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Microorganisms are found in nearly every environment on earth. Contrary to the “lone wolf”
idea, most microorganisms exist as multi-species biofilms in the environment. Due to their
abundance and ubiquity, the ability to “control” (prevent, suppress, modulate) the behavior of
microorganisms is important in many areas including suppression of infectious diseases,
modulating intestinal flora, microbe-mediated water treatment, food production and handling,
cosmetics, and pharmaceuticals. Biofilm control based solely on an engineering approach,
such as changing the nutrient, pH, and/or oxygen supply, however, is rapidly reaching its limit.
Therefore, innovative control technology based on a new theory for multi-species biofilms is
of vital importance. Within biofilms, there is both intercellular interaction as well as
tremendous heterogeneity. Clarification of the mechanisms of these interactions and the
sources of this heterogeneity will lead to a greater understanding of microbial communities

and how they may be controlled, within their own unique environments.
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BTV D, MV [TBIEFOKVSHE, BHROEM, 77— ~DFL b L LTHME DA
FICEHD-> TN D, £, VI F & LTESFTORANRA SN TEY, N7 77
WY =327 LORME LTRSS E, ZOICHICHIERREE > TS, S
=T TIE MV BRI a2 2 =7 —3 3 V2B 5 2 & 2 6002 LT E 72, Paracoccus
denitrificans \ZHIfAF = X 2 =7 — g ANMEMT 5 7T F L LT Cl6-HSL O 7% pE
AT H 0T, Cl2 05 CI18 DR AHL IZ B 0% LT, BEENEREZIHI§ 2 Z L 2H 6
M LTz, EBIT, P denitrificans 73K L 72 MV [ C16-HSL LI O E86 AHL & W5 L,
P. denitrificans ~MeiET 5 Z E bW b ElRolz, TNHOZ E LY MV XA/ O A7
HF . BEEHE & OHEAERICEHWLND EE X BND, P denitrificans D MV [X[FFE~
DF BN & LV P denitrificans 1, [FIFENTO T 7 F/VEEAED QS DOREEIZ
ESRWEAETYH, BREMEOEAT LY 70 ramo, RO QS e+ 5 &
MWA[REL 72D Z EM PRI D, KXIZ. P denitrificans 3PEAET 2 MV 1E,  BFEHE O
FEAET DV 7 FTNE STy T o0, BEMEO QS #MHETHHE bRH>EEI LI
e TO LT, YT NOREEHEOBMRIL, HAEMEMREEZ D LT, A% ETET
BEIR D EBbnd, £72. HAET FUKEIZEW T, FUAAKLIIZ LY MV ER1H
BL., ZOBRIZAE LT MV BMUOFAANIK T HMHPEICED 2 Z L 2 6 Lz, A
RIZE - T, PLAEADOHMAGORICL > THE EBRELSRDIA =L EH NI LT,

7 3L 1 Morinaga K, Yamamoto T, Nomura N, Toyofuku M. Paracoccus denitrificans can utilize

various long-chain N-acylhomoserine lactones and sequester them in membrane vesicles.
Environmental Microbiology Reports, 10: 651-654, 2018. doi: 10.1111/1758-2229.12674.

f 3L 2 Andreoni F, Toyofuku M, Menzi C, Kalawong R, Mairpady Shambat S, Francois P,
Zinkernagel AS, Eberl L. Antibiotics stimulate vesicles formation in Staphylococcus aureus in a
phage-dependent and independent fashion and via different routes. Antimicrobial Agents and
Chemotherapy 2019 Jan, 29 ¢01439-18. doi: 10.1128/AAC.01439-18

f 3L 3 Toyofuku M, Nomura N, Eberl L. Types and origins of bacterial membrane vesicles. Nature

Reviews Microbiology, 2019, 17(1):13-24. doi: 10.1038/s41579-018-0112-2.
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7 3 : Copper amine oxidases catalyzes the oxidative deamination and hydrolysis of cyclic imines.

Nagakubo T, Kumano T, Ohta T, Hashimoto Y, Kobayashi M. Nature Communications, 2019,
Volume 10, Article number: 413. doi: 10.1038/s41467-018-08280-w.
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ETHET 2 TITONTEY . ZEOMIaN 5 72 5 ML O FEEMEDO A B LT-fiF
Prostrion TE Tz, ZAUSH LT CRIF 3B R L —F =B L =2 L LIEEIRTH D |
—HIRZEDORAFREN S T AT ¥ =G RDHZ LN TE D, ZIUIERE & ALE S 42 8%
T2 RSSO BB COCRM & S AT F VIS BB B il & L 7
HoEDH L THREL Aoz, 2 OFMIL 2018 4 10 A W ENFRTFOHEFIML (FFF26 6422616
B BHOLH T AERGERB L OT — 2L 25T L, S5 IST ORIC
XU PCT HHfE & Kk FLM 4 HETOREBITEZHED TWHEMTH D,

