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Abstract

Regulation of the cell proliferation and cell growth is complex, which requires a large number of

nutrient, energy, cofactor and metabolic intermediates. The paper discussed the roles of aspartate and cell respiration

in the cell proliferation. We described the ETC (electron transport chain) working mechanisms and discussed its

relationship with cell proliferation. We also summarized the functions of aspartate in the cell cycle progression

by reviewing the aspartate metabolism, effects of aspartate in ETC defective cell. The review finds that aspartate

accelerates the cell cycle progression through participating in the Krebs cycle and nucleotide metabolism instead of

serving as an electron acceptor like pyruvate. The review may provide a clue for further work in regulation of the

cell proliferation.
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Inner-membrane space

Complex I Complex II Complex IIT Complex IV Complex V
Cyt.c(red.)

Cyt.c(ox.)

(K/D-pathway)
ADP+Pi

Fumarate

Succinate ATP

Matrix

LR R PR b A I B A AT, T T TV, VAR, 2 ilbsc s i, TG, 356, SO ROt S5 G RN B 1Eid &k Tikie
I3 UL 8 T i Sk B . Cyte(ox.): S AL TLAN L (B Foe; Cyt.e(red.): B JE 4N L & c

The mitochondrial electron transport chain at the inner membrane is composed of five respiratory complexes. Complex I is colored in pink, complex II
in blue, complex III in yellow, complex IV in green and complex V in red. The electron transfer pathways within each complex as well as the coupled

proton translocations are indicated by black and blue arrows, respectively. Cyt.c(ox.): cytochrome c in oxidized state; Cyt.c(red.): cytochrome ¢ in

reduced state.
El R TR

Fig.1 The mitochondrial electron transport chain

[COCC) Oxidative 0000 Reductive
Aspartate TCA Aspartate  carboxylation
M+4 M+3

0000 Acetyl-CoA ‘@)
Oxaloacetate Oxaloacetate
@@ CoA

.JOO T/-}Acetyl-cOA

NAD* Citrate

Malate

Fumarate 2 i Succmate 5 i Alpha-

NADH NAD" ketoglutarate

NADH

Isocitrate/citrate

i ?
g0

;

Glutamate

‘

Glutamine

RA IR A S AL I R A, U@ 3 2Ll TCAE R 1934 SR 56 il 3 I 1 1 Sl I8 R AR F S . S Aki&
PLHREE G St hroR, ISR BLR ““%ﬁm RN R AL R ARG KRR T, E @ RDE AR R AL R bRl FR T
Aspartate synthesis includes oxidative TCA metabolism or reductive carboxylation from glutamine. The oxidative pathway is indicated in light blue
background and the reductive pathway is shown in light purple background. Carbon atom labeled with isotope is in filled blue circle and carbon atom
without labeling is in open white circle.

E2 AATEERKEHENXETERIRE@RESE T 411220

Fig.2 Synthesis process of aspartate from glutamine (modified from reference [4])
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Glu
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NAD*
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) NADH
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PR oh FEE 2B AEMDH R R S A A RS R R IR FENADH, SRR e 12 A8 2R 1 A e MDH2 A ] 28 B B 2R IF 102K 18 J7 24 BN ADHA
BELAKIAN . FBE LR 2RAEGOT2MEH] T AR L AR M o- B K 1R, —F 20 Al i2 Z S /EGOT I N /R B LR AN
TR 38 OANE (7 HIACR A 5 BB (GOT) AISE SRR i S BE(MDH) «

NADH is consumed in the cytosol by the oxidation of oxaloacetate (OAA) to malate (MAL). Then malate transfers into the mitochondrion where
malate is reduced into oxaloacetate with accompany of regeneration of NADH. This transfer is also indirectly accomplished by transamination with
glutamate (GLU) to form a-ketoglutarate (a-KG) and aspartate (ASP). These substances are then transferred to the cytosolic compartment where the
reverse transamination regenerates oxaloacetate and glutamate. GOT is in yellow and MDH is in blue.

E3 RZEEFERIRFR
Fig.3 The aspartate-malate shuttle
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i g {0 [» Glug—Glu Isocitrate
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T W PR A A DA IR R, e e A A R A S s T PR R A B A 1) IS B A BB BRI N ZIRIROE IR . AL IR (KR B 70 e i
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The glucose metabolism via glycolysis produces pyruvate, and the pyruvate enters the Krebs cycle via acetyl CoA (AcCoA) catalyzed by pyruvate
dehydrogenase (PDH) or via oxalacetate (OAA) catalyzed by pyruvate carboxylase (PC). The ribose subunit of nucleotides is synthesized from glucose
via hexokinase (HK) and glucose-6-phosphate dehydrogenase (G6PDH) (the oxidative branch of the PPP). The pyrimidine nucleobases are synthesized
using one carbon from CO, and three carbons from Asp, which is readily produced by transamination of oxalacetate (OAA) derived from the Krebs
cycle by glutamate oxaloacetate transaminase (GOT) and malate dehydrogenase (MDH). Glutamine can also serve as the precursor for Asp and
therefore pyrimidine bases by replenishing a-ketoglutarate (a-KG) via glutaminase (GLS) plus transaminase reactions, and the latter half of the Krebs
cycle sequence.

El4 XEREBRS=REBRER. LEHBRABNOXRARES S TE8211E)

Fig.4 The relationship between aspartate and the TCA cycle, nucleotide metabolism (modified from reference [82])
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