LECTURE 20

Biological Oxidation
Oxidative Phosphorylation
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The Flow of Electrons (emf) Can Do Biological Work
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Four types of electron transfer occur in cells

|. Directly as electrons:

1t —
Fe — Fe:H_ + e
cu” y et +e”
+ _
2. As hydrogen atom:s: @ —) H + €
Co0~ oo
Su((,l'haxﬁ C]ML_ =~ -bumava\l@
) Vs 1)
.. _FAD SEETNGY
|

(oD~ OO~



7 LECTURE 20 BIOCHEMISTRY | CSIR | GATE | SET

3.As a hydride ion (:H*) which has two electrons:

= .

NADH S NAD + |2¢€ +wnt
NADPH > NADPT 4+ |2¢” 4wt
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v/

Reduction potentials measure affinity for electrons (measure in volts)
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Standard reference

—0-52V
Device for measuring emf H* + e 9 A H2 \) 0 \/O'LL—/

Test cell containing |M (Oxidised/Reduced species)

H,gas 5 X
(standard <t brid e— ]4 T
alt bridge )
pressure}—w (KCL solution) \\, H + 2—
= InAdDn —— NAD A
LrT ) A m MAD (Accpiov)
HZT 1 M NADY (Dow.np
\—/
Reference cell of known emf: 4 Test cell containing 1M
The hydrogen electrode in concentration of oxidised
which H, gas at 101.3 kPa is and reduced species of the
equilibrated at the electrode redox pair to be examined

with IM H \_
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Half-reaction
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10, + 2H' + 26" — 5 H,0

Fe?t + o7 — Fe?t

NO; + 2H* + 2¢~ — NO; + H,0

Cytochrome f (Fe't) + = —
cytochrome f (Fe® ™)

Fe(CN)i~ (ferricyanide) + e~ —s Fe(CN)a~

Cytochrome as (Fe®*) + ¢~ —
cytochrome a, (Fe* ™)

Dﬂ + EH_ T 21‘:.'_ —_— H:_::D_..-

Cytochrome a (Fe®*) + ¢~ —
cytochrome a (Fe* 1)

Cytochrome ¢ (Fe®™) + e —
cytochrome ¢ (Fe®™)

Cytochrome ¢; (Fe**) + e7 —
cytochrome ¢, (Fe® ™)

Cytochrome b (Fe® ") + e~ —
cytochrome b (Fe?™)

0.771
0.421

T

0.36

0 68F

1=
]
(=)

=
2
[ty §
e

0.045
Fumarate®~ + 2H" + 2¢° — succinate® 0.031
( 2H™ + 2¢° —— H» (at standard conditions, pH () D.E}Ot}_}

Ubiquinone + 2H™ + 2¢- —— ubiquinol + Hy

Crotonyl-CoA + 2H™ + 2¢- — butyryl-CoA = 0.015
Oxaloacetate®™ + 2H' 4+ 2¢° — 5 malate® -().166
Pyruvate” + 2H' + 2¢” — lactate™ —0.185
Acetaldehyde + 2H™ + 2¢— — ethanol —0.197
FAD + 2H' + 2¢ — FADH, —0.219+%
Glutathione + 2H' + 2 —

2 reduced glutathione —0.23
S+2H" + 2¢7 — H,S —0.243
Lipoic acid + 2H" + 2¢- — dihydrolipoic acid —0.29
NAD™ + H™ + 26 — NADH —0.320
NADP"™ + H" + 2¢- — NADPH —0.324
Acetoacetate + 2H™ + 26 ——

B-hydroxybutyrate —0.346
e-Ketoglutarate + COs + 2H + 2¢7 ——

isocitrate —0.38
Z2HT + 8¢ —— H, (at pH 7) —0.414
Ferredoxin (Fe®™) + e~ — ferredoxin (Fe®*) —0.432
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Change In
Standard reduction potentials can be used to calculate the free-energy change

AQO = —nkF ‘A Eo) Nn= numbey Ob ele hrow

. = F-= Fa\vadm«y conston b
oEo: Clhange Redvchton (_“S_j:: d4¢ S ') K-cod = 2_3)

o POJ-C:HAI ;

NE - E‘Accephﬂ - EDDV\oV

o
/)Eo = +Ve NG = —\/e SParH-mneou_s

(o]

AEO: —\/e N¢g = +Vve Non- _SPonMncous

F= Faraday constant (96.5 kJ/V. mol or Zg#rrol)
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Consider the reaction in which acetaldehyde is reduced by the biological electron carrier NADH:
AccephoY DonoY

