ==ATP + H,0
AG®' = +7.3kcal mol™! (+30.5k] mol ")

NADH + ; O, + H' ==H,0 + NAD"
AG®’ = —52.6 kcal mol™"' (—220.1 k] mol ™)
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The World's Smallest Molecular
Motor: Rotational Catalysis

2015-4-13



5.2 ATPE& B

Complex V (ATP synthase, EoF1 complex): located on the
Inner mitochondrial cristae

A top knob ---F1 (projects into the
mitochondrial matrix, contains three
dimers arranged like segments of an orange
around the stalk)

The base ---Fo (in the inner mitochondrial
membrane)

A stalk--- joins the knob to the base.
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F1 complex: synthesizes ATP, protons pass from the intermembrane
space through the stalk and out the top of the F1 complex into the

mitochondrial matrix
The stalk contains y and € proteins

A Is attached to protein b ,a and c of the Fo base

F1 (aB).yeod ATP synthase

Fo subunits ab,c,y ;= lon translocator
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Fo complex

The antibiotic oligomycin 5 %% zbinding site

---- blocks the flow of protons through the Fo channel

---- Inhibits oxidative phosphorylation directly
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Energy coupling hypothesis: ATP synthesis VS ETS

Chemical coupling hypothesis

1953, Edward Slater, J%5 ik 1 = Ge 3540 Hh R4

Conformational coupling hypothesis
1964, Paul Boyer, Mt P K &5 [ itk A28 %2 A4k

Chemiosmotic hypothesis, 1978, Nobel Prize

1961, Peter Mitchell, explains how ATP is synthesized by
mitochondria as a result of protons pumped during ETS.
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The Nobel Prize in Chemistry 1978

"for his contribution to the understanding
of biological energy transfer through the
formulation of the chemiosmotic theory”

Peter D. Mitchell

United Kingdom

1920-1992

Glynn Research Laboratories
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Chemiosmotic coupling hypothesis principles: Fig 24-18

1. Energy from electron transport drives an active transport system.

2. The active transport system pumps protons out of the mitochondrial

matrix into the intermembrane space.
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Electron transport drives H" out and

3. An electrochemlcal gradlent Of creates an electrochemical gradient
protons is created

a lower pH value outside the
mitochondrial membrane than
Inside.

The protons on the outside have a
thermodynamic tendency to flow
back in, so as to equalize pH on
both sides of the membrane

Higher pH,

lower [H'] in matrix
Lower pH,

higher [H'] in intermembrane space
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‘ Bacteriothodopsin in

synthetic vesicle H

Mitochondnal ADP + P;

ATPase

ATF

4. When protons do flow back into the matrix, the free energy
arising from the gradient (21 kJ/mol of protons) is dissipated,
with some of it being used to drive the synthesis of ATP.
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Matrix
Membrane

Essence of Oxidative Phosphorylation.
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( acid | %
\Gde / ADP + P, AP + H,0
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Evidence supporting the chemiosmotic coupling hypothesis:

1. Mitochondria do pump protons and establish a pH gradient across

their inner membrane.
2. Oxidative phosphorylation requires an intact inner membrane.

If the inner membrane is damaged, protons can leak back into the

mitochondrial matrix and destroy the proton gradient. Thus, there would be no

energy to make ATP
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3. Key electron transport proteins span the inner membrane
perfectly positioned to serve as pumps.

4. Agents that uncouple ETS from oxidative phosphorylation
dissipate the proton gradient

5. If one creates an artificial proton gradient across the mitochondrial
Inner membrane by incubating mitochondria in an acid solution, ATP
IS produced by the mitochondria in the absence of electron transport.
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Matrix ] = 1070w (7 _

Kf1=ICl"]1=01Mm

Evidence for the role of a proton
gradient in ATP synthesis

L (a)

pH lowered from 9 to 7, o
i valinomycin present; no K

(b)
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5.4 Binding-change mechanism Paul Boyer

Rotational catalysis mechanism

Movement of the protons through the Fo complex
causes it to rotate.

ATP
ADP + P,

J N side
— (M

| T i
W
JI ] il hl.’ﬁ i

Paul Boyer (LR
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Structure of the F1 complex
three aand three 3 subunits are

arranged like the segments of an orange
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F1 viewed from above

The single y subunit associates primarily with one of the three af
pairs, forcing each of the three B subunits into slightly different
conformations, with different nucleotide-binding sites.

3-ATP has ATP (red).

