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Mechanism underlying silicate-induced dominance of Bacillus species
in activated sludge and the related excess sludge reduction
Takeshi Ikeda

Department of Molecular Biotechnology, Graduate School of
Advanced Sciences of Matter, Hiroshima University
1-3-1 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8530, Japan

We have previously reported that silica is deposited in and around the spore coat layer of Bacillus cereus and its
close relatives. Several peptides and proteins, including silaffin and silacidin peptides in diatom, are involved in
silica biomineralization in eukaryotes. A homologous sequence search revealed a silacidin-like sequence in the
C-terminal region of CotB1, a spore coat protein of B. cereus. The negatively charged silacidin-like sequence is
followed by a positively charged 14-amino-acid arginine-rich sequence, which is remarkably similar to the
sequence of silaffins. In this study, we demonstrate that the C-terminal arginine-rich sequence of CotB1 plays an
essential role in prokaryotic silica biomineralization. We hypothesized that silica deposition in Bacillus spores
plays an important role in silicate-induced dominance of Bacillus species in activated sludge. Since some
wastewater treatment plants use hypochlorite in addition to silicate to facilitate the predominance of Bacillus
species, we investigated the mechanism underlying this and found that silica deposition enhances spore
resistance to hypochlorite. We also investigated the potential application of B. cereus CotB1 in biotechnology
and found that the C-terminal arginine-rich sequence and its shorter derivative function as silica-binding tags.
Using these tags, we developed a novel affinity purification method in which silica particles and L-arginine are
used as the adsorbent and eluent, respectively.

Key words: Bacillus cereus, activated sludge, biomineralization, silica, spore coat
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BN r A B2 I AA, YV A ELTERL
TWbZ &% R L7 (Hirotaet al., 2010). LLTFIZ#
DREE % LT 5.

RO 2 ) hEREAWL, S A RETE
o A8 (Si[OH],) OETHWY AR, HlHNTES
LTy B LTERTA. 22T, BBABZTF A B
WY AAZBEL LTI A ERMNBEOAZ ) —= >
TERTol. FOEE, KELEED S HEEL 72 240 B
20Kk & V) BV R IZ EORBEE T, BHIRmL
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TABOIY ABBBE SN FABROIY AARDN

R oNMITE T Bacillus IBIZE L, $12 B. cereus 2
ik D ONE otz 7 A B ARBHPFICE D
72 B. cereus YH6A ¥ % T 7N & L CfT 24T o 72 &
A, FABOWY AKMIBFREEINGE 52 &,
$7, WYRFNTr A BN TH S, Ol %
ZFTEESN, WTREICYIAELTEEINS
ZEEFERLZ. B coreus BFOERBIHIIAMHL? S,
cortex EIFEN BT F N7 V)H V&, ZHDY 23
TR S N BTk (spore coat), % L TRIVE
L 7% % exosporium 2 5 7 % %% (Henriques & Moran,

2007), ¥ AMIFRFBRATE COMNBRBICERE I
Twiz, V) IrERESNIBFOEER L 25

TAMERRARE 25, BRBRAICHT AT
IR EREBL TG EEDL o727, B
MR BT A B E LT, b &d
ENI TR RIS RS A b L AT SIS
BWAY, SHIZEMEIC [P ho8k] 2#) 2L TH
W3 A r — M Esg-eEIoN5.

LR OWEFE & E RS, EHEETE T R L7z BEAAL B
BV, EHEHERICF A B2 ELENZRNNTS 2
& T, 15IRH O Bacillus BANE OFIE&A8IM L, K
WMBBOREIE L5 5 & &b, KREHROKIESE
KOG EOPREIELNE ZEMFME SN TS
(Chot et al., 2002; 1L 5, 2010; 2= 5, 1996; Mori et al.,
2004; A4 15, 1995). Bk - & VoS - R R ED
REEST IS BE N 72 Bacillus BARE B SHILT 562 L T,
BEMORHENMETEEZEZ LN TS (L
5,1996). EHBERE BV 7BERKMETIE, BA»,S
DERY ORI T, HRTPOEAEWHEIEL,
FEEREY THLHEMBERVAELS. —F, Bacillus
AR L@ OMB &3R4, REFEOHEZ LI
FoTHRFEEETA. BFIEEFITHE L AREICHE
phbl, BELTCHUOREMRE LTAFZHRBT
A, ZOWMTERERFEOT O L AORH % CHTREIT
ZEE L% (M EHFEDRV) /2%, Bacillus BEHE
OB I, Mlafassim L <<, SRER
PEAE LI WETFREERTYS (35, 1996; )11
5,2010). 372, Bacillus B, JA-FEEOAIC
B THlBscERy s B R R SW L, BHEO
MEzERE S, WM sNaRERe AT A LT,
BT E F I LT) BEXREMLE LToLEFE
BITLL) T2 EFHEINTVS (Ellermeier
et al., 2006; Gonzalez-Pastor et al., 2003). T D L9 i
HARA O AEBEREKBOBEROVEDTR VN ET
MEnTwsd (JIHes,2010). LaL, 71 BeEd
HI DTN & - T, EHEIHRAP O Bacillus JEMH O

H

L

AP 5 L v DIE, H< T THRAMIEIBIEIC
BUARBIARMATHY, FOA DX LITDONT
AR % jAs %,

Bl ) & % B S Bacillus BHIEOMR & &
b THE2Z AL, HHHBRIZEMSNFr A BE
Bacillus BANE DI Y AL, RTFICYUHELTER
T5HZET, HEHRPICBTAMTOEGEEZFD,
BEAALTOLOTEZWDREWIRBLIEDL T LD
=72, D%V, Bacillus BRARIZ X 520 DERIL,
rAFEVI) DY SN RE R LSO LT
WTH Y, HEFIRICBY 5 Bacillus BE 5Lz 20
BZRBICIE RV EFELZ. ZORBOBEEICH
T, ARWFETIX, Bacillus BHIWIZE A2 #EH
AHZALDFHE, ) AEEIEEHER D O
Bacillus BHME OB EILICHS LT a0 E) 0Ok
O HICDOWTIIEZ 4T - 7.

ES WiReS

B S S UEERY

TUAERA D= A LDOFATIZIE, B. cereus NBRC
153058 (&7 AdM s ST\ b ATCC 14579 B
[Ivanova ef al., 2003] (Z4H%4) 24K E LTHW .
foFoEEREOFEMICE I P ERENS WV B,
cereus YH64 #% (Hirota et al., 2010) % w7z, #H,
B. cereus |2 LB 3¢ 28C CTHEEL . BT 2K
S LBIE, RAKH (Reasoner & Geldreich, 1985)
{2 0.6 mM CaCl,, 0.03mM MnCl,, 0.05mM ZnCl,,
0.05mM FeSO, &Il 2 7235t (mR2A ¥53h) o ¢ 28T
TOOMEH B L /2. BB TFERIERTE £121E Escherichia
coli TM109 ¥k # Ml v, 2x YT ¥ # ( Green &
Sambrook, 2012) ¢ 37C THEEELL. LEIZELT
IR 250 ug/mL D ANRZ F /<4 ¥, 10ug/mL
DYy AuvA Ly, FE50ug/mLDOA NV
Yy EREIIEIL .

BETFRHRMOBE

cotB1B2 WEMR ORESL, B3R (Arnaud et al., 2004)
WKESWTUTO L) T, 7, Bl %R3
cotB1B2 #ART & L - FREHE L E1 1kb
ZPCRICE->THIREL, BohlEt 2Nl
BEZE Bglll & Sall 124 » C#HA b L7 (BIRREESR YA b
B4~ —=2fmiz). £/, 79 A3 F plC333
(Steinmetz & Richter, 1994) LD AR F /<4 2 ¥
it (Spd) BEFHEy F% PCRICK o THIEL,
Bglll & Sall IZ & 5 FHELz 1T o7z (HIREEE T A
M7 A4 <=2 mML7). Bohiz3Holih %



A A BRI X AIEWTE TR O Bacillus B ST & NG R 2 4 = X 5 OFST

T4DNAY A —¥XllLoTI54 75— ar Lz, I
A5 =2 a YERORBICHMNZ 754 v —2Hv
72 PCRIZE » CEWEMKREEIELZ. #5517 PCR
FEW & HIPREESE MIul (12 & - CTHEAL L7221 (hIFREESE
YA METIFTA—=IHRIMLR), BRERZETZ A
3 F pMAD (Arnaud ef al., 2004) @ Miul %4 4
AT B LT, pMADAcotBIB2 # B8 L7, =L 7
FuEL—3 3 v (Turgeon ef al, 2006) 12X » T
PMADACcotB1B2 % B. cereus BFAERRIZE A L7z, DI
OEAEZ B (Arnaud ef al, 2004) (ZHE- 7275, HEY
EFBMIEM OB EL, PAEMEICL LA T ) —
TR L, PCRICK HERZRTFHIEOMEBICESE
L7z, cotG BEIERk D RIERO J7 i THRESE L 72,

A BRER V) A A & DR

R2A A3 H i ¢ 28C C—Mi%aE L 72 B. cereus O
WIS %, 100 ug/mL O 4 £ B % & & mR2A B
5%HEH L, 28C THEEL . REENICHEEROY » 7
Uy T EATG, mOSEEC X o THRARE B 72528
D 4 R % Silicate Test Kit (Merck) % H v
TRE L7z,

BEFOBRMHE - ZAMHEOFHE

BT X o THIL L 72 B. cereus DT %,
ODype 75 1.012% 2 & D I AKICIRE L (10®
CFU/mL 41 24). BRI o5l o, JaT % 5
O X o THEIXL 2%, £80 0.4 N HCLIHE
WL BENICRFEREROY YTy YTV,
BoniHr 7V BEGEFEKCTHINL TR2A R
B P27 L —F 1 7 Uiz, Bt o lio i,
BRI U228 T-% 65C 305 Mm&k L7z%, #
HEBBEAKTHR L TRAERERLICSL—F 1 ¥
U7, 28C G4 L72%, 7L —FLkoaoo
Z—REMHL, AfFEsEB L.

AEERER

MR RER D 72012, cotBIB2 BIZT 7% 6 NTF D
HEFOE—F - - ¥ —3I A= —HEEED
DNAWH % PCRICX D HIRL 2. Boh Wk %
BamHI & EcoRl CiHAb: (HIREEZEY A MIT T4~
—ZfFmL7z), 7% A3 F pHT304 (Arantes &
Lereclus, 1991) @ BamHLEEcoRI 4 MZHAT 5 Z
& T, 79 A3 F pHT-cotB1B2 # % L 7. pHT-
cotBIB2 28 & L7zA4 Y )N— X PCRIZCK » T,
cotB2 A% F % B\ 72 pHT-cotBl &, cotBl BixT %
B 7z pHTcotB2 # 4% L 72, CotBl @ C KK EL%E
BAOBEFERHETSH 79 A3 Fid pHTcotB1 % #1

EL7A VN—APCRICEKDBESE L2, fgELT T
2 3 FiZ pHT-cotB1-141 (CotBl @ 142— 171 %K % X
42) B X U pHTcotB1-157 (158~ 171 %% R%E) O
2HTHD, LTI AIFeL s PufL—
v a il o T cotBIB2 BEEERRICEA L, #BEE 10u
g/mLOITY A< vy EEl LBEREM Tk
B 5L CTRERIRE TS,

YU HEEHE

CotB1 D3 FMEFHIRITAH Y T 5 145RIEDEHAT T
Fi, 2—u74>Yx /372X VBALL.
Tetramethyl orthosilicate # #EE IM 2% 5 X9
1mM HCl &RA& L, FiRTI55MEHE L Tk
T5I LTy ABEREHFREL 2, #RE 50mM
JUlEF M) oy ZEEW (pH 7.0), 100mM & A R,
BLUBELBOAENTTF (F2dy v 77
IV [BSAD #EFS0uLicka X 9RAL, 25T T10
SHEEE L., Y ABPIESTAHI LTI o TERS
N7 ) F 2B OA I X o TEILL, Milli-Q /KT 2
EReE U725, 50uL @ 1 N NaOH #T 95T T305-H
e B2 ETHrAWMANEBMLL. BHohBHRD
rABBEEETRO@EYMET A LT, BRI
Ty hEERD.

FaF OISR EDFHE

N o 8B, BE#R (Young & Setlow, 2003)
WHEDNTUT DL 147072, HOHHEC X o TH
UL L 7= B. cereus YH64 #: DI T % &% 50 ug/mL @
REIEERF Y 7 4 & 0.05% D Tween 80 % & e
50mM Y BB (pH 7.0) 1[2BE L7, BRI
BFBHEOY 7)) v a2 ftwv, Hohid 7
% 10mg/mL OF FBEET b U 7 & KB TLOR57 ]
THIEICEY, REEERLSWL. €O,
PBS CHEAGR L CILBEREM LI V—T74 7
U7z, 37C C2ABpR3g® L /2%, -t Looo=
—EEHL, EfFEEEL L.

CotBI Wi & GFP ORA& & >INV EDRE

B. cereus ATCC 14579 % @ cotBI #nTF £ E% PCR
I & b BaE L 7. £ 72, pGFPuv (Clontech Laboratories)
BRI LZPCRICE T, GFP % a— ¥ 5=
FA2BIELZ. FRFROEY% Hindlll & Xhol,
Sacll & EcoRI D AEbETHILL (HIREEEY A
METF A4~ — M L7), pET-47b (Novagen) W
DOIIET HHIREEREY A MCIWEAT S LT, pET-
GFP-CotBl ##§#£ L 7>, pET-GFP-CotBl Z#M & L 7=
4 v N—=APCRIZEL Y, SB7ilé& GFP (EB LU



ith
EEEW) &L A CotBLWH & GFP L o@é& ¥
YRTEDORB TS AI FEBEL:. BohlT S
2 3 F# E. coli Rosetta2(DE3)pLysS ¥ (Novagen) 12
BAL, #EBESOug/mLOAF<AL e 30y

g/mLDI S AT 2= VEETH 2XYT MR T
37C CREFE U /2. BB D ODgo 2889 0.5 12 7% o 721
BT, #EE 0.2mM @ IPTG 2 ¥ #8MImms 4 2
LT, BHWY Y0 BORBFHELT- /2. 37C T
HIZ 3R SR, OIS X > THRE L7

SUBKFERBLAT 71 27 1 —FE8L

SB7 & GFP %# 3Bl & ¥ 7- Wk %, 0.5% Tween 20
&t 25mM Tris HCl B (pH 8.0) 2B L, 8
BRI L > TREZ WL 72, & O0EROR K
WO BEICEAEO Y ) AR F GRINERS) %
AMLT, BRTSOMESETAILT, HIWY >3
7B E ) ARFICEE S OIS & o TR
FaRBRL, W% EEERCT2 ks L. ik
ORF %, 0O.5MO LT IVE=rEE&Y 25mM Tris-
HCI 4R (pH 8.0) ICBET A L THSY v o5y

HeEhse, do0lgo Lzl ZoF

WMEEL L) —ERVEL, Bohi 2 Bools%
F Lo TEHBESE L.

WEB L UEE
A U AEENTF R EDOHBMERRIC L 315
&2 INTEDORESE

D) A ERENSRFERIISOEHEL LoL oy
YR BETRHEERINTWSZ L5 (Henriques &
Moran, 2007), 7 ABOBEALR LTV ) I DOERIC
WEIETR Y vy B L’C\/‘Zv_TﬁEIiﬁ‘r‘%b\kﬁ'
MEINh, 220C, Wiy 7 HEEEORIO
¥ ‘) HEERTF FEORMZ LKL 7. fx?ﬁ?’ibi“/ )

O E L OHMBOBEETH Y, YU IOESICH
—}T%’\7€‘ K& UTHEBEET 3/ BHAFEE % silaffin
RT3 BPEE R silacidin SN T 5
(Kroger et al., 1999; Kroger et al., 2001; Wenzl et al.,
2008). HHFE TR O R, BFHRS 27 ETH D
CotB1 @ C KGRI EEME @ silacidin 27z $HIR A F
ETLZEMPLL (Fig 1. T/, FOTHIE
TUFZoEEE ) VRANEE L EE (DR
PRSI DSAFAE L EEYT I e Y VRSN
Zn ko n S I, RO silaffin & LT 598,
silaffin TIZIMAHET I VBE LTT7VF 2 Tid kLl
VI VRENLSVE W) EWYDH S (Fig. D).

BRI C £ 1T cotBI #AZT @ 20bp FURICIE cotBI

M

bS

A

CotBl 1
CotB2 1

~MSLFHCDFLKDLIGSFVRVRRGGPESQKGTIISVCQODYFVLKNEKGELYYYQLKHLKSI 59
MENVLCCDQIKCLVGETVKVNLRGPESRVGELVSLGKDYLTLOQLPHGELVYYQLKHVKSL 60
Lr R pE kph | wakk Rkhky ko saky sRkkg N: akwh KRKRAR AR

CotBl 80
CotB2 61

TKNAKECGSSDCEWEDCACAED-FEALLESFKYCWVKINRGGPEKVEGILQDVSCDFVTL 118
VKKVKESKCGDCYSSCFCSDEDTFLDILKDLKYKWVKINRGGPECVEGLLSEVHHGCITL 120
T T S L T I L T T T

CotBl 119
CotB2 121

IVKERIILIAIKHIKSVNYNALACGESDESDDSKESS DN ar vkl etk de 171
VNGDE\IIY\IIKSHIKSVSQ V'(CKK’\IEDu 149

*****

B cotm

37 HIKSVNYNALACGESDESDDSKESSDNetbbIndeaded 171
Silacidin A 28

—————— SSSEDSGDSPPSDES"ESEDS\ISSE‘.DED“““‘*-—

Silaffin-1a; SSKKSGSYSGSKGSK

Fig. 1 Pairwise alignment of B. cereus CotB1 and CotB2 and
primary structure of Thalassiosira pseudonana silacidin
A. Alignments of CotB1 with CotB2 (A) and with
silacidin A (B) were performed using the ClustalW
program at GenomeNet (http://www.genome.jp/) with
default parameters. Asterisks, colons, and periods
indicate identical, highly similar, and moderately
similar residues, respectively. The boxed sequence of
CotB1 (CGESDESDDSKESSDN) was identified by a
local BLAST search for sequences with significant
similarity to silacidin A (SGDSPPSDESEESEDS). The
black-shaded sequence indicates the arginine-rich
region of CotBl. The amino acid sequence of
Cylindrotheca fusiformis silaffin-1A, is given for
comparison.

AT 72 cotB2 & v ) BIETFHLATHFAEL Tz,
cotBl BAZF O LG FIER BB wCiEA
SNbokToE—% —Hg L FEINSET
(Eichenberger et al., 2004) 7S{F4F L“Clﬂt A%, cotB2
OERIIFUB R TaE— 7 —BHIIEED Sk h
otlk#%,»ﬂ%@@ﬁ%i%ﬂﬂ/%%mbf
WAHZ PR ENS, CotBl & CotB2 DT 3/
BREFNEE W X BT 525, CotBl DA% C K
AL, MEMERZEIC X o TR 2 L7 silacidin 48
e FOTHOEEEHEBIZ CotBl DAL L T
72 (Fig. 1).

cotB1B2 &5 TF DM
IS DEEFIMFER L~D U 5 EFR

LTWahEFRE DI cotB1B2 WM % 1§ 4
72. T OWEMETI cotBIB2 BIZT T L 0T Sp &
ZrHly MCBEBINLTWE, /2, kigoio

WOM T8y 237 B THD Coty (B4 ExsB) 75; r
— 9% cotG #fETF (Todd et al., 2003) % F}ERIZ Spr
BEET Aty MOBEE U cotG BB ERE L 7. Ti%'
L 7RO A B AUE R BT R R IZ I Ak L 1F
F&ch b, MilaseliaFRmicst L’C&iiﬁ‘fi%ﬁ)ﬁi
WIZX BT wWEE Z 5 N7 (data not shown).
100 ug/mL ® 4 £ W% &1 mR2A B TR L 728 o

’I“aﬂ’—i



A BRI X BIGTEEIER @ Bacillus B S 2 b NZRFHIREGR X 77 = X & OEKT

BEREOr A BRBELZZRNICHELLL IS,
B IR ERG, S 122 X 5 & 7 ( FRAE
PP T HRRTPEESIN, FABORY ARAEL
TWa Z DR E N (Fig. 2A). cotG BEIEMRIZ T
ERRERED T A BILY AR Z R L7z2DICK L (data
not shown) , cotB1B2 fl3E#E TIZIFAEMRIZIH T 1 BE
Y AAREDHEEZISHD LTz (Fig. 24). 2hb
DIEGR? S, cotBIB2BIETF DL LTy —
FHiEY ) AERICHE L TwbE Z AR,
INFETOMNET, FEIZY) A ERINET
AR LA L TWw5b 2 Ao T b (Hirota
et al., 2010). cotBIB2 B{nT DB X 58T DOBEIY
BENDOEEBEETARDL 20, By ABRE2RML7:8%
HERML 2 WA TORT ORERM %% 54 L7-. B
ERRTIE, BEOWME (Hirota ef al., 2010) L [FEEIC
TABRBMZE > TRFREIZT ADPERINS Z
& CEEMM A B LT wiz (Fig. 2B). F 72, cotG
D FEEOFK R %2~ L7 (data not shown). — 7%,
cotBIB2 Wi T r A A RIML T, BT OB
EomEiER o eh oz, $72, cotB1B2 WEMEIE
FORMEIZY ) A2 ERL T WEAKRIRT &1
IZF%TdH -7z (Fig. 2B). BT ORI Z LiE L 72
&£ Z A, 65C T304 M2 L 72355 0 EfFRIL, T
HRE cotBIB2 BB TENZTNT426% L 77+ 7%
(Wb n=3) THY, AELEIRDON LN o7z,

A B
100 . e
£ g0 -
o
2 9
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Fig. 2 Silicate uptake and spore acid resistance of the B.
cereus wild type and AcotB1B2 mutant. (A) Silicate
concentrations in the culture supernatant of the wild-
type (circles) and AcotBIB2 (squares) strains were
measured at the indicated times after inoculation into
mR2A medium supplemented with 100 g ml* silicate.
(B) Viability of wild-type (circles) and AcotBIB2
(squares) spores in 0.4 N HCl. Spores were produced
in the presence (closed symbols) or absence (open
symbols) of silicate. Data represent the mean and
standard deviation values of the results of three
independent experiments.

INS DRI, cotBIB2 BiEM T I IER 1K
BENTWAELOD, BFREND YY) HOEREIE
ETCVRWVWIEETETLELDTH 7.

cotB1, cotB2 & {=F DB ER

38 L7z cotB1, cotB2 Bz T D9 H, T AEMIC
M5 L TWwABERTERHET S -OHHMERERL 1T
©72. cotBIB2 BT D7 HUE—% —HBD Ttz
cotBI 8fn¥, cotB2 BI&x¥, T72TOWDERLET %
MARAZTS A F (F1F1 pHT-cotB1, pHT-
cotB2, pHT-cotB1B2) ##%E L, cotB1B2 Wik E
AL7:. ZOfEHE, pHT-cotBl F 7213 pHT-cotB1B2 %
cotBIB2 EEEARITE A L7238, 7 A BEOI Y AA
ZEPAERR S MAEE F Tl L2 (Fig. 3A). — 7,
pHT-cotB2 % cotBIB2 WiEMRIZHEA L T, 7 1 Bl
NAAOEIBIER N o572 (Fig. 3A0). TILH D
K25 CotBl DAN Y ) T OERICHEG LTWw5EZ
EATRENT.

BB D@ Y, CotBl & CotB2 D K& RiE W& LT,
BT E O &A% C K2 silacidin BRFEEE & R 24
LTwbZ&rb (Fig. ), TNOOBEESY ) HE
BMICEETHL I A RBRIN. 22T, Th
5D E REXE7: CotBLERAE 2 — 35 27
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Fig. 3 Complementation analysis of AcotBIB2. (A) Silicate
concentrations in the culture supernatant of the B.
cereus wild-type strain carrying pHT304 (closed
circles), AcotB1B2 carrying pHT304 (closed squares),
pHT-cotB1 (open circles), pHT-cotB2 (open squares),
or pHT-cotB1B2 (open triangles) were measured at the
indicated times after inoculation into mR2A medium
supplemented with 100 z g ml?! silicate. (B) The same
experiment was performed for the wild-type strain
carrying pHT304 (closed circles), AcotB1B2 carrying
pHT304 (closed squares), pHT-cotB1 (open circles),
pHT-cotB1-141 (open squares), or pHT-cotB1-157
(open triangles). Data represent the mean and
standard deviation values of the results of three
independent experiments.
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D75 A3 F (pHT-cotB1-141, pHT-cotB1-157) % HEsk
L 7z. pHT-cotB1-141 i silacidin & fHI8 & 3 £ M4 5
D JT % RIe L 72 BAR, pHT-cotB1-157 1335 M40
BoOAERR LIZEREKEZZNZENI—FLTWAS.
INBENDT 5 A3 F% cotBIB2HIEMRICEALTH,
WTNOEED F A BRI AKOEEIZR SN0 o
722 45 (Fig. 3B), CotBl® C ki HAET 51
FEVEE DS Y ) A ERBICLETH AL LR ENT.

BENRTFRERAWEY Y HESHER

) A BRI CotBl OIFFEMEEILA, 7 1 B
FEALTCYIIZRKTAENIZET A0E2#H5
o2, WML T A UREDER T T

(SGRARAQRQSSRGR) & W TREBENTO Y U 7
BRBET o7 S ABBRICERAT T F 2R

L7zt A, pH7, 25C W) RMAEGETY Y I D
R E /- (Fig.4). —7, HikE LTBSA %
WML 2235812 v ) HIER SNk o 72,
DLoHEE»S, BTFREANDT ) AFRICIIEF
%4 37 E CotBIL G- LTHY, 0 CRimlIfF
FT AEEGHEESRFROTr A BR2EGLTYY
HEERLTWwLEEZ LN, T, BEREWIC
BTV D ERICEEST55 0 EERELA
DTOBITH L. &eh, ERATF FIZLoTEES
N7z H oFREEIZ100-300nm FEETH 1) (Fig. 4B),
MFR2I TR ENS U A (8 nm BE ; Hirota et
al,2010) LW KREDo/, TABOEEICL-T

200 T T T T

Silica (ng)

0 25 50 75 100
Peptide (1g)

Fig. 4 Silica formation by a synthetic peptide of the C-terminal
region of CotB1l. (A) Correlation between the
concentration of peptide and the amount of precipitated
silica. The reaction mixture contained 50 mM sodium
phosphate buffer (pH 7.0), 100 mM silicic acid, and the
synthetic peptide SGRARAQRQSSRGR (circles);
bovine serum albumin was used as the control protein
(squares). Data represent the mean and standard
deviation values of the results of three independent
experiments. (B) SEM images of silica precipitates.
Scale bar, 2 ym.

H

L

SN 5 2 ) ORERLTHRITIEEHITKRELSR
BINLZEPMENTEY (Belton et al., 2012), Z
DY A ZDFBCIRISFHDOENNILLELDOTHLE
Zz b,

CotBl OIFFM AL U W R ZEHET 5 X =
A LATARBREDS, EEMABL W ERLUTO LI %
AHZZRHHHEND, ¥4 BED K, 1298 TH Y,
ST T —ETIEH 5031 4 YL L7-dREET
GIETAH, ZOXHIr AW+ 3oy f BEsT1
EBEFBIIKRL, YA BAYVI—% KT 5
(Belton et al., 2012). ¥ A BOEEMEL &) I
—OFRMIAIHEET L. TV I~ —FHLIIHENIC
KIS 570 Ly, < IEICHE L7z CotBl
DOIEEVEEBAHE Oy A1 Wi+ ) I~ — 2 BT
EFEHILTELRIEAZREL, YU IKNTE
B L TWAHEESENE 2 5 s, HRERITICE -
THE R S 17 silacidin BRFEIR OB BE IZ B 5 TIEAHH
725, ERNTRA S OBRBEIEH % 2\ THE
B FEMERe, BIOIEEM % FFO0 T L BRI HEIE
352 THENIZYY AERICES L TWATRE
WAEZ N5,

Z K24 —IVTD Bacillus BES{EOBIEDK A

kD ) HEREA S = XL ORI & BT LTI
HIRFIZ BT 5 Bacillus BE L X 71 = X 5 O %
fTol. ThET, 7A1HE2ECEATMIILS
Bacillus BELILICHET2HEELCHBH0D
(Choi et al., 2002; )11t &, 2010; Z= &, 1996; Mori et al.,
2004; A 5 ,1995), ZFDIi3 & A EVXBEARMLIEERE D
BB L2MATH A, 9 RAS — )T Bacillus |&
EELzERT LA TENE, (ML) BAkOM
BOFEER, Mok fthiE, & 6T EETHIER
O RS REIC 2 B, £ 2T, IRAS
—VOEEFRERE 2 B EERL, AT A BER
RIS % Z & T, Bacillus J& O 51t % i &7 5%,
BERVBLEBEELT2RFIIBEINar o7z, KT
ZELLRIC & Bacillus BE SO F % A 703D 5
LD, REVEBRZETOHEEIELL, FoOHME
5 ho Ty (RIRLHERS: - HIgHEE, #B1E).
AT =V DENRZNRERT 5 %A HPDERD
Bacillus JB 5 5{LICEAS- L T WA REESE 2 b7
P, FOERZHETTAHICRES o/, FIT,
172 T KA — VT D Bacillus B 5Lz K& L,
BEAE D Bacillus B 7 o0 ZICBWTHEHES RS
A ML R THRFOWEOFMZIT) 2 & T, &
EEDA A=A LNICEHT AR AR/ RNE L%
EHE L7



A BRI £ BRSO Bacillus B SL % 5 NIRBETGIREIR A 7 = X L OfEFT

PIFDIRFM DT

BEFE D Bacillus BE LSt 7av 20028 LT,
FARHTRESHEPFHE L 2NAF - T Y57 ¥
(BDR) Y A7 2a23% 5 (5, 2010). K X7 4
DEEE LT, BAHR LI KD 10% % 1
FAEIRET B 7%, FORRITRET 5 ALK R
FBRT NI T LEZRETHEEDIT, FABPLHHE
ATNEELYTI IV IERELLY VU A S
HZET, 53370 ABREEZERS L,
Bacillus BHIE OE 5Lz RTEWHIdDTHS (I
5,2010). ) AERICL VIEFAERLEIIHS
HMMEEM XL ETRTOLAIBIT LAEE
EEOTWASZEDY, Bacillus J& OE 5LICD %285
TWADTIE RV EFRL, BT OEEM DM
iTo 7z,

50ug/ml ORMEIFFHEEET M) v A% & pH7.0 D
REHF CORFOEFERZFMLI2EZAH, PUA
LRI, RTOAFENMEL T Z & 2vH
L7z (Fig.5). T OIERMMEDM FASHE O 5L
nkxmﬁHaBmwuﬁwﬁﬁm_w%waé_
EWIRBEBEN. L, WELEZITDR
Bacillus BHE S 7O AL HDBI END ,&Hj
LICIEEREUNOERGEE L TWwa EEZ LR
5729, B hRNLETH 5.

