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Estimating carbon assimilation rates of marine archaea using natural-level
radiocarbon.
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In this study, we developed a method to calculate the metabolic rate of
chemotrophic autotroph metabolism (CO2 assimilation) by marine microorganisms, especially marine
archaea, using natural-level radiocarbon isotopes of cell membrane lipids as tracers. In this study,

we performed calculations using GDGTs, DOC, POC, and DIC isotope data as input values in a newly
developed Markov chain Monte Carlo (MCMC) mass balance model with Bayesian statistics, and obtained
a result that the proportion of chemosynthetic nutrient metabolism (C02) of marine archaea in Suruga
Bay is approximately 40%. The results showed that the proportion of chemotrophic autotroph
metabolism (CO2) in marine archaea in Suruga Bay is approximately 40%. Furthermore, the annual flux
of carbon fixation was calculated to be 2.9E+06 (gC/km3/yr) based on the cell density of
Crenarchaeota (18-63 fgC/cell) at the depth of 400-700 m in Suruga Bay and the ratio of carbon
assimilation by chemotrophic autotroph of Crenarchaeota.

GDGTs



Karner et
al. 2001
Hansman et al.
2009

€02

GDGTs
13C 14C

CO, LUUIFo1)-4)

0.5-0.2 pm

10-20 L
0.2um



(0.2

um)
397 m
PP Sony SH800 488 nm
PI 7AAD (>0.5
um (A ) B FSC-A 10%-10°
A

Bligh & Dyer
C15:0, C16:1(n7), C17:0, C18:2(n9, 12), C18:1(n9), C2:3, C20:1, C22:6(n3)

C16:1n9 ng/L
L
GDGTs 10 L
( 800-1000 m) catalyzed

reporter deposition fluorescent in situ hybridization CARD-FISH

0.6-2.0 gC/L
0.3 GtC Bar-on
et al. 2018 Lloyd et al. 2013
2.07x10* cells/mL
11 fgC/cell Bar-on et al. 2018 0.23
ngC/L 5 ( 2.5~ K
9 ) 3.2+ 1.6 x10%ells/mL,
mean + sd 2x10* cells/mL
, 18-63 fgC/cell; , 11 fgC/cell
Fukuda et al. 1998
¢, *C)
(McMC)
GDGDTs DOC, DIC, POC dual “c, ¥0)
DIC DOC, POC
(MCcme

) MCMC (1)-(4) MCMC



GDGDTs DOC, DIC, POC

100 GDGTs
43%, 57%, 0%
Co.  57% DOC
A14CGDGDS A14CDOC
<613CGDGDS> = < 613CDO
1 1
)
A14Ci — A14CiDOC % f-iDOC +A14CiP0C
@)
§13¢; = 813¢,"% x f;P0° + 513¢,"°
1= fPOC4 fPOC, pDIC
4)
(MCNC)

(gC/km*/yr)

Uchida et al., 2023
l4C 13C
DIC, DOC, PIC
GDGDTs 43
POC

dual isotope(*C, ®*C)

A Cpoc A Cpyc
613 Cpoc 8% Cpic
1 1

v ]ciPOC+A14CiDIC % fimc
v fiPOC+613CiDIC % fiDIC )
GDGTs, DOC, PIC, DIC
CO,
400-700m
2 .9E+06



5 5 2 4

Uchida Masao Mantoku Kanako Kobayashi Toshiyuki Kawamura Kimitaka Shibata Yasuyuki 536
Ultra small mass AMS 14C sample preparation and analyses at NIES-TERRA AMS facility 2023
Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials 144 153
and Atoms
DOl
10.1016/j .nimb.2022.12.028
Uchida Masao Mantoku Kanako Kumata Hidetoshi Kaneyasu Naoki Handa Daishi Arakaki 538
Takemitsu Kobayashi Toshiyuki Hatakeyama Shiro Shibata Yasuyuki Kawamura Kimitaka
Source apportionment of black carbon aerosols by isotopes (14C and 13C) and Bayesian modeling 2023
from two remote islands in east Asian outflow region
Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials 64 74
and Atoms
DOl
10.1016/j .nimb.2023.02.002
Amano Chie Reinthaler Thomas Sintes Eva Varela Marta M. Stefanschitz Julia Kaneko Sho 21
Nakano Yoshiyuki Borchert Wolfgang Herndl Gerhard J. Utsumi Motoo
A device for assessing microbial activity under ambient hydrostatic pressure: The in situ 2022
microbial incubator (ISMI)
Limnology and Oceanography: Methods 69 81
DOl
10.1002/10om3.10528
M. Uchida, K. Mantoku, T. Kobayashi, K. Kawamura, Y. Shibata 536
Ultra small mass AMS 14C sample preparation and analyses at NIES-TERRA AMS facility 2023
Nuclear Inst. and Methods in Physics Research, B 144-153

DOl
10.1016/j .nimb.2022.12.028




Bao Rui Uchida Masao Zhao Meixun Haghipour Negar Montlucon Daniel McNichol Ann Wacker 10
Lukas Hayes John M. Eglinton Timothy I.

Organic Carbon Aging During Across-Shelf Transport 2018
Geophysical Research Letters 1-10
DOl

10.1029/2018GL078904

4 0 4

Uchida Masao Mantoku Kanako Kobayashi Toshiyuki

Improvements for ultra-microscale radiocarbon measurements at NIES-TERRA

The 15th International Conference on Accelerator Mass Spectrometry.

2021

Uchida Masao Kumata Hidetoshi Mantoku Kanako Uchida Masaki Utsumi Motoo Kaneko Ryo Nakai Ryosuke lIwahana Go Shibata
Yasuyuki Kawamura Kimitaka

Black carbon and their isotopic signatures in permafrost soil: Implication of sources and fate under changing Arctic climate

Seventh International Symposium on Arctic Research (I1SAR-7)

2023

Uchida Masao Eglinton Timothy 1. Mollenhauer Gesine Montlucon Daniel Hayes John M Coppola Laurent Gustafsson Orjan
Mantoku Kanako Ahagon Naokazu Harada Naomi

Age offsets between marine-derived lipid biomarkers, TOC, and foraminifera during cross shelf-slope lateral transport
revealed by compound-specific radiocarbon dating

24th Radiocarbon Conference

2022




Amano Chie Zhao Zihao Sintes Eva Reinthaler Thomas Stefanschitz Julia Kisadur Murat Utsumi Motoo Herndl Gerhard J.

Heterotrophic activity of the deep-sea microbial community under in situ hydrostatic pressure conditions

ASLO 2021 Aquatic Sciences Meeting

2021

(Kumata Hidetoshi)

(60318194) (32659)

(Utsumi Motoo)

(60323250) (12102)




