Chem 352 - Lecture 8
Carbohydrate Metabolism
Part III: Citric Acid Cycle

Introduction

The citric acid cycle has both catabolic
and anabolic functions.

+ Catabolic - Oxidizes the 2-carbon acetyl
group to CO2 and produces reduced
nucleotides (NADH + H* and FADH;)

* Anabolic - The citric acid cycle intermediates
serve as starting material for the
biosynthesis of amino acids, heme groups,
glucose, et al.

Chem 352, Lecture 8, Part III: Citric Acid Cycle 2

Introduction

The citric acid cycle was discovered
by Hans Krebs and colleagues in 1937.

+ Citric acid cycle is also called
the Kreb’s Cycle and the TCA
(tricarboxylic acid) Cycle.

Hans Krebs (1900-1981
Nobel Prize in Physiology
and Medicine, 1953
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA

(0]

CHg—C——S—CoA
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Acetyl CoA

[duboentry point of carbon info the
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groups?

0]

CHz—C—S—CoA
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Acetyl CoA

[dubgoentry point of carbon info the
TGl e R

groups?

TABLE 10.3  Standard Gibbs free en-
ergies of hydrolysis for common
metabolites

AG oty
(kI mol ™)
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA

0]

CHy— C—S——CoA
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA
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ADP with 3'-phosphate group
Chapter 7.6, p204
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Acetyl CoA

TABLE7.2 Major coenzymes

Coenzyme
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA

(a) B-Alanine Pantoate NH,
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CHy o [
I

"
N— "Ny
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OH CH 0®  0® .

5 Kook

H3v l’H
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L I I )
i ADP with 3'-phosphate group

Chapter 7.6, p204
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA

0]

CHy— C—S——CoA
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Acetyl CoA

‘The entry point of carbon into the
citric acid cycle is acetyl CoA

-Acetyl CoA is produced from
+ The oxidative decarboxylation of pyruvate
from the glycolysis pathway.
+ The degradation of fatty acids
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Conversion of Pyruvate to Acetyl CoA

‘Pyruvate dehydrogenase is a large
enzyme complex that converts
pyruvate to acetyl-CoA and CO..

coo® S-CoA
| Pyruvate |
= dehydrogenase -
T © 4 Hs-con C| % 4 co,
CH3 CH3
Pyruvate NAD® NADH  pcetyl CoA

+ This is the catabolic entry point info the
citric acid cycle of carbon coming from
glycolysis.
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Conversion of Pyruvate to Acetyl CoA

‘Pyruvate dehydrogenase is a large
enzyme complex that converts
pyruvate to acetyl-CoA and CO..

coo® S-CoA

| Pyruvate |

= dehydrogenase =

T © 4 Hs-CoA T ° 4o,
CH; CHj

Pyruvate NAD® NADH  pcetyl CoA

+ Three different subunits catalyze five sub-
reactions to fo carry out this overall
reaction.
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

g hayicon
HS-CoA HyC —C—5-CoA

+HO|
(@ [oinydrolipoamide NADH+H
dehydrogenase (s)
E; NAD®
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

(a) H3C, CH,— CH,—OH
NH, T s
N2, 15 Thiazolium
Pyrimidine N7 | N7 ting
ring k |
HyC” SN H
Thiamine (vitamin B,)
o
I i
P HsC, (Hz—(Hz—O—II’—O—II’—Oe
NH. — INADH +H®)
2 A © o®
NP ] CHZ_N\E/S NAD®
|
HsC kN H

I Thiamine pyrophosphate [
(TPP)
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

o Ammicin

HS-Con HyC—C—S-CoA

o
1 (6]

Dsn
H
()., Dinydrolipoamide ~,

acetyltransferas Hs

0 ©
HsC —C—c00® P FAD
Pyruvate o
b (@) oiiydrolipoamide),~ NADH +H
(1)] dehye Emgen-u dehydrogenase | (5)
1 E3 NAD @

™

HaC—C—OH
Te

HETPP.
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

[ O AcetylCoA
Ry
RN S I
J‘ H3C R,
Thiamine pyrophosphate =
[
o, R— N§C S
+ |
Pyruvate HyC—C—OH
o dehydrogenase [S]
Il ° Hydroxyethylthiamine
H;C—C—cCoo pyrophosphate
Pyruvate (HETPP)

HETPP |
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Conver w_~ yl CoA
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

[ 0 AcetyiCon

HyC, R
3 ! HsC, R,
D
R—Ng S I ® +
\‘|: - R— N*c/s +H
H ]
Thiamine pyrophosphate Yiid
(TPP) o,
+
Pyruvate HyC—C —OH
o dehydrogenase [S]
Il ° Hydroxyethylthiamine
H3C¢—C—coo pyrophosphate
Pyruvate (HETPP)

WETPP ]
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

o Ammicin

HS-Con HyC—C—S-CoA

i
HyC —C—c00®
Pyruvate

ol
(@ [pinydrolipoamide NADHEH
dehydrogenase |(5)

3 NAD®
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

HETPP Ylid
H,C Rq H3C R4
® = ( ® = (
R—N. s R—N, s
Nc” Nc”
| (€]
H3C —C—OH
o ) "
i + RN
Hs¢ — ¢ —cof
Pyruvate
s g o b naoH+1 )
S N I )
HyC—C ~ NaD®
Lipoamide é SH g,
Acetyl-dihydrolipoamide
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

HETPP Ylid
H;C Ry H3C Rq

Lipoyllysyl group |
1.5nm '
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o
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Lipoamide Lysine side chain

] S ]

Acetyl-dihydrolipoamide
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

HETPP Ylid
Hs3C R, HsC R,
® ; o ( ® ; - (
R—N§c/5 R—N§c/5
| €]
H3C —C—OH
o <) .
ne—t—co + —
Pyruvate o
S |-> NADH + !
s E, o )
I 3
H;C—C i
Lipoamide ; SH g,
Acetyl-dihydrolipoamide
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

O AcetylCoA

HS-Con

HyC—C—S-CoA

o
Il

Hy¢ —C—c00®

#ap
Pyruvate
@ Dinyeroipoamiad ~ NAH+H
dehydrogenase | (5)
Es NAD®
™
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

9 Aeeyicon

HS-Con HyC —C—5-CoA

o

o
H;C—C s\ —E2 I
| SH . +Hs-CoA —> \J + H3C—C—S-CoA
U

Acetyl-dihydroli id

Acetyl CoA

NAD

FADH
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

g hayicon
HyC —C—5-CoA

+HO|
(@ [oinydrolipoamide NADH+H
dehydrogenase (s)
E; NAD®
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8-13

Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

0 AcetylCon
[
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Conversion of Pyruvate to Acetyl CoA

‘Pyruvate Dehydrogenase

o
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i
HS El §Hom FAD
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

9 Aeeyicon

HS-Con HyC —C—5-CoA
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s
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

g hayicon
HS-CoA HyC —C—5-CoA

+HO|
(@ [oinydrolipoamide NADH+H
dehydrogenase (s)
E; NAD®
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

Oxidized form Reduced form
r H o HHO
\,
N NH, N NH,
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

o Ammicin

HS-Con HyC—C—S-CoA

i
HyC—C —coo®

Pyruvate o
(@ [pinydrolipoamide NADHEH
dehydrogenase |(5)
3 NAD®
o, FADH
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

O AcetylCoA
HS-Coh HyC —C—S$-CoA

3)

1., Dihydrolipoamide ;’QH
"1 acetyltransferase [~ Hs
i
Hy¢ —C —co0® TP
Pyruvate

FAD

+HO|
(@ [oinydrolipoamide) NAPCHEY
dehydrogenase (s)
E3 NAD®
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

(b) vyf\\((@\p
-

60 E1 and 20 Ea’/

e s
form the core subunits bind 1 ' A \
to the core \ ' ~
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Conversion of Pyruvate to Acetyl CoA

Pyruvate Dehydrogenase

0 AcetylCon

HS-CoA HyC —C—$-CoA
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Pyruvate
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E
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

o
I

O AcetylCoA
HS-Con HyC —C—S-CoA
3

Dihydrolipoamide
acetyltransferase [~ Hs M

H3C —C—c00® TP FAD
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes
Coenzyme

Adenosine tiphosphate (1)

5 Adenosy methionine

Uridine diphosphae shucose

Nicotinanide adenine din

jotide (NAD®)
and nicotinamide adenine dinucleotide
phosphate (NADP®)

Flavin mononucleoride (FMN) and flavin
adenine dinueleot

Coenzyme A (Con)

Thiamine pyrophosphate (TPP)

Pyridoxal phosphate (PLP)

Biotin

Tetrahydrofolate

Adenosyleobalamin
Methyleobulamin

Lipoumide

Retinal
Vitamin K

Utiquinone (Q)

Major
- Transfer of phosphoryl or nucleoridy] groups.
= Transfer of methy] groups

Transer of

cosyl groups
Niacin Onidation-reduction reactions involsing
va-electron transfers

Riboflayin (1) Oxidation reduction reactions involving

one- aad to-electron transfers

Pantothenare (B;) Transfer of acyl groups

Thiamine (1) Transfer of tvo-carbon fragments

containing a carbony

up

Pyridorine (By) “Transfer of groups 10 and from armin acids

Biotin ATP-dependent carbosylation of subsirates
o carboxy|-group transfer between substrates.

Folue Transfer of one-carbon substituens, cspecially
formyl and hydroxymethy

roups: provides the
DNA

methy] group for thymi

Cobalamin (8,2 Intramolecular rearangements

Coblamin (B,2) Transfer of methy] groups

_ Oidation of  hydroxyalkyl group from TPP
and subsequent transfer as an acyl group

Vitamin A Vision

Vitamin K Carboxylation of some ghutamate residues

- Liid-soluble electron carrier

Cosubstrate
Cosubstrate
Cosubstrate

Cosubstrate

Prosthetic group

Cosubstrate

Prosi

Prosihetic group

Prosthetic group

Cosubstrate

Prosihetic group

Prosihetic

.

Prosih

Prosthetic group
Prosth

eroup

Cosubstrate
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

Coenzyme Vitamin souree Major metabolic roles Mechanistic role

Adenosine triphosphae (1) Transfer of phosphoryl or nucleotidyl eroups Cosubstrate

5 Adenosy methionine Transfer of methy! eroups Cosubstrate

Uridine diphosphate slucose Transfer of slycosyl aroups Cosubstrate
Niacin ‘Oidation-reduction reactions imvolving

Nicotinamide adenine dinucleotide (NAD®)
and nicotinamide adenine dinucleotide
phosphate (NADP®)

Cosubsirate j

Flavin manonucleotide (FMN) and flavin
adenine dinueleotide (FAD)

Ribollavin () Onidation-reduction reactions imvolving.

one_and o cl

tvon transfers

Prosihei

Cocnzyme A (Con)

Thiamine pyiophosphate (177

Taniothore (B Transter of acyl sroups

Thiamine (8. Transfer of two-carbon fragments

Cosubsiraie

Prostheric group

Pyridoxal phosphate (PLP)
Biotin

Tetrahy drofolate

Adenosy lcobalamin

Methylcobalanin

rbony | group

Pyridosine () Transfer of groups 10 and from amino acids
Biotin -
or carboyl-group transfor between substraes.

ndent carbosslation of subsirates

Folute “Transfer of one-carbon substituents, especially
formy and hydroxymethy groups; provides the
ety group for thymine in DNA

Cobalamin (1,2 Intramolecular earangements

Cobalamin (B5) Transer of methy! zroups

Prosthetic group

Cosubstrate

Prosthetic group

Prosthetic group

[or=mm

— Ovidition of & Iy droy sl 2roup (rom T

oot o )

Retinal
Vitamin K

Ubiquinone (Q)

"and subsequent transfer as an acyl group
Vitamin A Vision
Vitamin K Carboxylation of some ghutamate residucs

Lipid-soluble electron carrier

Prosihetic group

Cosubstrate

‘)
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Conversion

of Pyruvate to Acetyl CoA

TABLE7.2  Major coenzymes

Coenzyme Vitamin source Major metabelic roles Mechanistic role
Adenosine iphasphate (ATP) = Transfer of phosphory| or nucleordyl groups Cosubrte
 Adenosylmethionine Transier of methy| roups Cosubre

) B-Alanine Pantoate NH,

r 1"
CH; NN
I I [ J
HS = CHy— CHy—N = C— CHy— CHy—N—C— (H — C— CHy—0 N
OH CH;
L I )
i ADP with 3'-phosphate group
Coenzyme A