CotBl DICHER 1 1 YU AHEEZ T & L TOFA
RIEB L ORIAEE, AFIETHERRE L7z CotBl DHRE

AR LZSHERICOWTHARS. w0 #iE

WD LD %, EWICZE L MBEHEM ORI NS+ I A

100

10

Survival (%)

0.1

0.01 | E

0.001 . L L . .
0
Time (min)

Fig. 5 Viability of B. cereus YH64 spores in the presence of 50
ug/mL sodium hypochlorite. Spores were produced in
the presence (circles) or absence (squares) of silicate.
Data represent the mean and standard deviation values
of the results of three independent experiments.

¥ —3 3~ (biomineralization) &MEN T3
NAFIAXTVE—Ya MEHZATHNNTF Fid
A ABYAT (X I SRS e R e LA R N AR A
®, CotBl OIFENEMEIBA Y ) A KT HiEEREE R
FTELTO L) ICHEEL 2. GFP @ C K512 CotBl

ERETEE LY Y37 B (GFP-CotBl), 75 UM
HEUEROIEZRE L2 75278 (GFP-CotBlp) %
FNENRIBEANTHEIAL, CORMBHERRIZT ) 7’J
W2 miM L CERTISaMRA L, @O
oT/Uﬁﬁ?%£$§%,ﬁﬂﬁ%WTfﬁ%Lt
LZAh, GFPRHMTHEIHL-BE1E, LiEIC GFP
OEREVE SN0 x L, GFP-CotB1 % GFP-
CotBlp ®¥ &1L, ¥ Bk T DEHIZ GFP D 3 t)d
Ao, BFICEEEPEE I N LD 57 (data not
shown). TN 56 DERNS, CotBl, FFIZZEDIEEN
%Eb?ﬁ“%*ﬁﬁ DU AEERZAETHIEVHHL
2. VU ATHEEFTRISTEET S0, EICHET
BT NVEZ VR RS SO THIAFENICH
HLTwBEEZLNA., T2, INHLOMEIL, &
FHMEEEAS, HET 25 82 B2y Akiats
15525 7B E L THETAZILERTLIDOTH
27z,

CotBl DICHER 2 : 2 JEID/NEILET T+ ZF
1 —FREEDHER

KR OWHEIIH T A2HMEE AT 55 ZENET 7
4:%4—77(ﬂmmm@>tW@h,ﬁﬁﬁ%
(HYF) T 2HMEEZFAH LT 74 =74
— R ICECAHIH SR TS, REMREE LT,
R L726~10D L AF Y VERENLLKD, Nixk
Co* &0 _AMi&lE A + » & FFE % 7R3 His-tag 2
L, AR T 74 =254 — Y I BREINTE
D, &My ZEFNIHIE L7 AFERAEEIZ DX —
H—=DLRFEINTA, BRI E I L CHE
FIA$2 2L TE B, HAKRmMCIZY Z7EG &0
BHMEZETHIH Y FHRBEENLSNTE Y LENE
fichs.

DU AKEE S e LT CotBl IR % 4%
BAOT 74 =54 =47 LTHATENL, Zff
YA TFEZOT TRBEHOEMLK G &)
ELTHHATE 720, RaATIDT 74 =514 —
BAHREIC 2 B E IS 7z, 22T, HEMERE
FALZT 74 =74 —HREORBLRAALZ. 77
4 =T A —FEEET DI, FEEY ATV
DO AEAERAIIC X D HEMAEEICRE LB Y Y30 &
NS 572012, ¥ 7WEIE ) F Y FOME % itk
SHTCHENESELLERD L. F72, BEHFELELRA
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TR ENDEE BN DR THD, 857
BH DT A4 DWW EWHEPEFEFLW. £2T, £7%
T ORI E R A, BTN L L 72 & ZELE A
A EVREET B 5 OEREITo 7.

WEMERO -7 I Ve RESELERA L
GFP OR& 5 v 737 B2 KIBHNTHRIL, ZOHWNK
MW ) AR T2 3 L CEIRTI55 MR A L 7.
EHICEAAT 5 GFP 8 tMELHET A2 LT, M
MEEZE L7, ZOHKR, BETEREOHMHELET
B2 (LUF SB7; RQSSRGR) Td, JTO145%%E 25
B niEEREE RT 2 EAYHIBH L 72 (data not shown).

BT, SB7T SV U A XD IREET AL OEREAT
o7z, VA EDOKEICEENFOT IV F = VEREN
BEGBREEZR-ZLTVAI ENRBIN TV
D, LT VFZ UERERINT A L THEMISER
XELHFEERIL-EZA, OSMEED L7 IVF
Z UM (pH8.0) 2L -T, SBTAY U A L0l
THZERRHBL.

SB7 #Bi& L7-GFP €7 VE LT TFTOEY 2
HRFRRERAEAE LT 71 =74 — #2117
7o BUE S Vo8 B A FEB L 72 KGO W RIS
YUK TFERMLCERTISHRESGT S22 LT,
SB7 @& GFP % 2 ) AR T-ICHE 2872, RF % ki
%, 0.5M® L-7 V¥ = VB % & & Tris-HCL #% i)
(pHS8.0) THEHRLA-EZA, BWY V37 HE Sl
(90%) - BHINEE (80%) THINT 5 Z & »5T %7z (Fig. 6).
TRV ) BT 220 F FRHEEMEMAE LTHAT
EH7:0, ERDOT 74 =7 4 —FFEBKITHIEF IS
o X bARAs, fEREE BOROHE - L ER
T&/. F72, RBHETEBICHCALT VX = >
Wy N BOBRERXIIRIL, BRELSIEL LW

(kDa) M 1 2 3

116
66.2-1
45.0~1

<« SB7-tagged

31.0 GFP

21.5-¢

14.4 -+
6.5-T

Fig. 6 SDS-PAGE analysis of affinity purification fractions of
SB7-GFP using silica particles and L-arginine as the
adsorbent and eluent, respectively. Lane 1, cell extract;
lane 2, silica-unbound fraction; lane 3, L-arginine-eluted
fraction; lane M, molecular mass markers.

H

L

WEDH 5728 (Tsumoto et al., 2004), HEYZ 37
BEBENICBETLZ-OOENTEICRY ) B E
Zz, AEBEWEOERLICATTE 52 552 #0
TWwWh.

Z

TEFRERC r ABER ) AR, )& LTER
9% B. cereus D) AHBEIE A N = X LD E ATV,
DY HERITIIETFEE Y v 37 CotBl S L Tw»
LT ERBSMI L. B CotBl @ C RKIICHELET
DHIRFEVEEDY, YA MOERICL DLV AR EMR
ELTWAI LSRRI NA. T2, ZORTE
HA~D ) AEREDS, 74 BRI X B 0EEHRF T
@ Bacillus B HH OFE S{LICES LTWwas EFHEL,
FOMGEEAM Tz, —ERD Bacillus B 5L 710 X A
WCRIEERIEIC L 2Bl AATFNTND Z LITHE
BL, MTOERMELZFM L2225, ) 1ER
CHEWIERREASM ELTWAIEEZHERLL, 202
& 2% Bacillus BB SILICES L T AT gEMZ /R L7,

F 72, CotBl ® C KimDiIEMEHEAY, ¥V EM|
AT LIEERRL, YIIEES 7 LTHHA
TEAZELERLE. ZOF IEFNOY A4 X% 75k
FTHELTAILITRTL, Bohiy 7y = FH
THIETHROT 714 =7 4 —FRHEELHEL.
FFRFETEITROY Y AR T E2REAOEMAKE LT
FIRT 5720, FEFHIKITIAPTHBEZIT) 2T
5.

RIB TR S N7z WHFECR D s
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Development of novel MPN method employing N tracer technique for

sensitively detecting gaseous metabolites, N, and N,O, and attempts on isolation

of oligotrophic denitrifiers and ammonia oxidizers

Yuichi Suwa

Department of biological sciences, Chuo University
1-13-27, Kasuga, Bunkyo-ku, Tokyo, 112-8551, Japan

Our previously developed N tracer technique, which allows sensitive determination of N, and N,O mainly for
ecological and physiological studies, was further modified for MPN enumeration and isolation of denitrifying
bacteria (DB) and aerobic ammonia-oxidizing microorganisms (AOM). As both MPN enumeration and dilution-
extinction procedures for bacterial isolation require a lot of replicates, and our developed N tracer technique is
relatively time-consuming, we down-sized the assay system without sacrificing its sensitivity. By employing the
newly developed procedure, DB in a sediment of stream and marsh, surface water of river and lake and
enrichment culture for anammox microorganisms were MPN enumerated using sterile environmental water or
spent medium (effluent) obtained from anammox enrichment culture. Although DB were MPN enumerated
with media employing environmental water, MPN estimates did not clearly exceed those with conventionally
used medium for oligotrophic DBs, NB/100. However, MPN estimates of DB in an anammox enrichment with
spent medium were much greater than those with NB/100, and, notably, 24.0% of total bacterial cells in the
sample were recovered, indicating the high applicability of this method. The developed methods were especially
useful when the medium containing NO,” (and/or NO,) was used for MPN enumeration of AOM. Soil extract,
which contained NO,, was amended to basal mineral medium with a smaller amount of "NH,* for enumerating
oligotrophic AOM from a forest soil. ®N-labeled NO, produced by AOM was clearly detected from NO,
background by converting ¥NO, to ®N-labled N,0O with denitrifying bacterial, and appreciably high MPN
estimates were obtained.

Key words: denitrifiers, ammonia oxidizers, gas metabolism, GCMS, MPN enumeration

w5

ERE COBEYIERBANE, REBRERPEHED X9
W, REYSEE TR ITECEE THEET 5
BAEMOIWY PN D72DITHEILENTIEVED, Zh
EAZAEHAER R EEARE KR b5 HRFOMED O

E-mail: y-suwa@bio.chuo-u.ac.jp

ZERETHICRZIIIRLRPLETHSH. &
Y7275, Z OIFBNIBIREEH % o THE OkRE

FROMEYZEREETHIETHS ). ZOFHEIR
R 7T e TRIIE Z X Lo &3 5 1LEEE K
TR MR OB ORI 2 726 L, SR
WeMH L7725 E, COBEMTEFTTE2WREDIZ
HEBR SN B, o Z2BUEWIZEE TN L Tiho LY
EBEL, 5RAONTBRENFTHE Y Bo bl
FEREIND., MDD -7y e LRvEEDD



:;r;]ﬁ

Bebpl, -7y M THAMAYBOBEEEAED
B OFEL, BEOMAEYEEEIRIRT 575,
LR RED BT A HIIZE, LTLIAHLE
v, L OMEYREPERE T, EA3ELVwEII
THIIE, FALRKFENEZONAEAY . 2Lz
i, REFCESETAMAEYE DT A-DICHNS
NTELBRREFRETIE, BHENERETOEEFO
Ay (B #Hixd e, mAYRoOBEAITRI DI
we#Ez bbb, T, BHPFORBEGOREZT
A2 ET, Bl Y BIRH TR &5 I &A%1970
ERPLMONTEBY (Hattori, 1976), HAETIL,
O FHBERREGEELRE T H VS Z L OSBEMAE
WETE—EBTH 5.

IoEZEHELEDDL L, MEDO SR TR
NAIZBEKEOSDOEREME L THWLREICES.
ZOT Fu—F T, Connon & Giovannoni (2002) @
ML lmonTwab, T, M RMEE LT
1%, Ishida & Kadota (1979) (2 & 2 EEBM O MK % 5
ELTHERALAMEOFEB XUDEEORRDTD 5.
O IEZMAZREMIZTAEZ ET, AL HH
TAHLDOBEBVEEELEL. ok, FH
HOBNEAEMEIEZ SN TV A REREZ bR
% %%, Ishida & Kadota (1981) (I 58 B I2 i % &
(oligotrophic) MIE # 58 L, BEL KB+ &L
WAFTLZOATHMHEEZEFE L TCWA I LEEMLT
Wwa, oL, GTERENFEIFELLEVWERRO
WEETHY, EOL)RRRIBTEHECTH - 7201
RHTH LN, REGHEEZELL. BREKEOLD
FRME LCHVWEFELED, BHihOEFHS4E
REAXRBICEDE TR LTEET ST 7 —F 12
BOCTERLETHEE: ZL0E, EoXylcLTME
WoMBEEHMMET 502 THA ). Connon &
Giovannoni (2002) IS EH#MEECMEEZEIEL TS
", Ishida & Kadota (1979) i “C CT## L 72 Glucose
EMERNLT, INE BT ARAEPIFRICZLY
P35 “CO,m i & MPN #: & ##lA A b, K
KEMBE 25, ST AI EER A, FORD A
ZRE L FHEMNICEIETE, MREEFL DK
WS, NS ORENMECLEL LY, BE
W, PRV TEE WA REEES . BB
(Stewart, 2012; FEA - 8, 2012) CTHIFHINTw
B XD, RAOMAEYOSHE TR AT B L 72
Bid 5 VR AFEORBERELR T 70 —F OV
EDOTHAH, IhriE LD 5T, B REEGE
WA, MAEYORBFEOMESEELBETHS.
Lo, D& okl CIRIREE O R P i 1 <o B 5l % 4t
ETE, AR TEETHORWHEISRD LN,

—é‘jj

1

AHFFETIE, RN ERERICH DL HE L
AL & v ) BEEE & 40 ) AR OB L MR D 720
12, BIGREOREMOMER, &5Wvid, MAEDH»HR
TAHEREN SRIN L 2K 5 & U TRV T4
WEE - ST A LERASL. T T, aR=
— ORI, WESEROEHEORM & &, WEROBE
Vot HkeEET 5 LiEREcHB. 22T,
WHIFEE CH%E L2 &R % SLc Ml 3 % GC/MS
(Isobe et al., 2011a) %, fRIREBLEMHTIIHET 24k
WOBMBICHEHT A2 & 2 A, MPN BB X O
BerioFEERET LS. Iz fws I Lid, kit
L7222o0%ERK ABOFEBTHLZ L L, BEMER
MRFEEHCRNI L, KHERTH. IS, WE
RBWH OWE DI ARD LR E SR ET
5 GC/MS DRREE LR, 510, BERMMAK
FL—H—FHAELELI LI, MBS
HRMBLHETE, BREzM LI L0REE L
. MAEYWONRBCTEESNIEAS, FIINBID
NO 2R H L L, HERMA SN THE#HSNLEY
ZML—H—L LTHET 5.

TYEZTBILET ) HREMERE LT YV ES
7 BE{L M B (ammonia-oxidizing bacteria; AOB) & 7
V&= 7 BEAL A M A (ammonia-oxidizing archaea; AOA)
BHIHGNTWAS., AOBE ACALZFEDHT, 7TVE
=7 WAL A4 (ammonia-oxidizing microbes; AOM)
EIERZ EET 5.

FBT

#Hat

BeEwW D MPN B EH OB & LT, KRBT
DOFBIN DOFNIIK, FREEKIRF T OFEEBE DMK,
BIOREMNANEFHTICHEHRRELEF ¥ 3R
EHRNBNIOHERED L ZZ 2 KN AKEEIL, K
WL AN OMSEEIGER L2, T4 B MREITo%
HEIOHERBYZHRIL, KELEPSHIEE~ERL
7o, WS, MERBRIULEMTOBREEBE LT
fEHT 572D L7z, UFREC LR o®ES
HBREECHELCWATFEZ A &K T v E=
THALAIE) SREEAAL T 2 EFWL, BF IR
AR CTIEBICEVIERMIE L Ca L7z, BRI E
RS, EEEEEED?SOPERKETRLE UTHER
T B DI,

AOM @ MPN sHUHORE L LT, EriHio—&T
@ Akl KU6 M /5 (Yoshinaga et al,, 2011) THERE
WokE (10cm) ZHRIWL, KETHREL LS,
MR ~E M L7z, 510, HERYHRIh SE A%



RS e BB TG T A BB O R BuE 0%

B UTHEST 57D L7, Jbim sk
HWEM, BLORFERKFTFEHEREKRIIBNT, wih
HERBLEAFRIL, WiRTHEE T CERL ..
BRI VITNLE R EITS £ T4C, B TH
FLA F7, BHE LAY 2 008K,
WFEEICEAFN /2O BEBIZ, KETGF/F 74
V& — (§L1#% 0.7 um Y ; Whatman, 450C, 3h hngk
W) cAHMEL, EEBGE T4C, BEETTHRE L.
INSOBEKIE, IEBICETATINLOBEDLIC,
NO,, NO,, NH/ gz A+ vru< b CTER L.

=R B O

NB/100 ; ##@% (RO) K%EHWT NBREEHE
OWETIER L, Th%E ROKTIOKIZHARL,
NB/100 i 2 T L7z, S ETHIERAR L, B
KD NO, BB U THEROEBFZHMKE LT,
NO; /M L7z, /= VEZR LT 28 Tl E RIS
e l, Bid Ar T/8— Y LIEBELL. miEE
LU 7B E SR~ L, il Tdalee gz,
F—h7 L—7RE (121C, 60min) L7z, BN
CHHEE D BNO; £RINL, & <AL

NB/10% ; NB/100 % RO /KT & S IZ 10857 Lt E
MR L7z, 20%OE/EIE NB/100 DR & [k
L TAro7z.

F7vF L rHEEBH NB/100 ; NB/100 # f{#4 L,
fif KL U7z, Hashimoto ef al. (2006) (ZfEvy, NO;
EAGRIE 3lmg/LICh 5 LML, LiokEs

A Ar 28— Lz, A—F27 L—7RHE (121C,
60min) L 7.

W D MPN 5H O S & 5 5 TR HUR O $R U
HTZLREKREZOFEEME LTHALL. 20
RS % Table 1127377

AOM HD

AOM @ MPN FHUICE R L 7- 55 D )% % Table 2
WRT, BEREETHLT yE T LHE ImM iR
I LTRGBS 2 58085 w0s, E£H5561, oh
FT10mg/LEEHE7 v E= s (076 mM) % &k
WCHEBIUOGHLTCER. CAUTORETT &~
BT ARERNT 256, TNSMEDICE > T
LS8N THEKT S NO, B & U NO, DI I I
WEEZBENDLID, BAEICE o TIE N LT
YEZ AT MUY= LTIHML, BN
NO, BLU'NO,; %, HBAORERETER L.

RZEE D MPN 5D 7= 8 D1EE

FHFE R A — b7 L — 7 L7z milli-Q /KT 120 ml
BN T EED100ml & %5 X S ICERARL,
TARTHEH LA, T2RZHELTA 25MICES
Foa—TLPRF2—TEFEL, Ar =T L TCERFE
L7, Ari3ILEO2um ODWHEFEAT Y VTV T 40
—F@ L CEYRAAR. ERELL AR KE
BEMEA~RL, TEORM TS >RFGRL 2.
BrEFOEMITIT Ar: H, = 95: 5 DREZMAZE BV,

Table 1 Composition of media prepared with environmental water or effluent from the anammox

enrichment reactor

Site and preparation of basal
medium with environmental
water

Electron donor

Electron acceptor”

Tone River

(autoclaved water)
water.

Lake Tega-numa (autoclaved

surface water) water

Stream water at Chuo U, Tama
(filter-sterilized; 0.20 pm
pore-size) water.

Organic (1.2 mg L' TOC) and
inorganic compounds in surface

0.43 mM nitrate (0.75)

Organic (1.7 mg L' TOC) and
inorganic compounds in surface

0.31 mM nitrate (0.75)

Organic (1.7 mg L' TOC) and
inorganic compounds in stream

0.21 mM nitrate (0.75)

Organic (1.0 mg L' TOC) and

Ravine marsh at Ibaraki

Prefecture

(1/4 dilution with RO water)
L.

Efluent (spent medium) from
anammox enrichment reactor
(1/4 dilution of with RO water)

inorganic substances in 1/4 marsh
water. 3C-UL algal amino acid
mixture was amended at 0.75mg

0.44 mM nitrate (0.75)

Exudate from anammox community
in 1/4 diluted effluent and 1.5 mg
L-! BC-UL algal amino acid mixture
20mgLh

0.40 mM nitrate (0.50)
+0.76 mM nitrite (0.50)

#* I5N labeling ratio is shown in brackets.
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Table 2 Media for MPN enumeration and isolation of AOM in this study

Concentration (mg L) in medium

Component

BH BL LL CL CUL CULN CSL CEX
KH:PO4 155 155 725 725 725 725 725
NaxHPO4 1136 1136 1136 1136 1136
(NH4)2S04 5000 100 100 100 10 45.5
(1*NH4)2S04 10 45.5
NaNOz 3.45
NaNOs 8.5
MgSO4 * TH20 50 50 50 50 50 50 50
CaClz » 2H20 20 20 20 20 20 20 20
FeSOs4 » TH20 1 i
Fe-EDDHA 1 1 1 1 1

Trace elements mixture®* 0.6 mL 0.6 mL

Lake water (Kitaura) 1L

Soil extract (Shibecha)

06mL 0.6mL 0.6mL 0.6mL 0.6mL

100 mL

* Trace elements mixture of ATCC medium #1573 (x1.66) : NaaMoOs - 2H20, 10 mg ; MnClz - 4H0, 20 mg ;
ZnS04 » TH20, 10 mg ; CoClz * 6H20, 0.2 mg ; CuSO4 * SH20, 2 mg, in 60 mL distilled water

WA % ANz 245mL B4 7T VIZEH B & 22mL,
QETHIEL, WHE L7 F VT THEE LR
ORI L, S5 TNVIY—NTHEHLEAL Ay K
ANR—AH AwEGHE (G1) He TEMB L. FRAE
PeBE 1L, WHEEAO T 4 AR 7T VIS % SR 1Y
27 F VT ABICELAA, He l3FLEE 0.2 um OHEH
BAVN T TANI— %@ LTHEYAAL. ~v F
AR— A% He lC B, 20C BFRICCREL, ~v

FAN—ZH O BN-HE#% N, H 5 vid N,0 2 #RF1
GC/MS (Shimadzu QP2010 PLUS) TE® L7, Ei
IR EARE T - 72,

UNAZEE N, H 5 Wik N,O & GC/MS Tl +5Z &
THREEE:* BRETHRIET 5121%, BEORHE K
XLT, Ny FAR—ZDOBEBENELTBHIER
RKobhsb, FokE, BHICBERTLIAKROEDLS
{Tpd., LIzdoT, BELL-EEOEVEENL T
YU ORINRERE D EICHEBICERT 2R EE
L, Ny FAR—=ZIZER SN B JMWIRE % w8k
LUENRB L. ) LIHRFEOMKE, 245mL &
A TIICE L 22mL ANTRE T 5 O TH
B EHERD BT,

ARG TD N,O ORIEEIL 1ppm TH Y, 10ppm

TREELERTEL I L RENDI. NA AT RE
HErEEOHEoWE I (Ebeling, ¢ al., 2006) ¥
JORBHIMEOESHK I5Xx108g 2 vws L, &
DOFF T, 10° cells/mL DBREW A4 #T % N,0 %
MBHETH S, T OEEIE Connon & Giovannoni
(2002) OFBELFETH B, 72720, BHMHE L #
J 5728, N,& 5k N,0 # 10ppm ML % B (+)
EHEL.

GC/MS THHI T 5 BNAZ# N, 5 v id N,O Ol
EE R ECHEO DI, BHiRo4 NO,+NO; @ PN
%2 05HHWIE0758 Lz, BEKEFODL DL EH
ELTHWRSE, F238bkERICRBENEZ o
NO, +NO, & E N B4E, AT, FL—H—
ELTONERAEZRMT 52 & TREMBFONO, +
NO;, ZEL XA LMY, LA, RBKHE
K% 3 HE ROKTHML A (Table ). ZOH4, 5
Wh OB/ FHSHREEES 2, BEAKLD, &
5 |2 oligotorophic % 4cfh & o Twab. T 9 L7-5&#
THRERDVFETELNEI P ERFTT L2 2T,
OT7TT7u—FOEMEEIVBRLIHET S LI
L7:.




SR BB TE ¥ 2 AW OB SR Bk o b 58

BIESHFFO NO,, NO, 8LU' NH,DEE
Bk h o NO,, NO,# & 08 NH, i, TSK gel
Super ICAZ %% LA+ v2ru< o757 (IC-
2010, TOSOH) TE=E L. LEIBHUT,
0L um DY) YV T4 VT —TAHBE LT

TEFLIBTHEICL BDREFEDREH

Hashimoto et al. (2006) i~ X %, NB/100 &2 Hh % F£5%
Wi UTHWT, 7EF L 2&EITTHET oligotrophic
B E 2 MPN B8 L7, S OHETEHRL, &0

FETT WA >~ L7z MPN BHEGE DR R & L 7.

tF L VHEETIRTEFL P ICE o THESR
RICHRVEFENICHE S, REORKEWD N0
B, KUFETIE, —EBICHWSNILS ECD
&0 GC TR, GC/MS TN #MH L7z, AHF
ECH W/ GC/MS &£ ECDfF & D GCIZ & 5 N,OD

RIS TH 5.

AOM O MPN Et#E

TNENOR I, ZEWERE L -HKRE
100mm) 2 4.0mL$2537EL, ThIFy v T
L7z, 3Ehd, R TRIIARL, 0.5mL3o%
EL 72 40mL B 07 L7z, B 25°C, WEAT

TIT o 7z,

BB &

7
» N,0

(16 x

—EMEEEL-0L, W24 500 LERRL,
% — » 7 F 5 £ ¥ — (Technicon/Bran-Luebbe TrAAcs
2000) TNO,, NO;Zzw®mL, 7 ryE=T7THLIZL-
T NO,, NO; 28I L7 &) & ME L, 5

WA NO,+NO, BWEFENAHL X, AOMPEKT S
T RO BNAEH X Nz NO, +NO, OB B X U5
X, BLEEw i (Isobe et al, 2011b) TiT o7z, 7272
L, I0mLEDNA TUVEFEHLT, Ny FAR—Z
BEEENESLTHIETNOORBEEZ LT,
0.01mM @ NO, + NO, % & & B 2= AY 500 u L H i,
NO, +NO; # I TE A L HICKR L. Thitko
T, SOBEZLEHOMEEMORS ZE»TES X
IR, HER 30 MPN E~OBEH DT RE L 2o 72,

e & E R

FEWEEMEOEIC L EEEO MPN B

SEFXTFRBEABBLIOTFE S AEREREOR
2% ® MPN #H%{ % Table 3127/ 3. R UEEIcD
WT, REFOLHRVEBTOREHR T MPN i
b L7z (Table 3). GC/MSIZ & % SNAZ# &S 7z
N, % Wi N,O OB HIC X 5 REH oMbk E iR+
GICEL, REREEME LTHHEE 2B TES
CEMNRENT, AL, FoRHEEIE, NB/100 %
TR L LTHER B L GE L REER, £
NEETTHLZES Do 2L, TTEZAD
EREBEBNA T APORERZ, ZOPEHKE B
B\ o L 72354 @ MPN 51841, NB/100 % #&
W E LAGE0 100/ o7, Tk, &
BoOWNBRE LT BERB2O O E L Cff
M35 &T, MPNEEBESKESHMZ 2GE60H
BT ENRENT.

Table 3 MPN estimates of denitrifiers using N tracer technique developed in this study

Acetylene N tracer technique
inhibition Incubati
Sample Environmental n((;ga asl)on
NB/100 NB/100  NB/10°  water or effluent 4
from enrichment

Water from Tone
River (/mL) 3.5x10° 3.5x103 1.3x10° 2.4x10° 60
Surface water of Lake
Tega-numa (/mL) 2.4x10° 54x10°  2.4x103 2.4%10° 56
Sediment in a stream,
Chuo U, Tama (/g dry 5,907 35x107  3.7%10 3.7x107 53
weight)
Biomass in anammox
enrichment (/SS g/L") 4.1%10° 6.0x10*  8.3x103 6.0x10° 12
Sediment of ravine Not
marsh (/g dry weight) 2.6x107 1.7x107 rested 5.8%x108 16
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NB/100 % L5 & LT, 2 00KER oMM
B A MPNEMEER LKL 72, 200Kk L,
W7 S L VlEEE BNO, E PL—H—& L
T GC/MS T BNk S 7z N,d 5 v i3 NO &l
THHETHL. ZOME, Tho s HEORE T,
NG 2 DDKHETO MPN FHEEICIL E » 72 28
WO LN o7z (Table 3). WO T b R
2, HENFEHRTELRVWEEILS, ToEVWHERN
P Sz, NB/100 B EOHENHE TRD 5
NAEROKE D LI L2 MPNHEUE ., T4k
REh & KERET S & 23S 55 MPN 5%
iz FZNFRILB L. ZOME, ZO/NSho72F]
I N ARB L ORBEOFEHADOBFEAKRTD, FNE
N, BEZRELDIEB XU6HE L, TRRES
BE v S ADOMOKTIZ20BTHo72. TEF
VYBEEIINO W) RN 5 2 & THREN
MEHETLHETHY, ZOMBBEIHEDHY
WCHRTIEAPICEVZ Edbrb. $72, KB
EoT, 7TEF L VIRERHRTOREDEER I
THERENE L, FRUAOMRBITH L TR
IZIFEEO LN W P EE S L.

