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Development of advanced coating array technology and trial production of
high-performance electrodes by elucidating the adhesion mechanism of methanogen

Tada, Chika

19,800,000

CNT Methanothermobacter
thermautotrophicus COOH OH 1:0.65 SG-CNT BSAO0.5 mg/L
-600 mV(vs.Ag/AgCl) 2 107copies/ 2

7.5 1/10

€02 CH4

With the goal of establishing "microorganism printer” that artificially and
freely aligns and attaches methanogens to the electrode surface, (1) elucidation of the adhesion
mechanism of methanogens, and (2) dispersion of highly attached CNT of methanogens (3) Accumulation
methanogen on the electrode for a short time , and manufacture high-performance electrodes. As a
result, (1) Methanothermobacter thermautotrophicus had a good adhesion to that COOH and OH groups on

the electrode surface at a ratio of 1: 0.65, and (2) had a high affinity with single-layer
supergrowth CNTs. In addition, BSA 0.5 mg / L was suitable as the CNT dispersion. (3) At -600 mV
(vs. Ag/AgCl), methanogen adhered to 107 copies/electrode in 2 days. A 7.5-fold higher current
density was obtained by microbial fuel cell which methanogen adhered twice as densely. As for the
electrode orientation, the same methane conversion rate was obtained even with 1/10 of methanogen as
compared with the non-alignment.

CNT



€O,

Co, H* CHa

A g 1.20 x 10° *

A-l -g 1.00 x 10 J‘{‘

1- E% 8.00x 10 *% -
EE 6.00%x100 — o
§§ 400x100 -
IRl 0 Uol

136i 6 40 z Contrd  KOH  NaOH HCI HNO; H,SO, NaSO,; NaHPO,
**:<0.01 *: <
0.05
1
2
H,S0, -COOH -C=0 -OH
5.55 4.59 4.46 Na,SO,  Na,HPQ,
134°
NaOH
-COOH -C=0 -OH
2 HNO3 -

CH 1710

3.

21 Ho  CHa

PCR 1 NaOH HCI H,SO. Na,HPO,4
p <0:05; t
2 SEM 6.00
M. thermautotrophicus 5 -
SEM 200 T _HSO,
not shown data NaOH HCI H,SOs - H
NazHP04 200 E °
not shown data, p <0:05; t NaHPBHT/Z:. Hol y=0.6477x + 0.9048
4
0.00
0.00 2.00 4.00 6.00
4 —7COOH -C=0 -CH ~OH s cooH  .OH
-COOH



-OH 3 4 NaOH H,SO,
HCI  NaH.PO, -COOH -OH R2 = 0 9607
KOH Na,S04 -COOH -OH
-COOH -OH
-COOH -OH =1 0.65
A2 100107
Lo
Realtime PCR « 4 g
Methanosarcinae  1.6*10" copies/ § ::::
Methanomicobialesl1.6*10* copies/ Methanobacteriales o
6.3*10° copies/ A-1 -
M. thermoautotrophicus Mg Mmb Mot Moo Mmb Mot
188 2@E
4
Methanomicrobiales
Methanomicrobials Methanocul leus
thermophilus HRT 5 min HRT
Methanomicrobiales
Methanomicrobials
A_3 1.00.E+12
1.00.E+10
CNT 'gg_ 1.00.E+04
CNT CNT 8 o002
1.00.E+00
CNT SG eDIPS
M. thermoautotrophicus m28 WONTHEER
CNT eDIPS( 5SG eDIPS
) Super
Growth( ) SG-CNT
epIrs
5 SG- e col Caon - e co (\\ 0%
CNT eDIPS-CNT 2.61*10° C;%Z%j | oo™l
copies/5ml 8.68*10° copies/sml Y ot ﬂ7-{f?f\- \ 0% |
eDIPS e P
CNT I
SG-CNT 2.04 *10® copies o
e-DIPS-CNT 4.18*10° copies e 02
SG-CNT 78.2% CNT .
eDIPS-CNT -
4.8% CNT SG eDIPS
6 CNT  XPS
SG-CNT ~ eDIPS-CNT C-0 C=0
A-1