Adenosyleobalaniin

Methylcobalamin

Cobalamin (8,2 Intramolecular eareangements

Cobalamin (8,,) Transfer of methyl 2roups

Prosth

Prosthetic group

oy ONidion o Ty oyl goup o TFT ot oy )
e rer s A g0
Reina Viamin A Vison Prosere goup
Viamin K VianinK Carbonslaionof some gt residues Prosi

Ubiquinone (Q)

Lipid-soluble electron carrier

Cosubstrate
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Conversion

of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

Nicotinamide slenine dinucleotide (NAD®)
and nicotinamide adenine dinucleotide
hosphate (NADP® )

Coenzyme ‘Vitamin source Major metabolic roles Mechanistic role
Adenosine eiphosphate (3TP) = Tramsfer of phosphioryl or nucleotic
5 Adenosy methionine = Cosubsirate
Uridine diphosphate ghicose - “Transfer of lyeosy] groups Cosubsu

Nincin Onidarion-reduetion reactions imvoling Cosub

o electron transfers

(HM mononucleoiide (FMN) and flavin

Riboflayin (B, "Onidation reduction reactions involving.

one- and to-electron tensfers

Prosthetic group

o ACon

Pantotherite (B;) ___Transfer of syl groups Cosbsinie

(Thiamine pyrophosphte (TPP)

VUL

Thiamine (B, Transer of teo-carbon [ragments Prosihel

sroup

Pyridoxal phosphate (PLP)

Biotin

Tetrahydrofolate

Adenosyleobalanin

Methylcobalamin

Contaning @ carbons| oup

Pyridonine (Bq) Transfer of groups 1o and from amino acids Prosth

i group

Biotin AUP-dependent carbosylation of subsrates
o carboryl-group transfer between substrtes.

Prosthetic group

Folate Transfer of one-carbon substituents. especially Cosubstrate
Formyl and bydroxymethy] groups: provides the
methy] group for thymine in DNA

Coblamin (B12) Intramolecular rears Prosl

Cobalamin (o) Prost

e

‘Onidation of a hydroxyalkyl group from TPP Prost

Retinal
Vitain K

Ubiquinone (Q)

“and subsequent transfer as an acy| group

Vitamin A Vision Prosthetic group
Vitamin K Carboxy lation of some glutamate residues Prosthetic group
= Lipid-solube lectron carrier Cosubstrate
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Conversion

of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

C

(a)
Adenosine iphospi
SAdenosytmetioni

ngne i | pyimidine
andnicoimamideaaq 11D
hosphite (NADP

(itmine st (P

H3C

Pyridoxal phosphate

Biotin

Tetrahydrofolate

Adenosyleobalamin

Methyleobalamin

H3C CH,— CH,— OH

NH bsirute
2 ol >

it

31 iazolii
§é/s Thiazolium e

Z .
YT =
Sy M
Thiamine (vitamin B,) hetic group. )

i
CH;—CH,;—0—P—0—P—0°
o® ll)e

B
c” s
|
H

X,

Thiamine pyrophosphate
(TPP)

Retinal
Vitamin K

Utiquinone (Q)

i SUDSCqUCT FRSTer 8 acyT Eroup

Vitamin A Vision Prosthetic group
Vitamin K Carboxylation of some ghutamate residues Prosthetic group
- Lipid-soluble electron carrier Cosubstrate
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Conversion

of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

Nicotinamide adenine dinucleotide (NAD®)
and nicotinamide adenine dinucleotide
phosphate (NADP®)

Coenzyme Vitamin souree Major metabolic roles Mechanistic role

Adenosine triphosphae (1) Transfer of phosphoryl or nucleotidyl eroups Cosubstrate

5 Adenosy methionine Transfer of methy! eroups Cosubstrate

Uridine diphosphate slucose Transfer of slycosyl aroups Cosubstrate
Niacin ‘Oidation-reduction reaction involving

Flavin manonucleotide (FMN) and flavin
adenine dinueleotide (FAD)

Cosubsirate j

Ribollavin () Onidation-reduction reactions imvolving.

one_and o clectron transfers

Cocnzyme A (Con)

Thiamine pyiophosphate (177

Taniothore (B Transter of acyl sroups

Thiamine (8.

Pyridoxal phosphate (PLP)

Pyridoxine (B,) Transfer of

oups 10 and from amino acids

Ubiquinone (Q)

Bioin Bioin TP dependen carborylation of subsirtes
orcrbory-group transir bt subsirtes
ety drolue Folue + of one.curbon substuents, cspcially  Cosubstrate
and byt groups:provides he
up o thymine n DNA
Adencsyloblamin Cotatmin (B;) oy Prothsic group
Methylcobalain Covatamin () Transerof m Prosi
[or=mm — ONidtion o3yl group T TP ool
and subscquen ransfr asan eyl goup
Reina VianinA Vision Prosthtc s
Vimink Viamink Carborylationof some gltamate resies Prostheic group

Lipid-soluble electron carrier Cosubstrate
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Conversion

of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes
Coenzyme
Adenosine triphosphate (A1F)

5 Adenosylmethionine

‘Vitamin source Major metabolic roles Mechanistic role
= Transfer of phosphoryl or nucleoridy eroups Cosubstrate
Transfer of methy] groups Cosubstrate

Lipoyllysyl group }

CH,
8 6
we” N

\i
s—s

1.5nm

Il €
CH — CHy— CHy— CH,— CHy— € — N— CHy— CHy— CH,— CH—
H

§
o cl—o
[d
|
NH

§

Il ]

Lipoam

ide Lysine side chain

Adenosyleobalaniin

Methylcobalamin

Cobatamin (8,5 Intramolecular eareangements Prosth

Cobalamin (B,) Transfer of methyl 2roups Prosthetic group

Ubiquinone (Q)

oy ONidion o Ty oyl goup o TFT ot oy )
Reina Viamin A Vison

Lipid-soluble electron carrier
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes
Coenzyme Vitamin souree Major metabolic roles Mechanistic role

Adenosine triphosphate (ATP) = Transfer of phosphoryl or nucleotidy Cosubstrate

5 Adenosy Imetionine - Transfer of methyl groups Cosubstne

Uridine diphosple glucose = oups Cosubstruie

Nicotimmide senine dinucleotide (NAD®)  Nincin Onidation-reducton rections ol Cosubrte
and nicorinamide aderine dinucleotide o electron transters
hosphiate (NADP |