WENOFREIZDOWT D, NB/10® & 2R & L7
& EOPLER o MPN BHUEA NB/100 & 0 Ko 72
ki, REWREETAZ L TMPN R HEE L
FAHIENTELERRL LW EERIBT L. T/,
AR THROLNIBERKETAVALI L TELN
X 0 v MPN SHE 2 B SRR E AMK D o 7272
DTHBERRST, MOPOENLZERTHB &
ZLHRBT L. REYRESBZ S { 2K, 720
Lhhb s, BEKE LM E LGRS
NB/100 % & & L5l L METcho722 L
&, BRBIKEEHAVEISHEE L TR A RIS
5. KW TiX, BN P L —H—EIC X B HERO K
EEMRHT 572010, BEKEZ ROKTHRL 25,
MEFROK L HH L, BT 2NENICERE
ERBICE R B AEED L) R BEENELNLD
», SEHETALENHA ).

-

T E T AEBEENA AT X T MPNEHHOMR E
& o I MEMORE

T 7 ARSI TS D, MR
BONTBLT, LT OEMEREDL
BHEATERINLD, bbhid§ ClolgET
LT A TENEED L2 EF R LTS (Yasuda et
al,2011). 2O MPN i -00R#ETH, 7THE
AR A5 N TR S L7 N, ORI E S LT
D9 E S %, N,D% isotopomer O FH 3k & P B I

bkl

> ke
A A5t

B

TR L. N, o IEHRENLET 57,
SN AR &, i o4 NO, + NOy; @ PN/¥N H2»
5, MEHFEO 2N, BLO®N,®2FHTE, TS E
7 AHED BN, B LU EN, EO L S FBRICEE PO
BUN/UNEPSHEETE S, 3610, KA»,PLDORA
50 BN, B L 0PN, B HiE N,» B A REALY S
BETES. 2O STFES ARED ®N, LR
LD PN, # E R ET 5 BN, B LU PN, OREICD
WCORDEN R EVTT, ThEMLIETT
FEZ AHKD PN, BEERKDD LN TE 5.

A= BN, = REUHIK 2N, + L2 % 2N,

+ 7 FE 7 Ak BN, v
B =4 #N, = K& #N, + Big ik #N, @
+7FE 7 AR PN,
C =4 ¥N, = iz ®N, ®

BN, &N, OFEND o ESHELZTICL 242613,
Z DEBTO NO, +NO,; ® N %13 50% 7% O T,
FEH ONL /PN, X 50% & 2 5. S OfEAT50% % T I -
%A, MEDNOBRRE, T4abb, THES AdK
PREHED PN, BEINAZEIChE. ETAT,
KEHFED N, i3 EEEO~@# iR 2 i B
THESNL72D 2O EEEE R <, F4 *N/2N, kb
PRTSE2PNE7FEY AHREfETES, &
DI EHE % MPN M D 7201247 o 72 HEH K 2 26
B b U THORROBEEIZOWTIT o 724 E, 105
BCTT FE 7 AHRD PN ERD S o 720 fe 33 2
Xh, 9b, 3ERTEFOWNBEEILIIEP -2
(Table 4). ZOfERIE, ZOFEBRZTIE, (EBZEM
BT TR TFEI AP MPNFIEENRTWSEZ L
AL, B\ MPNEHEBEIET €27 A8 s
LA EBEEZONDE, TEFLIETHES
ZEEEFHET AL MONTEY (Jensen et al.,
2007), 7FEZ AWMAEMOKE L BT O THILL,
BN A& % iV 72 b L —¥—3:T MPN #H§ %
ZEMRROONG,

REMBEHNIEEITEVER T HMEN LIEET S
MAEWE ST 210, TFHRETIHMAEDDE S
N7BREGTCHMETAZE, DT LI R%E
WL, MIRSSERLTCHEETIEPLETHS.
7 FE s AEFEFROPEKE HwBER O MPN
PR L, MEFEEFROLNIEREDI L, b
S & HEWHEREBTHML RN RB W 2 B L 28
FTE, BUBMICI4F/ME LD L5 B L TR
L7z, b L, B#ed, WEEsHREsS e 72T
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Table 4 Contribution of anammox in *N, emission in MPN tubes (incubated for 124d) for enumerating denitrifiers in an anammox
enrichment culture

N isotopomers determined N, isotopomers calculated as; (ppm)

(gross; ppm ) 28 N BN, /
gross; pp N, N, biotic °N, o
dilution  Vial ‘ - %) CEMlulne
' N, PN, N, not via not via, via AMXY e ’ of Anammox
- - - denitrification denitrification ambient air
A B (@ D E F G H
—AC =B-2C ~(D-f-B)(f-1) =EF —C/(B-G)

1 50798 9181 4333 46465 515 173 342 49 +

2 40443 7708 3652 36791 405 134 271 49 +
107 3 144267 1823 243 144024 1337 275 1062 32 ++

4 33728 10176 4920 28809 337 125 212 49 +

5 43897 33680 17054 26843 -429 -632 203 51

1 27361 7049 3381 23980 288 111 176 49 +

2 39861 3723 1662 38199 399 117 281 48 +
108 3 22960 140 0 22960 140 -30 170 0 -

4 32613 3033 1385 31227 263 32 231 49 +

5 36857 32350 16497 20360 -644 -801 156 Sil -

1 22209 233 25 22183 182 18 164 37 ++

2 32999 2643 1165 31834 314 79 235 48 +
10° 3 23924 203 81 23843 41 -136 177 314 -

4 22993 190 581 22412 -973 -1147 174 3702 -

& 39316 328 0 39316 328 38 290 0 ++

1) f, natural abundance (ratio) of *’N»/**N.= 0.00739.
2) Contribution of anammox is positive, if F >0 and **N,/*N, < 50%.
3) ++, <40%; +, 40-50%; -, > 50% or F<O0.

Nb., £ZT, HELWE LR, 72725 100
REEHICH O /4 ICHREINDL L) 2EEG TR LE
ELZ. TORR, BHEKROFEOREEMIZ, —H
REOEZELEFALPZNULETH o2, ZOFMRIEZ
DIEFEPHEHE L, AT W REEZRET 5.

i B2 0.15mM O NH," £ & & 3EH# % 5 5 7= AOM O
Fig. 1 Denitrifiers from anammox enrichment grown on MPN £ 5E DML
effluent in a MPN tube were successfully sub-cultured. WIAKIZ 076 MM BB 7 >~ B = A & RN L 758 b

Cultures were incubated at 30C in the dark. If no

growth occurs but biomass of denitrifiers stays (LL#: 4, Table2) ZfFR(L, [ UHATHRRLZH;E
constant in a sub-culture, *N, produced in the sub- o AOM = MPN &% L7z, AOM »3 4R L 72
culture would be 1/4 as that in the previous cultures, NO,+NO, #4+— N7 F FAF—TEETH LT
when 1/4 of the culture is transferred to freshly MPN 28 % 47 5 7=, EHE L7=WKI121E, 1 Uodh
prepared medium, as indicated by broken lines. . O e
Amount of *N, determined in the sub-cultures, as 5 NO, 2505 uMEFTNTW72s, BEELEL &5
indicated by solid lines exceeded over the broken lines. TId+4507% NO, £ (100 uM Bl k) AR S h7z7z

®, 0.70x10° MPN/g wet sediment & \» 9 5[ 5fE % 15
oo 2L, WEBEEEEREMELT, AL

%, BHEBOBEOEEIZDL L OBEZEOHED 1/4 0.76 mM TG T v B v A& & (BLEH,
%513 THA. Fig. LIRT LI, BHELE Table 2) T MPN & EIED A3 34155 {, A&
BOEEIIEE L R, b EoEEOFEE RSN IVEZLDAOM 2 L2 EE X RV, F7-,
NUETH -7, ZOEEORBITHIEOMEE Tk 37.9mM OFET ¥ =7 A% &4 (BH, Table 2)
S, Wi LG22 Mol THANREELEZS T® MPN #E8#1Z 0.45 % 10° MPN/g wet sediment T &
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D, LLE:HL K O° BLEEHLIZ 33> T oligotrophic 7 B A%
FERENTOALUREMEDS B W EAVRIE S 7.
BLEH D X 512 1/428FED 1S uM Bk 7 v E=

L EELETAOM % MPN &t L 72, ZO#iR,
LV RWAHECHB AN 2B 2 B L 728

2T NO, + NO, I SN e hr o 212 b D hb 5T,
I D BECHREOXEE T L M L 78T NO, +
NO, 2t &z, NO, +NO, 25t S /-2 o
BNy — UASREIEMIC TR S B Ny — VLT R %
L7129, #5772 A 3T A MPN £ICEEEY, MPN
FIBEERD L Z LN TE o7z, FRIZHE CAR
2 HWTITo 72 MPNEIHETIEZD L)% AT
BHBE L eho7zZ 21k, B o 2 BRE~OE
FARTEETIERdo i3z 6z L, Zhlist
DEERPFELIZEDRBENS.

WREM: & LT, BEIAER S 7z NO, +NO, 43,
ASPDANZALE o THEISNZZENEZDL
Na. bLEFITHNE, Hie LT, OFXEE L
TONAE#HRT v E=v 2 2HHL, ONH/2WHE LR
ENBWIICTrEZY L (CNAE#HD) BETE
TEHTEE, GONO, BLUNO, »WHE LRIz W
L) TFOREMIINO,ZANTEL LA EZLR
5. 2T, 015mM® NH &, & 5120.15mM D
NO, +NO, # &k (CULN ¥5#i, Table2) %\
T, HFMTE KKTEHREMK) © AOM = MPN &t
¥lL7-LZah, MPNEHEUEZHBAZ LA TEZ. [
B2, NO, +NO, 2RI L T Wiz wiiilh (CUL 55 H,
Table 2) TH Uik % MPN #H4% L 7225, AOM 2 &

Table 5 MPN scores and estimates of aerobic ammonia-
oxidizers in a forest soil obtained from the Chiba
experimental station, the University of Tokyo, with
various media. MPN tubes are incubated at 25C in
dark

Appreciable increases in nitrite + nitrate on

Dilution rate of

CuLb CULN?
the sample
(30)? (40)
%106 === ~+ et
210t e e
MPN (/g soil)? nd® 0.75%10*

1) Nitrite and nitrate were determined colorimetrically with
a flow-cell analyzer.

2) Nitrite and nitrate were determined with a tracer method,
so-called the denitrification method.

3) Days of incubation are shown in brackets.

4) Dry weight.

5) nd, not determined.

E I

5 NO, +NO, DA F > 72 BN, AOM %
MPNEI #3523 T&E b oz, ZoORKFIE, FF
HAIRWIEEE D NH, T AOM % MPN #3505, 5
HIZF SO NO, +NO, 2R MLTBL ZEWAHERTH B
Z L &RT (Table5). 7272L, AOM AR T 5
NO, + NO,; DK IZ VRIS 2D, Zh iR
THELEONZ., COREIEONNH ZHEHE LT
Fvy, AOM AMERE L 72 BNAZ3# NO, + NO, & Bl g2
# (Isobeetal.,2011b) THE$ 5 Z & Tfifge L 72,
MPN & o F 2 A8 o NO, + NO, 2 s %
k&, PNH ?SAEKLAMED SNAE# S 7
NO, +NO, # BEBWE T3 2 ZELrMAEDLES
Z&T, AOM OB FHGMAKE LTHERMLZZ 75uM L
NV OBARIEE D NH, O 7 ¥ &= 7 BALE T Rl
TAHAHEZHIT LI ENTEL., TOFERZ, £
HHVIZEEDIHEE SN TOUEETTLENTD
o7z, CUL¥ b ToEOHIZIE, #hi CULEH
THCTE 5%, CL¥EM (Table 2) THAREETE
VWL ONRH o7z, ORI, FEFIEKVIRED
NH, CL2AEF L2 WKRISTFET AU RESEZ R L,
BAE, ZOBBEIRRTELINE)»ERFAFTH S.
T LEED S IIH R AOM A5k B s 5 7]
B AR S, ABFZETRES L7z MPN 30 & Mt
BEWEEZ L., ZOKHEE, NO,+NO, & &R
K, HEVITTEMINEZ CORBEABLZDOL DR
WE3HrZEIuEEE L, ROL) RITZEEMICEH
THhhb.

TEMERESCEMEBVEHEMKLTEFD AOM D
T

AOA O HEDRE, HHY (Y YER) 23R:HbIT
ZAHNTWD, DEEESNZAOAD T ) LA OHE D,
HHED ACAFREGREETHH I EHRINT:
(Tourna et al., 2011). T Z &1, #HH 7% AOA % 5
M5, CLVEVEREOERDEAMT AL
WEHTHALZ EERIETL. LaL, EVE VEED
HIZACOADZANF—HELR D) B00, F-RKE
RIS ER: 3 TdH 5 MPN 5L TORESR, MPN 514
zEL AOADERERIIBWVT, AT AHIEERE
FEPEICELVE VBRI LTLEY, ACAD
RBFFNZEEZ D58 VOTIE RV, LWy EE
NdHbH., OF D, FEBEIZAOM OFMHB X OS5
OFEBEFWT L, FRWERNT LI EOFED
HVIZLEEABEMTE L)Y, Thr B {Lt35Z L
WXEZ TR,

29 L-MEZ RS B, MEYWETORET
BV EDET D50 72BN TIE R S EER

o |

32 —
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Table 6 MPN scores and estimates of aerobic ammonia-oxidizers in a forest
soil obtained from the Shibecha experimental station in Hokkaido
University, Hokkaido, with various media

Appreciable increases in nitrite + nitrate on

Dilution rate of

CHY CSLY CEX?
the sample
(22)9 (62) (52)
2x102 ————= +++++ ————
2X108 @ o e +++++
AXR10E e e e
MPN (/g soil)¥ nd? 0.98 X104 0.20X 105

1) Nitrite and nitrate were determined colorimetrically with a flow-cell analyzer.
2) Nitrite and nitrate were determined with a tracer method, so-called the

denitrification method.

3) Days of incubation are shown in brackets.

4) Dry weight.
5) nd, not determined.

WrEHTs2ZLTHY, TEEZHHLELEBEDOHR
ER BRI HEHMBHOMFEHTH A9 .
AKEFFETIX, $TIZ, NO,+NO, 2 &HeMliBAk % E#
ELTHMALTAOM % MPN 5H509 2 i & fESL L
72. MPN G &% 5 &3 5 Fbh L3 & -8R
MEOHE (AARTEBAEYESER, 1992) TEK
L, #ZI2&EN5 NO, +NO, S5z HE L Vi
BEECHMRLCHEM L.

ZOFER % Table 6 (2779, TIEMEE & 345uM
NH, % &4 &b TH 5 CEX ¥ (Table2) T®
¥#E52H H O AOM OFHEfEIX, 13 (WREE) 1g
720 020x10°MPN, R U< 345uM NH; % &+
BEHHRE ST 2 0EM (CSL) ToRMEUEE 0.98 %
10'MPN Tho72. TN5D MPNEIZHE 2T 7%
WA, BIETIE, BEID D HFEOEVHAREER
R L REREECTHE (+) OfRIMELNTEY,
AOM %2 #i¥m L LD 95L&, LV EOHRE
REDOFEHBBHHEROREELZ SHRE 52 EMNTE
B, MESEEORBIIOWTIEBRET 5.

AOM D% % # h LS OMEOMREEDY LM 2BE5D
AOM D5 B

tighh it A R e L, 345uM NH," % &k
HWTOMPNREHOKEDS L, RLBVHNET
HRL 72388 (L ERFEREE RO 1E) OKE
WML 5%, 5D AOM OfifREEZ KA S,
TEMBEICEAERY LI EEN TS0, EEFE
B AT B REMED D 5. £, MmEGHEET
FBLACoRBEOLSEHBEZHE LR, 8x10°

cells/mL TH o7z, TOFEEE SX1EBHNL 72 &
x, HNEROHBEIZ ImLHI28/3M& %0, 280
uL HIZiE56/75 8 & e b, $bb, FHIRE 280 u
L %% 5a#e ) 58 LRI L 22354, 751256 THtE
KEMEMESE TN, R OETIEIMEAE TN
BTWI EEREWRT L., Lo T, WBEFBIZASTE
Wi Z OFRE M2 5 L2, Bhies REilE
FethlZ 72 DiERIZ 19/75 Th 4.

—%, INETOREN»S, 6mM LNV NH %
GO TER L E X0 AOM O EE (EHK)
12 5x10%cells/mLEETH A L EZ O 5. HEEHRE
THEBICHCAERICE NS NH, BERELE
DRV 345uM TH Y, HAET HHAEWA NH, 2 HE
TAH720, AOMPFHTE A NH I1E345uM X 1) 4
v, 29 L& EEZ, AOMOMBRERE (AW
) 135x10° cells/mLBEETH A ELRET S. AOM
DR % 5% 10° cells/mL L IRET 5 & 3x 1054 F
BiD AOM OHEBEEIZ 280uL 720 7/150 &£ %2 b,
WERIITIE, MaFERIEL L. E> T AOM BHEOEE
BEBLOOMENTFEICIIRT VY oz fHT
LIENWHBEYTHDL, X7V UV miEdsERNXMAE
#EDLIEE P, &

A xe™

x!

=Np (N 5 BATIHE,
p; HLERIRE HHER)

TET. VIZ0BE, 2HOREEZITo 2R, AOM



Mt Td - 72388 X\ AOREENTFETH 5. Hl
21E, 100ETHEELZIT - 2HED X, D FHEIZ,
R R O AOM O R B EAY 280 uL & 7= H 7/150
T, 280 uL OFREM Z L REEE D A - 7853812
B L4, B AOM 25/ T & ARSI 7/150
% b, ZOEZE (2 IfRATEE AOMEETH -
TR RS OB E N T EIX 100X 7/150 = 4.66 A & 72
B, HAEBBEIIBI L AVEELEZS Q1D
BERALX=k kIZERE) OLEZOMHEP, ZK
DA, Tbb, N=100D: XD L1T4664K%DT
X=4Dk &, P, i,

466 x e
B 4!

s =0.186=18.6%
CEMETE L., D Lo E N =150, 200:%, 300
400 IZDOWVWTHITH) L Fig. 20 L)1k b.
NEHRERDH B, ERSIZ AOM AR X h 5 RERE o
B B 3% RMGOMEERTHEEINLGEITERTE
5 EMRET A, N=100, 150, 200, 300, 400 DK 7T
VUBRERRIE A, Py = 3% 2% 5 XDEHD
TERDOBAAEIZ 0% UL Bl o 72720, ZORER
RUTHBEEZONS. T4bH N=100EDLE,
X=0, 1 D4,

-
—

0 —4.66
B = 00 X8 000 - 9%
0!
1 —4.66
m:fﬁifﬁ——:owm:44%
LEMETE, AOM P EM SN EEEOARIL, 1
21
18 [
15[
S o127
ﬁ-? 9 |
2t
3
0

50

10
Number of AOM positive culture (X)

20 30 40

Fig. 2 Poisson distribution of number of AOM positive culture
in N replicated culture tubes for isolation of
microorganisms using the dilution-extinction principle.
The dashed line indicates 3% of P,.

B

RIFTERBIZT0H Y 2505, 0 RIEHESRAY 3% AR 72
OTEHTE S, FMKIZ, X=8, 9DHEIX

4668 —4.66
P, =22 X¢  _0052=52%
8!
46 9 —1.66
sz—l%gi——=OM6=27%

EEHETE, AOM P HEM SN A HEEORLIZ, 9
RIFFERIZT0H D 2 555, 104 ITFER DY 3% AR 72
DOTHEHATEZ 5. AOM DR, T74DbH AOM
Btk OB KB R RO ENE SN HHEED
AEUZ, §TITRD7-HM L 728 AR R FE A F ke
MTHLMEREL, AOMBROREEEOARRDOLES
Thb. FlzIE, 100 ETHEET 55, AOM DRk
BEDVRONLMERIZ

19 1~8_03~20
757100 100

CEMETE L. LD oT, 100D EZ 03505
20480 AOM OB RSB ONL EEZ bNL. L
EORMEZFARIC N = 15038, 2003#, 300 #, 400 #
IZDOWTHTH) L Table 7D X H IZFHETE 5. Table?
1Z7R L 72 AOM D FidEE 2055 5 1L B R0 S RN
W ZHRESEIC AOM FMUFEE: 22035 & N 5 B2 8 5 o0 i /)Ml
ZHND. F9100:#, 150 EORGAIE, AOM HikERs
BEDVEONLARBORMNMEN 1 % TH > TV D 0k
FHA9IC AOM KRS A 1 RO N VI REM
BB, 2003 Ll Eid AOM Fiks 2B SN b A
MOBNMES 1D ETH B0, HEFICHEFEIC
AOM ¥R 5N B, > T AOM Mikeds %
BE-OOREBEBOR/NULI200ETHLLEEZ D
ns.

PEDEZFIZL72d5oT, EBRIZ, SHEET5
Fea% CEXH:bB X U5, CSLEEHIT3Ix10°FHM L
96K 7L — b 2K 192 T 280 u L 2O 457E L
7o, BEPT25C T47THMEEEL-0L, 192HDK Y
VHOREREIZOWT, RO 200RB*21To72. 7,
AOM 12 X % NO, +NO, DA B o727 = V&I E
L7z, Z®72912, KWfFE T Miranda et al. (2001) @
Fikr~A4 707 —1vF0%E L OBFICFIATE 5
IHICBL, FREHVE. ZOFETIE, LITL
ENO, 2B/ S 52y, bhvbhid, Zhds
NO, % NO, |Z#EITT A 72D L7238 F T L3
A NO, Z ZMAIRONOI T TEITL, TN HEHER
MHEROLNLIOTHALZ L ZHIELL. TORMEI

4*
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Table 7 Statistical calculations on probability of occurrence of AOM pure culture,
when 100-400 replicated cultures (280 L) prepared with 3 X 10° dilution of

sample (bacterial suspension)

Culture property  N"= 100 N=200 N=300 N=400
Heterotroph negative 19 19 19 19
(A) 75 75 75 75

AOM positive 1~8 5~14 8~19  13~25
B) 100 200 300 400

AOM pure 03~20 08~23 13~35 20~48 33~63
(AXB) 100 200 300 400

* N; total number of culture tubes.

NF T N ERINT BHIC Griess BEEXRIMT A I &
TIRRT 2 2 &AMk, Z O EE Garcia-Robledo
etal (2014) TH b TWE, T/, EBEEMHD
LEZHARL720, BT VhOEENS 100l %
R4 70 7L -1 DT 2 WVIZ 180l §051H X
N727/9 FTG B MC M L, 25°C, BERTC 7 HEAE
L7z, FOR, RAGHREICL S CEXELEHn
7o AOM Dl B DA TIL, 19282 b 7 3% T
NO, +NO;, DA E M SN, 55 1 Oo0RETHE
FEMEIMBIN o2, ZOKEIEEONE
WLEABFHEBY ThHolz. T, EEFEEMEOB
FHASHIHI X L A CSL ¥ Hi % AOM Ot /it i L
FMfr, 192 MR 17RE 36T NO, + NO; O B A%
BN, 9 b7 OOEETRIEREMRE IR ST,
FHREYOBEREE 2o7. BAIE, MBS HOREEE
HTWA,

U3 ©

WIS L ERERICHDLLIBRETH HRE LY
bzl MAEW ORI & MRS io 00, REYE
WO TIRWVIRECEHE LR OMA % i, $F&F
HHEMBEERE, HEHVIEREILL. FRAS R
AEDE TEBORERA 25, HER L TR
T VB T ALY R, SEECET L.

MHTIEE TR L 2R K% Sifcikib 3 % GC/MS
Hr, KRBBREICHEET AREWIREST ST M
FONBIUONO 2EERETHRIBT A0, T
YA FZREFFAL L, N,BL U NO S EZ wmdt
L7z, ZOfEE, BEKZEhE LA T HER
Haoh L, #2ED < MPN BHS T & 72, B3
KK & FER DR T D MPN FHEUEICIZZEBD 5
NEVEELH o2, 7TFHE7 AMEY O ERFREE

FOMER 2 EREEOPEHK TR L 22 R, B
MgEE TR L - &R B D 24.0% 2 72 5 MPN &1
EEE. ThREEREDSL &9 10005 RET
Hotz., TOBBIZT TR LB BEMESE
RY. AR, BEMAEDOSEEEED TV, o
TFE s AERERERIE, A5 AR ETTOTE
D, 77 AEHELFIESETY L.

TREE O NH, 2 0B ciist 7T v =7
Hium % MPN B L7282 A, BaemicAm L
721330 NO, R NO,; 25HE L, MPNEEITE vl
EVH o7 TORBIL, FHICTFOAED NO; %5
mL, SS5IESNH %2 L—Y—8ET, 7
T T EBALMAEY Y AERE Lz PNO, # il A2 T
fERve L7, MPNEMICCh AR BAET 570, KE%
B ICZ o L= —FEER YL L2 $ 72,
COFEHE, DEMEEEETEL (T NOy &)
TOT ¥ T 7HBALMAEY D MPN BHUCHAT 5 2
ENTE, ERELDIBVEREZELILELD -
Tz THOLAEMzARE LTy T BILMAY O
T HEEN 2 <, BUE, HEESMIE S A
DRFMEE AT NS,

4]

KRB TR & N7 LR DM

s

1) =B, BAERE, BIUTE, SEiH%— 2015 £ER
PR L= — 2R L% o MPN 580k 0
SEEIGH. BARLERIEYER20154FE RS (0@

2) A, BE—k, BEEZ, WERE, BEE,
AEE#— 2015 MR Y BLIUOHEKRLE» S D
oligotrophic % Nitrosospira sp. DA HE. HAM Y
HERESEAHE30ER S ()

3) Bz, AL, BEE, Bk, FWEim— 2015
FERAITER VD NH, (36-150 M) & EEeiic &
LIFEMET e TEALAY (AOM) @ MPN &M
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Regulation of signal transduction network conferring acid resistance to
Escherichia coli, mediated by connector SafA
Ryutaro Utsumi

Department of Bioscience, Graduate School of Agriculture, Kinki University
3327-204 Nakamachi, Nara, 631-8505

Two-component signal transduction systems (T'CSs) in bacteria perceive environmental stress and transmit the
information via phosphorelay to adjust multiple cellular functions for adaptation. In Escherichia coli, activation of
the EvgS sensor of the EvgS/EvgA TCS induces the expression of a large group of acid resistance genes and
confers acid resistance to the cells. Activation of the EvgS/EvgA system also induces the expression of SafA,
which is a connector between the EvgS/EvgA and PhoQ/PhoP systems, and activates the sensor PhoQ by direct
SafA-binding. PhoQ/PhoP activation triggers a network of transcriptional regulation of acid resistance genes,
thus enhancing the acid resistance of E. coli. We searched for signals activating EvgS and found that a high
concentration of alkali metals (Na*, K*, Li") in addition to acidic pH was essential for the activation. The
periplasmic region of EvgS was necessary for EvgS activation, and Leul52, locating in the periplasmic region,
was involved in the activation. Furthermore, chimeras of EvgS and PhoQ histidine kinases suggested that alkali
metals were perceived at the periplasmic sensor region, whereas the cytoplasmic linker domain, connecting the
transmembrane region and the histidine kinase domain, was required for acid pH perception.

The activation mechanism of the sensor PhoQ by the connector SafA was also investigated. Analyses of the
crystal structures of the PhoQ periplasmic domain revealed a pocket (SD pocket) adjacent to the dimer
interface. Alanine scanning of the PhoQ periplasmic domain resulted in some mutants with repressed activation
by SafA. Many of these mutants mapped to the vicinity of the SD pocket, which strongly supported our
assumption that SafA bound to the SD pocket. Since the SD pocket located near the dimer interface of the PhoQ
periplasmic domain, we performed in vivo site-directed photo-cross-linking analyses within the a1 helix at the
dimer interface. As a result, SafA caused a difference in the cross-linking efficiencies of Leu58, Leu52 and Lys46-
Phe49, indicating a conformational change at the dimer interface. This change is considered to be transduced
via the transmembrane region to the cytoplasmic region for increasing the autophosphorylation activity of PhoQ.

Key words: histidine kinase, EvgS, PhoQ, SafA, connector
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EEWEZEE ) B CGRLFERrERTRENerT), FhE
X (RERERFISHEYFSE), NREER GEBERFA
A, MORT GEERFRFREFZVRER, B
B R A

RS 3 EBEBECHI 2R E. BREED &,
BREEE L 7FLVE LCRML, ZoOBEHREMEA
WIEEL, REEMGETICHIST 570 L E
EIHEORBEI Y O — VT A ETHE. B LR
JCIRRE, IREE, pH, EBE, BEE, EEA A L
ONFRDOEFTETREAEZ I 7 FNVE L TCHEBEBT A
DIT, MBI =R HIER  (two-component signal
transduction system; TCS) & \» 9 BREE B ISR 234 <
BEENTEY, BHOY V~HFRPHERTFZEE
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EHICHREGEDICE D 2 B TFROFEHAMMEEZIT -
w5,

WE, TCSIktryH—L LTHeRAF YU+ —
¥ (histidine kinase; HK) & $zE R T & LTE L AR
Y AL ¥ 2L —4¥— (response regulator; RR) & %45
MOBRENL., ETVEY TS S REBREICIZ297EHH
® HK & 32FE3HD RR 23HiH & LT A (Mizuno, 1997)
A5, % O TCS HBZENEND T 7 F VTGN E T
LU, BEOTCSHZ70A =0 Ar— K%
e $ 5 2 & T TCS M DIERIZES T LI TIHRIZE
AV NT—=IBERENDE D OLETHEINTVE, &
24— PRI TEMIEZEIZE 7 5 TCS MU D% M35
HETHY, 5 TCSH» D TCS DB L FET 545
&L, IAX7 T —%NLTHDTCS DL HE T 5
BENHbH, ax 7 ¥ -1 HK 25895 Db RR %
1B 5L Db Roho>Twb (Eguchiet al., 2012a).