Fm3C : Yawata Y, Kiyokawa T, Kawamura Y, Hirayama T, Takabe K, Nomura N. Intra- and

Interspecies Variability of Single-Cell Innate Fluorescence Signature of Microbial Cell. Applied and
Environmental Microbiology, 2019 Aug 29;85(18). pii: €00608-19. doi: 10.1128/AEM.00608-19.
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HARDHETOF R NI X o —Filg (1997 4F) R0 X2 a5 CTHA L7z Deepwater
Horizon it} (2010 42) 7 TR OWEERC L, TR H %2 23 5, Deepwater Horizon
TEHOBEITIE, 6,800 EHLL LB D, HiiH L2 OB, — A a Rt
EVEPER 2088 L CM 2 IR IS 5 2 & TR S © 528, BRELICIEAN e e B2 R
FAET 728D, FEGEATRERMTH O/ SA AL AT == a VEIRORFREIIEHE &> T o,
MR (228 5.9 % Obligate hydrocarbonoclastic bacteria (OHCB) i (%, ME—D X
NX—BLORHAR L L TRAOKFZZ 0T 5, @H, HEFIREETER L THDH25,
—JEF M OWER A E 5 L BRAICHIET 2720, 7 B
WMOAA AL AT g m—s 2 ATk < BT 5 LS 0
TWb, &Y biF Alcanivorax borkumensis JEFEEIL, Mo iE
ARG & A FL 2R - BAR PSRN ED LTV D ET
JVHIEE & 72> TN D, AHFSETIX 4. borkumensis SK2 O F 7
R) BLUBAL—=X (S) ORRD AN =—%ERT D5 A
TIEHR L, S #4713, R 24 7 X0 bERWVEEMER K
OmWEHEEHEE 2R Lic, 27 DEEHZIRE LIRS
ZA 7L c-di GMP AFEICRG I 2B FICRREREZA L
TWe, ZALE W HIEAN c-di-GMP L-LZ Ko TS 47 4 VAR (72 =—JERR) %
BT 2 Z EARE SN, A%, MAICERG Liz~A 7 aiiilgT A 22 AV, B

FULWRIETASA AT A NV BJERD U T H A MBERZITOTZ,
i 3 : Prasad M, Obana N, Sakai K, Nagakubo Y, Miyazaki S, Toyofuku M, Fattaccioli J, Nomura N,
Andrew S. Utada. Point Mutations Lead to Increased Levels of ¢c-di-GMP and Phenotypic Changes

to the Colony Biofilm Morphology in Alcanivorax borkumensis SK2. Microbes and Environments,

Volume 34, Issue 1, 2019 Feb, page 104-107. doi: 10.1264/jsme2.ME18151.
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R CTo D S. mitis & S. mutans % 558w TDHE BERNSA L7 4 VD S, mitis 1ZIFIE
FEWE L S. mutans |\ZFEAHRN BN S o 72 2 JE g
DEEFHNA T T 4V DEEZ R LT, SbIT S
mutans-S. mitis _FEEEGNA T T 4 L LFD S
mutans XA PEGEHANZ AW SN D 7 m~F Y
NTKET DM BIRZ A LT e, ABFEOR
BT A A F 7 4 v D OfE %« DOHIE D 22 K Y
JRTEIEAIE DA G DRI L > TEMT HZ L%
RLTEY, £, HEASA AT 4V LJERIT
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ZEERELTND, A% HER A AT 414
W2 D S, mutans OMMPEIESHERE DN 2527
HZLITE-T, BEDOTHRIBRICORN D IMRFMA L 2D EEZ 2 bivd,
73 : Nakanishi Y, Yamamoto T, Obana N, Toyofuku M, Nomura N, Kaneko A. Spatial

S. mutans/Dead cells

Distribution and Chemical Tolerance of Streptococcus mutans within Dual-Species Cariogenic
Biofilms. Microbes and Environments, Volume 33, Issue 4, 2018 Dec, page 455-458.
doi: 10.1264/jsme2.ME18113.
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> TW5, ¥uA X} X F-Pseudomonas syringae pv. tomato DC3000 (avrRpt2)fH AAEH TD Z
ATA A=V 7 REH BT IR, YL D DO FEEEIZ X o TREIRIZ SRR 5 507%
RIVE VT T INRETEELSED LW W HRE TOEH LWEI 2 EEERE L
7% (Betsuyaku et al., Plant Cell Physiol. 2018) 73, A4 I%, DR AOIMHA & 72 -7= 7
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WD T CRA LI A P L A& TS H# EE~EBE &5 7 F FEy 7T
Ny OTHE R~ SR L, # B TORBEA P L RASEEGISERITEV D | 1Y
DELYHITRRIIEE > 7T VEBEREIC B D 0IC b33 & LTI Y | 383 L 72 (Takahashi
et al., Nature. 2018)