(HM mononucleoiide (FMN) and flavin Riboflayin (B, "Onidation reduction reactions involving. Prosthetic group
one- and to-electron tensfers

o ACon Tantothenat (7] Tramferof sy grovps Contrime
(Chiamine prophospate (TPP) Thiamine (B Transfer of tno-curbon (gements Prosthetic group )
Contaning carbons! goup
Pyridoxal phosphate (PLP) Pyridoxine (Bg) Transfer of groups 10 and from amino acids Prosthetic group
Hiotin biotin ATPdependent carbors lron ofsubsrtes Prosheic group

oup transfer betuveen substrates
Tetrahydrofolate Folate Transfer of one-carbon substituents. especially Cosubstrate
Formyl and bydroxymethy] groups: provides the
methy] group for thymine in DNA

Adenosslotalanin Condamin (B3} Inmolcular rearmngements Proshec group
O Coralumin (By) Transterof mes! sroups Prosthtc group
o O~idaion o 2 sl goup o TP ot oy )

e raer s 2] B0
Reina VianinA Vision Proshetc group
Viumin Kk ViaminK Carborslationof some gamate residues Prosetc goup
Ubiquinone (€ — Liicsolulececron carier Contmic
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

Coenzyme Mechanistic role

o

Adenosine tiphosphate (ATP) | H3C. N, Cosubstrate

5 NH
Iridine diphosphate glucose X, Cosubstrate.
ey e PSP coun
Nicotinanide adeaine dmucleotid | pr—
Flavin mononucleotide (FMN) an| CHOH Prosthetic group
adenine dincleotide (FAD) I FAD

(Coesme ACoAr CHOH Coie )
(amine prrophosphate (TP CHOH Trosi D
|

Pyridoxal phosphate (PLF) CH, NH, Prosthetic group
Bioin | Prosthoic growp

! o o® </N B s
Adenosylcobatarin Proshetc group

Methyleobalani Prosihetic

(Cipoamide OH OH Prosin

Retinal Vitamin A Vision Prosthetic group
Vitamin K Vitamin K Carboxylation of some ghutamate residues Prosth
Ubiquinone (Q) = Liid-soluble electron carrier Cosubstrate
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes

Coenzyme Vitamin souree Major metabolic roles Mechanistic role
Adenosine triphosphae (1) Transfer of phosphoryl or nucleotidyl eroups Cosubstrate
5 Adenosy methionine Transfer of methy! eroups Cosubstrate
Uridine diphosphate slucose Transfer of slycosyl aroups Cosubstrate

Nicotinamide adenine dinucleotide (NAD?)  Niacin ‘Onidation reduction reactions involving Cosubstrate
and nicotinamide adenine dinucleotide iva-clectron trnsiers
phosphate (NADP®)

Flavin manonucleotide (FMN) and flavin Ribollavin () Onidation-reduction reactions imvolving. Prosihetic group
adenine dinueleotide (FAD) one_and o clectron transfers

Coome A CoAT Toniothonaie (5] Transier of 3! zroups Cobrmtc

Thiamine psrophosphate (TP Thiamine (8, Transfer of teo-carbon fragments Prostheric group
Containing  carbons] group

Pyridoval phosphate (PLP) Pyridoxine () Transfer o groups 10 and from amino acids Proshetic group

Bioin Bioin ATP-dependent carbosg ation of subsiraes

or carboyl-group transfor between substraes.

Tetrahy drofolate Folute “Transfer of one-carbon substituents, especially Cosubstrate
formy and hydroxymethy groups; provides the

ety group forthymine n DNA
Adenosylcobalanin Cotalamin () Inteamolecula rarrangements Prosthetc group
Methylcobalanin Cobalamin (By)  Transfer of methy groups Prosthetc group
[T = S T T D

"and subsequent transfer as an acyl group

Retinal Vitamin A Vision
Vitamin K Vitamin K Carboxylation of some ghutamate residucs Prosihetic group
Ubiquinone (Q) Lipid-soluble electron carrier Cosubstrate
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Conversion of Pyruvate to Acetyl CoA

TABLE7.2  Major coenzymes

Coenzyme Vitamin souree Major metabolic roles Mechanistic role
Ad Oxidized form Reduced form
s r H o H H O

N

w{  Nicotinamide

o mononucleotide
(NMN)

«
m
i
Bil Adenosine
monophosphate

Tef (AMP) H

H H

4
A L oH  oH(opo®)
g NAD® (NADP®) NADH (NADPH)
b rator s 1 3

Reina Viamin A Vison Prosere goup
Viamin K VianinK Carbonslaionof some gt residues Prosi

Ubiquinone (Q) Lipid-soluble electron carrier Cosubstrate

10-12



Conversion

of Pyruvate to Acetyl CoA

TABLE7.2 Major coenzymes
Coenzyme

Adenosine triphosplate (ATP)

5 Adenosy methionine

Uridine diphosple glucose

‘Vitamin source

Major metabolic roles

Transfer of methyl groups.

Transfer of glycosy] groups

Mechanistic role
Cosubstrate
Cosubstne

Cosubstruie

Onidation-redction reactions involui

o electron transfers

Nicotinamide slenine dinucleotide (NAT Niscin
and nicotinamide adenine dinucleotide
hosphate (NADP

(HM mononucleoiide (FMN) and flavin Riboflayin (B,

one- and to-electron tensfers

o ACon Tantothenat (7] Tramferof sy grovps

Comtrime j
)
D

(hiamine pyrophosphate (TPP) Thiamine (B Transfer of two-carbon [ments

containing a carbony | group

Pyridoxal phosphate (PLP) Pyridonine (Bq)

Transfer of groups 10 and from amino acids

Prosthetic group

Biotin Biotin A

or carboxyl-group trnsfer between

Tetrahydrofolate Folate
formyl and bydrorymethy
methy] group for thymine in DNA

Adenosyleobalanin Coblamin (B12) Intramolecular earrangements

Methylcobalamin Cobalamin (o) Transfer of methyl eroups.