N-ter _ activation

(B1500),

s,

degradation

Fig. 1 Model of regulation network of acid resistance (AR)
genes initiated by EvgS/EvgA system. EvgS/EvgA
induces the EvgA-YdeO-GadE cascade of AR gene
regulation, and a branched pathway via SafA activates
the PhoQ/PhoP system, leading to an enhanced level
of cellular RpoS via IraM. RpoS induces gadFE, the
central regulator of AR genes, enforcing the acid-
resistant phenotype. The black bar in the safA
promoter is the inverted repeat for EvgA binding, grey
bars in the iraM, gadE, and gadW promoters are PhoP
boxes, and white bars in the gadA, hdeA, and gadB
promoters are GadE boxes. N-ter, N-terminal end; C-
ter, C-terminal end.
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Falk, KBRS BERRICHEILT 57201 0E R
PRI 1 Bk % 5 3E 4 5 TCS T % EvgS/EvgA &75, 2
P2 % — SafA 4 LT Mg* £ F VIS&METCS TH 5
PhoQ/PhoP R &Mt L Twa o &2 AL 7%
(Eguchi et al., 2007). Z D H A4 — FEEHRIzEDGE
52 LT, 3HEDTCS, HHDEERT, RpoS
e EhBRER XN B B LR RERIER (Fig. 1) 2ME X,
KBEHOBRWEES L VEbIhbsZ & E2RLA
(Eguchi et al., 2011). A%, & ¥ — EvgS Oift
{b & SafA IZ & %t ¥ % — PhoQ DIEMEAL A E B2 B
TN B, By VR0 ETHIAF IV FF—F
U — DEHEAL X B = XL ERDOERSH L X
NTWwW5hb., EvgSIZE - TiE, by 7 v b Bk
ThHol. I T, RPEMETE, 3, EvgSo
EHALICHELR Y ZFF L & ZOELA = X2 %2 H
L, KRIZTH ¥ ¥ — SafA |2 & % PhoQ DifEtEAL 2 #
ZALEME L. &5, EvgS OMIBARE &
PhoQ D4t SafA OFERJIZ O W T e LD T, &
NEDRERIZOVTHET 5.

£ Y RES

EEEM

REFFECTHEAL-HIZFRMICEEL, LBE i
(1% Bacto tryptone, 0.5% Bacto yeast extract, 1% NaCl,
pH75) &5\ iE MIEHL (pHIX55H B W IE 751
AL, 0.2% glucose, 0.0001% vitamin B1, 0.004%
casamino acids % #0l; Miller, 1992) ZfH L7-. LE
IS U CTHUAEYE (100 4 g/mL ampicillin, 25 4 g/mL
kanamycin, 25 u g/mL chloramphenicol) % AN L 7z.
TIE ) —ATHE—S—2FHOTITAI FE2HEE
L 728RI121E, 0.002% H 5 \WIZ02% T ¥/ — A%
MU CaEEE 2T 7.

EvgS ZEMB LUV F A T Y —DIERR

EvgS L152 DD 7 3 7 BRFRFEADZEE, PhoQ-SD
(PhoQ @) 7T XLFHIR) OT I/ REREDT 7=
PhoQ-SD a1l NV v 7 AND T I /B
D amber I F Y ~NOEREIHAFRNERE L H
Wiz, BEREEALAET S 4~ — & Prime STAR HS
DNA polymerase (TaKaRa), $#Ml& L TARZHFAL
7275 A3 FEHAWTPCR TH#EIEL, Dpnl (NEB)
WM, DHbe PRICTE B i L CER Z 20T 72,
pBADevgSASD & PCR £ T, EvgS-PhoQ ¥ X 71
PCR #4 W& 2 ¥ % blunt ligation L TYERL L 72 (Eguchi
& Utsumi, 2014). 55N 7-75 A3 FOLRIZY —7
YR X o THERR L 72,

YNDERE,



KRR IERIEE S v b7 — 27 OfilEkRE

BL-HZT b E—EFEEDBIE

BU AW EERML7: LBEMEHTCH %
37C T—WpRTEEE L 72, T ORIEERY, FEICLE
BT TE —REEYBLTEWE RN L 2RI
1/100 = FefE L, ef O mii il £ TR & H B2 L 7.
ZD1%, [-galactosidase [HPEZEHE L, % Miller
units & L CHEH L7 (Miller, 1972). &¥— %1%, 3
Pl EDMAT L 725522 O EE O I & FEHER 72T
ALz, AEEMEIX, unpaired t-tests (Prism®,
GraphPad) TAT-7:.

ERIER 4 X7 B DRE

fEEILH & > X7 BOMEIZIE, pETphoQ (43-190)-
TEV £ X U pETphoQ (43-190) D179R-TEV % & & #ix {2
L7 KRX # (Promega) %, #+~A4 v &iEMLE:
Terrific broth (1.2% tryptone, 2.4% yeast extract, 0.72%
glycerol, 17mM KH,PO,, 72mM K,HPO,) #%* T
37C TIRE H R L7z, WNEEETb Tt L -2
ERCREE01% 122 A WML, 25C TX 512180
WEIEELTHFEEL LT, FOBERL, Lysis
buffer (50 mM Tris-HCI, 100 mM NaCl, pH 8.0) T¥if
L7z, #8# L 72 1d Lysis buffer (288 L, B30
e, 2300xg Ta.b L7z, o5 Nh7z Big® NidD-
NTA agarose (Qiagen) T7 74 =75 4 —FfH L,
TEV protease % F\» T His-tag Z YK L 7. 5517
WY TV S 5127 VA (Superdex75 column,
GE Healthcare) (Z& > THE# L7,

faemlb S B SRR

L L724 v Bk i bid, MRC 2-well 7L —
b Z w7, PhoQ (43-190) (&, 0.1 M CHES pH 9.2,
26% PEG3350, 0.2 M Ammonium tartrate, PhoQ (43-
190) D179Ri%, 0.1 M CHES pH 9.2, 32% PEG3350, 0.2
M Ammonium tartrate DG Ty v 74 Y7 Ky
TEFIEETREL 72, BoNE&0 XEmdr 7
— % % Spring-8 BLA1XU TIX&E L7z, fEMITARER
THHEL, 100K DEFZXI FTXMEFTEREIT -
7z, A A= 3 7175 2 HKL2000 THE4 B X
CATr—1 7 OMEEZTv, a7 F 2 Molrep (2
LB FERECTHEERTFOMMHEREETBI o /.
Wik € 7 VB biE Refmacs T1T- 72,

In vivo BRI 4FERIFEZEEE

In vivo 424483 1% Chin et al. (2002) O 5% THi -
72, FEEOH T amber I K Y DLEIZ p-RV A VT
=7 5= (pBPA) WY AFEFNDLHICT 5
79 A3 F (pEVOLpBPF) B X U PhoQ-SD (2 amber

BENPNA-727F A3 F (pBAD-phoQ, pBAD-phoQ-
safA FH3E) DO H % CUL41 phoQ R\ 6 B 12T #is e
L7z, HonBERRAZ 1mM pBPA 2R L 72
LB FAWT37C TR & J B L7z, £
HTT 7/ —XZiRMmL (pBAD-phoQ HIZE 7' Z
Z 3 FOREE#HRE, 0.002% pBAD-phoQ-safA H 3k 7
T A3 FORERIELR, 0.08%), 37C T2HMIEE )
FFRLCHFER, BEWRSOuLE Y ¥ —LIZEL, B-
100AP UV lamp (Ultraviolet Products) % H\»T 4cm
DFEEEA 510500 UV ST (365nm) L7z, HEFHEO
EFwemILL, 80 10% TCA %12 THEER, K
2200 HBELTY Y82 B Y IV 2B S &
7z. ®L (20,400% g, 15min, 4TC) IZX W &ED 125 &~
NOBEH T VETE Y 500ul THEE, SDS-
PAGE HOH > 7Ny 77 =100 uLTEH L, 37C
TG MRIEL T v HEME (L L7z, L2
TV, PLPhoQ HLiEEZHWTY = A% 70
54 I DR L .

JIXZLTOyT 1 LT

7 82 BGY v 7 Vit SDSPAGE T4 B, PVDF
& (polyvinylidene difluoride membrane, Immobilon P,
Millipore) (255 L, #T EvgS & 5\ d#T PhoQ #t I
H 2 AT L 722, ZRPufR1213 ECL Peroxidase-
labelled anti-rabbit antibody (GE Healthcare), i
12 1 Luminata™ Forte Western HRP substrate
(Millipore) ZfiH L7z. ¥ 27+ ViZ ImageQuant 400
Imager CTHH L, ImageQuant TL software (GE
Healthcare) Tl L7:.

AFSHE RNAseq fEAf

ar bu—Jv& LT MGI1655/pBAD18 ¥ %, SafA
BREFEHIR L LT MG1655/pBADsafA ¥k %, phoQ X
EHRICELTL Y ba— & LT MG1655
PphoQ/pBAD18 # %, SafA mF FEIAE & L T MG1655
phoQ/pBADsafA ¥k & il L7z, W% 0.002% 7 5 €/
— AL 72 LB 853 Ot BUE i i £ o L,
ERERNAZHEL, REBERFEWEIES / A
AT & > & — 2B\ T RNAseq I 217 572, ¥ — 4
¥ Z1Z21& Mlumina ¥ — 4 >~ — Hiseq 2000 = fEH L,
fENTY 7 k7 =7 CLC Genomics Workbench % JJv»T
RNA-seq fi##T 247 - 7.

fhARB L OEE

EvgS &M by 7+
t ¥ —EvgSiINng 7y FREOe ZFT v+
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—¥F¥Th, e A5V ¥ FF—+¥ (HisKA, HATPase_c),
Ly—N—, Hpt F SV AI Vv ¥ —D3FEDO XA ¥
O EN S, EvgS i EE LT AE, AT T
FF—EFAL VHOREENIZC ATV VD) VIR
fbxh, 20 YBEFLY—N—FRAL DT AN
SEVEEAN, FLTHpt FASL VORCRF TV UNES
FHNERT 5. Hpt AL VB VARV AL
Fa2l—F—EvgADT AT F VALY VEREN
#5% L T EvgS/EvgA R 25E M LT 5
1998; Fig. 1). EvgS ® X1 7 X 4 fl1i21% PBPb
(bacterial periplasmic solute-binding protein) F 2 A ~
W2 STHEY, TOREXLERY TS5 X L4HEE
M EvgS D—D0DFF L o Twh, F72, NRuGIZ
YT FANRTF EPFEEEINDS 20D, NRKmHRY) T
S ALEBICRE R —REE#EEOESY > 87 HT
L ENRFHEENS (Fig. 1).

KIBHE %558 (pH5.5) ORAEHTERT L &
EvgS/EvgA RAEMWALT A Z L @MESI N TS
(Burton et al., 2010; Ma et al., 2004). 2T, ZD4%
Tt v — BvgS A EBRITEE LS N A 02 BE L
72, WEHEALDOMIE I, EvgA il X o TIHIAIEEH
MEND ydeP DEHI lacZ # Jetr /R ETHA L L
R—% —# (MG1655 ydePlacZ) =R L. ZOH
% pH 5.5 12# % L 72 minimal A 3 (0.2% glucose,
0.0005% vitamin B1, 0.004% casamino acids % i&/0;

AN

(Perraud et al.,

1500 =

MG1655 ydeP-lacZ

1000 =

500 =

B-galactosidase activity (Miller units)

0 l50 100'150 100I 0 l50 1%) I50 100] |501001510 1001(mM)

KClI NaCl KClI NaCl LiCl  MgCl,
L I 1 _J

M9, pH7.5

M9, pH5.5

Fig. 2 Alkali metals and acidic pH are required for
EvgS/EvgA activation. Transcriptional activities of ydeP
in strain MG1655 ydeP-lacZ were measured to examine
EvgS/EvgA activity. f-Galactosidase activity was
measured in cultures grown to mid-exponential phase.
Addition of KCI, NaCl, and LiCl to M9 medium (pH
5.5) at a final concentration of 50 and 100 mM induced
transcriptional activity of ydeP, but MgCl, did not
induce transcription. Columns represent the mean of
three independent experiments + standard errors.
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Millel‘, 1992) THe#E T % & EvgS/EvgA RHEMEAL L

DR L, RU L pHSE5IZH L7z MO B3 TIdis
liﬂﬁ L 7% M o7 (Eguchi & Utsumi, 2014). Z® =D
ORI OB Z LS 5 &, M9 Ko 55 [Na']

WL, [K+] MR o7z, 22T, [K] DB L RE
T 572012 MOEEHIC KCl Z @ L T Eng/Eng A
@iﬁ‘lﬁ%(EJﬂ&Lt. Fig. 21ZR L7z & 912, MIpH 5.5

ZKCl %505 5\ i 100 mM DOEETRMS 5 &k

ALASFRD b N72HS, MIpH 75 KCl Z# L T b ik
PALIZFRD SN o7z, 2 OFHEICKL T, M9

pH 5.5 12 NaCl & %\ & LiCl 2 L <3 KCl & FHk
WIEEAL 2SR B 7278, H U LW TH 5 MgCl,
WITIHIEEAES D SN o7z, D EORFERELD
EvgS O iE AL ZEEYE pH LIAHIZ Na e K 72 & D 7‘
VA &EBA 4 AERE (final conc. 150 mM 2L k|

WCEINLEBEERMSOBEON) TS
k 75%%%(“&) HIERRBLZ. ZoOFEELIZEEE
CFEBREL, T2, kU Y— EvgSITHKAE LTS
Bk THHZ L BFEZREL Tw5b (Eguchi & Utsumi,
2014). EvgS OiEMHEALIC LB 7% pH O #iF I pH 5.0 A
560TH-7.

EvgS D) 75 X LB IS EEEICE D B
WIFFEEIZ BT EvgS/EvgA RO L R — ¥ —fk &
L CLLRTIC /R L 72 KMY1 #k1d MC4100 #RHi2k T &
Y, EvgA DSEFEHIE TS emrK D 7O E—F —D T
W2 lacZ A SN TWA (Kato et al., 2000). & Z T,
KMY1 ##% KCl #400 L7-M9ksH (pH 5.5) TH:EE L
728 2%, EvgS/EvgA ROEHALIZRED Nz o7z,
EZAW, MU emrK DEREZJET H LA —F —f
% MG1655 R R TIEK ST 5 & (MG1655 emrKY-

lacZ), KClz L 7- MO&s# (pH 5.5) TiEMEA LA
FHHN/. £ T, KMYL ¥k& MG1655 emrKY-lacZ

WD cvgS DWBERG #7282 %, MG1655
emrKY-lacZ ¥ D Leu152 ad—F35% “CTT" 2
KMY1 ¥R Tl “TTT" ICZR L TH Y Phelb2 1241k
LTWwahZ e RBLAEZ 207 3 JEEREIT EvgS
RN T 5 ALEBORH D PBPb KA A VIALET 5.

COERIZE > TES Y 7 FVITIRE L =L o
2O EREET A 72812, MG1655 2 EvgS # %H §
%575 A3 K (pBADevgS) & KMY1 #! EvgS % %3
575 A3 F (pBADevgS L152F) Z{ER L,
MG1655 evgS ydePlacZ ¥\ B dnd L T KCl & &0

L7- MO ¥ (pH5.5) TifMEZ Ml L7z, Fig. 3A1C
RL7z X 5 ’, EvgS 1%L 1% pBAD evgS THIH L
k&I 5, L152F OZEHEIZ X - T KMYL

1‘2“:0)Evg875‘:/7ﬂ”1b ISBE LB kool 2 WL
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4000 ok
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20004
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B-galactosidase activity
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Fig. 3 L152 in the periplasmic region is involved in EvgS activation. (A) Transcriptional
activity of ydeP in strain MG1655 evgS ydeP-lacZ transformed with plasmids pBAD18,
pBADevgS, and pBADevgS L152F was grown in M9 medium (pH 5.5) with and
without the addition of KCI at a final concentration of 100 mM and 0.002% arabinose
for induction. The inset shows a western blot using anti-EvgS antiserum against the
cells used for the [-galactosidase assay. Numbers indicated above the lanes
correspond to those shown below the columns. (B) Activity of EvgS L152-substituted
mutants. The transcriptional activity of ydeP in strain MG1655 evgS ydeP-lacZ
transformed with plasmids pBADevgS L152A, pBADevgS L152R, pBADevgS L152E,
pBADevgS L1521, pBADevgS L152Y, pBAD18, and pBADevgS was measured as in
(A). The inset shows western blots as in (A). Expression levels of EvgS and its
mutants were examined only in cells grown in the presence of 100 mM KCI.
Columns represent the mean of at least three independent experiments =+ standard
errors. Statistical significance is indicated by asterisks: *P<0.05, **P<0.005, ***
P<0.0005.

M2 L7z, & 512, pBADevgS @ L152 % Ala, Arg,
Glu, Ile, Tyr (218 & #2 2 T MG1655 evgS ydeP-lacZ ¥ \Z
WEEHR L CHELZE A, LISREB LN LI52I T
T H B FR G AY, L152A B X U8 L152R Tld iz
Eowmmibriiooinszz., LarL, LI2ZFB LU
L152Y TG AL 2 580 5z H - 72 (Fig. 3B). Z
DOFEFR XY, L1522 Phe R Tyr ® X 5 REIHICHF
HERHOT IV BMEBRENSALE, V7P NVIZED
EvgS O VAEEICLIVHEENL D2 D
L7z &# 272, EvgS L1521 EveS # HoKIGH
PHRAEICE LS BRFEEINRTVE, F—F X=X FH#HN
728 25, L152F O E 1T KB HE @ MC4100 & DH1
D2MRICLDPEEL o7z,

L152 A4 % EvgS DR 75 X LGEEAY 7 F
VORBRICLBETH 02T 572012, X TF
A LI (EvgS 550 ZREZIE7-EvgS 2 HHT 5
75 A3 F (pBADevgSASD) % MGI1655 evgS ydeP-
lacZ RICTE BRI L CHIZE L7z, Fig. dBITRL72X9H
2, pBADevgSASD TiZiEE/L L& B 5T,
EvgS OEMALIZIZNRY 79 X A LHEATH 5 Z

EDRH &7z (Eguchi & Utsumi, 2014). [R5 H
% Johnson et al., (2014) L#FHEF L TV 5.

ERME pH DEBERICIE ) > A —5EEBEH S

RIZ, R T T XALEBDORTEGS Y 7 F vz
RHTELNE) R T 572912, EvgSONRY
TIRLEBER LI AF Vv FF—EL U H—T
» % PhoQ OMILEFIRICAIA S E2F X TV H—
MW/, Fig. 4AZR L7 & 912, EvgS 1-558 %
PhoQ 215-486 (2@l & & & 7- PvgSA &, EvgS 1-710 %
PhoQ 267-486 (2@l & X472 PvgSB @ —fFHOF X 5
LU —E{ER L7z WF X T DEWIE, PvgSBid
EvgS @V » /1 —%Ei% (PAS domain & #EZE SN TW3S)
EHETLOCKL, PvgSAIZY v —mEBOMRDH DI
PhoQ ® HAMP domain # 3 5 M TH5b. TILbHD
FATE UV —OFEEE, CAFI U FF—EHEE
(HisKA, HATPase_c¢) #*PhoQ HHETHHZ L5
PhoQ/PhoP %2 ® L K — ¥ —#k (MC4100 phoQ PmgtA-
lacZ) THRBE ST THUELL. KLK—-% —KiZ
MCA100 13T & 1), BvgS ity 7 M IZIEZ L 4w
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A B pBAD18 pBADevgS pBADeVgSASD
PvgS-A PvgS-B f v !
s (EVQSQ'PMQ (EvgS-Pho0 100 mM KCl i 5_5+ 7_54. j‘ST. 7—54. .5 5+ -5 5+
(A30-530) chimera A) chimera B)
1 N-ter N-ter ti-EvaS - P EvgS
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Fig. 4 'The periplasmic and the linker region of EvgS is necessary for activation by acidic pH. (A) Diagram of EvgSASD, PvgS-A, and
PvgS-B. Residues 30-530 were deleted in EvgSASD, residues 1-558 of EvgS were fused to residues 215-486 of PhoQ in chimera
PvgS-A, and residues 1-710 of EvgS were fused to residues 267-486 of PhoQ in the chimera PvgS-B. (B) Transcriptional activities
of ydeP in strain MG1655 evgS ydeP-lacZ transformed with plasmids pBAD18, pBADevgS, and pBADevgSASD were measured in
M9 medium (pH 5.5 and 7.5) with and without the addition of KCI at a final concentration of 100 mM and 0.002% arabinose for
induction. The insets show western blots using anti-EvgS antiserum against the cells used for the [-galactosidase assay. White
arrows indicate the EvgS and EvgSASD bands. (C, D) Transcriptional activities of mgtA in strain MG1607 transformed with
plasmids pBAD18, pPBADphoQ, pBADpvgS-B, and pBADpvgS-A were measured as in (A). Cells in (C) were induced with 0.002%
arabinose, and those in (D) were induced with 0.2% arabinose. The insets show western blots using anti-PhoQ antiserum against
the cells used for the f-galactosidase assay. Columns represent the cells used for the [-galactosidase assay. Columns
represent the mean of at least three independent experiments = standard errors. Statistical significance is indicated by
asterisks: *, P < 0.05, **, P <0.005, ***, P < 0.0005.

LIS2F I TH 5. TBY, eXAF Vv F—Yer—id@y st
Fig. 4C TR L7z & 912, BRI PhoQ 2 FH & ¥ A=A L %R BT HLDODTHA., —F, PvgSA F
7o¥ET i@é’lipH’?’?)DiJU EEA A VNG L e AZITERYE pHICX 2 EMEALSRD LN h o 72
S 72A%, EvgS D) v h —EIRE T% &T PvgSB F £ (Fig. 4D). L2 L7235, pH55 3 pH7.52BWT
T TIXEEE pH & KCL OIS & » TIHESREO b1 b KCl O & o THEM LD b2 & XD
2. TR, Y FNICL ST ERSDORY TS K i& EvgS O] 75 X L fHI (&)éwiﬂsiazﬁanﬁm
A LB LY v oh — I E U A L TS ND Z EAVRIBE L7z, B pH OFBRICIE,
PhoQ HisKA & HATPase_c # &L L9 5 2 & &R L AR T T A AEE, BEEBEESINZ THREND Y



KIBERERENBEE R~ 7 — 2 OFEHRN

— IRV ETH o 72 (Eguchi & Utsumi, 2014) .

RO pH 2101, MEHEZICER T 52T
HY, T/, EHICEDLLIERREILLTHS. pHD
TALZ BT AV A7 L OMEIREL L, KBEHEICBW
THEME%E T 5 CadC % PhoQ £ v =231 61
Twb. CadCiIMBEICEET A2EERFTHY,
v —, [BHE, DNAEEIELY HbeRoEAR
DX —TH5. CadCAEHEALTLE, VIV %
T 7-BRM RS (AR system 4) YN TRIG H 259
it 44t 5 (Meng & Bennett, 1992; Watson et al.,
1992). CadC ixV ¥ v OFFAE T T pH 6.6 LLF D 55EEE
SATUEMIE L, pH 1E CadC D) 7°F5 X L 5N TR
&b (Tetsch et al, 2011). —7J5, PhoQ & ¥ ¥ —
X2 MDA A 12 X o THEAHIH X 41, PUE N
TFRBLOEBE pHIC X > TIEEILENE2S, oh
LDY 7 F IV PhoQ DR 75 X LFEIBTRES N
% (Prostet al., 2007).

L2 AD, AW TIX EveS 25 M pH % 2HR5 5
7D ISR E NI D) ¥ —HIBSLETH LT &
AIRBE NI, RIFFETIEMIE O pHE TIF5 0
IR A Lo, A A TEmBMIC LT
X, KIBEOFR AT AT T A% & HFaA pH &
fFECHREZNEZERHEINT S (Wilks &
Slonczewski, 2007). ¥EEE T pH 6 (ZFA%E L 72 MO £
T MG1655 ydeP-lacZ # & 5575 5 &, MlaA pH &89
T CTHotz. —7, HHETHLEEEEEHWTpHG6 IS
PREE L 72 MO 553 TR L 72 MG1655 ydeP-lacZ ¥ DA
TR pHIZH 6 Tholz. Tk &, B pH A6
ZHBHHT, KCAxHmML T EvgS i b L %
7o 72 (Eguchi, data not shown). &% %&®9 5 §5EE
X, MBERTHEET A2 & TR E st o pH %
FHAL L, MIBAO pHFRAF A Y T A %HEEH 2 &
WIS TWE, ERmORARE L TREERE
RYVNVEVEMEASINIDIEIZOHLD/-OTH
5. FSEIESHIIBOBMmRER 4 4 VS I/EH L Tw 5
EEZLNTVAD, ZOFEMIMPEINTVRNY
EvgS OiEHALICEE 3 2 EEE E FERR O R DE W T, K
W ONEL X “é ATZpHAROEFELTH ), EvgS D
et pH OREFRICY) O —FHBSULETH AL L &4
TTCEZDE, Eng DOEEYE pH OREFRICIIFEZ TS A
PRpoHARPEEGTA5IENREINZ. TOLH %
Btk pH RERRBERE 38T L <, FEMllZ X 7 = X 2 RS
ZHET TV B

EvgS DR/’
EvgS OMIIENBAEZ e 3 472912, MG1655 evgS
ydeP-lacZ / pTrcHisB-evgS-egfp 3 & U8 MG1655 evgS

MG1655 evgS ydeP-lacZ

EvgS-GFP
KClI -

N

EvgS-GFP
KCI +

EvgS1-GFP
KCI -

o

EvgS1-GFP &
KCI +

Fig. 5 Clustering of EvgS. Strains MG1655 evgS ydeP-lacZ /
pTrcHisB-evgS-egfp and MG1655 evgS ydeP-lacZ /
pTrcHisB-evgSl-egfp were grown in M9 (pH 5.5) with
and without the addition of 100 mM KCl, and observed
with a fluorescent microscope. EvgSl1 is a constitutively
active mutant of EvgS.

ydeP-lacZ /pTrcHisB-evgSI- egfp % M9 pH 5.5 ¥ #b THs
#L, KClOBEMOFEIIBITSMIELETO EvgS-
EGFP &7 % @ 6B M sE CHl%E L 72, pTrcHisB-evgS-
egfp & pTrcHisB-evgSl-egip i%, ZNZNE LT EvgS
EEMR EveS1 2 58H 9575 A3 FTHA. Fig. 5
WART LI, O TINITBNTY EgSDr 7
AZY) TR LN, EvgS & TorS D7 5 A4 1)

ZIZB LT, Sommeretal, (2013) dIEH L TWw
%. EvgS DEMALE 2 5 2% ) ¥ 7\ B0 ML
REZHITHAHD, KAAORMOFEE T A5 v
TOEASCICHESRO LN L7720, S5
BEThHA.

PhoQ M1 7' X LB 513 B SafA fEFRSEIS D REHR
EvgS/EvgA A EMAL T 5 & I 4 7 ¥ — SafA D5
HASEE X1, PhoQ/PhoP %M+ ¥ — PhoQ OV
T AL (£ —F XA ¥, PhoQ-SD) IZFD
CRMAANEEMEGT HZ T, PhoQDECY VB
1tz &M L9 % (Eguchi et al., 2012b; Ishii et al., 2013).
PhoQ-SD @ Aspl79 % Arg |2 B L 7= 2554k D179R ©
&, SafA 12 & AiEHE LD Ebi, SafA DFEEHELL
BKFT5Z &%, FA1LT TIZ SPR HAHT > NMR AT
THLMZLTwA (Eguchietal, 2012b). SafA ®#&
FIZBWT Aspl79 IZIERICERLRKZETH S
ZZT, E%%PMQDMR@&@JO&%LW%



M

12 & o T SafA &L DRFEADE SN TS DD % FHHT
T 5728, PhoQ OEFAR & 25 BAK D179R D+ ¥ —
F* A4 ¥ (SD,41-190aa) % FE# L, X Hik s ST
ZfT-72. PhoQ-SD OV fkf&EE LT, ¥4 ~—%
L CTWwaAEE (PDB, 3BQY) A3 TlZHESI N TW
%75 (Cheung et al., 2008), AWF3E & )15 5 M7-H &
BEETRFARMIERELELLLE/ I —ThoC
(Fig. 6). RBHEMEETO PhoQ 1%, £ { » HK
ERIBRICF AT =2 R L TwhAEEZLNTWAS,
EEDPhoQ Dt V=KX AL ¥ (XY 75X L5HE)
&, TOMEPBEE@EIZOR B oTnEI Ehb
T AmMEDNEEENT WS, E2A52%, &V
— AL VORI EEIT—DOHMEPEESINT, X
DRELLETE v —HENF T & G- THMEZIER
TAHWURRENSHE. TOR%E, FANRIIBNTE/ T
—DEELIEON o RBHO—DE LTERZT
W5, Cheung % (2008) ®EFAET PhoQ-SD &% 1 <
—OREEETH LA, MUMKICHERSN-ERA
PhoQ-SD (&2 5 A & —Z&5) (A% L FERICE
/% — O TH o /2. Cheung % D ¥ ET PhoQ-SD
DI ARHE 7S & A4 O AT PhoQ-SD @ &K 3 1,
RIBAR B T UAME, (FIFER - 7.

