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Abstract: Treponema pallidum is the pathogen of the sexually transmitted disease syphilis that seriously

endangers the physical and mental health of humans, and it is still difficult to achieve artificial culture in

vitro. A longstanding conundrum in Treponema pallidum biology concerns how the spirochete generates

sufficient energy to fulfill its complex pathogenesis processes during human syphilitic infection. This

article describes the metabolic mechanisms of Treponema pallidum, such as nutrients transport, glycolysis

pathways, and metabolite detours, in order to arouse the attention of researchers and further explore the

physiological and metabolic functions of Treponema pallidum that are not yet understood, and break the

bottleneck of Treponema pallidum in vitro artificial culture. To clarify the possible pathogenic

mechanism of Treponema pallidum, to find new clinical treatment targets to provide reference.
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Figure 1 Tp glycolysis pathway energy production, amino acid, lipid biosynthesis and NAD" regeneration.
1,3-DPG: 1,3-diphosphoglyceric acid; ABC: ATP-binding cassette; Acetyl-P: acetyl phosphate; AckA:
acetate kinase; AsnA: aspartate-ammonia ligase; CoA: coenzyme A; DHAP: dihydroxyacetone phosphate;
flavodoxinox: oxidized flavodoxin; flavodoxinred: reduced flavodoxin; Fructose-1,6-P2: fructose
1,6-bisphosphate; Fructose-6-P: fructose 6-phosphate; Glyceraldehyde-3-P: glyceraldehyde 3-phosphate;
LDH: D-lactate dehydrogenase; Mgl: methylgalactoside; NOX2: NADH oxidase 2; OAD: oxaloacetate
decarboxylase; PFOR: pyruvate-flavodoxin oxidoreductase; PG: phosphatidyl glycerol; Pi: inorganic
phosphate; PPDK: pyruvate phosphate dikinase; PPFK: phosphofructokinase; PPi: inorganic pyrophosphate;
Pta: phosphate acetyl transferase; TpaaT: aspartate aminotransferase.
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Table 1

Similarities and differences in ATP consumption or production between ATP dependent glycolysis

pathway and Treponema pallidum PPi-related glycolysis pathway

ATP ATP dependent glycolysis pathway Treponema pallidum PPi-related glycolysis pathway
Consumption  G+ATP—G-6-P+ADP G+ATP—G-6-P+ADP

exokinase exokinase (Tp0505)

F-6-P+ATP—F-1,6-P,+ADP F-6-P+PPi«<>F-1,6-P,+Pi

ATP-PPFK PPi-PPFK (Tp0542)
Production 1,3-DPG+ADP+«3-phosphoglycerate+ ATP 1,3-DPG+ADP«3-phosphoglycerate+ ATP

phosphoglycerate kinase
PEP+ADP—Pyruvate+ATP
pyruvate kinase
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glycolysis pathway

|

ADP+P,

Pyruvate kinase, >
ATP

Treponema pallidum PPi-related
© glycolysis pathway

AMP+PP,

PPDK
ATP

Pyruvate

2 AERERHEEE — M ES(PPDK)fE L R B4 B ATP (8 2 BRE B EE /i 57) 5 ™ BRER #5086 1 10 /2 B2 & A

ATP %fEE

Figure 2 Comparision of ATP generation catalyzed by pyruvate kinase and pyruvate phosphate dikinase

(PPDK) (including adenylate kinase reaction).
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