¢ subs

Transfer of one-carbon substituents. especially
oups: provides he

strates P
substraes

Cosubstrate

Prosthetic group

Prosihetic group

Vitain K Vitamin K

Ubiquinone (Q) = Lipid-solube lectron carrier

o O~idaion o 2 sl goup o TP ot oy )
e raer s 2] B0
Reina VianinA Vision Proshetc group

Carboxy lation of some glutamate residues

Prosthetic group

Cosubstrate
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Conversion of Pyruvate to Acetyl CoA

-Pyruvate Dehydrogenase

HS-Coh HyC —C—5-CoA

O AcetylCoA

(3)
Dihydrolipoamide N
1. acetylansterase [ HS
o ] £
I o
Hi€ —C — 00 Tep D
Pyruvate o
yruvate @ Diydrolipoamide)~ MAPH+H
(1 dehrogensse dehyarogenase. | (5)
Er E3 NAD®

FADH

Chem 352, Lecture 8, Part III: Citric Acid Cycle 10
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The Citric Acid Cycle
Catabolic Mode

TABLE 13.1 The enzymatic reactions of the citric acid cycle.
Reaction

1. Acstyl CoA + Oxaloncetate + Hy0 — Citrate + HS-CoA + H
2.Cltnte == Isocitrte

3. Isociirate + NAD® — a-Ketoglutarate + NADH + €O,

I, acKetoglutaraie + HS.CoA + NAD® —> Suciuyl CoA + NADH + €O

5. Suceinyl CoA + GDP (or ADP) + P, == Succinate + GTP(or ATP) + HS-CoA

6. Succinate + Q == Fumarate + QHs

Fumarate + H,0 == L-Malate
8. L-Malate + NAD® == Onaloacetate + NADH + H®
Net equation:

Acet

Enzyme

e synthase
Aconitase (Aconitate hydratase)
Tsocirate dehydrogense

@ Ketoplutarate dehydrogenasc comples
Stuceinyl-CoA synihetase

Suecing

te dehydrogenase complex
Fumarase (Fumarate hydratase)

Malate dehydrogenase

1CoA + 3NAD® + Q + GDP (or ADP) + P, + 2 H;0 —> HS-CoA + 3NADH + QH, + GTP (or ATP) + 2C0, + 2H®

Chem 352, Lecture 8, Part III: Citric Acid Cycle 11

e
The Ci i
el wo b
i o
. Aceticon
i Entyofsubsate
on Condensaion
o. Wi oxaoaceat
-Cat sy o
Oxidation e Oxoscstate  clone
ara LR e e | 57 CoA + HO
000 00®
HO— o
TABLE 13.1  The enzym " L]
Reaction o v,
- Malate 00®
1. Acetyl CoA + Oxaloncetate cinate hase
> w0 ] © o —
2, Citrate == Isocitrate S Aconiemse £ 00 Aconitate hydratase)
3 Bocitrate + NAD® — o . " lehydrogenase
o H—c—co0®
4. ccKetogluarate + HS-CoA hrate dehydrogenase complex
o o—d—u
5. Succinyl CoA + GDP (or A Fumarate o0 oA synihetase
[
6. Succinate + Q == Fum any © O M0 gy fiehydrogenase complex
Ovidaion o) s tsoare (Cuson  cutdarie
7 Fumamte + 10 = L -] Snigene dmitogese co, . decarboneton|Fumarat hyraase)
@ 00© e
8.1 Malae + NAD® i e lvdrogenase
Net equation; g W,
Accty] Coa + 3NAD® + @ Looo =0 o+ 21
Succinate. = 000
coof aketogfrate
Lo -s-con
substratelevel TP OrATI— suiptcon 1 hotogtane [ a6 second
rosphorylation Gop (eraDp)\ smetase M3 debydrogenase (T LT ovidative
[phosehory g 12, comeier decarboxyiation
¢ o,
sucnylCon
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The Citric Acid Cycle
-Catabolic Mode

TABLE 13.1  The enzymatic reactions of the citric acid cycle.
Reaction

1. Acetyl CoA + Oxaloacetate + Hy0 —— Citrate + HS-CoA + HO
2. Citrate == Isocitrate

3. Isocitrate + NAD® —> a-Ketoglutarate + NADH + €03

4. aKetoglarate + HS-CoA + NADE Suceinyl CoA + NADH + €O,

5. Suceinyl CoA + GDP (or ADP) + P, Succinate + GTP(or ATP) + HS-CoA

6. Suceinate + Q Fumarate + QH;

7. Fumarate + H,0 L-Malate

8.L-Malate + NAD® == Oraloacetute + NADH + H®

Net equation

Acetyl CoA + 3NAD® + Q + GDP (o ADP) + P; + 21,0 —> 1S-CoA + 3 NADH + Qi + GTP (or ATP) + 2C05 + 21O

Enzyme

Cirate synthase

Acon
Isocitrate dehydrogenase

aKet

Succinyl- CoA synthetase

Succinate dehydrogenas

Fumarase (Fum;

Malate dehydrogenase

 (Aconitate hydratase)

rate dehydrogenase complex

omples.

e hydratase)

Chem 352, Lecture 8, Part III: Citric Acid Cycle 11

The Citric Acid Cycle
-Catabolic Mode

st
e

epaon
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The Citric Acid Cycle
Catabolic Mode

T- CoA
i—°
coo® CH;
| Acetyl CoA
<=0
| Entry of substrate
C‘ Hy by condensation
c00® ® H,0 with oxaloacetate|
[Oxaloacetate Citrate ®
synthase HS-CoA + H
c‘oo e
"
HO— (‘ - COOe
i
coo®
Citrate

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode
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The Citric Acid Cycle
-Catabolic Mode

coo®

CH,

co0®
Citrate
® Rearrangement
Aconitase °
coo

CH,
H—C—co0®
HO—C—H
coo®
Isocitrate

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
Catabolic Mode

TooO

i
H—C—c00®
HO—C—H
coo®
Isocitrate
NAD First

Isocitrate NADH oxidative
dehydrogenase \ | ¢, decarboxylation

coo®

c=o
00°
a-Ketoglutarate

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12

12-7



The Citric Acid Cycle
-Catabolic Mode
[

c=o0
009

clooe a-Ketoglutarate

CHy
| a-Ketoglutarate | Nap@ Second
CH, dehydrogenase oxidative
NADH .
| complex decarboxylation

i

S-CoA
Succinyl CoA

™

]
Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle

Catabolic Mode
\

|
i
[
coo®
Succinate
clooe
HS-CoA @ CH,
Substrate-level GTP (orATP) <~ succinyl-CoA |
phosphorylation  Gpp (or ADP) synthetase Cle
Pi_j c|:o
S-CoA
Succinyl CoA

em 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode
[

coo®
|
i
i
coo®
Succinate
c‘oo@
HS-CoA @ CH,
Substrate-level GTP (orATP) <~ succinyl-CoA CIH
phosphorylation  Gpp (or ADP) synthetase I 2
P, J cl =0
S-CoA
Succinyl CoA

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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o . 12-13
The Citric Acid Cycle
-Catabolic Mode
em 352, Lecture 8, Part III: Citric Acid Cycle 12
H : 12-14
The Citric Acid Cycle
Catap——— 500
HO — T —H
[
coo®
L-Malate
fiydracon H,0 j Fumarase
tl:ooe
H—C
II
o|:—|-|
coo®
Fumarate : Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

em 352, Lecture 8, Part I
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The Citric Acid Cycle
-Catabolic Mode
[

coo®
c=0
|
CH,
_ NADH +H® 00°
Oxidation NAD® Malate Oxaloacetate
dehydrogenase
Tooe
HO —T —H
i
coo®
L-Malate

]
Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
-Catabolic Mode

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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The Citric Acid Cycle
Catabolic Mode

TABLE 13.1  The enzymatic reactions of the citric acid cycle.