PhoQ(43-190aa)

D179R(43-190aa)

e - / £y
»”‘:%B;
\ K186
No SD-pocket
Fig. 6 Structures of the wild-type and D179R mutant of the
PhoQ sensory domain (PhoQ-SD). Crystal structures

are shown as cartoon (upper figures) and surface
(lower figures) models.

il

HERHR

AKAF%E T4 728 4 B PhoQ-SD @ 7 iR # 3% 1%,
Asp179, Lys186 DI $4 [ 0 sk A 2.7A TIRME AT X
NTBH, R MAEHEEIIBNT, ¥ —BFHD
al AN v Z A L Aspl79, Lys186 L4 O B, ol
ANy 72/ LRy M (SDEFT v M) A
A4 L7z —75, 751K PhoQ-SD D179R &3 T i,
Arg179 & Lys186 OfISH M O MEEAEEIL, TMASEAY ol
ANY w7 ATEDLL ZERLRT v MAERL TV
(Fig. 6). =2 ® PhoQ-SD & x ELGF b Tl
L7225, Aspl79-Lys186 FIICTER S % Hitg D
FERZRES SD R v N OF LA BEE R EE AL
o7z, 512, SDART v bid PhoQ-SD @ N-EK
Wi & C-AERMMHEICAMEL, R v bOROHE NEIC
MFCWwWA, SafA IZAEICEET S 1 REE®T & »
NIETHY, RYTS AL T I BIRED a ~
Uy 7 A% &ML -HEESPESINS (ROBETTA
Beta, Full-chain Protein Structure Prediction Server,
www.robetta.bakerlab.org) ®C, PhoQ-SD @ SD &7
v PADOFREENETHLLEEZLNS. DLEOER
£ SD AT v M SafAFEEHEIRTH S Z EATRIE S
L7z,

Cheung 5D ¥ £ ~ —#iETIE, Aspl79 & ¥ 1 ~—
DOAHFH > R0 MR ASTE S B 728, SD R
vy POAY)ONENNTIRETH L. AW TIEE/
R—EEERIT L2 L TSD AT v PO
RICO%o7-bDEEZ A, PhoQ PR IZE/
T—DRETHET LI LNHEONE D 2 IEAHAT
HHH, Mo HKIZBWT, HARMEERMEDAT
Uy —aHwi) YBEER,S HKIZ Y A v —
EIRTAMHFLHEIIZIBLTnD L) T EDIR
B XNnTwb (Eguchi, data not shown). % Z T,
PhoQ-SD €/ ¥ — DIRRETHET HBEMIEH 2 H D
LEZB.

PhoQ-SD @ SD K4 v b 2% SafA D#5 &G LT
WBPEDE S HITHETT 4729, PhoQ-SD D43fH D
TIVBBRECHLTT I VEBERETY, Ry b
B DOEEMBIZBWT SafA I X B EMALSME T 9%
% iM5%E L7, PhoQ & %\ ix PhoQ & SafA % 53§
577 A3 F (pBADphoQ, pBADphoQ-safA) @ phoQ
CENENEVFERNERELTHNTT 7= VBl
iT\v», PhoQ/PhoP HIfl T EfZFTH % mgtd D71 E
— ¥ =D T lacZ ZEE T VKR—F —HKRTH 5
MG1655 pho® safA PmgtA-lacZ (2T Eix#E L T B-
galactosidase i§E % #l %€ L7z (Fig. 7A). AR O
PhoQ Tl SafA i & » TIHHSH 32/ LA L2 &
25, SafAll X AIEHEILA2 26 U TICIRT L-&R
A RY, BAEMOMKBMBEOREICT Yy E Y I LTz
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Fig. 7 Identification of mutants impaired in SafA-mediated
activatin. (A, B) Alanine and pBPA mutations in the
PhoQ-SD were inserted in pBAD-phoQ and pBAD-
phoQ-safA plasmids, and transformed into MG1655
phoQ safA PmgtA-lacZ. Transcriptional activity of mgtA
in these transformants was measured in mid-
exponential phase cells grown at 37° C with aeration in
LB medium with the addition of 0.01% arabinose. Open
columns show transformants with pBAD-phoQ derived
plasmids and solid columns show transformants with
pBAD-phoQ-safA derived plasmids. Columns represent
the mean * standard error of three independent
experiments. Numbers above the columns indicated
ratios of SafA-mediated activation (/-galactosidase
activity in the presence vs absence of SafA). (C)
Residues relevant to SafA-mediated activation were
mapped onto the PhoQ-SafA monomeric structure.

v N — 7 OFIEEE

(Fig. 7C). TN o60ZEERDH 5, QS81A, S82A, D179A,
V183A, K186A X SD K47 v F 2T X H IZfiE L,
H120A & E121AE SD R 7 v b O BMANI A E L 7.
Asp79 1AM ZE TH5: 5 172 PhoQ-SD D& Tl & A%
RDLNRPo720, BHRO Y4 ~—HE (3BQS) »
5SDART v FOBICHETHZEATFHEEIN.
INHDFEFED SafASSD K7 v MIHET A L%
R R L7

In vivo SRAEERIHEREICLD al Ny 7 XDEE
FTAS—=BRIED al ~NY v 7 WS 5 SD R4
v MZ SafA 25EET 5D THNIE, PhoQ D ¥ A < —
BRI S 20EE S LEEZLNSL. — I
FA<—BERETE VY —DOFEEICKELEET A
IS NTEBY, Fig. 7A Tid, R50A, GH4A IZH W
T PhoQ/PhoP OFEESET LTS, 22T, &K

® PhoQ 128\ T SafA 12 & % PhoQ ® 5 4 <~ — i i
DOWEEZALZWET B 72912, in vivo ZRALIF R AT E2E

&1 (Chin et al., 2002) THEF L7, ZOHETIZ
Methanococcus jannaschii B3 ® amber suppressor
tRNA & tyrosyHtRNA O ZE BAE& % T, KIBEEAT
amber I N ¥ OfI{&E 2 pBPA Z A $ 5. pBPA DN

V7 £ = Vv EEE 350-365 nm D ERAMIESNIZ X o f
BALINICHERET 2 CHEGICRIEL, £EKET
B35, CoFEE, FHIC ;ofk%ﬁﬁif@
SecY-SecA DAREAE RN IZISH & 72728 (Mori &
Ito, 2006), AWI7ETit SafAIZ L % PhoQ D ¥ A ~—
5 5 TR DM S 2 L O FRET IS v 7.

In vivo TR RADEEBEZT ) 2D al N v 7
AR T 57T 3 /% amber 2 F ¥ (TAG) I
BEiRL7z. ThooEifik% LB+pBPARHITESE L
720, FEILL 725K PhoQ OB L U8 SafA 12 & %
HHEAADPRBEINTLEINE2HRAT LD F-
galactosidase iHMEZ M L7, Fig. 7B IZ/R L7z X 9 1
pBPA IZiE R X 722 (K PhoQ I3 E D £ i&)é%
DD, ETHIERELRIFL Tz, SafA I X A iEHEAL
Y EEIR PhoQ MITEL Y, SafA Il & 2 EME LR
25 LT Db Dik, D45pBPA, F49pBPA, L51pBPA,
L52pBPA, R53pBPA, S56pBPA, N57pBPA, L58pBPA,
Y60pBPA, L62pBPA D10FETH - 72. TN HDHERED
FARMOEREEOFRmIIY Yy ¥ 7 Lz (Fig. 7C).
Leu51 B X O Leub2 (288 % SD A7 v b O FMICIH
FTWBDIZxF L, Aspdb, Phed9, Argb3, Asn57, Tyr60
FHIEEZ SD KR 7 v b E IR D FHEIZAIT Tz,
¥ 72, L52pBPA B X 1N S56pBPA i SafA D\ IREET
bEWEREEZ R L (Fig. 7B). Z oWk,
L52A TIERRD b h o 724%, Lh2F B L U 152Y T
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Fig. 8 SafA-mediated changes in in vivo photo-cross-linking at the PhoQ-SD dimer interface. (A) Difference in cross-
linking of samples from cells expressing pBPA incorporated PhoQ derivatives. Cells in the absence or presence
of SafA (indicated as SafA, - or +) were UV-irradiated (indicated as UV, +) and analyzed by anti-PhoQ
immunoblotting. (B) Photo-cross-linking efficiencies of the pBPA mutants within the «1 helix in the absence
(dotted line) and in the presence (solid line) of SafA. Efficiencies were obtained by quantification of the monomer
and dimer bands measured with ImageQuant 400 Imager and ImageQuant TL software. Values are shown as
mean * standard error of three independent experiments. (C) X-ray structure of the PhoQ-SD dimer (3BQ8)
with the «1 helix (residues 45-62) shaded according to the SafA-mediated changes in cross-linking efficiency.

LEDOENT-Z ENDS, Leub2 DILEICKE I8 %
FORENASLZ LT, SD KT v b OEEDER ol
ANy 7 ZADOBENAEL, PhoQ 2NEMHALT A DL
Ez o, TOFEMALA A= AL, SafAll X B
PhoQ OiFEAL & BT 5 DHH L.,

KIZ, al NV v 27 22 amber Z# % A7 pBAD
phoQ B X UF pBAD phoQ-safA % pEVOLpBPF & —&

12 CU141 pho@Q FRICTE BRI L 72, BHEHmRAZ
PBPAHFAET CTH#EL, £WKE UVES LTI &,
PhoQ ®» ¥ A ¥~ —[HTHEMEEINS. Fig. SAIIRT &9
2, UVEBET 24T o729 > 7V TlX, PhoQ D% A < —
\ZH M35 110kDa D/ v FAE 57z, PhoQ % %
BWE¥iwvway ha—Lo pBADI8 B E i #k R
pBPA # B L TV R W ERI O PhoQ 2 I X €72
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Fig. 9 SafA-mediated changes in cross-linking do not occur in
PhoQ D179R mutants. (A) Difference in cross-linking
of samples from cells expressing pBPA incorporated
PhoQ D179R mutants. Cells in the absence or presence
of SafA (indicated as SafA — or +) were UV-irradiated
(indicated as UV +) and analyzed by anti-PhoQ
immunoblotting. (B) Cross-linking efficiencies of pBPA
mutants of PhoQ D179R in the presence and absence
of SafA.

T UVERSZ LT3 PhoQ ¥4 ~— /N FIZiH
bNeh o7z, PhoQ DE/ =L ¥ (<=3 Nif
ORI T 554~ — Ny FREDESE % 25
RN E LCEML, BEAFALLKRESFSIIHL
T7ay bL7zEZ 5 (Fig. 8B), 25% L. Lo ikiE
WIS T B AN B A TA7TpBPA, R50pBPA, L51pBPA,
L58pBPA, L62pBPA TEE®H L7z, T DFREDM
BII VA~ —BREEZ AT W5S. Goldberg et al.,
(2008) @ PhoQ-SD IZxF 73 % Cys-scanning disulfide
cross-linking study T % Thr47, Arg50, Leu51, Leu58 (2
MLTEWEBERAEISRESINTEI NS,
PhoQ-SD 2% % in vivo TRALAF R ALAAE L O H B
EAHERR S 7.

SafA DA X BT AI R © 5 5 &, SafA
2 & o T K46pBPA, T48pBPA, F49pBPA, L58pBPA T42
BRI EAME T L, L52pBPA T K L7 (Fig. 8B).
IhS5DZ & XY, SafAH PhoQ \Z/EH L 7285,
Lys46, Thrd8, Phed9 & 2 5 2SR 3 5 FHi B 625 5
A< —BRMEH» SN, Leud2 i SafA pEET AT &

Leu58

Leu52

Phe49
Thr48
Lys46

Fig. 10 Model of SafA-mediated activation of PhoQ

TR Y A < =AML L H1IZ, Leub8 12l
AT A =R SEHND L) IZEhwTwbs I &
PRBEENT. IO DKREEZBHAMOK SiEDE
Hicw v ¥y 7 L7 (Fig. 8C). =512, L52pBPA &
L58pBPA 33 75 A X FIZ DITOR DEF % AN T
6445 % 47 o 72. PhoQ D179R & SafA 5% 6 L 22 WA
BAKTH A, Fig. 91T/RT X912, L52pBPADI7IR 3
L58pBPA D179R & SafA O H 2 X - THUGETE =1
AL L ofz. TOFKRITSaAfADREEICL o T
PhoQ-SD @ ¥ 4 ~ —8H R I ELILAE L LHZ L&
ZHRTHLDTHA.

UEOHE»SFHEINS PhoQ HHELET VA
Fig. 10IZ " L7, £F, KBEWRAK LTI RS ¥ —
SafA 2% PhoQ @ SD K7 v MIHEET 5. SafA 2%EH
T5Z LT, PhoQ ¥4 ~—BER\ICMET S al N
v 7 A D Leu58, Leub2, Lys46 — Phed9 O fHI A E) %,
Z OB & HIPEE W I & M P E % O HAMP domain
ZALTRAF Y 3 F—EHEBOACY Y ER{LEE
EHAL3 5. PhoQ OEE @IS X UF HAMP domain
DIERIEZERX = A LIZDOWTIE, i, fmXAs5EE
ENTwW5S (Goldberg et al., 2010; Matamouros et al.,
2015; Molnar et al., 2014). AIFETHE L LK R % OF
T4k, L% —PhoQ O&fkE LTOFEMILA 7 =
AL TFHENDIERICA-TZEEZILNS.

SafA N9 21BHRIEER Y NT—TDEH)
KBEOZKSHIHAME 2% I A7 ¥ — SafA

IZoWT, BMo s —4"v b PhoQ D5 =4 v b

BRE2RAAZ, T ba—)L e LT MG1655/pBAD18
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Fig. 11 Upregulated and down-regulated genes by SafA in the absence of poQ. (A) Scatter plots of genes
affected by SafA over-production in wild type and pho@ deleted cells. (B) Number of genes whose

expression was enhanced or repressed by

SafA over-production. Genes in boxes are those with

changes in expression by SafA in the presence and absence of phoQ. Underlined genes in bold
characters have been reported to be regulated by the ArcB/ArcA TCS.
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Insights into dormancy of bacterial cells: its applications
to uncover uncultivated organisms
Yoichi Kamagata

Graduate School of Agriculture, Division of Applied Bioscience, Hokkaido University
Sapporo, Hokkaido 060-8589, Japan

What are dormant cells, how dormant cells can be resuscitated, how actively dividing cells enter dormant (non-
dividing) state, and what triggers dormant cells to enter a dividing state have been controversial for decades.
One of the key findings that added fuel to the controversy was that several microorganisms within the phylum
Actinobacteria including Mycobacterium tuberculosis produce a resuscitation promoting factor (RPF), a kind of
muralytic enzyme. Recent cumulative genome sequence data suggest that not only a limited species of
microorganisms but a large variety of Actinobacteria species have similar proteins characterized by an RPF
domain. We tested whether an environmental isolate, Tomitella biformata, within the phylum Actinobacteria can
enter the dividing state after the dormant cells are treated by its RPF. Dormant cells induced by limited nutrient
and oxygen for an extended period of time were found to be resuscitated after cells were exposed to RPF,
suggesting that RPF functions in the organism and functional RPFs may be widespread among Actinobacteria.
Colony formation is the only available and reliable indication that the microorganisms are in the dividing-state.
However, considering that most of microbial species remain uncultivated, more specifically, they do not form
colonies on agar media, we attempted to find the reason why agar medium hinders colony formation. Our series
of studies showed that agar autoclaved with phosphate, an essential ingredient for organisms, formed hydrogen
peroxide that does lethal damage to vulnerable cells in environments whereas medium in which phosphate and
agar were separately autoclaved and mixed right before solidification do not form hydrogen peroxide. We found
that most of medium recipes available in culture collections do not refer to this fatal effect. We therefore
conclude that such hidden pitfall in the preparation of agar media undermines the cultivability of a large portion
of organisms. Finally, attempts were made to identify an unknown growth factor produced by an organism in
the family Sphingomonadaceae. The underlying idea was that microorganisms are living in complex
communities, hence organisms should be interacting together by producing or receiving small chemicals that
trigger the growth and community structuring. Without understanding those signal networks, one could not
understand how microorganisms can make a living, thus how we can grow them in laboratory media. In our
study, we found that coproporphyrin derivatives produced by a Sphingopyxis strain significantly stimulate the
growth of Leucobacter, that is phylogenetically quite distant from Sphingopyxis.

ERLTHY, 2TICREE T REBREER S
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Fig. 1 Summarized concepts of typical physiological states of cells. Cells fluctuate
between the states of active growth and no growth because of a number of
factors that can cause inactivation and resuscitation. Cells from both these
states can contribute to the fraction of uncultivable cells in laboratory

experiments.
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1) H—EEMEREDORE

Ll Z ) LENEEDSLDIZHRETIE
BOTHETHD I s, RIFRICBNTETIZNRE
KW FETHCTRREEREE VW) HRZHRZ ) S
, EWnH) T EEE—OBEE L. 19901
Mycobacterium tuberculosis BWEFET 5 5 V737 EH Y
FANE OIRIRIREE 7 REEIREBICZAL 285 Z L ATAH

SN, TOF 37 F T resuscitation promoting
factor: Rpf = IRKIREREK T & fna S 7 GEMI &SR
DZL). Rpf # v 2B VF— BRES VN0 BT
Y, RTFRT)A RSB L, O HEWH
HREEFELTHEELTVWE VI HESE SN,
CDF YT IBBETIERT A2 L0 OMEMITE
5O A b AA4 Y E L THEEBZED. F0H,
7 NEWEEDSTRIER A 7 R, FEEICE L oM
BT MERSSER LR, o o&ETES
LD Actinobacteria FIAEMICHFLEL TWE T L
WHLNI > TE. L2L, RfEFFEIZZHE
DIFEE Actinobacteria MW 70 & THRATZIZNT T,
29 L7 Rpt BB faT 2 Ho& { 4 5 Actinobacteria
FINDOAEYTH Rpf WREEHZ RS V0 HE
LCHRRELBEDENIERATH - 7.
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Tomitella biformata \ZAKIE & HEEZ & 72 53 M0 fE
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ELTHEELD 22 "M E LI UFMHEEOHF
SICEoTT I AAKRE (D xHED) HArLpHES
N7z Tomitella BIAEWEMEE LTHW., BRO
ZELRDL, RIFZEICBWTIEIMEE LTHW A MAE
WEAMSPOFETRIRREBICBITSE L Z ENERE
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5, KIEIE~DEMERE L LI, Rt & v 87 HD
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BRI RE LR, au=—BRELsMEEXEL T
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HHMAEH OB EEIREICH 5 Dh, KIEIRE
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TiE [EXEB L Tau=—%FKRT 2 0% EEEM

TEBEZIT->72. L2L, Liveor-Dead i 21 ik
BRBEGRENLETDHL, L0 IFEnRdDY,
TRTOMAEWICEH -7 ha—VE@EHT 5
LI —EofEBmEMES. L Live & LTHESI N
—MRAE ST EMOHBL, RELEZT-720
IO =—TERREZ RO A Z A TENIL, HENE
CEOMBIZIRIRME L EFZD T os, Lrl, 2
) L7 e M L i 2 R 2 5. A
B T—MBEzE2IHEEL SR TICRETE L
ME—HFEEL RV, F - REEEMA > KRIEMAE 2 03
WD EREMOFEEICIEIAREN 2 MENDH
5. FEDOHECTHBELA-EREH CHEEICaT=—
IR T AMAEWEH ) R ICBV I Z O MEREF
LRV, b2 BREREY ORI T HEE =R i

fal, Too=—%2ERL%BWDS, BEHED Live-or-Dead WEYTHEENIEL DFT—F (Tablel) ZEIFEL
Jett 75T Live CHIEE NS DO EKIEME] LEFHL 1A, BREHMFOLOTOHEICE-LTEFE

Table 1 The cultivation efficiency of cells from various environmental samples

Habitat Cultivation Media for cultivation® Method e 5
efficiency (%) direct counts
Desert 0.0007-0.02 R2A PLFA
0.02-0.15 R2A PLFA
0.05-0.1 TSA PLFA
Permafrost sediment 0.001-10 Poor and rich media AO
0.03 R2A SYTO9/PI
Metal-contaminated soil 0.08-2.27 R2A DTAF
0.03—1.48 TSBA DTAF
Soil 2.4-19 VLS55 DAPI, AO
Marine sediment 2.5M ABW DAPI
Sea water 0.25M ABW DAPI
0.003 Marine R2A DAPI
0.01-0.98 1/10 Marine R2A DAPI
0.01-0.15 Marine R2A DAPI
Lake sediment 0.1 PE03-7A EtBr
1.3 PE03-7G EtBr
0.007-0.017 ABM SYTO9/PI
Fresh water 0.1-5.59M Synthetic fresh water DAPI
Activated sludge 13.86 LB agar DAPI
0.24-0.38 TSA DAPI
1.67-3.68 R2A DAPI
Human feces 54 Medium 10 DAPI
14.28 BBA DAPI
36.5 BBA DAPI
58 Medium 10 nr.

n.r.: not reported

Cultivation efficiency was calculated from the percentage of cultivable cells from colony forming units or MPN counts“ in proportion to
total number of live cells from direct counts. *Cultivation was performed aerobically except for human feces that were grown
anaerobically. *Direct counts were made microscopically after staining with AO (Acridine orange), DAPI (4',6-diamidino-2-phenylindole),
DTAF (5-(4,6-dichlorotriazin-2-yl) aminofluorescein), ethidium bromide (EtBr) or SYT09/PI (SYTO9 and propidium iodide) except for
estimations made from phospholipid fatty acid (PLFA) analysis.
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Fig. 2 Interspecies growth factor transfer between two
different microbial species.
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Induction of dormancy and its resuscitation of an actinomycete,
Tomitella biformata AHU 18217
Wataru Kitagawa, Souichiro Kato, Yoshitomo Kikuchi, Michiko Tanaka, Yoichi Kamagata

Graduate School of Agriculture, Division of Applied Bioscience, Hokkaido University
Sapporo, Hokkaido 060-8589, Japan

Resuscitation promoting factor (Rpf) is a protein that promotes the growth of active dividing cells and
resuscitates dormant non-dividing cells. An exclusive and wide distribution of #pf gene homologs within the
phylum Actinobacteria suggested that Rpf may have an important role in the life cycle of this group, in which
little is known about the mechanisms controlling dormancy and re-growth. However purified and functionally
tested 7pf genes from three species vary in length, genetic structure, and in host specificity and activity. To
understand the roles played by Rpf and to cultivate a diverse array of Actinobacteria, perhaps in the dormant
state, searching for other functional Rpf within this group is requisite. Previous studies in our laboratory
revealed that Tomitella biformata AHU 18217, a novel non-spore forming Actinobacteria isolated from a
permafrost ice wedge, possessed 7pf gene homologs. The deduced amino acid sequence was 44.9% identical to
known RpfB in Mycobacterium tuberculosis, the closest functionally tested one. The objectives of this study were
to determine the function of Rpf in 7. biformata. The preparation of dormant non-dividing cells of T. biformata
was imperative for the biological activity determination. Incubation of 7. biformatae in oxygen-limited conditions
in modified minimal medium (mMMMF) for 60 days resulted to the formation of non-dividing cells, in which
approximately 99% of the cells lost cultivability on agar medium but retained membrane integrity and exhibited a
distinct morphological characteristic in TEM. Recombinant Rpf (rRpf) of T. biformata, expressed in Escherichia
coli and Rhodococcus erythropolis, showed activity to promote the growth of dividing cells and resuscitating non-
dividing cells by reducing the lag phase in mMMF culture. However, higher concentrations was required to
express the activity compared to other known functional Rpf, indicating that this Rpf is active but not identical to
previously studied Rpfs. Messenger RNA corresponding to the 7pf gene homolog was detected by RT-PCR
throughout the exponential growth phase of T. biformata cells, indicating that this gene was being expressed in
growing cultures. Phylogenetic analysis using all known and putative Rpf proteins from all other species with
publically available genome sequences showed that 7. biformata Rpf was placed in monophyletic branch within
the RpfB subfamily. The genomic structure of Rpf in 7. biformata also differed from M. tuberculosis RpiB in the
number of DUF348 domain and length of linker region between the second DUF348 domain and the G5 domain.
These differences may contribute to the functional variation of T biformata Rpf. Recombinant Rpfin E. coli or R.
erythropolis was used for the cultivation of permafrost ice wedge sample. The colony formation unit on plates
amended with rRpf increased rapidly and colonies appeared earlier than on non-amended plates. Two
prominently increasing colony types that appeared on Rpf amended plate were related to Brevibacterium sp. and
Arihrobacter rhombi FO8 based on partial 16S rRNA analysis. This result indicated that Rpf from 7. biformata
had a cross species activity. This research exhibited that Rpf from 7. biformata had a cytokine-like activity but
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functionally and genetically different from other functionally known Rpfs. It also shows cross species
recognition within other member of Actinobacteria. This study provides the evidence of functional
differentiation of Rpf produced by the member of Actinobacteria and possibility of using Rpf as a growth factor
for isolation of Actinobacteria from environmental sample. Genome sequence analysis of T. biformata
demonstrated that this strain has 6 copies of #pflike genes in addition to the first identified 7pf gene. Of these
Rpfs, only the first Rpf belongs to the RpfB subfamily that is demonstrated to have main activity for resuscitation
in Mycobacteria. Proteome analysis identified some up-regulated proteins in the non-dividing cells of 7.
biformata. The carbon monoxide dehydrogenase (CODH) proteins abundantly found in non-dividing cells
indicated that this strain had changed the metabolic system to adapt the stress to survive in the environment.

Key words: dormant, viable but not culturable (VNC), resuscitation promoting factor (Rpf), Tomitella
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REIHRORRETE LAY MBOBFER, &)
WHERSL— MBI A2 20 =—KE (CFU) &8
MEEERREICL MBI RELENH LI LMD
RS 7z (Staley & Konopka, 1985). i Sl
O AEETVLIPMEEORBETINI THERTETY
b o (dividing cells), () ST CHEETELE
FEOHLHAMA, EETIZVEFSR- WL R
o> REDO L O (5 M Ii=non-dividing cells)
(Amann et al., 1995) @2 OO HF ) —IZHET
5.

Nop-dividing cells & S5 RFED O & 212, viable
but not culturable (VNC) &IiENh 2 b D05 5.
LA EBRBET CHEETERLLIDOTH o220, Th
LMAEMIE LS ZOFELZREBRIN TV, 2A
CEPOERDOZZDIEETHL 0D, dIEFRIR:
WL % holzbDTHb Xuetal, 1982). VNC
BHIMEASE & TV ThH, @E AV OIS HARRE,
HEZOVWTRIZBLTHAFTFAZOLAL W
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EBREIIBVTH ZORESIE—E - RELRIRET
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7% 1355 (Roszak & Colwell, 1987). Z D &k 9 % A

MY AZZ B T2OBERIC Lo TEDRE 12D
BRI ARIR D B WIZERIIREBIC A D, IRIEAS K D HH]
WholhbEBF2HUKDLZETHAS (Dworkin &
Shah, 2010). PNAERL-TERIRAINL T b AFgE S L7z gk
Bl T&H %5 (de Hoon et al., 2010; Errington, 2003;
Henriques & Moran, 2007). L % L& TIZFERTFE

A A HEBL L 22 RIRIRBBICA B v 2 embh
Twv %, Non-dividing cells ™ K% $ W 58 i3 fa g - fg
AT ABRE,S, BERO VNCHllETIThNIT
& 7> (Oliver, 2010; Oliver, 2000).

MR FREHEIZ X IS EMLOREIE, 7T A
UL LT 7T AGBHEMEATLHESN TS
(Oliver, 2000). FaFIERE & FERLF T BOMI T O AR IR BE
DORICEZ  oLBEIFH L. AP LVAERE LTHK
#FE, BEPB X UEEE (Shleeva et al., 2004), pH
(Shleeva et al., 2011), K UNREIE (Panutdaporn et al.,
2006) DZALZ &, FENTFIEBGITE A3 53 2R 12
ADB72DO M) H—THbIEPRINTEY, Ml
EIEFICHEEE R St RIBMAE SR ENRINTY
% (Vorobyova et al., 1997). Z ®O7/=H3FRIZHK T %
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FERSF IR IR TF 2R L2 was, 215
DOIEGFFRBII BT BRENLE - FFESRS
N5, MREOREDL, FEFRREDS T LABHEN,
Mycobacterium sp. (Cunningham & Spreadbury, 1998)
B L5 W EM Vibrio cholerae (Kondo et al., 1994)
THEINTYWS. /-, LS L-LZA,
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BERTFRFZ) A O3-+38EXRXHEML TS
(Lavollay et al., 2008; Signoretto et al., 2000; Signoretto
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(Asakura ef al., 2007; Kim et al., 2008).
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HEFEIT A, FRo0MEOEFIFRST AT
BEEZRT I EPLERTRTH S (Oliver, 2000) .
ZO7aE AGEBRETF R EIC L o TRIIRED 5 |
L, BWTHRSERET v 2 BREOEE{L%:
BIRLTWSE, JOBRICBVTHA PAL P DED
7z “Bacterial communication compounds” 232 D X 95
BAEE - WMEERBTATOOY I FVE LTIERY
AT EPMOENT A,

HWIERAEIC S5 ¥ 7P Ve, BCOSWRE
HF, 4 MH A reid—RICAEFERT (=growth
factor) &MHEN T 5 (Kell & Young, 2000). Z9 L
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=) VB (cAMP), RU'N-T Y VARERY VT2
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Shah, 2010; Keep ef al., 2006b). L2*L 29 L7=AFR
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LT, BERECLOOBENELFDLIOOR
BRI TCHIENTEL EPFEENS.

