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Molecular Mechanism and Applications of Rare Earth Elements-Dependent
Stimulation in Microbial Production of Stereo-Regular (Homochiral)
Poly-gamma-Glutamate as Novel Extremolyte-Like Materials
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We have been conducting computational chemistry focusing on the untranslated

regions responsible for the regulation of PGA synthesis gene expression in Bacillus megaterium and
Bacillus natto, and B. megaterium has a special nucleotide sequence harboring a riboswitch-like
structure, which is adjacent to the the global regulator (DegU)-recognition site. An inhibitory-PCR
method was hence devised to examine the effects of rare earths on higher functions and structures of
the regulatory region (Cap/5°-UTR) (nullification of the attenuation mechanism, selectivity for
heavy rare earth elements, and so on). DegU was analyzed by "gel shift assay". As a result, it was
found that the combination of the abiotic metal species (Dy) and the post-translationally modified
protein (DegU-P) controls the binding behavior with a specific DNA sequence.
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degU BMD_5108 F BMD_5108 R2
degS BMD_5109 F BMD_5109 R2
()| mer
BMD 5108 F |TATACATATGCAGACAAGAATTATCATAATCGACGATCACC 61 4
BMD_5108 R2 |TATACTCGAGTCTTACTTCTACCCAACCGTTTTTGATTGCCAC 62 43
BMD 5109 F [TATACATATGTCGAAACATAAATTAACAAGTAAGGCACTTGATGAAATTTTTG 62 53
BMD_5109_R2 |TATACTCGAGAGCGGCTATAATCGGTACTTTAATCATAACAAGCG 62 45

Thi-Huyen Do, Appl. Environ. Microbiol. 77, 8249-8258 (2011)




! closed
A O B & :
Cap 5-UTR P2 mRNA
261nt CapORF 248nt
e CapORF 3int =31 > () -242
() -243 () -246 () -247 1
C) () () ¢ Closed space
+
Bio Metals Non-Bio Metals. Rare Earth Elements (REESs; Lanthanoid series)
Mn*  Co* La* ce Pr¥* Nd* sSm* Eu®* Gd* Tb* Dy* Ho* Er* Tm* Yb* Lu*
+ £ £ + £ + £ + £ + +
400 - Mn2* | 400 - La3*| 400 | Dy3*
- °
S
o J00F 300 + 300 F
- - )
&
=200 F 200 | 200
@
£ 100 100 N 100 O O 8
A
- - A
=] E n (m) A A A
’ 9 a2 =5 3 9 a2 =5 a3 9 7 5 3
1.5 mM X107 x 1.5 mM X 10~ x L5mM X107 x

FO_Bm_-909x RO_Bm -51
F5 Bm_-
248x RO_Bm_-51



3+

Dy 0 mM 2.5 mM S mM 10 mM

DegU

DegU - DegU - DegU - DegU _

0 04081216 004081216 004081216 00.40812 1.6(um)

I
b
7
L

% DegU~P - DegU~P - DegU~P - DegU~P -

0 040812 1.6 004081216 004081216 0040.81.2 1.6(um)

% O -8 _.'-n-""- e wﬂh

Y i Cap 5-UTR DNA




s 36
% 2019
27-37

DOl

T. Wakamatsu, Y. Morono, T. Futagami, T. Terada, S. Nishikawa, T. Morisawa, K. Ohshita, F. 125

Inagaki, M. Ashiuchi

Metal ion-induced expression of gene fragments from subseafloor microorganisms in the Kumano 2018

forearc basin, Nankai Trough

J. Appl. Microbiol. 1396-1407
DOl

10.1111/jam.14061

K. Fukui, A. Harada, T. Wakamatsu, A. Minobe, K. Ohshita, M. Ashiuchi, T. Yano 592

The GIY-YIG endonuclease domain of Arabidopsis MutS homolog 1 specifically binds to branched 2018

