Chapter 14--Citric Acid Cycle

Pyruvate to Acetyl Co-A--Pyruvate dehydrogenase
The cycle--phase | and phasel|

Co-factor structuresand functions

Recognizing oxidations
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Historical Discovery--Krebs 1937
System--Respiring minced pigeon muscles.
Cyclic vs. linear pathway

Observations

**tricarboxylic acids stimulated

M or e oxygen consumption and pyruvate
Oxidation than predicted by stoichimetry.
Cycleor catalyst???

**Malonate inhibits succinate dehydr ogenase and
L eadsto pyruvate, citrate, succinate, and alpha
ketoglutarate build-up.

**addition of pyruvate and oxaloacetate produce
Citrate.
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Pyruvate Dehydrogenase Complex in E. coli has
24 E1, 24 E2, 12 E3 and MW 4.6 million g/mol!
3 enzymes and 5 co-factors are arranged in a cube



Key to coenzymes:

- Thiarning pyrophasphate Pyr uvate dehydr Ogenase

Co-factors
@ Lipaic acicl
@ Reduced farm af FAD,
flavin acenine nuclacticle
@ Raduced farmof MAD?Y, nico-
tinamide adening dinuclacticde

Cosnzyme A
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Acidic proton abstracted to produce
(enamine) following Glu abstraction of N-H

See page 491 for more correct form
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Lipoic Acid

Amideto lysine

14 A arm--Length & flexibility areimportant



The TPP hand off to lipoamide.
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Flavin mononucleotide {FMN}
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Flavin adenine dinuclectide (FAD)

FAD
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Co-enzyme A
Adenine-ribose-diphosphate-pantothenic acid- mercaptoethylamine
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E

. Pyruvate + TPP + H* - hydroxyethyl-TPF + CO,

I _s-acetyl
. Hydroxyethyl-TPP + Liphé — TFP + Lip

I~SH

_s-acetyl Y, 2 _a-acetyl

. Lip gy . Liphé - Liphé = LiphSH

_S-acetyl F _SH

- Lip,gpg + CoA-SH — acetyl-CoA + Lip,Zgpy

SH v S

Lip, gy + FAD — Lip, | + FADH,

E,
. FADH, + NAD* —— FAD + NADH + H*

Sum:

Pyruvate + CoA-5H + NADY — acetyl-CoA + CO, +

NADH



Oxidation and Reduction

Oxidation--dehydr ogenases
C combineswith O
C losesH

Reduction
ClosesO
C combineswith H



Redox Worksheet Part | --Circlethe morereduced species
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Redox Worksheet Part Il --Circle the morereduced species
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Aconitase has an FeS cube 0 DFA
And acritical His H M=




Aconitase

FeS cube
In red/green
Space filling
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1) Oxidation of “bottom” OH H* D= —COor

2) Decarboxylation of “middle’” C
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TCA Rxn 4--
| | Oxidative decar boxylation

C— 00 4+ NADY + CobA-SH —e

Alpha ketoglutarate dehydrogenase

a-Ketoglutarate
1) large enzyme compl ex--
TPP, lipoic, FAD*, NADH, CoASH
| 2) inhibited by NADH and succinyl-CoA
|
| ,
P—3—CaA  + CO0, + MADH AGY = =335 kdimaol
Mech. TPP boxylation >>>lipoic
SuccinyCoA SMec decarboxy P

>>>attachment of CoA>>>re-oxidation of
Lipoic arms>>>re-oxidation of FADH2 to
Produce NADH



Succimd-Cod + B+ GOP = succinate + GTF + CoA-5H
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Reduced electron carriers, FADH, and NADH, arealso
stored forms of energy. Flavin isa stronger oxidant
than NAD. Succinate denydrogenase makes a covalent
Bond to FAD and re-oxidizesit by passing electronsto

Fe/S center.
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Fumar ase specifically hydratesthe C=C (and won’t
work on the cisisomer.

Rxn 7 TCA



Malate

?‘-’3{3 dehydrogenase COO

HO—C—H O=C
Ef:H:. + NAD —= {!‘.I—l, + NADH + H
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L-Malate Oxaloacetate

AGY = +29.7 kJ/mol

Rxn 8--oxaloacetate regener ated.
Its[ ] isvery low to driverxn toright.



AGY

Eeaction Enzyme (k]fmcl)

1. Acetyl-CoA + oxaloacetate + HyOb — Citrate synthase —32.2
citrate + CoA-SH + H™

2a. Citrate —— cis-aconitate + H,O Aconitase }

+ 6.3
2b. cis-Aconitate + Hp O — isocitrate Acomitase ®
3. Isocitrate + NADT — Isocitrate — 209

-ketoglutarate + CO, + NADH dehvdrogenase
4. @-Ketoglutarate + NAD" + CoA-SH — - Ketoglutarate —33.5
succinyl-CoA + CO + NADH dehvdrogenase
complex
5. Succinyl-CoA + P; + GDP — Succinyl-Cod —29
succinate + GTP + CoA-5H synthetase
6. Succinate + FAD {enzyme-bound) — Succinate {)
fumarate + FADH. {enzyme-bound) dehydrogenase
7. PFumarate + H;O —— L-malate Furmarase — 3.8
L-Malate + NADT — Malate +29.7
oxaloacetate + NADH + HT dehydrogenase
Net —57.3



Net Citric Acid cyclereaction
Acetyl-Cad + 2HoD + 3NADY + FAD + GDP + P, —
2L0- + 3MNADH + FADHS + Cal-5H + GTF
Net Glycolysis 7 Citric Acid cyclereaction
Glucose + ZH0 + 10MNADY + ZFAD + 4ADF + 4F, —=

GCOL + T0MADH + GHY + ZFADH, + 4ATF

Reduced electron carrierswill produce even more ATP.
The NADH/NAD+ ratio isimportant for regulation.



Mitochondria--

i+ membrane “Power house” of cell

,;l . —— Evolution

’ s i, origin as free-living bacteria
Endosymbiosis/capture

Progressive loss of function/DNA

Y Maternally inherited--

7 Mt genes mutate quickly

Sequence important in human evolution

., Small genomes encode ATP synthase,
~ ~ ,Ribosomals, oxidative enzymes.
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