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Relationship between anaerobic metabolisms and organelle evolution of Entamoeba
histolytica
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Mitochondria, which function as the powerhouse of aerobic eukaryotic
organisms, have undergone significant functional reduction and modifications under oxygen-reduced
conditions, such as loss of oxygen-dependent ATP generation. Mitosomes are a highly degenerate form
of mitochondria that lack the canonical functions of aerobic mitochondria. In the intestinal
parasite Entamoeba, mitosomes exclusively contain enzymes for sulfate activation, which is not a
typical function of mitochondria, and it remains a conundrum why Entamoeba has compartmentalized
this pathway.

In this project, | proposed a hypothesis that a characteristic energy metabolism of Entamoeba was
a key driving force for mitosome compartmentalization, and got data to support the hypothesis.
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adenylyltransferase; APSK: APS kinase;
OA: oxaloacetate

AS: sulfate adenylyltransferase; APSK:
APS kinase; PEP: phosphoenolpyruvate

PPi

ATP

PPi
ATP
PPi
PPi

PPi

PPi
PPi

PPi PPi
inorganic
pyrophosphatase (IPP)

IPP

PPi IPP

PPi PPi

PPi
IPP

PPi
IPP

IPP IPP
PPi

ATP GTP
PPi phosphoenolpyruvate

carboxykinase
PPi

phosphoenolpyruvate carboxykinase
PPi

PPi  phosphoenolpyruvate
carboxykinase

PPi
PPi
phosphoenolpyruvate carboxykinase

PPi
phosphoenolpyruvate carboxykinase
2



Glucose

ATP—.

ADP ng

mpl

Pi F1%p
ADPD: PEPCK
ATP<"! Pi PPi

AMP + PP PEP g OA
+ PRI CO, l
ATP + Pi Dl
Pyruvate «— Malate

PPi  phosphoenolpyruvate carboxykinase
(PEPCK)

IPP
IPP
IPP
ATP, PPi,
CE-MS/MS
PPi  phosphoenolpyruvate
carboxykinase

PPi
phosphoenolpyruvate carboxykinase
30

Butyl-toyopeal
phosphoenolpyruvate carboxykinase

MonoQ
Superdex 200

LC-MS/MS

PPi  phosphoenolpyruvate

carboxykinase
PP
PP
PPi
ATP
IPP PPi

PPi  phosphoenolpyruvate
carboxykinase

PPi  phosphoenolpyruvate
carboxykinase

PPi  phosphoenolpyruvate carboxykinase

phosphoenolpyruvate carboxykinase

PPi
PPi
phosphoenolpyruvate carboxykinase ATP,
GTP  phosphoenolpyruvate
carboxykinase

ATP PPi

phosphofructokinase

PPi



phosphoenolpyruvate carboxykinase

1

Yoko Chiba, Ryoma Kamikawa, Kumiko
Nakada-Tsukui, Yumiko Saito-Nakano,
Tomoyoshi Nozaki. Discovery of PPi-type
phosphoenolpyruvate carboxykinase genes
in eukaryotes and bacteria. Journal of
Biological Chemistry, , 290, 2015,
23960-23970
DOI: 10.1074/jbc.M115.672907

7

Yoko Chiba, Takehiro Yamamoto, Ryoma
Kamikawa, Mai Itoh, Makoto Suematsu,
Tomoyoshi Nozaki, Discovery of PPi-type
phosphoenolpyruvate carboxykinase and
the physiological importance. Molecular
Basis of Microbial One-Carbon Metabolis:
Gordon Research Conference,
2016.07.31-08.05, Waterville Valley, USA.

Yoko Chiba, Takehiro Yamamoto, Ryoma
Kamikawa, Mai Itoh, Makoto Suematsu,
Tomoyoshi Nozaki, Discovery of PPi-type
phosphoenolpyruvate carboxykinase and
the physiological importance. Molecular
Basis of Microbial One-Carbon Metabolis:
Gordon Research Seminar,
2016.07.30-07.31, Waterville Valley, USA.

Yoko Chiba, Takehiro Yamamoto, Mai
Itoh, Makoto Suematsu, Tomoyoshi Nozaki,
Why is sulfate activation
compartmentalized into the
mitochondrion-related organelle in
Entamoeba?, International seminar on
Amebiasis,2015.10.13-16, Campeche,
Mexico.

Yoko Chiba, Discovery of a Novel Serine
Synthetic Pathway by Reannotation of
Glycolytic Enzymes, American Society for
Microbiology 115th General Meeting,
2015.05.30-06.02, New Orleans, USA.

— PEP
carboxykinase ,
2015 , 2015.03.26-29

PEP carboxykinase
, 84 )
2015.03.21-22,

Yoko Chiba and Tomoyoshi Nozaki,
“Discovery” of pyrophosphate-producing
PEP carboxykinase from an anaerobic
protist, Entamoeba histolytica,
Molecular Basis of Microbial One-Carbon
Metabolism: Gordon Research
Conference, 2014.08.10-15, South Hadley,
USA.

@
CHIBA, Yoko

70638981



