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Ovyaizu & Woese proposed deep blanching of Chloroflexus in 1987

The green non-sulfur bacteria: A deep branching in the eubacterial line of descent
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Big questions

1. What was the first photosynthesis?

Oxygenic and Autotrophic
Anoxygenic and Heterotrophic
Anoxygenic and Autotrophic

2. What kind of biological community with energy
metabolism did photosynthesis begin?

Fermentation
Anaerobic respiration Aerobic respiration
Anaerobic chemosynthesis Aerobic chemosynthesis



Chloroflexus as a candidate for the first photosynthetic organism

1. Grow up to the highest temperature (70°)
as a photosynthetic organism

2. Branch deepest in photosynthetic organisms
by phylogenetic analysis of 16s rRNA

3. Previously, it was known to grow well with
heterotrophic photosynthesis and aerobic respiration

4. In 2019, Chloroflexus aggregans was reorted to grows well
in vitro with autotrophic photosynthesis and grows slightly
with chemosynthesis. = Next 2 slides




C. aggregans grows by photosynthesis and chemosynthesis using hydrogen as an electron source

Anaerobic photosynthetic growth
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Semiaerobic chemosynthetic growth
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C. aggregans grows on HS™ together with sulfur disproportionating bacteria
Kawai, Kamiya, Matsuura, Haruta, 2019
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Electron transfer and energy conversion of sulfur disproportionating bacteria
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Photosynthetic and chemosynthetic microbial communities in Nakabusa

Kassen-no-Yu: 86°C at top: horizontal flow Kojiki-no-Yu: 80°C at top: vertical flow
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Composition in a photosynthetic microbial communy
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Comparison of microbial composition of photosynthetic and chemosynthetic communities
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Environmental chemical conditions and microbial compositions

Temp. (°C) 86 78 66 63 66

HS (umol/L) 238 239 109 146 2

O, (umol/L) 16 39 16 42 66

C. aggregans (%) 0 0 52 40 21
chem:s?/-n?c)f(\i(ej’iizci:igic. (%) 65 ol 1 2 34
sulfur dispropor- 59 3 12 11 10

tionating bac. (%)



Questions of this study

1. Is there a sufficient amount of sulfur disproportionating bacteria in
the hot-spring microbial communities to support the photosynthetic

growth of C. aggregans?

2. Is the chemosynthetic community on the hot side (>70°C) without C.
aggregans metabolically similar to the photosynthetic community on
the cold side (<70°C) ?

3. Is it meaningful to study further the autotrophic microbial
communities at Nakabusa hot springs as a hypothetical model for the
emergence of photosynthesis from chemosynthesis?



Electron and S Floow in photosynthetic and chemosynthetic microbial communities
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Conclusions

1.

SHIEE

Is there a sufficient amount of sulfur disproportionating bacteria in the hot-
spring microbial communities to support the photosynthetic growth of C.
aggregans? —YES

Is the chemosynthetic community on the hot side (>70°C) without C.
aggregans metabolically similar to the photosynthetic community on the cold
side (<70°C) ? —YES

Is it meaningful to study further the autotrophic microbial communities at
Nakabusa hot springs as a hypothetical model for the emergence of
photosynthesis from chemosynthesis? —YES

BRHECE (FEER)  PERROERKPOMEYIOFHIADFR] EHEEE
[LHaER (SB/EINRIFEXRT) | CERREYIETIED 165 rRNA 77> 7D 1 A4



An autotrophic microbial community including
Chloroflexus aggregans in Nakabusa hot springs as a hypothetical
model of the emergence of photosynthesis from chemosynthesis

Katsumi Matsuural) 2}, Shawn E. McGlynn 2 , Shigeru Kawai 3)
1) Inst. Early Metabolic Evolution, 2) ELSI, Tokyo Tech, 3)JAMSTEC