Reaction Enzyme

1. Acetyl CoA + Oxaloacetate + H,0 —> Citrate + HS-CoA + HO

2. Citmte == Isocitrate

3. Isocitrate + N/ > a-Ketoglutarate + NADH + CO,

4. aKetoglutarate + HS-CoA + NAD® — Succinyl CoA + NADH + €O,
5. Suceinyl CoA + GDP (or ADP) + P, == Succinate + GIP(or ATP) + HS-CoA
6. Suceinate + Q == Fumarate + QHy

7. Fumarate +

8. L-Malate + NAD® == Onaloacctute + NADH + HE

Citrate synthase
Aconitase (Aconitate hydratase)

Isocitrate dehydrogenase

al hydrogenase complex

Succinyl-CoA syt
Succinate dehydrogs omplex
Fumarase (Fumarate hydratase)

Malite dehydrogenase

Net equation:

Acetyl CoA + 3NAD® + Q + GDP (or ADP) + Py + 2H:0 —> HS-CoA + 3NADH + Qs + GIP (or ATP) + 2C0; + 2HO

Chem 352, Lecture 8, Part III: Citric Acid Cycle 12
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Chem 352 - Lecture 8
Carbohydrate Metabolism
Part III: Citric Acid Cycle

14. April, 2014

Question for the Day: One of the observations that led Hans Krebs
to discover the citric acid cycle, was that dicarboxylic acids, such as
fumarate and succinate, had a catalytic effect on the oxidation of
glucose to CO2 and H20 by muscle tissue. Explain this observation.

13



The Citric Acid Cycle

‘What you should know about each

reaction in the citric acid cycle
+ The structures and names of each
intermediates
+ The structures and names of the subtrates
and products.
+ The names of the enzymes.
+ One interesting aspect each reaction in the

14-1

cycle.
Chem 352, Lecture 8, Part III: Citric Acid Cycle 14
N ) 14-2
The Ci =
‘Whd
react
+Th
inf Hydration Rearrangement
+Th ptrates
an
+Th
+ On in the
cy
—Citric Acid Cycle 14
A 14-3
The Citric Acid Cycle
‘What you should know about each
reaction in the citric acid cycle
+ The structures and names of each
intermediates
+ The structures and names of the subtrates
and products.
+ The names of the enzymes.
+ One interesting aspect each reaction in the
cycle.
Chem 352, Lecture 8, Part III: Citric Acid Cycle 14
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The Citric Acid Cycle

-For example, the Aconitase reaction

0, o o} jo}
\E‘/ \T/
o o
| I
ol ==
C}Hz o Aconitase. Hoft‘»« o
‘. 3
s s

+ Class: Isomerase
+ Interesting features of the reaction:
» The -OH is moved towards the carbon that came from
the oxaloacetate used in the citrate synthase reaction.
» Of the 4 possible stereoisomers of isocitrate, only one
is produced (2R,3S)

Chem 352, Lecture 8, Part III: Citric Acid Cycle 15




16-1
The Citric Acid Cycle <D

HO OH

H OH

-In mammals, the a.uﬂos.
PYrUVlee Gluconeogenesis HGIy(olyxix

dehydrogenase L -
reaction and the citric l
acid cycle take place oo
in the mitochondrial
matrix.

Chem 352, Lecture 8, Part III: Citric Acid Cycle 16
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The Citric Acid Cycle 1<)

*In mammals, the muﬂ.,,.
pyruvate P— Hﬁy
dehydrogenase /Outer membrane

reaction and the ¢ .\ﬁ&'{‘;nw"
acid cycle take pla r,%r'l(‘\'ﬁlr?f,):]”?;}
in the mitochondri i
matrix.

Inner 1
B Matrix

\\ mitochondrial
Oxaloacetate matrix
[ citric
A\ ad;i/
cycle
L i Y

Chem 352, Lecture 8, Part III: Citric Acid Cycle 16
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The Citric Acid Cycle Ko

H OH
al
*In mammals, the '
Pyruvafe Gluconeogenesis ” Glycolysis
L s
Endoplasmic Nucleus Phosphoenolpyruvate
reticulum 7/ Cytosol
Sl .
k < crtosketeton HTTIC co0®
Nuclear = \7 i
envelope \ | ——Lysosome | C@ cytosol L
.\ EQOR :
Plasma Yy,
membrane ; & (
peroisome O
Golgi
apparatus
. Mitochondrion cHs
Vesicles' 2 Acetyl CoA

mitochondrial
matrix
Gxaloa(eﬂ/a’te
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The Citric Acid Cycle K o)

*In mammals, the a.uﬂose
pyruva"'e Gluconeogenesis % Glycolysis
dehydrogenase S -

reaction and the citric
acid cycle take place cytosol
in the mitochondrial
matrix.

CH;
2 Acetyl CoA
mitochondrial
Oxiloﬂcﬂ/a'le matrix

Chem 352, Lecture 8, Part III: Citric Acid Cycle 16




The Citric Acid Cycle

‘Transporters are used to move pyruvate
through the inner mitochondrial
membrane and into the matrix.