DNA structures

FEBS Lett. 4066-4077
DOl

10.1002/1873-3468.13279

A. Minobe, K. Fukui, H. Yonezu, K. Ohshita, S. Mizobuchi, T. Morisawa, Y. Hakumai, T. Yano, M. 75

Ashiuchi, Taisuke Wakamatsu

Biochemical characterization of mismatch-binding protein MutS1 and nicking endonuclease MutL 2019

from a euryarchaeon Methanosaeta thermophile

DNA Repair 29-38
DOl

10.1016/j .dnarep.2019.01.005




M. Ashiuchi 35(3)

Microbial control using engineered poly-y -glutamate-based materials 2018

Jpn. J. Food Microbiol. 116-121
DOl

Ohshita Koki Fukui Kenji Sato Mizuki Morisawa Takashi Hakumai Yuichi Morono Yuki Inagaki 284

Fumio Yano Takato Ashiuchi Makoto Wakamatsu Taisuke

Archaeal MutS5 tightly binds to Holliday junction similarly to eukaryotic MutSy 2017
The FEBS Journal 3470 3483
DOl

10.1111/Febs.14204

Ashiuchi Makoto Hakumai Yuichi Nakayama Sawami Higashiuchi Haruna Shimada Kosuke 8

Engineering antimicrobial coating of archaeal poly-y -glutamate-based materials using non- 2018
covalent crosslinkages

Scientific Reports 4645 [1-9]

DOl
10.1038/s41598-018-23017-x

55 9 5

A.Yoshida, T.Wakamatsu, T.Morisawa, T.Terada, S.Ishii, F.Inagaki, M.Ashiuchi, Y.Morono

Screening of Methane-, Acetate-, or Manganese-inducible Genes from Subseafloor Sediments of the South Pacific Gyre (SPG)
Using Substrate-induced Gene Expression (SIGEX) Method

2019




2019

2019

M.Ashiuchi, Y.Hakumai

Molecular identification and biochemical analysis of archaeal machinery in poly-y -glutamate synthesis

2019

2019




2019

M.Ashiuchi, Y.Hakumai

Transforming archaeal poly-y -glutamate into functional plastics, including engineered antimicrobial coatings

2019

2020

2020




2020

Akkermansia muciniphila

2020

Y. Hakumai, S. Nakayama, H. Higashiuchi, M. Ashiuchi

Development of archaeal poly-y -glutamate-based antimicrobial coating materials

2018

2018




2018

2018

2018

2018




2018

2018

2018

2018




2018

Y. Hakumai, A. Matsumura, M. Ashiuchi

Novel microbial response for dysprosium and its application for polymer designing

The 12th SPSJ International Polymer Conference (1PC2018)

2018

Methanosaeta thermophila MutS1 MutL

2018

(SIGEX)

2018




2018
MSH1 C GIY-YIG
2019
R3H MIMI_R431
2019
DNA MutS7

2019




(SIGEX)

2019

2019

2019

2019




2019

2017

2017

2017




MutS5 Holiday junction DNA DNA

2017

2017

2017

48

2017




66

2017
Y
2017
Visionary 100
2017
MutS MutS5 DNA

48

2017




2017

2017
DNA
2017
Y
58
2017
Y

2017




Yuichi Hakumai, Hisaaki Nakamura, Makoto Ashiuchi

Enzymatic processing and genetic engineering for stereo-regular poly-y -D-glutamate production

The International Conference of D-Amino Acid Research (1DAR2017)

2017

Takashi Morisawa, Yuki Morono, Takeshi Terada, Satomi Nishikawa, Koki Ohshita, Fumio Inagaki, Makoto Ashiuchi, Taisuke
Wakamatsu

Screening of metal-ion inducible genes from subseafloor sedeiments of Nankai Trouph using substrate-induced gene expression
method

JpGU-AGU Joint Meeting 2017

2017

50

2018

451

2018




2018

-y -

2018

2019

2018

163

2018-159064

2018




(

)

2019-060980

2018

http://www.kochi-u.ac.jp/seimei/pickup/610_912.html




