Chapter 9. The citrate cycle

* TCA cycle (Krebs cycle, Citrate cycle)®] 7%
- Energy production (o] ] A4hH)

- Cycle intermediates are substrates in a variety of biosynthetic reaction
+ Cellular respiration (MIEZ&) : A57F d4s o] CO; 9 B2 A3 HA
ATPE AAst= A (2 steps 22 4)
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Fig. Catabolism of proteins, fats, and carbohydrates occurs in the three

stages of cellular respiration.

Stage 1 : Oxidation of fatty acids, glucose, and some amino acids
Stage 2 : Oxidation of acetyl groups via the citric acid cycle includes four

steps in which electrons are abstracted

Stage 3 : Electrons carried by NADH and FADH; are funneled in to a chain of
mitochondrial electron carriers—the respiratory chain-ultimately reducing Oz to HoO.
* This electron flow drives the synthesis of ATP in the process of oxidative

phosphorylation.
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* The overall reaction (A ¥+%)
- Pyruvate + NAD" + CoASH — Acetyl-CoA + NADH + CO; + H:O + H’
- catalyzed by the pyruvate dehydrogenase complex

- oxidative decarboxylation, an irreversible oxidation process

1) Pyruvate dehydrogenase complex requires five coenzyme
(@D NAD, FAD : electron carriers
@ TPP : decarboxylation, coenzyme
@ Pantothenate : an essential component of coenzyme A
@ Lipoate : has two thiol groups,

can serve both as electron carrier and as an acyl carrier




2) Pyruvate dehydrogenase complex consists of three distinct enzymes

Table 15-1 Subunit composition of the E. coli pyruvate
dehydrogenase complex

Molecular Number of
weight of subunits
Enzyme Coenzyme(s) subunit per complex
Pyruvate
dehydrogenase (E;) TPP 96,000 24
Dihydrolipoyl
transacetylase (E;) Lipoate, CoA 65,000-70,000 24
Dihydrolipoyl
dehydrogenase (Ej) FAD, NAD 56,000 12

Source: Modified from Eley, M.H., Namihira, G., Hamilton, L., Munk, P., & Reed, L.J. (1972)
a-Ketoacid dehydrogenases. XVIII: subunit composition of the E. coli pyruvate dehydrogenase
complex. Arch. Biochem. Biophys. 152, 655—669.

2. Reaction of citric acid cycle
0 begins with the condensation of acetyl-CoA with OAA to form citrate
o0 The citric acid cycle has eight steps
o Amphibolic pathways can function in both anabolic and catabolic processes
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1) Energy vielding in citrate cycle

@O PVA —  Acetyl CoA 1 NADH
@ Isocitrate — a-ketoglutarate "
@ a-KGA — Succinyl CoA "
@ Malate — Oxaloactate "
(® Succinate — Fumarate 1 FADH2
® Succinyl CoA — Succinate 1 GTP
Total ATP 12.5 ATP (15 ATP)

2) Citric acid cycle components are important biosynthetic intermediates
(NE=4 H29 FHHRE 298 4G4 FHA D

Pyruvate
Glucose Fatty acids,
7 pyruvate sterols
carboxylase Acetyl -CoA
PEP carboxykinase
/\ Glutamine
Phosphoenolpyruvate € Oxaloacetate C'"ate Proline
PEP e
e EEE Arginine
carboxylase
Citric \
1 acid
Sering IA\spartat.e Malate cycle o-Ketoglutarate ——= Glutamate
Glycine Haaltlling malic \ l
Cysteine 1 enzyme
. . o J \\ s Purines
Phenylalanine Pyrimidines Succinyl-CoA
) Pyruvate