3-empty has no bound nucleotide.
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Proton Path Through the Membrane g
— Aspartic acid

Subunit €

{ Cytosolic half-channel

Matrix half-channel

Subunit a

Each proton enters the cytosolic half-channel, follows a
complete rotation of the c ring, and exits through the other
half-channel into the matrix.
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F1 ATP synthase as a rotary engine driving the synthesis of ATP

1207 ratation of
{oounterclockwise) o

F1 B subunit contains three similar, but not identical, binding sites for ATP or ADP + Pi.
T site (Tight) : bind to S tightly, have catalytic activity

L site (Loose): bind to S loosely, have no catalytic activity

O site (Open): bind to S with low affinity

The proton motivation------ energy released by Fy------ Yy subunit rotation
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Ju"' > Binding-change model for ATP

3H;,

. synthase.
3 Hp
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Actin filarment

Straptavidin
1
e fly complex
1ag
i-MTA coated
Caoverslip
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Proton movement through the complex (F,)

Each rotation (120°) o*the rotor converts all three

binding sites into new conformations

V

At each turn of the wheel, 3 ATP is released.
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5.5 P/O Ratio
The efficiency of oxidative phosphorylation

tADP + xP; + 30z + H* + NADH —
xATP + Hz0 + NAD™

The amount of ATP made versus the amount of oxygen
consumed--x

The molecules of ATP made per pair of electrons carried
through the electron transport( P/2e- ratio) integer.
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Intermembrane
space (P side)
4H*
4

-

-

NADH + HY NADT Succinate Fumarate

Matrix (N side)
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Balanced equation for the mitochondrial oxidation of NADH :

Complex | from NADH : about (2.5/1) 3:1
Complex Il (FAD's electrons) :about (1.5/1) 2:1

ADP + Pi <=> ATP ( = -31 kd/mol)
3ATP -93KJ

about 42%, of the energy released
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opinion: H* 10 (NADH)/6 (succinate) vs 2 e
ATP 1 vs 3 H* (+1)

@plus one may be used for transporting ATP, ADP, Pi

NADH 25ATP

FADH 15ATP
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Intermembrane Matrix

space

A
S
Tilra-ar e

NN

Adenine
nucleotide  ATP* ™= ATP*”

translocase snpi- -"""___'_"'-———.__1
(antiporter) ADP*
+

H

aynthaze

+ —_

$ S R

" H, POy,

Phosphate g - vl T
translocase EPGL_E—?\ N
gaymporter)

i

Adenine nucleotide and phosphate translocases
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carrier carrier carner

Mitochondrial Transporters.
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6. Shuttling Electron Carriers into the Mitochondrion

Inner membrane is not permeable to NADH

How can the NADH generated by glycolysis in the cytosol be

reoxidized to NAD by O, via the respiratory chain?

DHAP/ Glycerol-3-P shuttle system
skeletal muscle and brain mitochondria

Malate/aspartate shuttle system

liver , kKidney and heart mitochondria
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DHAP/ Glycerol-3-P shuttle system :

Note: the shuttle transfers electrons from NADH ultimately to

make FADH,
Transfers electrons to CoQ bypassing complex I.

Inefficient, 1.5 ATPs.
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Malate/aspartate shuttle system:

2.5 ATPs per pair of electrons from NADH.
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7 Respiratory control

Substrates: ADP, Pi, O,, oxidizable metabolite
Respiration is tightly coupled to the synthesis of ATP

respiratory control

« ATP synthesis absolutely dependent on continued electron flow from substrates to
oxygen

Electron flow in normal mitochondria occurs only when ATP is being synthesized
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Biological sense
*Ensures that substrates will not be oxidized wastefully

*Their utilization is controlled by the physiological need for ATP

In most aerobic cells : [ATP] = (4- to 10-) *[ ADP]

Respiration depends on ADP as a substrate for phosphorylation
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The cell: ATP is consumed at high rates

So that— — —
accumulation of ADP
stimulates respiration

activation of ATP resynthesis
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relaxed and well-nourished cell

ATP accumulates at the expense of ADP
the depletion of ADP limits the rate of both electron transport

and its own phosphorylation to ATP

energy-generating capacity <:>energy demands
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Addition of an oxidizable substrate 06

Glulamale-
!

such as glutamate, has but a small U5 I‘
effect on the respiration rate. £ 04}

m |

= |

' e 03 « 1 patoms O

ADP is added, however, oxygen & | JH

% 02

uptake proceeds at an enhanced rate
until all of the added ADP has been '
| ﬁﬁgercpiﬂ

converted to ATP, and then oxygen 0 1 2 3 4 §

Timea, minutes

uptake returns to the basal rate.
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Chemical uncouplers dissipate the proton gradient
* DNP (2, 4-—hi55m)

* FCCP (=SSR IFIEF )
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Intermembrane matrix

space

High PH

DNP*+H* "=z DNP*+H"*
< S
DNPH DNPH

oH
5 B
: : Inner
IV membrane
| | Lipid
0 0

soluble

2 A-dinitrophenol (DNP)
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epermeabilize the inner mitochondrial membrane to protons

destroy the proton gradient

euncouple the ETS from the oxidative phosphorylation system.

\

electrons continue to pass through ETS

reduce oxygen to water, but ATP is not synthesized
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Why ?
After Indian student's death in UK, university
warns students against weight-loss pills

Edited by Amit Chatorved: {With PTT inputs] | Updated: Februsry o4, 2043 brig 5T

W Tweet <71 gLy EiaE <149 =5 Rdit this! |- ﬂ i Tt = Ml

A0 Iy Cehelsle
Fastest VPR for Al — Unbiock sl sites. Try Riak Free. 100% Secure & Anonymols. Eksy SEtop

Erassy PN, oom

London: The death of 18-year-old student from
Hyderabad has shocked many in the UK. Reports
say that Sarmad Alladin died after apparently
taking Tethal' bodvbuilding pills to help him lose
weight.