/ Acetyl CoA
PEP

K | /7\ Mitochondria

Oxaloacetate Citrate
PEPCK

Pyruvate

Transporter
PEP
Transporter

Cytoplasm

Malate
N

NADH

Chem 352, Lecture 8, Part III: Citric Acid Cycle 17
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The Citric Acid Cycle

‘When Acetyl CoA is require in the
cytoplasm for fatty acid synthesis, it is
transported out as citrate.

e
Iyase
Citrate + ATP + Hs-CoA T———— Oxaloacetate ~ Acetyl CoA + ADP + P{
PEP
o \
ruvate — \
Cytoplasm | Tricarboxylic acid
/{ Pynuate < transporter
J Acetyl CoA /
Mitochondria |
|
'
Oxaloacetate Citrate
‘ )
Malate /
N / NADH

Chem 352, Lecture 8, Part III: Citric Acid Cycle 18
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The Citric Acid Cycle

-For gluconeogenesis, and alternative to
transporting PEP out of the matrix is to
transport oxaloacetate out as malate.

Chem 352, Lecture 8, Part III: Citric Acid Cycle 19
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The Citric Acid Cycle

Phosphoenclpyruvate

-For glu

e fo
rtopsmia
transpol = o | . o 0 = o K is to
] N wnerse, ® |
‘h"anspo HO—T—H = e C=0 = H;N—c‘—ﬂ fe‘
o g cH,

Oxaloacetate

Aspartate

Pyruvate

Chem 352, Lecture 8, Part III: Citric Acid Cycle 19
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The Citric Acid Cycle

-For gluconeogenesis, and alternative to
transporting PEP out of the matrix is to
transport oxaloacetate out as malate.

Chem 352, Lecture 8, Part III: Citric Acid Cycle 19
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The Citric Acid Cycle

-Catabolic Mode
+ None of CO: released (—gﬁwm
in the first round Oxaloacetate
comes directly from §'
the acetyl group.

S-CoA
Acetyl CoA ﬁ

GTP (or ATP)

Chem 352, Lecture 8, Part III: Citric Acid Cycle 20

20

The Citric Acid Cycle

‘Where do the electrons come from?

S-CoA
T=° + 2H,0 + OHO — 20, + HS-CoA + 7H® + 8e©)

CH;

0::C::0 7
.. . tHS-CoA +8H" +8e”
QZZC::Q

18e” 16e” 8e” 32e” 2e” 8e”

Chem 352, Lecture 8, Part III: Citric Acid Cycle 21

CH3 i, w o

CoA
| oudaion

H 7

+ BHT + 8e”
H
pro— B

18¢ e se
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The Citric Acid Cycle

‘Where do the electrons come from?

S-CoA
T=o +2H,0 + OH® — 2€0, + HS-CoA + 7H® +8e°

CH;

H:OH 0::C::0 7
+ .. +0H — | +HS-CoA +8H' +8e”
H:0:H 0::C::0
18e” 16e” 8e~ 32e” 2e” 8e~

Chem 352, Lecture 8, Part III: Citric Acid Cycle 21
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The Citric Acid Cycle

-Substrate level phosphorylation.
+ There are two reactions that involve the
hydrolysis of a “high energy” thioester bond.
» Citrate synthase
» Succinyl-CoA synthetase
+ The high negative free energy (= -31 kJ/mol)
is used for two different purposes in these
two reactions.
» Citrate synthase
+ Drives cycle in the clockwise direction.
» Succinyl-CoA synthetase
+ Coupled to the synthesis of GTP (ATP)

Chem 352, Lecture 8, Part I1I: Citric Acid Cycle 22
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The Citric Acid Cycle

-Substrate level phosphorylation.
+ There are two reactions that involve the
hydrolysis of a “high energy” thioester bond.
» Citrate synthase
» Succinyl-CoA synthetase
+ The high negative free energy (= -31 kJ/mol)
is used for two different purposes in these
two reactions.
» Citrate synthase
+ Drives cycle in the clockwise direction.
» Succinyl-CoA synthetase
+ Coupled to the synthesis of GTP (ATP)

Chem 352, Lecture 8, Part I1I: Citric Acid Cycle 22
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The Citric Acid Cycle

-Reduced nucleotides are used in
oxidative phosphorylation to make

ATP.
ATP's produced per Acetyl-CoA

Energy-yielding ATP
Reaction product equivalents
Isocitrate dehydrogenase NADH 25
a-Ketoglutarate dehydrogenase complex NADH 25
Succinyl-CoA synthetase GTPor ATP 1.0
Succinate dehydrogenase complex QH, 15
Malate dehydrogenase NADH 25
Total 10.0

Chem 352, Lecture 8, Part III: Citric Acid Cycle 23
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The Citric Acid Cycle

‘Reduced nucleotides are used in
oxidative phosphorylation to make
ATP.

i equivalents Glucose equivalents
24TP 2NADH 5
2 Pyruvate [
\—— 2 NADH 5
2 Acetyl CoA Membrane
Substrate-level associated
phosphorylation k electron transport|
ud plus ATP
2G6TP Citric N, gnapn 15 SYnthesis
o acid
2
ATP e K, 2an, 3
4 Total: 32 ATP molecules 28

Chem 352, Lecture 8, Part III: Cifric Acid Cycle 23
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The Citric Acid Cycle

‘Reduced nucleotides are used in
oxidative phosphorylation to make

ATP.
ATPs produced per Acetyl-CoA

Energy-yielding ATP
Reaction product equivalents
Isocitrate dehydrogenase NADH 25
a-Ketoglutarate dehydrogenase complex NADH 25
Succinyl-CoA synthetase GTP or ATP 1.0
Succinate dehydrogenase complex QH, 15
Malate dehydrogenase NADH 25
Total 10.0

Chem 352, Lecture 8, Part III: Citric Acid Cycle 23
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Regulation of the The Citric Acid Cycle

:Like glycolysis and gluconeogenesis,
the citric acid cycle is closely
regulated to meet the catabolic and
anabolic needs of the cell and the
organism.