Resuscitation Promoting Factor (Rpp) %, RIEHIIE
DOEBE (Mukamolova ef al., 1998) & MmMilLod & 5
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BN, ZOERTIIBWTHI0T I /85 % 5 RFH
B (Rpf KA A4 ) 2& A CTEY (Ravagnani et al., 2005)
FNLUANOEIRDORAFETE < 1d 2w,

Rpof DFFRICIE 2 DD R L D EBRLR BRIV DHHEE
A5, DEDRBEEMEYOEFRNTH S, FFIC
Mycobacterium DEIRW TH 5 HEHEHRIIBWTEFOF
PRI (IRIRIREE) CRIEWESONLIERTE L,
FNEHBEEELHEMNOMEIFEETH S (Kana ef
al., 2008; Mukamolova et al., 1998; Wayne, 1994). X&KiZ
REMAYELOBEENRTH S, LD X HICERER
BHIIZRIRMNE 72 & OIS ZHREOMAWMIB 2 E $
EENTVLH, Rof 2 E0EHICBVTIZFORE
EPEL LD Lo mENDH S (Schroeckh &
Martin, 2006). T DA H = AL OFMEMD Z &1L
D, WRIA < PAEY ORI R) = 2 1) b &+ B Hai B FE A
HifEsh s, o THA A ERDOLHE% Rpf 12
DWTEFDOBIET - BEEIC O W CFHIICTISE % D 5
TERFERICHEERTHA.

INF TOIHEERF DL BT 25,000 477 12
B SNk A LB ORI, ZBOME I HRE
BNEHEHELTCSE. LTINS DORMOEM
2B WT, KEH D5 HERRDS Actinobacteria \ZJE 5
HZEARENTWS (Katayama et al., 2007). 72
TRAT % e & 72238k D Actinobacteria D9 5, L &
HITHRIC B TIE, Micrococcus luteus @ Rpf K A 4~

Twv 5% (Katayama, 2009).

KEFZETH W S e Tomitella biformata AHU 18217
(77 ABtk, FERFIERME, BHEE) 3 EEEkA
HEBOREPSESNHETHEOMETH L. K
BHRIZIE M luteus D Rpf % 782 D Rpf KX 4 V&
4% OMBAE» D 5 BEF VRO H
(Katayama, 2009), % O LEFH QAT 21TV, 2372
TI/EIPLLSLORFTHBTEHI EITHYL 2.
ZOF R OWET I BEHSS, CEICRF
A 4 >~ (Cohen-Gonsaud et al., 2005), N3RIZ307 3 /
EErohby T FNRTF R, 200 DUF3M48 KA 4
o GRMBEREDEE), G5 F A4 v (EEiinees: 5
KIHHE N A 4 ) (Ravagnani et al., 2005), #&&H&F
Bahiz, TOXH MO Rpf & 237 & DFEPE
BRDLENLZ LD, ZOBERTZERERD rpf E
EF & UTURBEICH W,

AHFGETUL Tomitella biformata AHU 18217 % 3512,
PRIk GE2IREE) ZFETH5MHIC >V THREL,



e AL, NEEE— RS, HikRE, HhALT, HBE—

FARRORERT L FHUINEFEO Rpt 7 7827
DOHEHIIT S, HHVIGEMMAEICNT 5% -
BB OWTHIZE 2 #07. SSIICIESEIRED AT
WOWTHRZELZZ2O7 /) ABLU0 705 F— AR
b EAT.

EERTT R

BEEY

Tomitella biformata AHU 1821T M4 HEE Tt
Tryptic Soy Broth {27 V2 »— A % il 2 72 TSBF % H
Wiz hy, SEEGIRERTIER/NERIC VS P =%
wML726 0 (MMF) ICHEZ K, 20T T10H MR
WIRL, FOREEN L CEERRT . REATE
FETIZTSBF#M, 20C CEFM T CH#L-HE
4T IKBL, BB LA, BEHEEETIETSBF
B THEE L-HEE MMFICB L, BREERETH
HAFVL Y TI—EEMISRML, Bl T20C Tk
BEREZ T2, REBBEIAFL VTN —OF @Y
ERIZEDL D LTI (BBXLZIW0HM), ZOKA
THEVFPHBEINLHEE L THESEICWHIRLZ
7o, EBRCEBEVPHEHBINZEETAIOT NS
2y (GC-2014; Shimadzu, Japan) T REEE L 72,

fHEAEATE

SEMlaoKiE o = -k (CFU) IZTH#ZEL
7z, REHORMEK, H5VIZIESEOAEREILE
MgEEEE, Live/Dead Baclight staining kit (Invitrogen,
USA) #HwCH#zE Lz, ERMEOREII TR
DXOBY 7o 72,

Non dividing cells (%)

_ number of live cells — number of culturable cells 9

100
number of live cells

BT TSSO B, %
M, MEGIR60H OISR OV TEFHEMSET
B L7, Bz L7z E & ultramicrotome
(Ultracut-N; Leichert-Nissei) THIR 2 /B3 - geft U
217> (80kV; H-7600; Hitachi, Japan).

#8382 Rpf (recombinant Rpf=rRpf) DR
Escherichia coli #f5F & L728&13 E. coli TOP10 B
X U° pBAD/glll B expression vector (Invitrogen) %
by, YIFARTFPERS I —IZEHEINL TS
E coi HO b DIZ@BW L7z (T biformata O ITOHEE
VIR IVENEEIRL, X275 —C#lE L.

Rhodococeus JERTE % 18 F12 L 72 b @i Rhodococcus
erythropolis M1218 B & U pTip expression vector
(Nakashima & Tamura, 2004) % F\v>, T biformata ©
THROYZFVENEFOS T ru—o v 7L, £
72 SR IIB W T, CEMICIE Histag B2 ¥ 2 440
L T\wa. Rhodococcus BRI IZFIHCTE AEENY
5 =0T Tomitella \EFOWMEN TH 5.
FEHFHEIL E. coli B X U R. erythropolis D2 TENF
NWRET S ) —A 1mM, FFA ML T+ ¥
0.1mg/1 % 35 L 72 BB b il A 3 CT1r - 7-.
WUy o7 E. coli TIREBARMEEY A & i
L, Rhodococcus BAMBE I EE B I I b L X
TELLDERLEIPOBMH L. WThoFEkd
Histag # FIAI L, Ni7 74 =5 4 — I X M EAT

o7z,

RNA O & RT-PCR

T. biformata %= FEGH CTHEIH S, 8 72,9, B &
144 OB E TH 7Y 27, RNAprotect
Bacteria Reagent (Qiagen, USA) B & U RNeasy Mini
Kit (Qiagen) # MW T RNAHIH 24772, 7RI
WCAEF MR R L CRMEBEORER T -V 2 P
L7:. RT:PCR & T biformata rpf 38A%EF D4 B S)
% Primer {2 v (J2TF2, 5-CGCCGTCGTCGTCGG
ATTCCA-3 B X U J2TR2, 5-ACGCGGAGGCCAA
GCTTGCTG-3"), One-Step RI-PCR Kit (Qiagen) % M
WTHEDO 7T b a— Vil ) 127 o 72, RNA OFF5I
ETC—IEH720 20ng ICHHHL /-,

rpf BB R F DUNE & RETREHT

M. luteus D Rpf KA A4 O 7 3 7 BEH| D&% Fw
T BLASTp 12 & 2## %4Tv>, E-wvalue T le® L LD
WHEERR SN 0% RIRL, 2027 3 /B
H) (Rpf NA A Y OATIHAEL) %5512 ClustalW2,
Neighbor-Joining #%, bootstrap f 1,000 T B 5 {747,
Tt OVER %2 4T - 7.

KRR & EE

T. biformata SELEE S N7 5 A H ORBEBHE Ok
W oFXME Ty =V THE, SHICHRSETT
¥ —VEREL, FARICETHOSEEED L THME
BB, ChEREREL, B0 L22RAR
FlasmiE e L, B3 R2A 8RB 2 v, i
CREL LTFA RS F > 005g/1 37 ans
FO01g/1 &ML, BREEZERARL-bO2E
ML T15C T 2 MMERR L7z, rRpf &AM L 728G 5
ARSI A, FUR & IR CE I RAT L 72,
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7/ LR

T. biformata AHU 18217 4 7 4%, dbilEE v A 7
2o Ay AR A LR ISk DRt A
JU 3 F HiSeq 2000 X7 T~ NHEflF & v CToeE L7z,
ZD101bp DRT Y R¥ =7 v v 72X HEFIH-
FIZBWT, BREICT 4 VY EHRDE 19,282,552 KL
FNZ X B 410057 ) 2 ALy VERE L. 7
J A Velvet D77 3—=T 3 »1.1.02 vy ¥
2R, 75EN) #FEALTT Yy T NVET RV, &
WY GC &&= 69.3%, N50 & 230,132bp, & FF113
contig 7 5 7 A4 4,709,534 bpZ TiF L7z, 7/ LEEF)
D CDS Fill & 7/ 5 — ¥ 3 ~ix MetaGeneAnnotator
(http//www.migap.org/) % FIF L7-.

a7+ — Lt TILEE

T. biformata 5B OMB L LT, HKFEFEH
(TSBF ¥5ith) THREEMEH %I E THEF LMz R
L7, oI5 REOMIZE LT, 42 Hi T
L72BEREHIRRICE 2 BTl L. fMiEAs ) a
—F ¥y S Fa—TIIHIFTAE—A% A, E—XV¥
— MZ X D ## L7 (MPbio lysing matrix B 2ml tubes
0.lmm silica spheres). % ¥ /%27 ®# %3 FOCUS™
Bacterial Proteome (gbiosciences, USA) @ % v b %
W, TEMNI—VBYIITo7. ¥ U TREED
SDS-PAGE TiZ 12D L — {2 40-50ug @ — N L7-.
SDSPAGE THE L72% v 287 X FNEFNGTEEIC
500757 ailhELE. 6D T757 T g
VIFIES BN (Dormant) HEDH ¥ 7&K E W
LA 5 DI_1-D1.5& L, #mE (Active) OH
T ERBRICKREVWT2L AI_LI-AlL5 &L, 2R
T VAN) TV UHEALL, BCHABE LY YTV
STERBI L. Boh-BET7 Y% F7 7M7)
AF—FbEBREETF 2RI DTF—2 ERfEEbELEC
T, ML FEDY Vs REE L. BEYD
MZILIEE KT v 7 — TiTw, MRS L) =
TAF ATy by TEBUFTEESTER,
LTQ Orbitrap Discovery (Thermo Fisher Scientific) %
w7z,

BRBIUERE

ARER GEnpHIRE) DFE

KEMMERERE, KETEE BIHIREEO3I SO
54T T, biformata AHU 1821 D IE 52 O 358 %
AATz. Lo LREMRREE, KA TEZETILRIRAE
fRidgiFEx g, BEFREEOATIESHa s &

bNHREBICHFES N (Fig. 1. BEEHIEO%Z, B
BIZ30HH 560H T99% D EMBLAIESZIRETH
LHEWESND., ORI HEEES N TIHKIER,
BRBETHBHD, TNHD 1 DDOHM ARSI TIRIES
ZURRBICFFE X N W I EIZERIFE W, F7kEERE
WEEERHIRSGETLH D, FEBITKEF THREDRIR
HHVIFESHERETHo b EZONS, T2
BT HMERRICBOTCIIBmERRD oI B W
THEH#MMZ2HEEL Roh (Fig. 2). wrEEmiiics
WTIHIZIZRETH D, MREOBEEDHVAKICED

9
= 8
£
3
39 °
E- 5
S O
2 4
TE
o5 3t
L
o 2 r
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S 1t
0 1 1 J

0 20 40 60
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Fig. 1 Induction of Tomitella biformata cells into a non-
dividing state by prolonged incubation in mMMF
under oxygen limited conditions at 20C . Number of
total cells in population (&), live cells determined by
PI impermeability (M), and CFU count on TSBF agar
medium (@). Bar depict standard deviations (n=3).

* Significantly different (p<0.05) number of dividing
cells compare to number of live cells based on paired t-
test.

Fig. 2 Representative transmission electron micrographs
(TEM) of Tomitella biformata cells in different growth
phase. (A) Early logarithmic-phase cells (TSBF
medium, 48 h). (B) Early stationary-phase cells (TSBF
medium, 72 h). (C) Oxygen expended cells (MMF
medium, hypoxic condition, 60 days). CY: cytoplasm,
N: nucleoid, CW: cell wall, ML: mucosal layer.
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Nz (Fig.20). FBBELE-ZYLTVE. &
FHMBICB O TOEREIZIE-ED L TBY, HIC
FEEARHOE AMEDNKRE LEEGEZ HD TV 5 HIG5Hh
% (Fig. 2B). xFFRMGICEERHIBR60H O MG 1L % DS
B, BMAEDIE-o2) Law (Fig. 20). 20 X9
R RE X M o W E W Rhodococcus rhodochrous,
Mycobacterium smegmatis (Anuchin et al., 2009; Shleeva
et al, 2002) = EDIFRRETIMESINL TS,
F -2 ORBHIMEEDIEES R 5 525, Thd M
tuberculosis DFEFEHIBR T OIEFHMB T OIS & —3
L Cwv % (Cunningham & Spreadbury, 1998). Zi1 5
OFER, REHREIERGIRT CIEOZUIRRBICHFEI N
BEMERDNT. N TLDOANY FAN— DRI
BEREEE, BIUEBHTORREOCLOEL, S,
HOPICARERPMELTEHECTHEL-EEZ LN
5. ZoO#MBIZBWTEREMOMIEAIESZMII %
LEWEEIND, HRMOBHE TH 5 REKI LR
IR T CIRFHIRREICR D, AEREZFDLIETS
HIKIIHIC R o TV AERICE DN S, FRIEWC &
2, BEARHSICHESE20TIRELS, ABIIC
Bese a BUUCBRET 5 LIS ZMIRIZFFE I L v,
COZEDPLBEAITET B EBOREIZHEIE LT
AL E B X HICBbND.

T biformata AHU 18217 Rpf D EFERIH

Rpf 2575 450 B 2 G AL 4, F 72 9E 24 %
BEELFEMEANZALIZAGNTBEST, BF5H
HBBESRIZ X o THELBXRTF FFY) I v O kK
WY T TN THIRGRERZIIESEZTEEZ LN
TwA (Mir ef al., 2011; Kana & Mizrahi, 2010). Rpf
DOEEOKBITHERZ 7 8712k o TiThh, M
luteus & M. tuberculosis 7» 5 @ Rpfix E. coli
(Mukamolova et al., 2002b; Mukamolova et al., 2006)
ZARAMI, F72C glutamicum Tl Rpf ITZ£ 84 C
glutamicum (Hartmann et al., 2004) % & A MZH W,
BEH - JBI T w5,

KIFFECTIE EREER FEIOR L FET npf#ET
EHEBENX7 F =127 u0—=V 7 L E coli BLUEHD
R. erythropolis % 15 ISR 2 KAz, £3 E. coli 2»
HARE L7 rRpf (=rRpfE) ¥ ¥ 737 % SDS-PAGE (2
flEL7-& 25, 32,3942, 49kDa @ 4 A4 XZ/NV K
MRS bz (Fig. 3A). F@O /T His HLikiZ X %
Western f#EfT TV 7 F V3 572 D1339&
42kDa ®/N Y RTH - 72 (Fig. 3B). BEHIH» HHEE S
N5 Rpf ¥4 XL 38kDaTH VY, &H 53—
LEWASEWETH 72, TN 4N FOETON
KT IV BEHIEN 21T 5728 25, & THE rRpf &

A —X T 5B THEY, ZRENESII5H
SN2y NI THLHIRENT, FhZNB 4D
WMETNEXKPHBRERLTwEEEZ SN, HEY F T
VERFIIETE M TN TV A b D (42kDa) b dH -7
D, VIFNDRETERSsTWELD (49kDa) b dH o
7o, OO 2 DIEHEE Y S VEFIIRIEA L D b
THETITUR SN TV EHIREN, Ihbika
NUERBRETHEET LI @22V LV EEZEZ SN
B2, EHOBBIZIEINS ARG LZIRETH
ViE,

R. erythropolis 7> & A L 72 rRpf (=rRpf-R) & SDS-
PAGEIZBW TR 2 KDY KA 5172 (Fig. 3C).
EHIINKT IV BEHIENT 21T o722 2AHEEL Y
E. coli THE BN 39kDa /3 F & [F CEAIAE S
N, COMBTUBENE S ¥ 32 THILHEIHEES
Nz, A ZX0RLD 5 287U NKEY %2 E$
LD W TR RIED 5 7225, R. erythropolis
WCBWTHRBBHIITON T RESZE LN 5.
C. glutamicum @ RpfB DMETIEZ~ > /) — A, HF 7
M =212 L 5B HE I LTS (Mahne et al.,
2006). E. coli & R. erythropolis T Ui TLIW & L
72 rRpf & B 7720, TTRIOMETUR SIS ¥
VR THAENEZLND GEENL: B COHLE

(A} M N R {B) N R
B0 i
50— M
40— B A e
30~
©) M S F R D)y Rr
66—
45—

3t

Fig. 3 Expression and purification of histidine tagged
recombinant Rpf (rRpf) protein from Escherichia coli
TOP 10 (A, B) and Rhodococcus erythropolis M1218 (C,
D) confirmed by SDS-PAGE (A, C) and Western blot
hybridization analysis using anti-His antibody (B, D).
Arrow in panel A, B shows the 42-kDa rRpf variant
protein (expected calculated size 38 kDa); in panel C,D
shows the 39 kDa rRpf variant protein. M; molecular
weight standard, N; non-induced E. coli cells lysate
fraction, R; histidine-tagged recombinant Rpf protein
fraction, S; culture supernatant, F; flow through
fraction in purification step.
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BE). R. erythropolis D& HIEHEOBBIZIZ I NG 2
RNY RO Yy HRE LIRE TR,

rRpf DIBFE(EE, HHEARBESE

E coli TP L 72/ 2 Rpf (=rRpf-E) B XU R
erythropolis THE L 7283 2 Rpf (=rRpftR) 2L 5 T
biformata O EMBBOEFIRERN R GlfRREE) (2o
WTHNRZ, rRpEE 1B W TIE64H 50 i 128nM D
BT, 12HB @ lag phase 100 M & 5\ i 5 H M
WL T AEENE SNz (Fig. 4A). rRpfRIZB W
T b M EEIC lag phase # B < T A E NS S 1,
100nM 2BV T20H 216 HICT A8 E2F 5 L7
(Fig. 4B). TN 525 rRpf-E, rRpfR & 3 (23E5EAMIE
DEBIGEEED D 5 HIVR Sz,

RIS 5 Rpf D HEABEIRIZDO W
THR7:. BB OR T, FEoEMIEEE L

A) 20
15
10 r

05 r

Growth (OD600)

00 =
0 5 10 15

Incubation time (day)

15 |

Growth (ODgqp)

05 r

5 10 15 20 25
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Fig. 4 Growth promoting activity of Tomitella biformata
recombinant Rpf expressed in Escherichia coli TOP 10
(A) and Rhodococcus erythropolis M1218 (B) system on
T. biformata culture. Logarithmic phase of 7. biformata
cells grown in TSBF medium were washed properly
diluted and transferred to mMMF medium with
addition of rRpf fraction to the final concentration of
128 nM (@) and 6.4 nM (A) in (A); and 100 nM (@),
10 nM (&), 1 nM (H), and 0.1 nM (X) in (B). Culture
added with sterilized distilled water () and non-
induced cell lysate fraction ((]) in (A); and (mMMF) in
(B) were served as control. Initial cell concentration of
T biformata in mMMF culture was 6.76 X 10° CFU mL*
(A) and 3.10 < 10° CFU mL?! (B).

93cell/ml ZHE L T4, 500nM B L O 50nM @
rRpfE 2 M A 72RICBWC, 15HHB L U18H H T4
BRBEEN, M AN 2wy e —JVid24HE F
THEERIRD 5Nz h o7z (Fig. 5A). rRpfR D&
GEDHMNIZFE L 372¢cell/ml ZHHE), 1B IV
10nM QR TIIFFICRIR AR SN2 o 7228, 0.1nM
DR TIIFEREICAEENFEPEE SN (Fig 5B).
ZDOZ &5 rRpEE, rRpfR & S IZIESZAML O 553
RS WELSD L EEZ BND. T OR rRpEE
XD b rRpfR T DR VBE TOGEESHZE S L.
IR NN DORBEEDENIZELZDDELEZD
N5, FLERIIBWTHEMIBIEEIE L Ocell TH
A5, T bO—IZB VTS REIIIIEIEHTERR
ENTWE, 2O EITEFBMEIAEREICIEDT I

—
>
=
- N
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Fig. 5 Resuscitation of Tomitella biformata AHU1821" in
liquid medium in the presence of recombinant Rpf
expressed in Escherichia coli TOP 10 (A) and
Rhodococcus erythropolis M1218 (B) system. T.
biformata cells from 60 days oxygen limited cultures
were washed and diluted prior to inoculation into
mMMF medium containing final concentrations of 500
nM (@) and 50 nM (&) of rRpfin (A); and 10 nM (@),
1 nM (&), 0.1 nM (H) in (B). Controls were culture
added with sterilized distilled water (), non-induced
cell lysate fraction ((J) (in A), or mMMF medium ((J)
(in B). Initial non-dividing cell concentration of 7.
biformata in mMMEF culture was 9.3 cell mL* (A) and
37.2 cell mL! (B) (with no dividing cells present
theoretically).
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EINTWD, HDLWITIEGTEMIEA R 2 LT
5 v LIS BLIRGE ﬁ‘blfﬁb 5% % FIG 9 A T RE
PERR L TWwA., 72 Rpf OO ZBEBMGEEICD W
TIFEREGEICOWTORBR L. ZORKBRTIE
128 pM @ rRpfE, 300pM @ rRpfR % 7278, H L
S IEE AR SRS FIEHRES - 72, T2 LR REE
H & FEREHOYHE 2 E DS ERELD
N5, WEEHFTOMIEIX R & ST 5F v >~ A
MMAEL H D ELA, ERLOMIIT—HS F S
L 72\ & Rpf 2S8ERMICHLY 5A iilliﬁ? 12L& 5B,
HELEVIEIRMHPEZNTLE), 2L LRENEZ
S5Nb. INHERREMET Rpf@é]_&db Fbh b &
WO TR D i XS T w B (Kaprelyants et al.,
1994; Mukamolova et al., 2002a) .

NS DFERD S Rpf I LR OB REED D 5 FHA
MENTH, THETOHRED Rpf LTV DR %
LEPRWEZEENS., FITHRETHRETH L, M
luteus D&, pM D F — ¥ —TH - 7255, RIFFET
EnM OF =5 —Tho72. F72 T biformata O Rpf
R E TR L7235 S ICAEBIREMR DD - 7228,
M. tuberculosis rRpfB TIZITEFED M. bovis |53 5 4
ERERRIZEON LD o7z,

L DFERH S Rpf & T OIS ZEMB I HERE L %
AAEAFRIELRTIIENE EEINS., b LER
L7- & TOIEFHEAMBIAET % Fth L7-7 5 lag phase
WD El RbIETTHAS. TDZ LD H Rpf O
FEIZREN TH %A, FEFHMNLIZD Rpf I L T
GETHEDLDELRVDLDONDHLENEZLND.

rpf BIEFDHEIRHEN (RT-PCR)
LR ORI BT T biformata H 3R D3 2 Rpf

WEMEA D ZENRER SN, L LIToREKICBT
éy‘iﬂ IDoVWTIERINETHERESIA TRV, M
tuberculosis X2 Mycobacterium bovis TIIEF VRO EEHL R
Z Rpf 25 Western TR TE B LRV THEBAL TS
TEPRRENTVAE, £ TERETITER
biformata ® Rpf NI L T A0, F-ZFhizEn s
LIV THAEN, EHRHN5L72D, RI-PCRIGH %47
272,

Fig. 6 \CAF HI#E, HrEkoilesl, 5 X RT-PCR
DFERER LT, ZORRDP S rpf BIZFAERRIC
biformata THIRL T 5 “Active” &@{K?T%%ﬁ,
FoREENN LD LB, SEMEBEHoE D b
BMTHHAEL L HITR I N, BAILHH L T
HIRFET Rpf B L TV D HEMRER I Nz, Th
IS EIREOMIBIAEHT 5 L IRET 5 &, BED
IR HETH Y IR TH 2R MOE LT 7 F L

, HpAa b, dEE—
ZRBEVIEFEREFELR.

T. biformata AHU 18217 Rpf O R f55AY 75 4518

Z 1 F T Rpf i& Actinobacteria (& GC 75 2 BRI
B) Oo0ARWEENTVWAE, THTE TICHFEICH
WS NEETOMIZ, 7 AR BB A 2 HEE rof
BIEFOFEEIRBEENT VA7, MoSEE BT
B Rpf IZDOWTIEEDFEAEDFEL SRS LT W
BV, INSD pfEEET D ED, T biformata ®
Rpf ARMIELELED LS RABEITICR LD %R
~7.

T I R—= A L OLETOIRY| % K5I Rpf DMK %
To72%%, SROEMETHELN Rpf ks 737 OB
FE 4T Actinobacteria Mk ToH - 72, R L 72 A
T 306 D Actinobacteria 7 /7 AP M RZH, 0
9 H 202 FRIZB VT Rpf BRELHIAS R W2 &, £
E—HiZ 1257 Thos7. 2O &ML
Actinobacteria \Z 3B\ Tld Rpf 2YE S RE S, BEHER

A)
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Fig. 6 Expression of 7pf homolog gene in Tomitella biformata
during growth phase. (A) Cell concentration (@) and
OD value at 600 nm (M) of T. biformata culture grown
in MMF medium at 20C 140 rpm. (B) RT-PCR
products obtained from Tomitella biformata rpf gene.
RNA was extracted from 7. biformata cells during
bacterial growth in MMF medium (120 rpm, 20C) for
lane 1; 0 h, lane 2; 48 h, lane 3; 72 h, lane 4; 96 h, and
lane 5; 144 h. Lane 6-10; DNA detection of sample in
lane 1-5, respectively, M; DNA 100 bp ladder, N;
Negative control. Arrow shows the product (994 bp).



R TGRE Tomitella biformata \TIRIE & BEE%E & 72 5 354 DR H

BEEFOLDELEEEING., R % Fig. 718 L THEHN, REOMEITZETN TR, THE TITH
72, COZRGEAS T I BEASEKRICLB5HTY FENT WD M. tuberculosis 9 RpfB (NP_215525) &
T. biformata O Rpf 25 RpfB V77 7 3V —1lET 5 F 1% 46% identity, 61% similarity T V), C. glutamicum O
VREN/z. TR TY T biformata @ Rpf 134H Rpf2 (NP_600137) & 1% 43% identity, 59% similarity T
VLTS5 F 2B LT A2ENRRDOLNE. D Hotz. AL VE&ITENENRLY, R T
JTA% D Rpf (& Rhodococcus opacus B4 77 LHED & D & 5 DUF348 N X £ 1% M. tuberculosis @ RpfB Tit
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Fig. 7 Neighbor-joining tree of ClustalW2 aligned deduced amino acid sequence from T. biformata rpf gene and related proteins from
completed genome sequences of Actinobacteria. Potential Rpf subfamilies based on relatedness to Mycobacterium tuberculosis
sequences in which functional analyses have been performed (Mukamolova et al., 2002b). Asterisks indicate proteins whose
functional activities have been tested.
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FOSTHAIZ3EEBRL, T. biformata Rpf & C.
glutamicum RpfBIX 2 MEH TH > 72. T 72 M
tuberculosis & T. biformata Rpf T1Z G5 F A A V%D
D, C. glutamicum RpfB IZIZFEOHLNT, E5I1CFN
FNO R AL VEMBAERHEBORSI R ELEL ST
Wiz, TOZENLD RFICIIKEREHRELAED,
T. biformata Rpf (3fFIZL=— 2 52 ¥ 4 7 TH HHEITR
Ehe.

T biformata AHU 18217 Rpf D EFEMEY) - IRIBMEY
B 3%E

RPF Fl5l 2 A3 5 ME O HRIE, FFE0REICRE
ENBHOTIERL, b FOMAEWTE, Y ORE
Hoe L, RO MmERRY, RREMBK, BIOT
KiFRZEELHA REMPOHEEEIN TS, Zhb
DOWEY O Rpf SH B DA TIE AR L, WMEMED DL
HRWEIIES BETHI LI ELAONL., RIfFET
DINZF TORRIL T biformata ® Rpf 73HEFERI T H
HZERERL, FNIEAFOEFRE, T3S
Al r R HIEDLHRTHo72. TZTET
biformata Rpf O % i#8 2 72151 (cross species activity)
BIRNRL 720, T biformata DSHEES N2k AE LD
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ZZTIWE coli TMB L7 RpfL-EZ v, T,
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FREKHEE L TRINODDZHTWS FREL
TWEELTRETIRAIDOT A Y 7 AN RIVT—H
LTWw5h)., Z0720KRBICL > TEHBRLIEOE T
NLEE, TMEYOEELENDLI LD A.
SmE B L1 MEEBIE325CFU, 2 HHIZ
60.3CFU/plate TdhH -7 (Rpf#MA %W ¥ hu—
VOYx—1, ¥ 8HH). Rpf ODRIR & AR HER
% Fig. 8 12783 . 1HHOHRE LT, RpfE % 1,000
¥ 7213 1,500pM AN L7 CIRINA RV > ho— oL
CHEL, WHENICFUDEM A TEY, F0E
IX10H E OB T2570 535 o Tz, Lol
I 54pM Tk CFU OB RITRO NG o7z
(Fig. 8). 2 6 H b A EIE SN, 1,500 F 72
1% 1,000 pM @ Rpf 2 M2 7R 2 BT a0 = — 3B 5
PCEBEFLTEBY, SHEOMKETaY bu—
W4 25 5 #50 CFU 538 H 17z (Fig. 8B). 4
H L7221 =—® 16S rRNA O &8558 {51 B 5 % fiAT
L7z#ER, CFUDHRIZEIZEMLTwAbD (a
b= X by RpfEMTE B L-mEY &
Brevibacterium & B £ U Arthrobacter J& T & 5 FHH /R
ENse. ZOGWEATH BT, Tomitella J& & Bbitsh

WEMO IO = — 1 ZH IRV E SN e o7, RE
WRIZTA OHBERICOHEZCIIBOLNTE LT, WK
HFIZEHIFET AETIIZVWENEZEZO6NS. 720
LYo 7))y 7 TH B LKMEHEIL L THWSD
O, MEMHELER->TWRERDNA.
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Fig. 8 Addition of rRpf-E fraction increased the colony
formation from melted ice wedge samples on agar
medium. Melted ice was serially diluted and plated on
10-fold-diluted LB agar medium with antibiotics. (A)
Total colony number from 10? diluted sample counted
on 1/100 LB agar media plates. Media were amended
with various concentration of rRpf fraction (diluted with
sterilized distilled water) to the final concentration of
54 pM (X); 1000 pM (4); and 1500 pM (@). The same
volume of sterilized distilled water () and non-
induced cell lysate fraction ((J) were served as control.
(B) Total colony number from 10* diluted sample
counted on 1/100 LB agar media plates. Media were
amended with various concentration of rRpf fraction
(diluted with 0.85% NaCl) to the final concentration of
500 pM (x); 1000 pM (4&); and 1500 pM (@). The
same volume of 0.85% NaCl () was served as control.
Plates were incubated at 15C for indicated days. (n=3).
* p<0.05; compared with the corresponding colony
number of control plates.



