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Importance of lanthanides in microorganisms
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Methylobacterium species are phytosymbionts utilizing methanol emitted from
plants. They utilize two different methanol dehydrogenases (MDHs) that require calcium and
lanthanides. We examined the regulation mechanism of Ln-dependent gene expression, and found factors

involved in the regulation. On the other hand, Ln-dependent MDH gene is encoded in many bacterial
genomes. We found and characterized new Ln-dependent methylotrophs.

Microbiology

Methylotroph Lanthanides Methanol dehydrogenase




Methylobacterium

HsMPT
HasF

MDH  mxaF
M. extorquens AM1
XoxF

(Ln)
Mo, Zn Co (

Ln

XoxF Ln
XoxF X
XoxF Ln

MxaF
XoxF Ln
Ln

Methylobacterium
Ln
Ln

XoxF
HsMPT

M. aquaticum 22A

Q) Ln
(2) M. aquaticum 22A

®)

@
Ln

(2) 22A 6
pseudogene
ADH4 , ADH6

MDH

mxaF

ppb)

MxaF XoxF

NADH

AM1

Ln
Ln

Ln

MDH
MDH
XoxF2 Ln

22A

XOXF
XoxF
MDH  XoxF
Ln
XoxF
Bradyrhizobium
Ln C1
Ln C1
Ln MxaF
Ln
XoxF MxaF
XoxF
Ln
HsMPT
XoxF
Ln
Ln
16S rRNA
MDH
gPCR
MDH MxaF  XoxF1 XoxF1
ExaF

Formaldehyde activating enzyme (Fae) Hydroxy glutathione



dehydrogenase (Hgd) MDH
3) Ln 22A
XoxF
Ln
Lanmodulin(LanM)
Ln
(@)) Ln
300
120

5

Ln

Ln
Ln

Ln Ln

(Burkholderia ambifaria, Cupriavidus necator,

Dyadobacter endophyticus, Methylotenera mobilis, Methylophilus sp.)

Methylophilus sp. La2-4 Methylophilus luteus 93.4% 16S rRNA
La2-4 La, Ce,
Pr,Nd 4 Ln Ln
MxaF
XoxF 5 gPCR
Novimethylophilus kurashikiensis @
Methylotenera mobilis La3113 98.29% 16S rRNA
Methylotenera oryzisoli Ln
@
Oharaeibacter diazotrophicus
MxaF Ln XoxF 4
gPCR
XoxF ©))
(2) M. aguaticum 22A Ln XoxF
MxaF, XoxF1 Ca, Ln MDH XoxF2
pseudogene AM1 XoxF
ExaF Ln
ADH4, ADH6
AM1 22A XOxF1 mxaF Ln
MxaF XoxF Ln MxaF
XoxF AxoxF1
MxaF
MxbD AmxbD
mxbD AmxbD  Ln
XoxF1  MxbD Ln MxaF MxbD
XoxF1 XoxF1
Ln Ln
TonB-dependent receptor, ABC transporter XoxF
Ln XoxF
22A (HMPT
fael, fae? GSH hgd ) AfaelAfae2
AfaelAfae2Ahgd GSH
XoxF1l  His-tag 22A
Ln
mxaF AfaelAfae2Ahgd
XoxF
XoxF
MxaF Ln
XoxF
©)
3) Ln Ln



lanM
XoxF1  TonB-dependent receptor
LanM Ln LanM Ln
MxaF
LanM LanM Ln
Ln mxaF  XoxF
Ln

(1) Lv H, Sahin N, Tani A, Isolation and genomic characterization of Novimethylophilus
kurashikiensis gen. nov. sp. nov., a new lanthanide-dependent methylotrophic species
of Methylophilaceae. Environ Microbiol 20, 1204-1223 (2018)

(2) Lv H, Sahin N, Tani A. Methylotenera oryzisoli sp. nov., a lanthanide-dependent
methylotrophic bacteria isolated from rice field soil. Int J Syst Evol Microbiol. 70,
2713-2718, 2020

(3) Lv H, Tani A. Genomic characterization of methylotrophy of Oharaeibacter
diazotrophicus strain SM30T. J Biosci Bioeng 126, 667-675(2018)

(4) Yanpirat P, Nakatsuji Y, Hiraga S, Fujitani Y, lzumi T, Masuda S, Mitsui R,
Nakagawa T, Tani A. Lanthanide-dependent methanol and formaldehyde oxidation in
Methylobacterium aquaticum strain 22A. Microorganisms. 8(6) 822, 2020



10 10 4 1

Wang L., Hibino A., Suganuma S., Ebihara A., lwanoto S., Mitsiu R., Tani A. ,Shimada M., 136

Hayakawa T., Nakagawa T.

Preference for particular lanthanide species and thermal stability of XoxFs in Methylorubrum 2020

extorquens strain AM1.

