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The Citric Acid Cycle Part Il

Nov. 27, 2007

Overview

» Frequently asked questions
* Regulation of TCA Cycle Enzymes

« Carbon tracing (keeping track of
carbons)
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Do | need to know...?

» Understand AG® and AG values and
What they mean Generally large negative delta Greacton will be regulated

» Understand mechanisms including the
intermediates

» Understand arrow pushing

Why is Fructose-1,6-
bisphosphate a deinhibitor of
phosphofructokinase?

» The positive effect of F1,6B on PFK

activity is well documented, but | don’t
know how it induces activity.
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How is glycolysis and the TCA cyc

le linked?

Glycolysis
oo Glycolysis:
Olocamn s horphate o AnaerobicPathway
o Creates Pyruvate from Glucose
Pyruvate passed from cytosol into mitochondria.
o Glycolysis Mnemonic: "oodness Gracious, Friendly Franklin Did
2Glyceraldehyde-3-phosphate Great By Picking Pumpkins (to) Prepare Pies"
tyoieubdebyeh ) NAD = Glucose
hiat ® Glucose-6-phosphate

x % - 2NADH = Fructose-6-phosphate

2 1,3-Bisphosphoglycerate : E:J;tpose—l,&blsphosphate
= Glyceraldehyde 3-P
= 1,3-Bisphospholycerate

SEYVIE. = 3-Phosphoglycerate
= 2-Phosphoglycerate (to)
\D = Phosphoenolpyruvate (PEP)
fohy ““ bt = i ®= Pyruvate
2Acetyl-CoA
ADH
g 2 Oxaloacetate
~e AfSirate CitricAcid Cycle
Falste o Reduces carbons
2Isocitrate o Pyruvate converted to acetyl-CoA tostart
2Fumarate c':" :“ citricacid cycle.
FADH, . . Ve NtE : " o Mighty OAK =Mitochondria Oxaloacetate

ceinate

e i 2 g-Ketoglutarate
2S||cﬂn_\‘l-(fni__/

'
\DH

NAD+ and FAD

« Why is one charged and the o
* NAD* + H* + 2e- <--> NADH
* FAD + 2H* + 2e- <--> FADH,

NAD*is oxidized state
FADis oxidized state
Where isthe charge for FAD? FADH; balances charge
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Net for glycolysis and TCA cycle

Glucose + 2H,0+ 10 NAD" + 2 [FAD]+4 ADP+4P, =
6 CO, + 10 NADH + 10 H* + 2 [FADH, ] +4 ATP

Giycolysis

Glucase

Glucose-6-phosphate

 Why is
2Glycernldehyde-3-phosphate
there a I
net of 2 1_:|.u.-pm+-m..|,m-n
1 0 2)5:";\1-
NAD+? P,
2Acetyl-CoA
2 NADH from glycolysis SADSS
2x4 from CitricAcid Cycle ¥ 20xaloacitate

Pyruvate to acetyl CoA=2 more " / A
Total: 10 NADH 2 Vet

Why are some kinases named
after the reverse reaction?

a) Biochemists around the world have
plotted against intro biochem students

b) Biochemists first discovered the reverse
reaction

c) Kinase is so much fun to say
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Kinases

enzymes that transfer a phosphoryl group from a
nucleoside triphosphate to an acceptor
molecule

catalyze a phosphorylation rxn

E.g. Pyruvate kinase

PEP + ADP --> pyruvate + ATP

How do we classify all these new enzymes we have learned?

Class Subclass Reaction
Oxidoreductase | dehydrogenase Transfer of a hydride ion
oxidase O, is the electron acceptor
oxygenase 0, is directly incorporated into the substrate
reductase Electron transfer between any 2 compounds
Transferase kinase Transfer of phosphoryl group(s) between a nucleoside
triphosphate and another compound
aminotransferase, Transfer of an amino group between compounds
transaminase
Hydrolase phosphatase Hydrolysis of a single bond between a compound and a
phosphoryl group to generate P,
peptidase, protease, Hydrolysis of a peptide bond
proteinase
glycosidase Hydrolysis of a glycosidic bond
Lyase synthase A compound with a double bond combines with another
compound to make a new compound that has a single
bond
Isomerase mutase Intramolecular rearrangement of a functional group
from one position to another
Ligase synthetase Formation of a new bond at the expense of ATP (GTP)
hydrolysis