4.0

day

M. thermoautotrphicus COOH Cc-0
C=0 SG-CNT C-C eDIPS-CNT
SG-CNT
A-3(2) SG-CNT
BSA
BSA
BSA
BSA
A-3(3)-1 BSA »
12 BSA £
CNT BSALmg/ml o
BSAQ. 25mg/ml ¢
BSA0.5 mg/ml ’
12 00 1.0 20 30
CNT ormas ong ovvasa s
—e—CNT+BSA 1.0 mg —— JESFRCNT
5
2.36*107copies/40nl BSA 12 SG-CNT
BSAO0.5mg/ml 10°
BSA 0.5 mg/ml
A-4 EPS
EPS BSA
5 BSA  0.5mg/ml BSA
0.5mg/ml 7.82*10° copies/40mL 5.21*107 copies/40mL
100
BSA0.5 mg/L 0.86
BSA BSA
B,C,D
-600 mvV, -800mV
PCR -600mV
Methanosarcinaceae(Msc) 13 Methanomicrobiales(Mmb)
Methanobacteriales(Mbt)
-800 mv
-600 mV
Methanomicrobials
Methanomicrobials
-600mV

BSA



-600mV Methanomicrobials Methanosaricinae
C02 H2 CH4

-600 mv 2
2
E
E-2-2-3 NaOH
NaOH 2
4000 min NaOH 1270 mA/m2
165 mA/m2 NaOH
7.5
E-2-3 SG-CNT, SG-CNT SG-CNT
CNT, SG-CNT CNT CNT, SG-
CNT CNT, SG-CNT
5 CNT 2.36*10" copies/40mL, CNT 1.97*10°
copies/40mL, CNT 2.16*10° copies/40mL CNT
1/10 CNT
SG-CNT 1/10
A-3 BSA
30 - 800
3.5 BSA
Methanothermobacter thermoautotrophicus COOH OH 1:0.65
1M NaOH
CNT CNT
eDIPS-CNT
BSA 0.5 mg/L CNT
-600mV(Ag/AgCl) 2 10’copies/
10 M. thermoautotrophicus Methanobacterium
Methanosarcinae Methanomicrobials
-600mV(Ag/AgCI)
NaOH 2
1270mA/m2 7.5
1/10
1/10
CNT CNT  BSA
SG-CNT  BSA



2 2 0 2

Masaki Umetsu, Yasuhiro Fukuda, Hideyuki Takahashi, Chika Tada 19(D)

Electricity Generation by a Methanogen Cathode Microbial Fuel Cell, 2020

Journal of Animal Production Environment Science 17-27
DOI

Masaki Umetsu , Takaaki Sunouchi, Yasuhiro Fukuda, Hideyuki Takahashi, and Chika Tada 2020

Functional Group Distribution of the Carrier Surface Influences Adhesion of Methanothermobacter 2020

thermautotrophicus,

Archaea 1-8
DOI

10.1155/2020/9432803

9 0 5

Masaki UMETSU, Yasuhiro FUKUDA, Hideyuki TAKAHASHI, Chika TADA

Electricity Generation with a Fed-Batch Type and a Continuous Type Methanogen Cathode Microbial Fuel Cell

Water and Environment Technology Conference2018

2018

Masaki UMETSU, Yasuhiro FUKUDA, Hideyuki TAKAHASHI, Chika TADA

Methane production in the fed-batch Microbial Fuel Cell

10th Asian Symposium on Microbial Ecology ASME

2018




17

2018

Umetsu M, FukudaA Y, Takahashi H, Tada C.

Electricity Generation with a Fed-Batch Type and a Continuous Type Methanogen Cathode Microbial Fuel Cell..

The Water and Environment Technology Conference 2018

2018

32

2018

17

2018




Umetsu M, Fukuda Y, Takahashi H, Tada C. (2019)

Power generation with a batch type Microbial Fuel Cell using a hydrogenotrophic methanogen as cathodic catalyst.

16th World Conference on Anaerobic Digestion 2019

2019

Umetsu M, Fukuda Y, Takahashi H, Tada C.

Simultaneous Power Generation and Methane Production by a Methanogenic Cathode Microbial Fuel Cell.

Water and Environment Technology Conference 2019

2019

18

2019

(Sekiguchi Atsuko)

(50738086) (82626)




(Takahashi Hideyuki)

(90312652)

(11301)