Enzyme and Microbial Technology 109518
DOl

10.1016/j -enzmictec.2020.109518

Wang L, Suganuma S, Hibino A, Mitsui, R, Tani A, Matsumoto T, Ebihara A, Fitriyanto AN, 130

Pertiwiningrum A, Shimada M, Hayakawa T, Nakagawa T.

Lanthanide-dependent methanol dehydrogenase from the legume symbiotic nitrogen-fixing bacterium 2019

Bradyrhizobium diazoefficiens.

Enzyme and Microbial Technology 109371
DOl

10.1016/j -enzmictec.2019.109371

Hamba Tola Y, Fujitani Y, Tani A. 83

Bacteria with natural chemotaxis towards methanol revealed by chemotaxis fishing technique. 2019

Biosci Biotech Biochem 2163-2171
DOl

10.1080/09168451.2019.1637715.

Masuda S, Suzuki Y, Fujitani Y, Mitsui R, Nakagawa T, Shintani M, Tani A 3

Lanthanide-dependent regulation of methylotrophy in Methylobacterium aquaticum strain 22A. 2018

mSphere e00462-17
DOl

10.1128/mSphere.00462-17




Lv H, Sahin N, Tani A

20

Isolation and genomic characterization of Novimethylophilus kurashikiensis gen. nov. sp. nov., 2018

a new lanthanide-dependent methylotrophic species of Methylophilaceae.

Environ Microbiol 1204-1223
DOl

10.1111/1462-2920.14062

Ekimova GA, Fedorov DN, Tani A, Doronina NV, Trotsenko YA. 11

Distribution of 1-aminocyclopropane-1-carboxylate deaminase and D-cysteine desulfhydrase genes 2018

among type species of the genus Methylobacterium

Antonie Van Leeuwenhoek. 1723-1734
DOl

10.1007/s10482-018-1061-5

Fujitani Y., Alamgir M.K. Tani A. 126

Ergothioneine production using Methylobacterium species, yeast, and fungi. 2018

J Biosci Bioeng 715-722
DOl

10.1016/j . jbiosc.2018.05.021

Lv H, Tani A 126

Genomic characterization of methylotrophy of Oharaeibacter diazotrophicus strain SM30T. 2018

J Biosci Bioeng 667-675

DOl
10.1016/j . jbiosc.2018.05.023




Lv Haoxin Sahin Nurettin Tani Akio 20

Isolation and genomic characterization of Novimethylophilus kurashikiensis gen. nov. sp. nov., 2018

a new lanthanide-dependent methylotrophic species of Methylophilaceae

Environmental Microbiology 1204 1223
DOl

10.1111/1462-2920.14062

Yanpirat Patcha Nakatsuji Yukari Hiraga Shota Fujitani Yoshiko lzumi Terumi Masuda 8

Sachiko Mitsui Ryoji Nakagawa Tomoyuki Tani AKio

Lanthanide-Dependent Methanol and Formaldehyde Oxidation in Methylobacterium aquaticum Strain 2020

22A

Microorganisms 822 822
DOl

10.3390/microorganisms8060822

15 0 0

Methylobacterium aquaticum 22A

2019

Methylorubrum

2020




Methylobacterium aquaticum 22A Lanmodulin

2020

Methylobacterium aquaticum strain 22A

2020

Patcha Yanpirat, Akio Tani

Lanthanide-dependent methylotrophic pathway in Methylobacterium aquaticum strain 22A

2020

Methylorubrum extorquens AM1

2020




Patcha Yanpirat and Akio Tani

Multiple formaldehyde oxidation pathways in Methylobacterium aquaticum strain 22A

32

2018

Yoshiko Fujitani and Akio Tani

Functional analysis of lanthanide inducible protein in Methylobacterium aquaticum 22A

32

2018

Yuuki Haruna, Junichi Kato, and Akio Tani

Molecular mechanism of methylotaxis in Methylobacterium aquaticum strain 22A

32

2018

Methylobacterium extorquens AM1

70

2018




XoxF1

2018

Methylobacterium

18

2018

Patcha Yanpirat and Akio Tani

Formaldehyde oxidation in lanthanide-dependent methylotrophy in Methylobacterium aquaticum strain 22A

3rd International Conference on Biologically Active Substances Bioactive Okayama 2018

2018

Yoshiko Fujitani and Akio Tani

Functional analysis of lanthanide inducible proteins of Methylobacterium aquaticum 22A

3rd International Conference on Biologically Active Substances Bioactive Okayama 2018

2018




Yuuki Haruna and Akio Tani

Molecular mechanism of methylotaxis in Methylobacterium aquaticum strain 22A

3rd International Conference on Biologically Active Substances Bioactive Okayama 2018

2018