Anotehrmnemoic

o Cofactors of pyruvate DHand a-KG DH complexes
= Tenderloving Care for Nobody
= Tiamine pyrophosphate, lipoicacid, CoA, FAD, NAD

End of FAQ

* Now it’s time for a deeper
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o Cofactors of pyruvate DHand a-KG DH complexes
= Tenderloving Care for Nobody
= Tiamine pyrophosphate, lipoicacid, CoA, FAD, NAD

End of FAQ

* Now it’s time for a deeper
understanding of the TCA cycle.
— More detail about some of steps
— Regulation of the cycle

More Detail About Some of the TCA Cycle Steps

AGT AG .
Reaction Enzyme (kJ - mol™) (kJ = mol . \M]y does SUCCInate FADisoxidizes alkanes otalkenes, wheras NAD* oxidizes

. alcoholstoaldehydes orketons. Oxidation of alkane to alkene is
1 Citrate synthase L5 Negative D H us e FAD Instead Of sifficiently exergonicto reduce FAD to FADHzbut not to reduce
) € NAD*to NADH.
: ~ ' NAD+?

Isocitrate 2 Negative
dehydrogenase b VVhy IS the malate DH
4 a-Ketoglutarate -3 Negative rxn reversible but its Because it forms oxaloacetate which combines with acetyl-CoA with a

more exergonicreaction at-31.5kJ/mol

Aconitase

dehydrogenase

multienzyme DGO, Value |S a Iarge

complex

Bs Succinyl-CoA 2. 0 p05|t|Ve number?
Fo o . .+ What happens to the
dehydrogenase NADHS and FADst?
Fumarase 34 0
P Malate 1297 0 Goonto electron transport chain and oxidative phosphorylation.

dehydrogenase
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Regulation of TCA Cycle Enzymes

Enzyme
Citrate synthase
Aconitase
Isocitrate
dehydrogenase
a-Ketoglutarate
dehydrogenase
multienzyme
complex
Succinyl-CoA
synthetase
Succinate
dehydrogenase
Fumarase

Malate
dehydrogenase

Enzyme
Citrate synthase
Aconitase
Isocitrate
dehydrogenase
a-Ketoglutarate
dehydrogenase
multienzyme
complex
Succinyl-CoA
synthetase
Succinate
dehydrogenase
Fumarase

Malate
dehydrogenase

AGT
(kJ «mol™")
315
5

21

AGT
(kJ +mol™")
315
5

21

.
AG
(kJ - mol™)
Negative ®
0 °
Negative
Negative
0

.
AG B
(kJ-mol™") o
Negative
0
Negative
.
Negative

What enzymes are
regulated?

What is the RDS?

Positive and negative
effectors?

3 Regulated Stepsin TCA:
o Steps1,3,4

Reaction 1:
o RDS
o Regulatedstep

Rxn 1: First Regulated Step

Rxn 1

RDS

Highly spontaneous

Enough energy to make ATP
but it doesn’t

Citrate is symmetric but also
prochiral Citricsynthase -oxalacetate and acetyl-CoA to citrate

Prochiral - can distinguish one end of molecule from the other

Positive effectors:
- ADP
Negative effectors

— ATP, NADH, Citrate, Succinyl-
CoA

Acetyl CoA and OAA
availability also effect the rxn
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Enzyme

Citrate synthase

Aconitase

Isocitrate
dehydrogenase

a-Ketoglutarate
dehydrogenase
multienzyme
complex

Succinyl-CoA
synthetase

Succinate
dehydrogenase

Fumarase

Malate

dehydrogenase

AGY

(kJ - mol™

315
~5

21

34

+29.7

Rxn 3:

Enzyme

Citrate synthase

Aconitase

Isocitrate
dehydrogenase

a-Ketoglutarate
dehydrogenase
multienzyme
complex

Succinyl-CoA
synthetase

Succinate
dehydrogenase

Fumarase

Malate
dehydrogenase

AGY

(kJ + mol™'

315
5

4
1

34

+29.7

)