Chem 352, Lecture 8, Part I1I: Citric Acid Cycle 24
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Regulation of the The Citric Acid Cycle

‘The flow of Acetyl-CoA into the
cycle is regulated by the pyruvate
dehydrogenase complex

0 AcetylCon
1
H-Con HyC—C—5-Con

D

Chem 352, Lecture 8, Part III: Citric Acid Cycle 25
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Regulation of the The Citric Acid Cycle

The flow of Acetyl-CoA into the
cycle is regulated by the pyruvate
dehydrogenase complex

Pyruvate
dehydrogenase
1

,--"» Dihydrolipoamide ¢ -~ -~~~
acetyltransferase
Ea

+ Dihydrolipoamide -
dehydrogenase €~
i Es H
Pyruvate + NAD® + HS-COA ——————————> NADH + Acetyl CoA + CO,
Pyruvate dehydrogenase
complex

~

Chem 352, Lecture 8, Part III: Citric Acid Cycle 25
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Regulation of the The Citric Acid Cycle

‘The flow of Acetyl-CoA into the
cycle is regulated by the pyruvate
dehydrogenase complex

0 AcetylCon
1
H-CoA HyC—C—S-CoA

NADH+H®)|

(s)

dehyeh

Es [}
< NADH e
FADH;
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Regulation of the The Citric Acid Cycle

‘Mammalian pyruvate dehydrogenase
is also covalently regulated

NAD®, Hs-CoA
ADP, Pyruvate NADH, Acetyl CoA

ATP ADP
Am— T
“ Pyruvate | ~Pyruvate dehydrogenase
K
dehydrogenase nase
E

Pyruvate
dehydrogenase:
E

Pyruvate dehydrogenase
< phosphatase
‘ Py H0

|

\ E; |
|8 J

active inactive

E;
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Regulation of the The Citric Acid Cycle

‘Three reactions in the citric acid

cycle are also allosterically regulated
+ Citrate synthase
» + a-Ketoglutarate (bacteria)
» - NADH (bacteria)

Chem 352, Lecture 8, Part III: Citric Acid Cycle 27
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Regulation of the The Citric Acid Cycle

‘Three reactions in the citric acid

cycle are allosterically regulated
+ Isocitrate dehydrogenase
» + Ca? (mammals)
> + ADP (mammals)
» - NADH (mammals)

Chem 352, Lecture 8, Part III: Citric Acid Cycle 28
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Regulation of the The Citric Acid Cycle

‘Three reactions in the citric acid

cycle are allosterically regulated
+ Isocitrate dehydrogenase

» + Ca? (mammals)

» + ADP (mammals) Ca? is a secondary messenger,

whose levels are hormonally
> - NADH (mammals) | controlied in the mitochondria
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Regulation of the The Citric Acid Cycle

‘Three reactions in the citric acid

cycle are allosterically regulated
+ a-Ketoglutarate dehydrogenase
» Unlike pyruvate dehydrogenase, it is not
regulated by phosphorylation
» + Ca?* (Bind to E; and lower Kwm)
- Succinyl-CoA
» - NADH
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Other Roles for Citric Acid Cycle

-Besides serving as intermediates in
the oxidation of acetyl groups to COq,

+ the citric acid cycle intermediates are also
the starting and ending points for a number
of other anabolic and catabolic pathways.
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Other Roles for Citric Acid Cycle

Carbohydrates

-Besic 5 in
the o, e, CO.,
+ the  camonyanes Favaidsp ql§0
the number

of ays.

Porphyrins
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Other Roles for Citric Acid Cycle

‘Besides serving as infermediates in
the oxidation of acetyl groups to CO.,

+ the citric acid cycle intermediates are also
the starting and ending points for a number
of other anabolic and catabolic pathways.
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Other Roles for Citric Acid Cycle

-Anaplerotic reactions (“filling up”)
feed material into the citric acid
cycle as citric acid cycle
intermediates.
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Other Roles for Citric Acid Cycle

Carbohydrates
anaplerotic reactions I/)

-Anap
feed |,
cycle

ot i

Isocitrate

Pyruvate = Alanine

Fatty acids,
steroids

ccinate a-Ketoglutarate = Glutamate

k J Amino acds,
Succingl Con acieotdes

11

Some amino acids | Propionyl CoA <—— Odd-chain fatty acids

Porphyrins
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Other Roles for Citric Acid Cycle

-Anaplerotic reactions (“filling up”)
feed material into the citric acid
cycle as citric acid cycle
intermediates.
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The Glyoxylate Pathway (Shunt)

‘Many organisms are able fo bypass
the two decarboxylation reactions in
the citric acid cycle.

+ This allows Acetyl-CoA to be used to build
up the levels of the citric acid cycle
intermediates.

+ This allows Acetyl-CoA that is derived from
fatty acids to be used for glucose synthesis.
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The Glyoxylate Pathway (Shunt)

‘Many organisms are able to bypass
the two decarboxylation reactions in
the citric acid cycle.

+ This allows Acetyl-CoA to be used to build
up the levels of the citric acid cycle
intermediates.

+ This allows Acetyl-CoA that is derived from
fatty acids to be used for glucose synthesis.
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The Glyoxylate Pathway (Shunt)

‘The glycoxylate shunt is turned on
by phosphorylating isocitrate
dehydrogenase

-Isocitrate, oxaloacetate, pyruvate, 3-
phosphoglycerate, PEP promote
dephosphorylation

+ Turning off the glyoxylate shunt.
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The Glyoxylate Pathway (Shunt)

‘The glycoxylate shunt is turned on
by phosphorylating isocitrate
dehydrogenase

-Isocitrate, oxaloacetate, pyruvate, 3-
phosphoglycerate, PEP promote

dephosphorylation
+ Turning off the glyoxylate shunt.
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The Glyoxylate Pathway (Shunt)

‘The glycoxylate shunt is turned on

!
1
3 1
Isocitrate 1

ADP 1
Isocitrate

— )_4) - Oxaloacetate
. m Pyruvate
active A Inactive Phosphoenolpyruvate

a-Ketoglutarate
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The Glyoxylate Pathway (Shunt)

‘The glycoxylate shunt is turned on
by phosphorylating isocitrate
dehydrogenase

-Isocitrate, oxaloacetate, pyruvate, 3-
phosphoglycerate, PEP promote

dephosphorylation
+ Turning off the glyoxylate shunt.
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Evolution of the Citric Acid Cycle

Acetyl CoA
o; Citrate
Citrate synthase

Malate dehydrogenase A .

erog ﬂ Oxidative fork | Aconitase
Reductive fork Malate Malaia |
synthase | Isocitrate
!
Fumarase Isocitrate
Fumarate
co,

Fumarate udumseﬂs"“‘"“’ a-Ketoglutarate
dehydrogenase
A Isocitrate
Succinate Wase
Succinyl CoA synthetase
Succinyl CoA: acetoacetate
CoA transferase

Succinyl CoA
Dehydrogenase

aKetoglutarate:
Ferredoxin oxidoreductase

aKetoglutarate €O, \j
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Next Up

-Lecture 8 - Carbohydrate

Metabolism

+ Part 1V: Electron Transport and ATP
Synthesis (Moran et al., Chapter 14)
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