Fm3C 1 :  Betsuyaku S, Katou S, Takebayashi Y, Sakakibara H, Nomura N, Fukuda H. Salicylic
Acid and Jasmonic Acid Pathways are Activated in Spatially Different Domains Around the
Infection Site During Effector-Triggered Immunity in Arabidopsis thaliana. Plant and Cell
Physiology, Volume 59, Issue 1, January 2018, Pages 8—16.

doi: 10.1093/pcp/pcx181.

Fm3C2 .  Betsuyaku S, Nomura N, Fukuda H. A Versatile Method for Mounting Arabidopsis Leaves

for Intravital Time-lapse Imaging. Journal of Visualized Experiments, 2019 Feb, 144, ¢59147.
doi: 10.3791/59147.

Fm3C3 . Takahashi F, Suzuki T, Osakabe Y, Betsuyaku S, Kondo Y, Dohmae N, Fukuda H,
Yamaguchi-Shinozaki K, Shinozaki K. A small peptide modulates stomatal control via abscisic acid
in long-distance signalling. Nature, Volume 556, Published online 2018 April, pp 235-238.

doi: 10.1038/s41586-018-0009-2.
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HAREZALS2 2019 FEEE RS, AL, 201943 H
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Iwamoto M, Nomura N, Betsuyaku S.

“Functional analysis of camalexin, a phytoalexin in Arabidopsis thaliana, against Pseudomonas
syringae pv. tomato DC3000 carrying AvrRpt2.”

75 60 [l H ARE AR RE R A2, 2019 45 3 1

Hattori A, Yamaoka Y, Betsuyaku S.
“Assessing the generality of the concentric SA/JA activation pattern appeared at the sites of stimuli

in Arabidopsis.”

55 60 Al H AfEW B RS, A E, 201943 A

BRI, FMgE, lkEZ
“ACCELERATED CELL DEATH 6 (ACD6) 7' 10 &—X# — L iRk— X —JEMAb S 2 — o & BERERRAT
%5 60 [l H AR AR P, 4 E, 201943 A

AAEE, PHRES . BRE. Bk EZ

CBIFOME « FEBIFME Pseudomonas syringae pv. tomato DC3000 £FERFD v 1A X F X )2k
Fo7 74 BT LR B RRENL O

SRR 31 AR H ARERER AR R, B, 2019 43 A

WA E ., HICER REFRER, AEmREE, a8E . FAgEE

“vuaA X} XF & Pseudomonas syringae pv. tomato DC3000 FA A A DRFZERH 2 A F 2
7 R
gk 31 4RBE A AEMIR B Ry, HUK. 2019 4F 3 H

BIREZ
“FEW I EBS BRI AT T s o 7 VR O R ARAL”
A R PE e S AR T A Bk, 2019 4E 3 A

A, JBAE B, BEH, BPRGE
“FEELEE 1233 1F 5 membrane vesicle D25 FE il A%
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BB, BEAEs, NIFngE, BAZ, Andrew S. Utada
7 EEHEIAN T OMIE RTEOHIENC K 2 3072 22 F R E A
5% 53 B H AKERBE 2 FES, BT, 201943 A

RE Ao
TR 30 £RFE FARSEL 2 v E SR AT AR

LHEY 5
26th International Conference on Raman Spectroscopy Best Poster Award.

TGSW2018 A% —H§.

JUAT P 4SS
H ARAY A REF2 5 32 11 K% Best Presenter Award.
W RS KR BREREHI FEREE.

I B AL

2018 4EFE 7T LT 7 ) DHEHES S BA R A X —H.
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R
2018 FEJE T T LML ) AEERES TR BAREKE.
IWP2018 IWP Tsukuba International Award.
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FRRS P
The 11th Japan-China-Korea Graduate Student Forum Silver Prize.
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Travel award (35 52 BIE 7 U A R0 L)

ST
55 53 [ AAKBRBE P R ERAZ —RRE(T A 4 H)
BT R - AERPHEAESE

e

PO C BPAPILEE . Andrew S. Utada, FRk{E3%
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7o) —FES
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kS W52 (ERATO BPAHEERIAMHIE 7' = o = 7 MIFSERREE)
BioJapan2018

EoR
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FEE L UHIMTES
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HA E L e, BFak
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Microbes and Environments, Editor

Applied Environmental Microbiology (ASM), Editorial Board Member

Journal of Bioscience and Bioengineering, Editor
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