Aconitase:
Citrate becomesisocitrate

Rxn 2

AG
(kJ - mol™")
Negative
~{}

Negative

Negative

AG
(kJ - mol™)

Negative
0

Negative

Negative

Rxn 2

Reversible

Not significantly
regulated

At equilibrium 91%
citrate, 6% cis-
aconitate, 3% isocitrate
Stereospecific rxn

Isocitrate is chiral

Second regulated step

Rxn 3

Regulated rxn

Positive effectors c.:simuistesaycogen

— ADP, NAD+, Ca?* maeaieoiguctsmoma.
Negative effectors

— ATP, NADH

In E. coli, reversible
phosphorylation inhibits
isocitrate binding
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Rxn 4: Last regulated step

Alpha-ketogluterate dehydrogenase complex

AGT Alr
Reaction  Enzyme (kI-mol™)  (kI-mol™) * Rxn4
1 Citrate synthase L5 Negative * E3 is identical between
2 Aconitase ~5 0 PDH COIT'Ip'EX and (I-KG
Isocitrate 2 Negative DH comp|ex
dehydrogenase
4 a-Ketoglutarate -33 Negative ¢ LaSt regu|ated Step Of CyCIe
dehydrogenase » Positive effectors
multienzyme
complex - Ca?*
§ T dumieon . 0+ Negative effectors
synthetase
“ 6 Succinate " " — ATP, NADH, Succinyl-CoA
dehydrogenase « There rest of the rxns are
:“‘l‘““‘*“ 3 ’ not significantly regulated
8 Malate +29.7 0

dehydrogenase

Rxn 6: Why is a covalently linked FAD used?

AGY Al . =
Reaction  Enzyme (k] -mol™)  (kJ-mol™) The Ox"ja_t'lon Of an alkane
1 Citrate synthase 35 Negative to alkene IS exergonlc
Acositass 5 0 enough to reduce FAD,

Isocitrate 21 Negative but not NAD+
\ ke e © Covalentlinkage of FAD
th'h\'j[‘\:"l_'nil\c R o t-o SHGG@H%GA SUCCI'\ad‘Q, MWD\(‘W
multienzyme STFm&e prOVIdeS a

complex more favorable

g s Succinyl-CoA 2. ~0 . . .
p yathctase microenvironment for its
° [} Succinate +6 ) redUCtion
. e , « NAD+ funx to oxidize
7 Fumarase 34 0
¢ M 07 0 alcohols to aldehydes or
dehydrogenase ketDneS
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Rxn 8: How does it go in the forward
direction despite a large positive AG”?

Enzyme

Citrate synthase

Aconitase

Isocitrate
dehydrogenase

a-Ketoglutarate
dehydrogenase
multienzyme
complex

Succinyl-CoA
synthetase

Succinate
dehydrogenase

Fumarase

Malate

dehydrogenase

AGY AG .
(kI -mol™)  (kI-mol™) The energy of rxn 1is
1S Negative used to drive rxn 8

~3 ~()
21 Negative

Negative
2. ]
+6 0
34 ()
+29.7 0

Carbon Tracing

GLUCOSE TO PYRUVATE

Glucose

(0=)CH-CH(OH)-CH(OH)- | <CH(OH)-CH(OH)~CH,(OH)

! 2

Pyruvate

Acetyl-CoA

3 4 5 6

1,6 2,5 3.4 Glucose numbers
CH;—C(=0)—CO0»

3 2 1 Pyruvate numbers
1,6 2,5 3,4 Glucose numbers
CH;—C(=0)—ScoA + CO,

Acetyl-CoA numbers
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'CH,0P ICH,0P

'CH,OP | T[M> Pyruvate
. C=0 CHOH — Number
2C=O | | T 34 S
N 3CH,OH ‘CH=0) ~ CO: :
“CHOH DHAP G3P B5C=0 2
Aldolase +
1.6
SCHOH 5L|“H0H
“éH:OP °CH,OP
FBP G3P
TCA CYCLE

The two carbons entering from acetyl-CoA do not leave as CO, on
the first cycle.

Carbons 2 and 3 of succinate are equivalent.

Carbons 1 and 4 of succinate are equivalent.
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