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Magnetotactic bacteria synthesize iron oxide magnetic nanoparticles by
accumulating iron ion and crystalize them in the cell. This study aimed to construct novel
microorganisms producing both magnetic particles and useful substances. In order to achieve this
subject, we utilized and modified the gene set for magnetic particle synthesis from magnetotactic
bacteria, and introduced the genes into selected host bacterial strains. Following results were
obtained from this study. (1) Construction of magnetotactic bacterial strain containing minimum
gene set for magnetic particle synthesis. (2) Selection of optimal host cell for magnetic particle
formation. (3) Production of magnetic particles and useful substances in the host bacterial cell.



(FegO4)

(Science,
190, 377-9 (1975))
QY — —
1980 H1 BitAEOSRT 5 SHEBED
(Nature, 365, 47-9 (1993)) B SR
2005
(ONA Res, 12, 157-66 (2005))
90
( ) « 2

MamY (Mol Microbiol, 76, 480-8 (2010))
MagA (J Biol Chem, 270, 28392-6 (1995))

Mms (J Biol
Chem, 278, 8745-50 (2003), Mol Microbiol, 93, 554-67 (2014))
= Htiide
N . BEVRIZED
(Biomaterials, 31, 4952-7 (2010), BavnRUH

Appl  Environ Microbiol, 81,
1472-6 (2015))

INAOTRI=E
hBHE s

Komeili ORI B T - S - <
MamA (PNAS, e Lk i E%ﬁgéz,@ga —
101, 3839-44 (2004 DR
( Maﬁ? BEORR il — @4 0mYBH — Gau
(Science, 311, 242-5 (2006)) H2  RPLAEICE B R T S
Pignol MamP (Nature, 502,
681-4 (2013))
Schiiler Magnetospirillum
Rhodospirillum 30
(Nat Nanotechnol, 9, 193-7 (2014))
@
@
®

Magnetospirillum magneticum AMB-1

DNA
AMB-1



AVB-1 S17-1
HiSeq2500 AMB-1
pRK415 MAI
SDS-PAGE
ICP
997403 1095894
< m— MALI region (98 kbp) ‘J
mamGFD Copsmn mamAB operon mamXY operon J;e]:;an
operon L 5
= NIV e B
et mm? mm;:\\ NH1 E J KIMN O PAQRBSTUV fsZ ZXY feod regizt
mmsl3 mms6  amb09 amb0960 feal
amb(959
3  Magnetospirillum magneticum AMB-1# MBS BT & EEEEEFO
PN T
@
DNA
AMB-1
3 3
3
4
" Chromols40rgg Cmmmm@@@ AACCGACA/ GAAG TGTCGGTT [>(j]<%|<]<::|
tnsB tnsd miQ IR W /\ IR msd miQ
3 y /}< g fransposase
8 bp IR
CCAGC —\TTTG CAAGGGTTTCCGCC TTCGG
GGTCG TAAAC GTTCCCAAAGGCG GCC
— l4bp —
; \/
5 bp Target sites oriV
AMB-1 mamGFDC operon
A04Lbp mmso operon
mamAB operon
AVB-1 - .
Fl4 AR FARBEBEEFEECTISAE FOF/ L
BABROEXER
DNA
mamAB 18
10 nm mamAB mamGFDC 4
mms6 3 20 nm
5 mamxXyY 3 amb0958-0960
3
SDS-PAGE
TEM
mamAB
mamGFDC  mms

mamAB



@

€))

TEM

€))

®

GFP

AMB-1

AMB-1

AMB-19F4

LS

—

AMB-1Z258%5 8 #% (mamABA12)

~ 200mm

O —

AMB-132#AZ5 B ¥k (mamAB, mamGFDC, mms6--1>~)

nm

e

E5 BEaFHBRAZEEEHOTEMER

mamAB  mamGFDC — mms6

AMB-1



8

M. Tanaka, T. Suwatthanarak, A. Arakaki, B.R.G. Johnson, S.D. Evans, M. Okochi, S.S.
Staniland, T. Matsunaga,“ Enhanced tubulation of liposome containing cardiolipin
by MamY protein from magnetotactic bacteria" Biotechnol. J., €1800087 (2018). (

)
T. Yoshino, T. Shimada, Y. Ito, T. Honda, Y. Maeda, T. Matsunaga, T. Tanaka,
“ Biosynthesis of thermoresponsive magnetic nanoparticles by magnetosome display

system” , Bioconjugate Chem., 29, 1756-1762 (2018). ( )
A. Arakaki, S. Nakata, T. Tokuhisa, Y. Ogawa, K. Sato, T. Sonoi, S.P. Donachie, T.
Matsunaga, “ Quantitative and time-course analysis of
1H,1H,2H,2H,8H,8H-perfluorododecanol microbial degradation in activated sludge” ,
Appl. Microbiol. Biotechnol., 101, 8259-8266 (2017). ( )

T. Yoshino, N. Kakunaka, Y. Liang, Y. Ito, Y. Maeda, T. Nomaguchi, T. Matsunaga,
T. Tanaka “ Production of w3 fatty acids in marine cyanobacterium Synechococcus
sp. strain NKBG 15041c via genetic engineering” , Appl. Microbiol. Biotechnol., 101,
6899-6905 (2017). ( )

A. Yamagishi, K. Narumiya, M. Tanaka, T. Matsunaga, A. Arakaki, “ Core amino acid
residues in the morphology-regulating protein, Mms6, for intracellular magnetite
biomineralization” , Sci. Rep., 6, 35670 (2016). ( )

A. Arakaki, D. Kikuchi, M. Tanaka, A. Yamagishi, T. Yoda, T. Matsunaga, “ Comparative
subcellular localization analysis of magnetosome proteins reveals a unique
localization behavior of Mms6 protein onto magnetite crystals” , J. Bacteriol., 198,
2794-2802 (2016). ( )

A. Yamagishi, M. Tanaka, J.M.M. Lenders, J. Thiesbrummel, N.A_J.M. Sommerdijk, T.
Matsunaga, A. Arakaki, “ Control of magnetite nanocrystal morphology in
magnetotactic bacteria by regulation of mms7 gene expression” , Sci. Rep., 6, 29785
(2016). ( )

M. Tanaka, W. Knowles, R. Brown, N. Hondow, A. Arakaki, S. Baldwin, S. Staniland,
T. Matsunaga, “ Biomagnetic recovery and bioaccumulation of selenium granules in
magnetotactic bacteria” , Appl. Environ. Microbiol., 82, 3886-3891 (2016). (

)
17
30 7 2 6
29 6 2 3
28 4 2 3

1

Editors: T. Matsunaga, T. Tanaka, D. Kisailus, “ Biological Magnetic Materials and
Applications” Springer, 199 pages (2018).

http://web._tuat.ac.jp/~biomol/

Atsushi Arakaki

8 10367154



@

Masayoshi Tanaka