Enown as Mr Muscles’, Alladin was bving in
university accommeodation in Epsom, Surrev,

while attending the specialist art and design

university in nearby Farmham University. He was

taken to hospital hours after taking tablets which

St the drug Dinitrophenaol (DNP), which
vl [y oy e e g g i to several deaths.

2015-4-13



REMBRFLEFEN - RIBULT-RER )5, FERBIA N AR M _LIE KK &
ER RS RRIE YL, RN BUFET S LRG3/ RV R .
RIS R, BRI, R KA AR S # B, (H2m T i,
FEF LRI ST AHEENy, Sebr BIX O L2013 FERIEMEE T, MR AN
R AERIZET S 451y s L r] RERL 1

LRS- F RS 4 8 1 1 S “2012
40 FARIFTI B AAESE B S RTUABAET:, FERT b B0 R IR
Sl

1. ZAHEEME1930F AR, HAAEH TR Ly, BHR19385 4
BN R AL, SR RO K2 AETm ], AR IR D S 1
K, BURF ISR LU T

2: AHIEEYIUAEHORAE - SEHEIE KR AR N 25, (R R ——
Foe DHonpl, XA RN UAERI R0, ROy IRA e L, I
WA T A ARG A AT N, AT O S AR IR AT,
A B R/ arss Lo

3. Je[E LA AIX A4 S0 Y BUIR i 0 s A [F] I A TR 2R 25 05 2K
XHEWZ ), BRI s T ARE A, #ABERPTIIAR R 5% A 1
23— i




FALBEIRAL AN 57 -
FHRIATP &G AR, 740,89 4 4€

FEF AL R e H R S ATP A R B GIF B A AR R,
FLOEATPA AR, L% IFFhnik i 3h H 3, o -FA58 = 4
B304, 0,89 7H #Esh2A8 B Y.

2015-4-13



125 1 B
) ot

Valinomycin iz #22  K™
Gramicidin JifF &Ik KT Nat

HERZPETIARFRIEALT e, BRTRFHAH, Amip
%) T ATP#4 % A,

2015-4-13



Complex |

Complex 111

lo, +2H’

Succinate

matrix
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Add

CN-
_ D
T N
= Add =
g_ succinate E
pe Add o
C | ADP + P, -
J/ <

(a) Time

Addition of ADP and Pi alone results in little or no increase in
either respiration (02 consumption) or ATP synthesis

When succinate is added, respiration begins immediately and ATP is
synthesized.

Addition of cyanide (CN), which blocks electron transfer between
cytochrome oxidase and 02, inhibits both respiration and ATP
synthesis.
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‘ Add Add
venturicidin DNP
- Uncoupled
- oligomycin g
= z
i 1
7 Add =
S ADP + P, =
O mw
) Add ¥
C suTinate E
v) Time

(b) Mitochondria provided with succinate respire and synthesize
ATP only when ADP and Pi are added.

Subsequent addition of venturicidin REEEFor oligomycin,
inhibitors of ATP synthase, blocks both ATP synthesis and
respiration.

Dinitrophenol (DNP) is an uncoupler, allowing respiration to
continue without ATP synthesis.
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Effect of Rotenone and Antimycin A on Electron Transfer
Rotenone, a toxic natural product from plants, strongly inhibits
NADH dehydrogenase of insect and fish mitochondria. Antimycin
A, a toxic antibiotic, strongly inhibits the oxidation of ubiquinol.
(a) Explain why rotenone ingestion is lethal to some insect and
fish species.

(b) Explain why antimycin A is a poison.

(c) Given that rotenone and antimycin A are equally effective in
blocking their respective sites in the electrontransfer chain,

which would be a more potent poison? Explain.
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ATP synthase activity ATP hydrolysis

(nmol of ATP formed min~' mg~" (nmol of ATP hydrolyzed min~" mg™"')
Controls 3.0 Controls 33
Patient 1 0.25 Patient 1 30
Patient 2 0.11 Patient 2 25

Patient 3 0.17 Patient 3 31

I ATP synthase ZZFEM —REALEH LT, AAZRTHEBHZ EIMNE A,
EHEE, BEEER. RBEFW T S RATE, X ATP synthase B I #8.
W5, IABEIAES, WIEATP synthase W& M (R A RKr) .

] ;

1) Z LR NFEI B0 B =47

2) ZRL AT MR- EEKATPS R R AT 4 2?2

[) ISRV Ze AR LE IDN T ATP, 1B 8k = 3% 30 B2 B 2% o i IS & | € ATPase V&%
(FERWwAERT) .

=R

3) Hft L EATPaserE N TR A F AL A B IR ?

4) R TATPHARAT LM ?

5) 4 FABWA LIS, 58RI &% A
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