(Acetaldehyde t[NADH + H*|> ethanol + NAD*

The relevant half-reactions and their E® values are:

M) Acetaldehyde + 2H* +9 ethanol E0=_02V AcceprovV

_2) NAD + 2H* +(2¢)> NADH + H* E'=-03V Donov
é__—
Calculate AG” (Given F = 96.5 kJ/V.mol)? AEO: (EOA)__ (El)
A = —n F NE’ = (-02)— (-0
- -2 X 96.5 X 0-1 = —0:-2 + 03
= — 2 X 9.65 = A0
o0

DNa = — |930 KT/ mole



LECTURE 20 BIOCHEMISTRY | CSIR | GATE | SET

el Lo coneY @:u(ogfcud Ny S ferr

Nerst Equation: / }
o, 026 (Electron Acceptor) éf'_
E=E"+ In |
i 2 n (Electron Donor)
( Baz —n FE D)
Standavd AE < @_—@
Redv chum
potenhos
PleSwléjlw/
R¢ du tHion
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Electron Transport Chain

Location: T nner wmub Urondna/ m em broane
PBaocteviod Plaswma mew brane.
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ELECTRON TRANSPORT CHAIN COMPONENTS

x 4 I mmobile Lomplex — 1, T, o ,6 K I¥

x 2 mobille claynevry

T — 1T — Ub:oyurname (u191d Solwble)
T afh‘)cmyomé C ( Proteur)

o —— 7
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NADH Delrw/d*r\)ﬁé/MAe éow~7912/
. NADH-Q reductase (Complex I):
.TvameCY A e bmm NADH 1 Ub;apumané

o Flovo PYOHUV\ (FMN) & Fe-S PYU-]-&M

Pump y HT ouFs de nia Hrix duwnz/
h—my\gzre/\ Ob two e hvos 15 VY.

Intermembrane
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NADH —p» FMN —— FeS —— UR
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mitochondrial < 'H )

membrane
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Complex Il: Succinate dehydrogenase complex
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BIOCHEMISTRY

| CSIR | GATE | SET
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Q-cytochrome c reductase (Complex Ill):
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Cytochrome c oxidase (Complex IV): (NWeme ) Pyo e
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Electron transport chain inhibitors:

Phenformin
Amytal

Carboxin Dimercaprol Azide
Barbiturates cO
Piercidin @l BAL ( 'Eyn Hsh AnH H,S
J' lewnsite)
S conplex I @l
Complex-1 = SELENpENY

\\Y)

Co MPl ex L
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Slechon btow Il wmem byane S«Pace =7-2
Formation of electrochemical (H*) gradient 2t PY
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tovpled [ ATP Synhaase

AOxidative phosph\c:rylatlon. LU e o Fo- l:ll
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ATP Synthase Is Driven by the Flow of Protons

Ahe Fl FI Component Has Pseudo-Threefold Symmetry — 30( 3[3) 1 2 18,1¢

+The Fo Component Includes a Transmembrane Ring _
lo 2b,l0cC

> F1 ATPase
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. ATP Is Synthesized by the Binding Change Mechanism.

. Codboly ke ole = F—Subuml— ob F,
o« RolnHonad WMA/SLC
s Chemi-0Snmrohc lM/PoPhesl_s:Mz{-sche(/(
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Each of the B (nucleotide binding sites) three subunits cycle through 3 different conformations due to rotation
“of Y subunit:

(O)pen: little affinity; ADP and Pi are free to enter (ATP is free to leave) the catalytic site

(L)oose: higher affinity; lose binding of ADP and Pi +

(T)ight: Packing the ADP and Pi together tightly; facilitating the condensation Els

ADP +1P J

P 30 Toioion
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+ -
lomt lOHAH+ = 2.SATP
The free energy from NADH to O, can drive the synthesis of approximately 2.5 ATP

The free energy from FADH?2 to O, can drive the synthesis of approximately |.5 ATP

ent éh/q_Hfj

L ATP 2t (DiIved)
! 1 nt (l-rmnSPoﬂ— 0{7 lno’jowuc PIADS?M}?)
‘ > qH-i' ATP(—-H) 0\4,\- %
%7/ + + 4+ , \4:_0 _

‘\'* + T | S
% P0-5" App
__Q_P 7 )ATP
-3) -2 P
ADP- POy /on—
ATP
TvansloCafoy g Cha il
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ATP synthase Inhibitors