PR BGEE Tomitella biformata \ZAKIE S BEE % D 72 5 35D iR

SOPIHLPATIE R WS, TEEERFEZLNS.
HETHNIEEVEMZ»Thiae=—»Hh b8
AETHIVEVEENHTou- -2 B 5N, BET
HNEHEEORMTEFTE L 2o {oNs L
s b. 4 E1E S N7 Brevibacterium J& B £ O
Arthrobacter J& X 12 Actinobacteria T V), Rpf & D
MEASE. 25D T biformata Rpf DG TEEIZ
EERESNT-O», FTRREILGREFB L2
D, WDV TEESILRIMEIVLETH L. HRE
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EHAMER SN, #1561, chaperonin @ GroEL, Gro
ES, RecA, I— NV F¥av 7 ¥ N2 BEDEEFT
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Fig. 9 SDS-PAGE analysis of proteins prepared from dormant
(D1) and active (A1) cells of T. biformata. (A) Full-run
electrophoresis of the proteins (50 ug/lane). M;
molecular weight standard. (B) Partial-run
electrophoresis of the proteins for excision (40 u
g/lane).
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Fig. 10 Proteins identified in dormant cells of 7. biformata. Proteins were grouped according to its deduced function (top). Total
spectral count obtained from both D1 and Al were indicated at the middle. Horizontal line indicates the threshold of 50.
Relative protein abundance (D1/A1) of the proteins were indicated at the bottom. Twelve proteins that are induced in dormant
cells (over 3 for D1/A1 value) and are highly abundant (over 50 counts in D1) were also indicated at the middle (abbreviation,
in red letters).
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WKHHHEh B EFEEN, SHOREOARPHFEL
EFHCRIEFEALEEN o ENEZL NS,
FBAL T THMIEPI DS Rpf 7 057 &1
FEFIEWEDIEZONL., 27 AT TRV
ENMD RpfAES V2327 1T AL DI D EE BI2H 44
WSz h o7z,

INSORPLIRIBHESS RSNy vy
BHH S A0, K7 7o THENO 2R L
DORTF FPREHT5 AT VAT FUEEBEOR
725 0DAREER LI, FOREE DLITE 14,322 AR
7 NIV, 465D % vz, Al B 6 1E 413,656 AN b
W, 5680 % ks a-MEL. ooy 8
7 OHDHIESFEMILTREIIC, 5V IR
ML L TEMBENE & X7 (TP LT
THZD, 46507 Y IRTIIOWTEFOMBARS
Vo DI/ALEEKSD, 75 7Ll (Fig. 10).
NHEOPEHE DI/AIEN3 U EOL DT, DID b—
FIWARZ MNVAT Y RABOLLED S OF S 50

LTERIIFLEDZHIDNETable 1 TH Y, 1205 X
I LY (WA

INSDI2F Y87 OFICIE S F F U OVEEEE D
BWIEEHAICHES T ALY 7 T VY 7 —E (AceA)
BRWZE N/, RIEFEMIEEIIMIZ b7 - T
FHRE TV, FRICKRERRREE ZoTnb I L
5, DU ¥ 7 HBINE < AceA DSIRIN S /-2
AN THL LY ICEDbNS. 7 glutamine
synthetase (GS) & D1 T RALNTWA, GS it
WOFRBEE B TIEIHAPNZONTBY, BRLVWEHR
BHIRT (7 v E=THRT) »5VWIEEREXTV
IV RHERZWIGEEICESEET A L8
HEshTwsd (Woolfolk ef al., 1966) . A I
ZURBOFERICERF OB & vy o 72 RPLAYEE X
N, GSOELRH LI EIAHMEELELONS.
VATFF v NR—=F T —E (MetC) FETATFA
MHERAFF v ERETBEAT Yy SICHbAIETDH
h, FOBRBTWR7 VE=ZT72E05. 852

Table 1 Twelve proteins abundantly identified in dormant cells of 7. biformata

Abbreviation Database protein annotation
MetC 8i|379707227ref]lYP_005262432.1| metC gene product [Nocardia cyriacigeorgica GUH-2]
2i[226305882|reflYP_002765842.1] dihydroxy-acid dehydratase [Rhodococcus erythropolis
DHAD
PR4]
GS 2i1226307110ref]YP_002767070.1] glutamine synthetase I [Riodococcus erythropolis PR4]
gil111021943|reflYP_704915.1] carbon monoxide dehydrogenase large subunit [Rhodococcus
CODH
Jostit RHA1]
gi|111025096]ref]YP_707516.1] D-lactate dehydrogenase (cytochrome) [Rhodococcus jostii
LDH
RHA1]
ADSL 2i|111021758]ref]YP_704730.1] adenylosuccinate lyase [Rhodococcus jostii RHA1]
AceA 2i{379711227reflYP_005266432.1| aceA gene product [Nocardia cyriacigeorgica GUH-2]
2il226305266ref[YP_002765224.1)  N,N'-dimethyl-4-nitrosoaniline-dependent  alcohol
ADH
oxidoreductase [Rhodococcus erythropolis PR4]
NiR gil111018261jreflYP_701233.1| ferredoxin--nitrite reductase [Rhodococcus jostii RHA1]
GroEL gi|111023153)reflYP_706125.1| chaperonin GroEL [Rhodococcus jostii RHAT]
£i|226303552jref]YP_002763510.1] ABC transporter substrate-binding protein [Rhodococcus
ABC transporter
erythropolis PR4]
¢i|111023731jref]YP_706703.1] hypothetical protein RHAI1 ro06773 [Rhodococcus jostii
Hypothetical

RHAI]
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A hidden pitfall in the preparation of agar media undermines
cultivability of microorganisms
Yoichi Kamagata, Michiko Tanaka, Wataru, Kitagawa, Yoshitomo Kikuchi, Souichiro Kato

Graduate School of Agriculture, Division of Applied Bioscience, Hokkaido University
Sapporo, Hokkaido 060-8589, Japan

Microbiologists have been using agar growth medium for over 120 years. It revolutionized microbiology in the
1890s when microbiologists were seeking effective methods to isolate microorganisms, which led to the
successful cultivation of microorganisms as single clones. However, there has been a disparity between total
cell counts and cultivable cell counts on plates, often referred to as the "great plate count anomaly," that has long
been a phenomenon that still remains unsolved. Here, we report that a common practice microbiologists have
employed to prepare agar medium has a hidden pitfall: when phosphate was autoclaved together with agar to
prepare solid growth media (PT medium), total colony counts were remarkably lower than those grown on agar
plates in which phosphate and agar were separately autoclaved and mixed right before solidification (PS
medium). We used a pure culture of Gemmatimonas aurantiaca T-27" and three representative sources of
environmental samples, soil, sediment, and water, as inocula and compared colony counts between PT and PS
agar plates. There were higher numbers of colony forming unit (CFU) on PS medium than on PT medium using
G. aurantiaca or any of the environmental samples. Chemical analysis of PT agar plates suggested that
hydrogen peroxide was contributing to growth inhibition. Comparison of 454 pyrosequences of the
environmental samples to the isolates revealed that taxa grown on PS medium were more reflective of the
original community structure than those grown on PT medium. Moreover, more hitherto-uncultivated microbes
grew on PS than on PT medium.

Key words: agar, cultivability, phosphate, colony, hydrogen peroxide
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BDHN. INLOEENS THREMIZBW AR L
KRENFEHFABEFICAER L TWDE I EPERES
iz,

-

omM 3mM.T-PB 3 mM.T-Cat

Fig. 1 Inhibitory effect of growth medium preparation method
on Gemmatimonas aurantiaca T-27 colony formation.
Liquid pre-cultures [ODyg,, of 0.055, diluted (5.5 x 10%)-
fold] were spread onto PYG medium with phosphate
buffer and agar autoclaved together (A) or separately
(B) or with no phosphate addition (C). (D) Restoration
of colony formation on PYG plates made by autoclaving
phosphate and agar together (3 mM; T-PB) and by
adding catalase to the center of plates (3 mM; T-Cat). A
culture of G. aurantiaca (ODg, of 0.045, diluted 10
fold) was spread onto agar medium and then either
filter-sterilized bovine liver catalase solution (10
mg/ml) (T-Cat) was placed onto the center of the plate
or just phosphate buffer was used for controls (T-PB).
Plates were incubated at 30°C for 14 days.
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Fig. 2 Hydrogen peroxide generation from agar with
increasing phosphate concentrations after autoclaving
agar and phosphate either together or separately. Two
preparation methods are represented: 0.75 g of Bacto
agar was suspended in 50 ml of buffer with phosphate
concentrations ranging from 0 (i.e., pure H,0) to 30
mM (Na,HPO,-KH,PO,, pH 7.0), and agar and
phosphate were autoclaved together; alternatively, 0.75
g of agar was suspended in 50 ml of water and
autoclaved, and then autoclaved phosphate buffer (100
mM Na,HPO -KH,PO, stock, pH 7.0) was added to final
concentrations ranging from 1 to 30 mM. Means of at
least five independent experiments with standard
deviations are shown.
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Pyrosequencing iz 2 @ = — D F— % X 1) 100 {54\
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Fig. 3 Total colony counts from three environmental sources (soil, sediment, and river water;
three replicates at each site) on three different media (diamond, PT; square, PS;
triangle, PW). The numbers of CFU on PT, PS, and PW media were counted daily for 7
days. CFU counts reported were averages from 1 to 5 plates on which 30 to 300
colonies were formed. Plates were excluded from colony counts if overgrown by a few
colonies spreading across the entire plate. Error bar shows standard errors of
averages calculated from two to five plates.
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Fig. 4 Comparison of means of relative proportions of phyla of isolates from river,
sediment, and soil samples using PT, PS, and PW media and 454 pyrosequencing
of directly extracted DNA. All phyla represented by isolates or comprising >1% of
pyrosequences in at least one environmental source are included. An additional
40 phyla from pyrosequencing are included as “other” phyla.
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Fig. 5 The ratio of novel microbes isolated on the three

different growth media from each environmental
sample. The isolates were defined as novel microbes if
their sequences had less than 97% similarity to known
species. Taxonomic identity of each phylotype was
determined using the RDP Classifier at 80% confidence.
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Isolation and identification of growth factors for uncultured bacteria
Shinya Mitsuhashi?, Yoichi Kamagata

Graduate School of Agriculture, Division of Applied Bioscience, Hokkaido University
Sapporo, Hokkaido 060-8589, Japan

We have thousands of bacterial species in hand but numerous numbers of organisms have eluded laboratory
cultivations. Why do most bacteria refuse to grow on laboratory media? This is a profound question that many
microbiologists and chemists have been trying to answer for years. To date, several bacteria are known to
require growth-promoting factors or specific diffusible components supplied by a neighbor or partner bacteria in
the same environment. In our previous studies, we had found that the supernatant of Sphingopyxis sp. strain GF9
isolated from an activated sludge significantly stimulated the growth of three previously uncultured bacterial
strains, Leucobacter sp. strain ASN212, Bosea sp. strain ASTN45 and Catellibacterium nectariphilum strain AST4.
Here we report the attempts for purification and identification of growth factors for these strains. The results
showed the growth factors for strain ASN212 were a new class of porphyrin-type growth factors, which included
two structurally new porphyrins, designated as zincmethylphyrins I and III. Among them, coproporphyrin III
derivatives induced the vigorous growth for strain ASN212 even at pico- to nanomolar. It was also shown that
the coordination of zinc ion with coproporphyrins enhanced the activity. Even more surprisingly, the ASN212
growth factors showed self-toxicity against the growth factors-producing bacterium strain GF9 at the higher
concentrations than the minimum effective concentrations of growth promotion for strain ASN212. The
phenomena may implicate a mutualistic interaction between these strains over a boundary at phylum level. Our
present findings can not only provide a new insights and techniques in the cultivation of uncultured
microorganisms, but also unveil the microbial interactions occurring in natural complex ecosystems. The
growth factor for strain AST4 was found to be very labile after purification, which precluded further structure
elucidation, while the growth factor for strain ASTN45 was successfully partially purified. Further structural
investigation of ASTN45 growth factor is currently underway.

Key words: microbial interaction, growth factor, Sphingopyxis, Leucobacter
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Fig. 1 Growth factor supply from Sphingopyxis sp. strain GF9
to three different bacterial strains.
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bz AW L7 (Fig. 1). Bosea sp. ASTN45
(Proteobacteria 1), Leucobacter sp. ASN212
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DECIZBUIBAEFIPNFHSNE I LAHLN LR
7o, ASTAMOAEFTRFIEEBEICBVCHICAEFR
FEIZH L S EDPHERINTWI0, BEOHSBITE
FRTFOBRP TR EHBICIZIOTHELEEZD
nie. EBE, AUEEZ 5 BEHRLZ02XECIKE
W ASTA OAEFZHEICRES L. 612, <
Thy, BEIFADA - -2 bEVERF L
&2 A, Mi#H &b Difco fHE O BGASEF KT O 4
ICRBETHAE I EEFRB LA, A, RELMFICD
WTHME L 35T ARl TH 5 & w7, Do
REREITIC, BEWTI00L ¥y —88E WV CRES
BETo7, BERLOBERIZLDAE 210L OR#Y
PR, ELOMESBICI Y EATID KA
160L @ GF9 #is#e L 257,

Bosea sp. ASTN45 ¥k2 4 3 £ BRFDiR%E

ASTNA45 #RICH 5 2 A F R F ORI LT 0N T
o7z (Fig.2). $hih, O GFIMEERELE (1601)
D7y —=NERHCREEME (40, @ &Eko

ROLNKE (FEEAERY 900g) DX Y/ —
WILBEE, @ X & —)VilEEs (540g) @ HP20 7
Shouv br574—, @ HP20 JEWEME 5 (50g)
WA 2EOILH0 L4270 b7 4—, ®
WHEERLZ2HE S (7.6g) @M HPLC (Mightysil
RP-18GP Aqua), ® ODS JEWLE W 5312 %53 2 HAK AR
HEMza~< 295 74— (HILIC) TH»5. HILIC
Dk, BHEIYIC 40mg OFEW S %ZHES 2 LKL
72, FEEMIE ECHRE T 25 ug/ml & WA IKIEEIZE
WTH ASTNAS RO AEF Rl L, RXAEFHERTFOE W
AR SNz, BE, NMROWT 2 M L, BRI
HNTV 5 ESHIEMS OFE (2O F -
2 m/z 183.06330; 233.07793) & P TIEMWE O [ E
DTS,

¥ 72, AEHWEO L S ODS #H HPLC 12§ 5
s L WEBEDEORHEOML SIT>0wT, 20
fRp a5 &% BRI, HASRY O FEMRIL & 55
FEELUZ O W THE % 1T o 72. HP20 MRS B IZ >\ T
TreFIVE, M) ZFLIYAL, 7 M F TR
= (Boc) 4k, Ry I NI NEZ LA 2 F
NAT WV, 2 SIS ML FH SR LB % 1T o 72 %,
ASTN45 #RAF R AETE M E i 2 17 o 72, MR L7258
KD B Boc (LB % 4T - 72 b D%, MDY ) 25
WHShravw bZ574—=2X 5000 ETH
D, BohllSE—HEEORTIZR b0,
Wi Boc (LIS EMART LWL LR o7 &
BRRET L 72 03— R S 50 ik o0 TR e e S e ) ' oo 3
TR EREE LTS RTHEEEZONS,

Leucobacter sp. ASN212 #¥kIZ33 ¢ 2 £ EFRAFDESE

ASN212 BRICH 4 B A F RO Bk - KR T o
WL TIT o 72, Tdb b, ASTNAS #RAEE E 1R
BTRLZ-G@HP0 A S L7097 4 — 281
% 100% A & 7 — VIG5 (25.0g) OB, @
VMWD LH0 A L7075 74—, & 80%
A% J = Va4 (125.0mg) @4 HPLC 4l
(Mightysil RP-18GP Aqua) T#H 5. LH204 F 47 1
RN TTA—IIBVWTE Y 78Dy FA5h 7 A
THEEE S, IO QWM AFREFREI RN
Jztz, BN7 4 v ROLEW gD, ERBIZ
RO HPLC I & W R SNzl id i d K
T4 YR ETAEBEERTHY, T AT
F7 LA ORI B W TRHERY 2 Soret 1 DLz /R
L7z,

SEHPLCIC X » CHEEL 72 6 FEO{EHE 40 A~ F
H, BREBRBROSNWICEL > TEFREFNR, zinc
coproporphyrin I (0.8mg), coproporphyrinI (0.3 mg),
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Y
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trifugation and filtration
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ueous phase (900 g)

th‘Of-{ precipitation (3 times)

MeOH soluble part (540 g)

’ HP20 column chromatography

N YV v
Flow-through fraction 50%MeOH fraction 106%MeOH fraction
(50 g) (25.09)
LH20 column
LH20 colur chromatography LH20 column
chromatography chromatography
RP-open column and M
preparative RP-HPLC pre;::xiiativglgxf’-m’l c 80%MeOH fraction
and subsequent HILIC N (125.0 mg)
arative RP-HPLC
Active fraction Active fraction \ preparative
for ASTN45 growth for ASTH growth 4

Growth factors for ASN212
{fraction A-F)

Fig. 2 The isolation and purification procedures of growth factors for strain ASTN45, ASN212 and AST4.

zinephyrin (3.0mg), coproporphyrin III (1.2mg),
zinc coproporphyrin I monomethyl ester (0.8mg), zinc
coproporphyrin III monomethyl ester (2.0mg) #%[ %
Ehiz (Fig.3). () HREFELEFhOIUETET.
D3 %, 2%O monomethyl ether (E B L U°F) ¥
WM E T o> 72728, zincmethylphyrin I 8 X V1T &
L, BNV T 4 ST B Zn* 4 F Y OEALIE
HESIOFMAKRY — 7 L DER SN £, TR

-
—

@ coproporphyrin I % & WNIC T A & Zn* $E4k % S8
L7=#%, HPLC OREFREM, Wty — >, BEofEn

MS DR % BHidh & id 5 2 & TREEOFM TR
HAHZEMNTEN. B5IZ, coproporphyrin I % v
T, TMSV 7V AY IZE BT AFIVITRAT NV,
e InP EEMRER R T o728 25, BRI HEEL /2
zincmethylphyrin I O &4 HRE MS DR E Bw—8H %
RL7.

FRENOTEEEONEOL ST, RIS
EFRNFOREOB S ERBLTnaA. ERIZIND
OFANGRRE (MEC) 2WELAEIA, BLE

10pg/ml - 25ng/ml & W 5 O TERWREICB VT

ASN212# D A FAEMETE R AR L 72 (Table ). & h b
i} zincphyrin 1 10pg/ml (=14pM) & w5 B XX
MEC % L, Zn* % 727> coproporphyrin III {2 [t
RTI00RBWEEEZ O ERHO L E o, —
BT, C i ¥ % A § 5 coproporphyrin I 3 1) — &
WX Zn? OHEEIZ L o TIHEBICKE R ERERE T,
coproporphyrin Il 3 J — X2 <XTH /10 E®
W RATFWIEEER Lz, RV 7 4 ) YEHEARIZE
S>THMEOEFT»RIE S 5 4#1iE, hemin, hematin
KT 2EDDTHVREPFETLIDOATHY
(Gibbons & Macdonald, 1960), coproporphyrin 28?7k
%, Zn* DHESGITOWTUITHEIE V. RFFEIZEB W
T hemin, hematin DFEERZFFIL-L 25, £
IZASN212 o AEF 2B L7-b 00, £ MEC X
10mg/ml, 50mg/ml &, coproporphyrin ¥ V) — & 1Z
HR1/10- 110505 WIER Z RT OMRTH » 72,
ARIFFEIZ & O coproporphyrin $ & WA= s 5 AD
EFREFEEAR S S IEME B2, hofEwyiEc
LTS TRIRIICEDEFT 2 RE L T A FHEN
RENTz,
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Fig. 3 The identification of growth factors for strain ASN212.
a) Reverse-phased HPLC chromatogram (Mightysil
RP-18 GP Aqua, eluting with MeCN/H,0 = 53:47
containing 0.1% AcOH) of LH20 active fraction.
Alphabets indicate active fractions for the growth of
strain ASN212; b) Structures of ASN212 growth factors
identified from fractions A-F.

RNT, THHOEFRTFH GFI HREMKRIZRIZT
BIZOWTHRE T2, 2L s DbE&WiE GFYH%E
EHREETHLOTHY, MBEOEFRTF L L CHnE
LTwbZEhb, GFOMEEDEFTIIEEL 2V,
LM ERET HMREZRTEFHEL TV
A%, FAUZ LT, coproporphyrin #H1¥ GF9 BRO A F
FHEMEH 2R L7z, %O IC, 1 35pg/ml - 535ng/ml
CREHBHOD, WThLoALEHITBVTD
ASN212 #R12H 3§ 5 MEC O BfE-HBTHEOETH -
72, ZORERIEZ, INLAEFRFSEEETIIE O
EBERTELUTRIET 2, BiRETIZAEER K
WL THEEZRTIE2ERT S, S04 biMe
BEPLETHLIOD, TOHGIE, ASN212 ¥ks
EBRFE2ZITIS Z EHFEETH D GFIBRIZE o
TOHERGEREG 25 [HHALEE] MLV E
B THETAIEEEZRBL TS,

% B Zincphyrin 122\ T Streptomyces sp. AC8007

Table 1 Minimum Effective Concentrations (MEC) of isolated
or commercial porphyrins for ASN212
*Isolated porphyrins from strain GF9.

Name of porphyrins MEC (ng/ml)
Zincphyrin* 0.01
Coproporphyrin IIT* 1
Coproporphyrin III-hydrochloride 1
Zincmethylphyrin [11* 5
Zinc coproporphyrin [* 10
Coproporphyrin I* 50
Coproporphyrin I-hydrochloride 50
Coproporphyrin III tetramethylester 100
Zinemethylphyrin I* 500
Hemin 10,000
Hematin 50,000
Hematoporphyrin (2™ diastereomer) 100,000
Hematoporphyrin (1* diastereomer) 150,000
Protoporphyrin IX 200,000

*[solated porphyrins from strain GF9.

(= FERM BP-10537) ®O&EY & U CTHZE S N-0 34
ODTOWMETHY (Toriya et al., 1993) T OREIZIZ S
v X MIlASOL A Y I VIRBATRT 2WE
DFELEMBTRWZ SN/, Zinephyrin 28 Lk X 5
AEICBT 2 AFREMERFE LUERT A
ER RO LDEIRREEFNOTTH 5.

Catellibacterium nectariphillum ASTA #RICH T 248 R
FOiRER

AST4 BRI 3§ 5 4 FRETHF ST BL OB D -
TH =V L IIKBOWEIIBWTHED SN
e, w7y ) —WELRLIKBOWE» 5% DK
ARG L. &b, KEBIZOWTIHho 2 Hiks 2
Y, WHEPHP20 S A u NI T T 4 —D50%
A5 7= VERESCED SN0, e
Bz, Biako 2 WEkE FMARICHP20 # 7 A7 0= b
y574—, LTHOH 54209 757 4 —%%To
7otk, WHA—T AT A, RTHEM HPLC 43
HIETHEET-/. LaALADS, HPLCIZ L -
TH~OUE -7 IR EN-ETTH> THHY
HPLC it LBt n Y- 252 5% 8, WHE
DFRIFEE TWAE I EMRB I NI F72, NMR,
HESFIIBWTOHBELZ -7 BB IR, 7
o< 7T AOFBEMIE LN FEL OB
LNz, ASTAICHTAEFTFRTFORBHEIZE, &
HATo 2B ED Vo F ) OEEEPULETHLH T
EDRHENE o T
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Proteobacteria I Sphingomonadaceae FFZJE 3 A s
WoORBELEFSEFSERMEYOEFTLRET S 2
EERRWE L RIS B W T Sphingopyxis &M
WOFIMDOEBREFECEFTIFLIMEZINS
Actinobacteria M2 J& § % Leucobacter J& M ASN212
¥k, Proteobacteria MIZ)& 5 % Catellibacterium J& &
AST4, [H U £ Proteobacteria P2 & $ % Bosea J& 23T
B M ASTNAS ZBRE vk & LT, REIOEFRF
DI % RSB ATz, Sphingopyxis B AT GF9 kk
% 100L A — Vo REREFRICM L, Hlamh, £/
HEGLIZUATITTT 4 —IlLoT, 3FSERES
TYEWE S %572, ZhHolFiionTvAfrur
L— b ECHBRMAEYOEE HRHET 2D TEED
DRSS FOYEE %157z, LEOZ o OBERERIC
W5 B AEFRER R ENFNERL ZWPIHEELT
WieZ &b h, Sphingopyvis EANE GFO #R BB O E
BREVEZEHEIIFTW LTV D I EAREE R
72, 2O 95 Leucobacter BANTE ASN212 ¥k D Bl %
fEME$ WG OERE D, REIVICNMR 2 5 TN
KR 5 W I X o T zinc coproporphyrin 111
(zincphyrin) % S ICZF0FEMEKERE L2, K
porphyrin @& A Y E % AR L, ASN212 BRIt
B BATHAR MR B &2 <7z & 2 A, zinc coproporphyrin
HIZB T 10pg/ml DL NV TEHELWEIEIED S
h, Mo FEiEE (# 23 zine coproporphyrin I,
coproporphyrin I, coproporphyrin III, hemin, hematin 7%
E) N, EAIRIRETAT 2RT I LA
L 72. Zincphyrin {22 WCIZAEY TOWZERIT A7
<, Al edb ) LEFRENHRICOWTIEHRE
THDOTOMATH 5.

