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Theoretical understanding of the population dynamics and evolution of
chemotrophs under the limitation of metabolic energy acquisition per redox
reaction.
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The fundamental ecological theories have been developed based on
observations of the Earth"s surface ecosystems (e.g., terrestrial and coastal ecosystems).
meanwhile, the deep subsurface environments also harbor enormous biomass, in which bacteria and
archaea support primary production. The amount of energy available in the deep sea is far less than
that available in surface ecosystems. In this study, we conducted a theoretical study using a
population dynamics model to understand microbial communities and ecosystems that are independent of

light as an energy source. The results revealed that microorganisms increase not only the reaction
rate but also the energy conversion efficiency by passing metabolites to other microorganisms.
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F (WYY 77 > 7 b)) DX ZLRBERR (BB EAERRONFEERE) OIS/
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TRMA L. F&#£ L 7(Seto et al., 2019),
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L. EFIREDNA A 2 AT % & 3 S 5T 7% o 72(Seto and Twasa, 2019b, 2020a)(1X] 2),
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X 1 (): 2 TR D SIS AE R DZ T L D (Seto and Iwasa, 2020),
(a) T 2 23 1 ORICHEEM Z R T 285546, (b) 1 L2 BRIG
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° yinflow rate (7)) in log,, yinflow rate (7)) in log,,

(ii)) VL Fy 27 A%y b7 =27 V2O ACERIGOME T T R L X — 22T L, AN
T2 LS KIER DY 2L X — AR OMEM R EOBEL By S 2L —> 3 v T
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T YA PRI S B AT 5 2 & 23 5 2012 72 o 72 (Seto and Kondoh, 2021), Z 4,
LT 2V X —HEED BRI, BN AR AEHZE L OV TERL, 2085 E LT
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2020b),

<GIHISCHR ORFHEARTIZEIRIN O 2 §59) >

Bar-On, Y.M., Phillips, R., Milo, R., 2018. The biomass distribution on Earth. Proceedings of the National Academy
of Sciences 115, 6506—-6511. https://doi.org/10.1073/pnas.1711842115

Bradley, J.A., Arndt, S., Amend, J.P., Burwicz, E., Dale, A.W., Egger, M., LaRowe, D.E., 2020. Widespread energy
limitation to life in global subseafloor sediments. Science Advances 6, 1-9.
https://doi.org/10.1126/sciadv.aba0697

Jin, Q., Bethke, C.M., 2009. Cellular energy conservation and the rate of microbial sulfate reduction. Geology 37,
1027-1030. https://doi.org/10.1130/G30185A.1

Seto, M., Iwasa, Y., 2020a. Microbial material cycling, energetic constraints and ecosystem expansion in
subsurface ecosystems. Proceedings of the Royal Society B: Biological Sciences 287, 20200610.
https://doi.org/https://doi.org/10.1098/rspb.2020.0610

Seto, M., Iwasa, Y., 2020b. How Thermodynamics Illuminates Population Interactions in Microbial
Communities. Frontiers in Ecology and Evolution 8, 425. https://doi.org/10.3389/fev0.2020.602809

Seto, M., Iwasa, Y., 2019a. Population dynamics of chemotrophs in anaerobic conditions where the metabolic energy
acquisition per redox reaction is limited. Journal of Theoretical Biology 467.
https://doi.org/10.1016/].jtbi.2019.01.037

Seto, M., Iwasa, Y., 2019b. The fitness of chemotrophs increases when their catabolic by-products are
consumed by other species. Ecology Letters 22, 1994-2005. https://doi.org/10.1111/ele.13397

Seto, M., Noguchi, K., Van Cappellen, P., 2019. Potential for Aerobic Methanotrophic Metabolism on Mars.
Astrobiology 19. https://doi.org/10.1089/ast.2018.1943

Seto, M., & Kondoh, M. (2021). [preprint] Microbial redox interplay enhances biodiversity and ecosystem
productivity.




4 4 1 4

Seto Mayumi lwasa Yoh 287

Microbial material cycling, energetic constraints and ecosystem expansion in subsurface 2020

ecosystems

Proceedings of the Royal Society B: Biological Sciences 20200610
DOl

10.1098/rspb.2020.0610

Seto Mayumi lwasa Yoh 8

How Thermodynamics Illuminates Population Interactions in Microbial Communities 2020

Frontiers in Ecology and Evolution 602809
DOl

10.3389/fevo0.2020.602809

Seto Mayumi lwasa Yoh 22

The fitness of chemotrophs increases when their catabolic by- products are consumed by other 2019

species

Ecology Letters 1994 2005
DOl

10.1111/ELE.13397

Seto Mayumi Noguchi Katsuyuki Cappellen Philippe Van 19

Potential for Aerobic Methanotrophic Metabolism on Mars 2019

Astrobiology 1187 1195
DOl

10.1089/ast.2018.1943




2020

2021

Mayumi Seto

Catabolic mutualistic interactions can lead ecosystem expansion

24th International Symposium on Environmental Biogeochemistry

2019

2019

¢ 29)

2019




16

2020

2019

Mayumi Seto

Application of bioenergetics in astrobiology and ecology

Ecohydrology Research Symposium

2019

2020




Web
https://ww.e.ics.nara-wu.ac.jp/~seto/publications_ja.html