)

o Oligomycin 17l
- Dicyclohexylcarbodiimide (DCCD)
1
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Reactive Oxygen Species Are Generated during Oxidative Phosphorylation

Nicotinamide Inner O ")
nucleotide mitochondrial Cytc ‘/ 2 L\/ HZ 02
transhydrogenase membrane .
| AnH - oxidant 2&4}\1m€
l Q \ 1 v
|
( - SUPeY oxide dis wulose
Oj:
—~ =-\ 9 E o Qlulontione PewxndaSe
o)}
NADH NAD* OH" '\..\:‘ cide
‘&_\"i\
NAD*
NADP* sy e G55 G iy 20,
NADPH Sl 2 GSH—" N\, H,0
inactive
-3 ~ ZGSH
Enzd |
oxidative =S Y protein thiol
stress C S '/,r«,,'l‘reductlon
) . =+ GSSG
*SH

active
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ADP/ATP transport systems

A‘Y?L’q’)
+4F }\/'Z
\ e
ADP
2 Abrockyloside

]307’\7 Kye Kale

Atractyloside and bongkrekic acid/ bongkrekate
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£T¢ 4 ATP SynHiase

Coupling ofETCW bo th OPM fo
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Uncouplers : Allow elechon tyan spovt Chaun o O/DQYO\ZZ
In absence ATP  $ynHnesis-

J 5 %i\ﬁ \4"‘1-4\" e 2“8)*7\1 wld be velepsned
) (D
}

ar Ty — M komn heat-
[y f u ’-j-\—
ATP = 1T
poP
Ry
Tonophore Ton-cavyney

, Prown hot”
o Brown adipose tissue 63- :

°* Thermogenin (or uncoupling protein).
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Physiological uncouplers (ion carriers)

« T hyroxine

- Bilirubin
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Synthetic uncouplers (lon carriers):

% 2,4-dinitrophenol: proton carrier

- w wt nt
nt C‘)-o"_:-n‘ — L —ov
- ?
\ [
V J
DaP~N
T

o Dinitro cresol,

o Penta chlorophenol,

o Trifluoro carbonylcyanide phenyl hydrazone (FCCP).
e Aspirin (MLPDA{I 5aI/SyLa+c)
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lonophores : Povye on 1nney menm byvane

OVO\IJYIDM&/CLV.‘ & o &mplmrpovlfhlc' {elu x
» Migy evyein

l

ﬁ’— — 90)4/0/31&0%

e L-ov00 —D-0v00 -L-00 —D-OO ----

Antibiotics valinomycin and nigercin act as ionophores for K* ion
y g P
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o Study of effect of various molecules on electron transport chain

nv« )
I\ __a ‘ Lb ETC opevaies
‘ A“l‘—\ I >
% & 1 @2 /@ +hen 0, wd be
Ay
RESE RAD e covrsvmed

MiCyosom e
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l\\pJ)V \HADY\" 0, comcr @ Su ety ——v‘/_L—E——)‘/IEAI
TR 77, T
J [ = Eorenad)
' ATP Synttose
e D ADP, 1P NADY
o ‘,)“’O J ] Rolenone
O o, _J J sucuna..lc
0 \ olcgow\ycw
2 ] @uownp)
_ (2] (onan ‘ _—\
T

Fime —
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G ly wly su
- Malate-Aspartate Shuttle (Heart, liver and kidney): . ' 2 ATP }oso
0\ éb‘/wk,"j ’ @\P
NADN  NAD . 4y oly Su
ASP‘—?OAA%—PMM 2 + SATP - 7ATP
7 N ) [2Pgyvate) = 2 x 12.5 AT?
(é(;/‘r?) /' = 25ATpP
l‘
.- 1 glwwoste ~~~| 32 ATP
DY j j / J

) NAD
AS P «——>0AA MMM‘[‘C

K MpDH
M\)‘“%
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2 NADNh — ZF-A-DPIL

The glycerophosphate shuttle ( ), PloonTs
DHM? avoxy \/ °
3 Glyew]-2- Phophate
Gupcerol-3-P dehy dwgerase (ad
4 ly wly st GUrawl -3-P
e 2ZATP delwy dvgLnsse
o 2NADH 2ZFEADN, DuaP J
11
3ATP
- SATP




LECTURE 20 BIOCHEMISTRY | CSIR | GATE | SET

HAPPY LEARNING

THANKS

India’s No 1 for NEET, lIT-JAM, GATE and NET Exams
www.ifasonline.com
9172266888