Tyrosine
Tryptophan

Porphyrins,
heme

Fig. SOI=tE0|M ctrate 2Z0| H&
- ANEZAI R F7AE B AFAAARY] FAE wAUrtd S g

BRol gl ANES s B
- Aoz FAE e AEENIRS 1B FUAT BIHE 43F
o BE YAl T}

3) Anaplerotic reaction (2= HAIEIS
TFALAZ 2 FHAES] AFAH AFAZA FELs7[Hd naddgdA F3H
MAEEL ESUAEES O o3l RFEHT



TABLE 16-2 Anaplerotic Reactions

Reaction Tissue(s)/organism(s)
pyruvate carboxylase . .
Pyruvate + HCO, + ATP === oxaloacetate + ADP + P, Liver, kidney
PEP carboxykinase
Phosphoenolpyruvate + CO, + GDP === oxaloacetate + GIP Heart, skeletal muscle
PEP carboxyl
Phosphoenolpyruvate + HCO," - oxaloacetate + P, Higher plants, yeast, bacteria

malic enzyme

Pyruvate + HCO;” + NAD(PH === malate + NAD(P)* Widely distributed in eukaryotes
and prokaryotes

~ Biotin carries CO2 group

4) Regulation of the TCA cycle (TCA 2|=Z°] XH)
- substrate availability (712 012s5%)
- inhibition by accumulating product (A Z2] == 2|5t 24Xl
- allosteric feedback inhibition of early enzyme by later intermediates
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Fig. Regulation of metabolic flow from pyruvate through the citric acid cycle.

@ Three enzymes of the citric acid cycle are regulated
* Citrate synthase : ADPel| &3] &3} ATP, NADH= AAX o2 A3
x Isocitrate dehydrogenase : ADP, Ca "o 93] &3}, ATPo| <& # 3l
* a-ketoglutarate dehydrogenase : Succinyl CoA, NADHe| 2|3 A 3j



@ Two enzymes outside the citric acid cycle profoundly affect its regulation
* Pyruvate dehydrogenase : PVA ——» Acetyl CoA
- inhibited by ATP, acetyl CoA, NADH
- activated by AMP, pyruvate, CoA, NAD', Ca"™
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* Pyruvate carboxylase : PVA —— oxaloacetic acid

II. The Glyoxylate cycle (3 2 AA3] £)
* (Glyoxylate cycle bypasses the two decarboxylation steps of the

citric acid cycle
* Two molecules of the acetyl-CoA enter the glyoxylate cycle
* The glyoxylate cycle consists of five reactions
* In Plants, the glyoxylate cycle occurs in organelles called glyoxysomes
* High plant & m/o : €], Animal : nothing
* 53] 1A EFTAY wol F lipid7t #53EZ AEHE 7F

|
CH;—C—5-CoA

Acetyl-CoA
0=C—C00"
CIH —Coo™ citrate
2
Oxaloacetate NN
3 CH,—C00™
NADH ik
HO—C—CO00
malate dehydrogenase | _
CH,—CO0
NAD* Citrate
CIOO' Glyoxqu te aconitase
HO _(le cyc le
CH, y
Som CH,—C00
Malate CH—C00"
'““':te HO—CH—CO00™
gaptiaze o . Isocitrate
| isocitrate
C|=0 lyase
I =0
CH;—C—S-CoA] H
Acetyl-CoA /Glyoxylate CH,—C00™ )
_ Succinate
CH,—C00

Fig. Glyoxylate cycle.



The key enzymes (isocitrate lyase and malate synthase) are
unique to the glyoxylate cycle

The citric acid cycle and glyoxylate cycles are coordinately regulated
(NEEZ 329 2S48 2= gxoz 239

Glyoxylate 3|22 7IX 1 AE AELS F &4 2 7FFA EA(acetyl-CoA)
g ojg3tel ¥ & 9tk

27 ANH2E P ENCZREY 4 B2HFES AP B,

Glyoxylate cycle function : lipid — carbohydrate
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Fig. Relationship between the glyoxylate and citric acid cycles.
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Fig. Coordinated regulation of glyoxylate and citric acid cycle
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