KRBT S N7HFIERAR D&
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1) Boey Andrew, FEF#E, =AGEd, gopt—, 4%
{2 2011. Isolation of growth promoting factor for
Catellibacterium nectariphilum from Sphingomonas sp. H
AR B R201EE RS

2) =GR, AR, BUERAN, AE5ME 2013, EA 4
Y- AL BHEFHOERMIERICH T 50128, H
AR B L 20134E RS (E)
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Rk 2 6 AEREdRIEE - BALA AN E S GL)
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[ FEAEOMRN MBI TERTREHED )
BRB IV T S HEOERNZEEE OfEH

ikl b
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tarao@cc.tuat.ac.jp
. , S
B8 FEABY AN S T F R RH Y 5w T
BH, TN PMUOBAEYEIC RITTEREIICE AR
WTHs. Zofilighswty (ECE) z¥ 7+ ViE
F 7B R T & UCRIUE 3 5 AR 23 B 20 A
ROLPEIHFET L L ORFELT, REDYWED
FERIC L o CHEBPTRLMEZ T2 % B
By & U7z, 0B S 7RI o Rkt AL E D U R 2 B
HERTEE A AT
HE L PRELEOIum DA YT L YT 4 L — T
T TAERE AR % F TRk SR L 72 MR TR %
JE B Tetrahymena thermophila & ¥R L 72, HIHE
REEBWIZOA STV T A NE — BB LBV
A, FRABYO ECE 13583 5720, MR IEEAEDY
OIEDOHEE %Y, DO ECEDEBEL %75, £
T U722 MN B B4 2 S 3 L 72 DNA @, 16S rDNA s,
ZWENE L 72, DGGE #:12 & ) B90E L 72 DNA % Hi 3k
BEF DI THHEEL, MBS R % IR AT L
7o F72, T thermophila % 10H B, MEHETE L /o3ga8
A W COPRERE M ZER L. ZORMISHEE
T 7R ER Z &I L, WEFT25C 12C20 0 Mg
L, HET 00— HORBEEZHELL. £
oy HBlLcaw=—% 5 0¥ Ay s Ty 7L,
MR % 08 L7z,
FER - TR RS MW T, MIRIEET T ther-
mophila ® ECE W88 U CHEBREE L-EE, WEH
EOLERMIL, ECEICRZFL o/ ELDHET
L7z, MEME ORI, T thermophila ® ECEIC L o
THEVPHEINLILOIERTAHIEVBEZLLN
Tz FE, EBREWLS B, MIBEELEL T thermophila
LRI NE FRRIRTHECE S IEED O Yy
R L7275, MEREOAZRERL-LEIET D

v REE LEDo7. Thbb, T thermophila ®
ECE 3l B QA BUE B % T T RS E 2 5
iz, WAKEKRIZEE O S B, T thermophila » ECE
EEUTRERICEBR LR, ECE2& TR
BE#I)dEdoau—BBRIEE
(p<0.05) A32Bl, AiparoiziE (p<0.05) 252 T
Hol. FAEBYWOECEIZ X - Tao = —BkAMEE
ShafliEe, HESNLIMBEOHAILMPREN
7. ECEXE L PHRERERD S S L MBS
%, Flavobacterium johnsoniae & & W # B % (16S
rDNA OAHFME T 94% DL 1) 2R3 HIR ARSI O R
Kip Loz, BABYDO ECEILL»Tan=—
TR & AL & 12 TR RIS WA 2 5
Nz, DEEL7-MBD D B, Roseococcus sudyntuyen-
sis & 96% V. L O MFEE % R U 72/ % i st -
R ETWAREMICCRET AL, Ty 2R BRLA
OFREER LS. DI ENSY, T thermophila @
ECE i3l DA E IS E 2 RITT EER b,

- ™
FIZ82 TAmT 2H/\OF ALFFREREO
DBt B KRR E T

HOH ORRF

BGEAT R R, Bl A EIIERS
yoshida.nacko@nitech.ac.jp
. S

By F Ay i H8 - KGO ERYE T
HoHEEDHIT, BAERIUEELGOEDIHEE A S 3,500
WELUENEEINDL ZEPHFEINR TS, K%
i, FICERN TS Y OBRICEELRBE#HE R T D
DD, FEFPHHER BH A O MRS e W
oy AR ICER L, Sz bioa sy L
WAl O HEZ 4T & & D ITAEMMENERS L0/
PIEEBAFENZBLT, CNEFCTCRENEEL SN
TERBFENAMICOWTHETLILZHME L
7z.
FiE L ET BT AL ORERICH D,
GHEEE LT, 255 ABITICE Y BT s o
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W DFETEATRIZ S B b D DI HEf S B 27 e VW i
WERWICE B U, Fricelioa s AL s o 5
MR a7, I0mMAEF M) ABIT 1mM 7 b
grunxsd L (PCE) ZWiHLzvA 7 0a XL
BEOK, WAHEZROEL, THT—T = 78E
oz, Fi, BHEESINETICHEEL 2B o
7 AL E O T L K oy a o ALEE O FH W
Geobacter sp. AY ¥riZD W TAEMES AL L O
J WENT 24T 0 72,

R ER  EBEEYAS»SPCEZ M) sun S L
¥ (TCE) ~&Bna s AL LS 5 i a7 1L
RN & U T Gammaproteobacteria # @ Acinetobacter
venetianus \Z 99% @ 16S rRNA #Z FHFEEEZF T 5
NTI1 B, EHICTCE%R 12-Y AV rsuuxd L i
Ko~ v 7 AL U Desulfomonile chloroethanica 12 95% @
16S rRNA = FAHR %2 A L7z NT8 #k % 0 HE L 7.
¥z, 1,2V 7unuxy r (DCA) %15 L vIiZiEE
b3 BB a s AL & LTl L7z Geobacter
sp. AY #R IS D W AR B & O AR
AT o 7AER, AL PCE o 77 AU & L
THEE S N7z Geobacter lovleyi VBT Bk ENW S 7z
boD, gy UALEEDS IR TS 5 SZHRICIL
NR2F—F—E\3x107 ymolcell! h? Z/R L7 #lz
¥, OD=0.1 F2E DM B+ 12 10mM @ DCA % H
By 1 HTeTF L riZlina s ALy 5
Thb. 7/ AR OMR, SZHROB T AR
WIEFAGgk b 2 ¥ —FET H00 L, AY B
O a s AL EEEFIEIRE W T 7 B RN
7 N5 L%HT B Dehalobacter BT 2> & KPR S
N7z 1#lEd 720 10~30 I E—D T F A I F LI
THIEAREN TNETIET T AT VLB
ay ALBIETF 2 AT 50 MRISIFEET, SH6ICAY
Gy J/he - DR =1YY AN = B A | o 2 ATy e = s AR/
5, DCADALZ LTMOFE N Ty O Ty 1
MG O BRAERBEE L LTHIRMRRI TR TE
5.

RETZMFERERAVEA 2 VBRI
B57 2 RIEBEMEVOERERE L R
WA R R
AR R T2

hatamoto@vos.nagaokaut.ac.jp )
. /

BeY: HECTRIRERRETNATHE A5 VPER SR
WS, —HTAYVHPHBEEINLFE L Do Tn5.
W, BEBETTOX Y YBILOBTZRKE LT
EE, MEERHAEEESS T TR, ST oML E
TLENDEISAFER SNz, T2 KA EOBIKRE
DAY HBALGMENDZ LT > TS, Ll
L, FEOGEHE) HMEWIIOVTIE, 16S
rRNA BEEFERINICH E O RMWMNES 2 L by
STV VOWEIRTH S, T TERNZETIZIINS
Ay UEEALEY & SRR L, TORESHFEWAL
BEPALHITLEILEEANE L.

FiE L EREEE, ST HVWER 255cm® O
MEEF T AT 5 NEICH RIS 5 Wi 138
W TN EFEDINAF YT 7 —F Wz, R
BEX30C & L, B3 mBERnE v, 1%
BRE LCTHWERIELE gk v /e, kR
DAY 2R BALT B RAEY OEBEEEICIE 8.9 ppmy D
Ay v embEREEEE LTHE L.

MR- B GEEBTZERELTH XY Vi
WA OERRE R D%, MWD 16S rRNA B2+ &
& Lizra— V&7 o 7ofiR, —iRICEE T
MW &4 ST B Geobacter J& %2 Shewanella J& & %
AZOLNDHEEIMH EN R o7z, L, FIKHE
@ Rhodocyclaceae B OB 25 S s iz, #
DRO—FIRIERBOMBETH - 72. HHME D 16S
rRNA BIETF 2 E L7z 7 a— VRS AT - 7225,
HHME IR S o/. Dol bhs, Si®E
TZHRE LA X & Y BALROS ST X B 5
LTHE 5T, Rhodocyclaceae B DFMHE A A & WAL &
PRBICRUS IS S L T WA R E 2 b7z, ik
WED XY v 2 BT HHREY OEBEERITE, 1§
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ERRE LT pmoA BIETOMME X ¥ Y EBILEER
WMEZAT, 25 VBB OFEEZ MR L 72 ED
Bhn 2 lEO B BERICHEA L. RREOX Y
YERATATEEIICHE L X Y Y IRLE OB R
1To i d, A% VBALiEES 3.1-53ng-CH, « hrt - g-
soil ! BRPE & BRI 0 LB & JBE L T L WG OB
PHERTE 72, pmoA BIEFEEHE Lz o —V#
W 2T o 7288, Methylocystis sp. 0510-P-6 @ pmoA i
fRFBEH & 95% REDMHFEMZRLIZS D&, Methy-
locystis sp. Pi5/4 @ pmoA #E{ETHES & 97% FRE DR
PR L 7-BEA DS UCHMII S 7z, Methylocystis
sp. 0510-P-6 (3 & TE DM 38, Methylocystis sp. Pib/4 i
74V EYORENPLGMIEINI D THo72. Th
S50, typell &I G A ¥ VAL TH Y Z D7
V=T DAY VAL AMRIRE X & >~ DEALICE S
LTWwWAZ Edhhol.

HAbM A EED Epitype BERB LV
S BEERROHEIL
K 1E B —
R RS R R B R 52 R

k3motoha@nodai.ac.jp
. W

BRY ¢ EEIeE I D & S RALHITIT B W THEY)
FHEBOMEET->C [HALMHFRERERE] %
L, L OWHEELOORTEORMEITo72. &
MR IC b BEELMYFARBEEE LTSN
B, ENHhHO0EL M L, BERIEESL LU0 R
WIFHT FEOEA L B 0BEEROBEHRFfTDNI, £
NHEZ L OFMBPBRAERELINTEY, BRE L
FErkhoTwh, 72, Type BADPBHEL TS, 7t
BHRAFEE L B W L 5 EOFEFENFIRICBY
TRLETH D5 FREEBPRFE Lo TS, £
CTCAREIZEETI, ThODOREOTHRFZTERET S
7-®, Lectotype A% B9 5 & i Epitype BEAR D
e 2 D5 MRKROM L Z HINE T 5.

FiEk EMFEFICLS [HA A EERAERE ] 2%

WEANTHYHEEARD Y A MW T, Bkl
OISR ARIC L YR EEAOREL T
7o BARE—EELORY, EFOHZ/ERLE,
YT —WTHEHAL, TN MERE L R
L7z 7 L8 g — MERIDEFEBEIC THE L, Wi
FlED 2D EH#HE ORI B LUK & S OWEE
R L. — T, B ONIEEARD ST BLT 5
HEIC L B0 AT, MURSEEHREELLZ. Boh
TR S ITS B L UF 288 T DNAD ¥ — 7 LV A
Byl % gesE L, mKEIRKEE, &IEs L U Bayesian i
2 & 555 F R 24T, RMFIMEOILEZ AT
oz, TRHOMMEFLEEIC & 5 HYRELEAR, 5
Bk B & U° DNA SR TR 3R 7 HUI BB R 2 30 B -
BMEREICT Y Y LTRE L2,

TR - ER R RO & LSRR O E
BAZRE L MER, T6EATHREL, 5B L FE,
50 Rk A2, 205 b, EHAEHE LR L
fee 7 FHTAFORB LU FIBICHFET LAY
WIEH CH B Phoma pilospora & TEREZIHF 3T
BIFEEAR 2 EABE LN, Th S ORREENEIC
KOG HEENHRE T2 25, KRIIHkE
Phyllosticta BW B T EMTH 5 HIHEF L /2.
F 72, SEER RO ITS 3 X 0 285 rDNA % iV 72551
SRARIBAT > & Phyllosticta IBH O 77T H R & K
L, My LAfichs Lt shr, —%, #H
e A Pho. pilospora OFIFEEL IR A 72 Syntype B4R
7ML FMRE LoRE, ), BRERENSER,S
Pho. pilospora % Phyllosticta BE IR TREMTH 5
TENFHL L o T. RIS L AR OH 2R
BASH & S 7 o 72 & IS ESE BB 4 Epitype 2
KB LOFTEHREEISEL SN2 S5BE, REICKS
b/ R O EE OB B X ORI IE D5
B ENS.
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- N
DRI —LBINJEENAFT—h1—
EULF-EEDERICK D Aspergillus B
HEEOH L WRSEEDRHRE
kW # IE

JE ST & W PR BT BRI A B R R M
sato-hiroaki@aist.go.jp
\. /

BeY: A CE0OBEE I, ZThITBREESLOHEME
FHREICERDWCHHINTE LD, EROL A
R EFELZ V2D, KT TESTRIERKICESY
RAHEANOBITPRE S TwE, BEEOHF LWV
B BHEOHENRO LN T D Eh, ) vy
AFFEL — V=P o+ V{LE R 5T (MALDE
MS) 2R EFEEOFE L LTEBSRTWS. Ly
L, BEWHlIaEE 2 A5 5 EBE OISV Td A+
X—= A =5 YR BEOHBR Y AARS PV OFILY
HEL, FAEFROBEEIMR N E V) RENFD -
72 R TIE, "NTAZF—VE Ty NI HETHA
VRV =L T2y by U ER (LT, VRV
— Ly NI BiEEE L7z, MALDIMSIZ X %
Aspergillus BEWOH L W AR HEDORFE & A A
7z.

HiE L RBREBRICE, 7 AR E 7 Aspergillus 1B
B 7H 8K (Aspergillus fumigatus 2 ¥k, Aspergillus

oryzae, Aspergillus niger, Aspergillus nidulans, Aspergillus
kawachii, Aspergillus clavatus, Neosartorya fischeri % 1
M) RV ERHRERT FFFX PO — ARAEE
H, (PDB) & 5 \Wid#REH (PDA) ¥ L, 25T
HBHWIFITC T4 BRI LIS, BERZELT
Wl R OEOTEICE D )R Y — 27 Y8y Hilisr =
iz, RAARZ PV, MU v RFN S FE Uk
v, BEE AXIMACFRplus DY =7 —E— T
B L 7. ‘

WR-ER AR MVOY =7 HimE s/ AR
T EINE S 7 HOFEEEL LKL 203
5, UKV —L5 YRy ELIRBL, FEHONAF
XY= —=UAMEfER L. 2O#ET, KkF—-5

N—2ZBEHRSN T B HRT 3/ BB, @iz
FERIIDOA > ba rEEOBAEICL Y Ho TEES
NTWBLDNHHIEEWLMI LA KIZ, BE
Wl e VR Y — L5 vy EOM RS % Rt
LTEBLNTTAANRY MUVT, ©— 7 HHRICEI
TELHEEDV2THUTOYRY — L5 ¥y B4R
WZDWT, Aspergillus BER DT AANRYT F VDK
AT oz, BIRFIIHEBENE VW ESNTY S A fu-
migatus & N. fischeri TR 6 EOF T2y b F %
2B, A niger & A kawachii Ti# 3HoY 72
v MFURTHIEVEARLN, VR —LF I8y
BOERIDTFRBEZHHRELLL TWBE I AR
BENz, ENDNOF Ty MY U BEOEE
BHEICEETHY, VRV -2y X7 HOY—2
WWEHTL, BREFEPRESELZIBEHRIZONT
HIEEICRET 2 & TE. Dok 51z, UK
V=L Ry BodREERELL, BEEORE
NAF=—=H =R P2ERTHILIZLY, MALDE
MS 2w, Aspergillus BEW 2L XV CHH - #
WTBZENTRTH S LATRENT.

4 ™
Wb L 7- DNA OERE S -7 2 RIZLK D
FEN—NY ) ARBIEEOBEE &
DMEFHEHORE
G N B &
Al EEE RFEHCH SN

ginryou715@yahoo.co.jp

. A

B RFWESEFORE}, KIPXRHEEK D Hongo
herbarium O EARFI650081F, HBEHEBICTRES I
TW7zAs, 20114 IS RITTL BRI ICRRE S h
72, U Amanita spp., Boletus spp. (JR38), Corti-
narius spp. % E DR EERDPLHET N 505, KFH
S8 R SR RL R O TR RE AYAF I D T b BRI LR &
NTwW5bH, Kgeld, ANEEARDODNAY—F7 VA5
— Y OEBREBEBEREOMEITE T, BRITIZH
LR ORBICFES T 2HEHE L.
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Tk EAEBIHCON T IVAT VT FIZ
L) DNADWIRALL Twa EZZ shizid, Kif
RTEEFEDDNAN—a—F 1 Y rO7abark
HAwd, BMoBERN 2 HWTREI EICRENT T
Ax—%iE L, AVWEHEBENSRELALZPCREBLD
DNA Y — 7 Y Az #A7:. DNAT— ¥ ~X— X ARSA
(DDBJ, http://ddbj.nig.acjp/arsa/) % FH\T, Bole-
tus &> 5428, Cortinarius J& % 580K ITS FIH O EL
BB L, ClustalWICE D 754 A ¥ b %47V,
ITS1 B L ITS2 HIOZ e 5 RN TOM
OB WCEBE LI L. BSOS % BT
BLUMHFEMEO S WM OE LS 2 il L, Primer3
(http://biocinfo.ut.ee/primer3-0.4.0/) #H VT 75 4
R=RTAEOT =) T, N TT =) VTR
EEEL, > TmEZZEE LT T4 v — %L
72. Boletus J& Tld forward primer % 6, reverse primer %
18 L, Cortinarius J& T3 forward primer % 3, re-
verse primer % 2 #al L7z,
R EZ PCREMBLREERE L. ZhETON
Je7r b PCRIGIRDBEIIR DMK EE 2 b, K%
IZ nested PCR A ARy handk L. #0LT, i
W& A 7 VBT BT =— ¥ 7% B REIICE L
SEBHI LR, DNAT V7L — POBHEIIOVWTE
HRCHRE Lz, SHICHROBEHEELZHERT 572
¥, PCR O#ERDILBARIFE 572, ITS2 g% 5
EL7T T4~ —~F (1st PCR: Bol2mvF/ITS4, 2nd
PCR: Bol212F/ITS4 Bol inner) % V> C Boletus J& ® 4
BRI LT, —#OPCREY—F7 ¥V X2 EEEREY
EL, DNASA 75 LDREETo/. &I, W
At L7z DNA % 4% 9 #8575 & nested PCR % i L
Wa72®, PCRYA4 /7 VvZeoT7=2— Y VREDOE
BRZLE KV A 7 VOREEZERNT = v 75 L
LT&EOMET BT MR 72,
DFER, Boletus J§ DI10EEA, Cortinarius J&D 3 ¥E
AR D T 120bp Fi e (HiBH 96 — 264bp) D IEILNF
7% 50, DDBJBLAST & ORA&DTRETH - 7.
S % % 5 1C nested PCR 2 Efli L T\ 5 728

false positive DfEMRME SR SN TWw7z2%, —# @ PCR
EY=r Y AEEERYE L2 LIEoT, B
HoOHLEINVEOLNDLZENREREEZLN
B, —HT, 9475 &OEAHIREITIE sensu Hongo
ORELIZELLZHEDRONLD, N0 OEILH
DFERRECBITAHIANT—F & LT, Akl

DFERRDOP TORBOWE % EIHEHTE 5T
MR DD, TI4 <—0BMERENC L Y BRI
WRTHZENFLEENS,

-
EHEHRARESEREREFYICH T,
HERFREOBERICET 5%
(e 5t
RN A RN T A 2 AEF}

r_hoshina@nagahama-i-bio.ac.jp
. y

B89 L M A %l U 7 ERAR O AT R BN, B
W ORE % B RTICEREY E BB EE2. Wb
TRBECE BEREEBNEEL R Ty T EL

T, BREROEMHEIY AT HFFT 285
W, AR MR ICHERE T 5 B TR, AR
WEAMET 5 BB REPIRIR SN T WA, KT
SHORRBBEELMBRNICRE T2 EA4EY

(MARP: Multi-algae retaining protist) 2" AE &N 5.
INSOEEL NV E PR RE-BEREELZ 5N
TWABH, EBIZbhro TWwiv, KBF%ETid MARP
DIEFEEELL, MEBREPLELTHRANE
s BT %o/,
FikBEMICERRA V MEREL, 248, HH
3T5MARP#H > 7Y 7L, #HEEDITS & 18S
DNA DN B oz 8T, FFMICHBES
BIRFEFED T U TN A B I R oz,

MARP DEFNVEYTHLHERI FU VT Y LY

(Paramecium bursaria) 2B \WT, LEEOBEIHRE
Br, B X OREBIRICET B S # o 7.
TR - FR L EMICHBLL 3B o (DNA T %2 B
Chaolzl A, AMOWERE (LUT 4C) THBRE
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WIER AR BB O EERGE DNA Z 5
—7y e L/2PCREWEFALVI P =7 LV AT
e, ACTRENNRYE -/ OLNEIEND,
eV LELERBTHERED /7 o — PR E T
EBbID, T, ACHBOHAERIN-HETHD,
F 413 “ChlorB” &IEATWS. ChlorBid+—2 b Y
7o bHEOMEBRIEREL LTHENDY, 70
— NV HRREETHATREENH S, ICEHMEPH D
ChlorB 13 L E D ITS FIH° 4 >~ b o v OAH#E
PHBETLICHTEL, EHIC, TNHERE
W2EMOY 7)) I TEAP RSN T2 L
5, 4CIFMRBAI L IERE LMY A0 TII R, H#H4E
& RMNICHER, TabbREDEERECHL L
HMCcEL, B, HECBI o HEO¥E 71
F M A 5 ChlorB I HIZR L Tz,

B, WE, 2ooMlErs b EMEhe s T
WhHD, fFE - AL LACL—HTHLDNE
<, HMRRNIEEDRRP—BIALTEENE ) DE, &
BOILRBY VTV ITPRERS).

IFNVVY)AVOREROBREREB I ko
7o. GERBEY E MBI ISR T B Ak o 3 A

(Chlorella variabilis & % \ % Micractinium reisseri) %
BOWE, MBLR2VEBREEDORE (C sorokiniana)
ARG, FRBEERLOLEFICBNT,
IFY VYY) LY OMBERICIEEARR LMY, JiE
BEWORMPSHEORRICEREFS T5LITTIER
BFHEZ Fi, IFYVYYAVERREIIETS
it x#o/zb 25, iR - BETICB W THAERED
Z < oM EEL, FBEBEMBOREEFALR
7. TOVARY AL, MARP ASHARZRETHE
BOWBIIHr»bLEURELDH ), SHREDFEHLT
WwEn,

KERROBAFTERNINTHO
MENERE & RRER
fie W OK M
B DT SERT b R AT SR

hirokis@ffpri.affre.go.jp
- )

BEg "R H (F7ETHM) &, FISBERIE
BT BRERROGEICANFEET 5. KAH RS
ICRA L T2 HESHEOHEEOR L 2 5774
HOo—oThs. BAMK 250N, HATIII7H
DOFRER SN B, WA TIEH 200 BB RIE I LT
WA HAIE v, AT EH N HERE T
H B 7= TE LR 2 L THERAICIRE L, WAROMESL
ERIIKBORERMNIVRTEMZHNATHZ L2 H
e L.
Ak FE, WERT, LHEW, T, S (8
B, BEN G Fi2BWT, B oRIIK
LizgESE,rohravH, #7757 5H, NTHOY)
REREL. SRR Y2y bCHEREE L CORE
ADTUNRG—PEEBEL, 57 7=/ —VaEHw
TRAE L7z, —#BIE, WOME L7 Z R K TR
L, PUAEME AN L 72 1085 78R oo 20Ol hlt i i v
AREE Lo EE L 72, HESLEARO 28S rRNA o D1/D2 8
W R 2 4o /2.
&R - FE 10U EO R 2 & T 14)57 26787 7
a3z, BEOREGDLEARIEIZI6/EI5M & 2
ol BICREEOBEIEHL, HRETHOTF
AruayR, IFUATSIR, eu ARSI TS T
B, 73R oRERETE L. Bon e hZ
9 % . 1. Bojamyces repens, 2. Capniomyces sp., 3.
Ephemerelomyces sp. 1., 4. Ephemerelomyces sp. 2. LTI
(F5 25 uv8), 5. Genistelloides JA W 1 2 f&, 6.
Ejectosporus J& W i 4 F, 7. Harpella melusinae, 8.
Harpella sp., 9. Lancisporomyces sp., 10. Orphella
haysii, 11. Pennella angustispora, 12. Simuliomyces mi-
14. Swittium

crosporus, 13. Smittium imitatum,

simulii, 15. Stachylinasp.1. (7 I HE), 16. Stachylina
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sp. 2., 17. Trichozygospora chivonomidarum, 18. Zanchu-
domyces culisetae, 19. L7} 4 3 7 AF (Legeriomyc-
etaceae) W fE 1., 20. L ¥ U * I ¥ A F

(Legeriomycetaceae) B2, 21. L 70U 4 I 7 A%

(Legeriomycetaceae) W3, (I FU S TFIH),
22. L7 ) F 3 4 AF (Legeriomycetaceae) W 7# 4.

(a2 A 27578, FkL»S15E, 2ar77
SES 7RSS N. T, TRTCIE 4T/
DIREEGBID D - 72

Zanchudomyces culisetae (2 BE), Smittium imitatum

(4#R) ZHESZLL, HARWREORRE LTNBRCIC

FH U7z, S imitatum V35T SRRIBHTIC & 0 ERAE &
XBT &7

SH, SHHMTELOWBERETEALHEBEL
T, BARGHIEIEHT, RO, 2AEEN=
v FIEE L R BRBECGERORRMESERL T
HIENEZ LN FHIH 7O T DLBDODDE
HELT, SHBELTIRERMICRELL. BHICHRE
TEHEMEZHVAOT, HoNZUEEIEHEILO
REW R 7O IMBEMZEZEZONE. —77, 728
%5 & LT Harpella melusinae V355 & A CTHRE
EN72HY Harpella sp. \ZTFIE O A CHE SN, W
X B AERBBBEOEMUENE R S,

Gk, BONLEMOLREIT, S HITIEFHIC
£ 5 W O BGROLE R 7E O R & B O R
BRoOMIE R E, Bz fFemEicgikIgow
EEZTVS.

r D
EOVEICET2REMN I T VAT 7
OHREFRADIRE & Th 5 DFEZH) -
HREEPRIREAR
AN (S R

EAREEE R
matuzakl@kochl u.ac.jp

N /
HeY: k41, CulBiicBEss 77047
77— 2% (KHP30, KHP40) #4E L& L7z, 2

NoED7 7=V RTINS RBIERE L RVEEY 7
—JT, ¥26kbp D2 A DNAZ S AL LTREAE
LTwiz, EiZ, Ihboy /7 AEERINSHETICE
VAR 2 RT Z &5, KHP30 & KHP40 I35 O
Tr—=YEEZIONZ F7, $% &S KHP3O I,
ZODNARYTIEAY ) MBASNREZ LR L,
IEV—-LE LTHIREICAEL TS EFHEIN,
WhWABEEEZRTEEZ LN, Z0O—FT,
INSDT T =YDy ) AR, 77— VOBEME

FEEWT ) a~D7 7 =I5 LfFA) CH5T 5
A Y777 —¥BET (of2) PHFETHLTFHEIN
72. KBFZETiE, KHP30, KHP40 \ZB#$ 27 7 —Y
(KHP30 #:7 7 — ¥) @o¥ ) BIZBIT 504K
EREL, HEX 2 ANDT 7 —VF ) ADOFEADT
RETE & WA L 7.

FHEEE2BRO7 - VERBHLTVWAYTUR 2
Bz &t 17T HRIZD W T4/ 4 DNA il L, KHP30
B77—=V7 ) AECHFETHETHRENLLE ) ¥
¥ R BBIET 0113, orfld, orflsH ¥ — v MIC
LTPCR%=FTHolz. F2, orfl3 DA PCR B %R
L7z NY40 BRizowT, Kty -7z o4 =1L D
&7 LEE E HEH L 72,

BR-ER YO YWNIT7THP, LRSI/ v —FX

THMTH > =D, KHP30 ik NY43 & KHP40
ik KMTS3 DA THolz. SO s, EHET
F=VEBEELTWRE DY REHKIE, 11% (2/177)
BETHDEEZ LN —JF, NY40 #iX 0rf13 DA
BB TH 72500, KEkOREE LiEF~OWFE N
77— VORHBIERED S ko T,

KA, NYA0 ¥k 44 7 L3EEH] % 055 L 725
B, KREROT ) 534 XEH 1LTMbp T, 7/ 4D
— 124 24-25kbp @ KHP30 7 7 — ¥ DNA @
FARRD SNz, AN (aftl, aftR) i
—F R— ZRBOFER, T—0 v Sk B38 DY/ A
BIFB KHPO 7 7 —VOBHEELIFIEACRLUTH S
ZENHLNER o, L2 S, KHPOE T 77—
? DNA &, SMIFRMICHASNIE EEz LN,
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LA L, NY40#RICIEA Sz KHP3O AR 7 v —
DNA S IIE, #hL, RE, BIOFT v ARE—
ABETFOWALZENR LN, FLwI7r—=I5 4
DEBMPBEL TV, ZOT 7 =I5 ) AOFHRD =
O, NY40 P o 3EE 7 7 — IV BREEENZVWET
Bans, 358, BROEYQ IRy ) 20F—F X
—ADMHIZE Y, KHPOFT 7 — V7 7 ADFA &
NTVBMOEKOL TS, FAT 7=V 5/ 4D
BWRDLN. ZOZehs, KHPOKE7 7 —3
&, ZOF ) LEWS ) MIEMERIICIFEATE S
boO®, HAEINLT 77—V DNARZ, HRPIZARE
HlbEhaEEz onik.

Pibrs, KHP30 K7 7 — VOB EHRIE, &
WA 7 NVEBBERY A 7 VTHY, BEYA 70
HETED, TNEBRBDODTCARETHLEEZLN
7z,

N
EYRE BREDH] ELTHATS

PR B RS BRI B OBIR
I
MBS R S TSR A I FEER

hyamamura@yamanashi.ac.jp
\. v

BBV REE DB OO BEE L T2 % 35
WX BEPUE 2 BI|RE v o7z 3] 1A 52
ETEEREIHIL, HRBHRRE ORIR 2 A F &2
THDTHAH., LoL, FERETIERMIZTHETZ
WM R RS T 5 70, #ie Rtlah o 5k
B BT LE DL, 2T, HWGRELSLE
5 T&5 ] & LTLiid o ARBHRE SRR L 7
REMARZ O, A DI ORI BE & A 7.

T R OREE LT 3 A, M 9 F, Aok 6 AT
SR 2 HOE20/ 0 18 % F VT 30T oflly A
YFaR—F—TaxyFOTHEEE 1 ARITY,
=R Rk L, b 9 — T DBRISAKBEEEE A~
BH L7z, 0%, 361 EBEEZTY, L
Bafi Lza~xy Filow T RE s L O

T, KA L RIS 2 B L 7.
B L 7284 & 70 % FrBUPARGEE S CROM T ] OV — A%
A OHEEERN 247 o 72 BBRE S EERR IS D W T,
16S rDNA B X 2 B DM 5 R 2 17 o 72, 47k
BB AEMEEO—B & U TR IO R 5 Bk 38#k 12
DWTA ¥ F—VEEER (TAA) A ERBRE TV, bk
WZoWTida<y FRFFEEE A L, R4 g
BIRVDLO0ERE L.

FESR « B L W - KPP RESE U oA AR R
B E T, Streptomyces BHWAY L, — I TH P
PR OE G DI L Tz, F72, S8k 16SrDNA
RO EROESRELE T o728 24, 1Bk - K
AR B L 72 W R A 5 13 Pseudonocardia J& X
Kribbella J&H% { s, JEIRICHBETTETH 5
HEPMERTE 7, BRGNS TELBD ) B Pseudono-
cardia J& & Pseudonocardia carboxydivorans 757 H % <
o EE & N, R\ T Pseudonocardia dioxanivovans,
Pseudonocardia halophobica 7 13 % 433 5 A5
¥7z. F72, Kribbella J&\3 Kribbella shirazensis % & 9
A OMET2HSMRA. —F, AAEERBRTI
Pseudonocardia alni So4-333 BB X U° P. carboxydivorans
S03-305 Mk E JAA EEHZR L, INhb 2HKRIZDOW
Tax Y FOKIRERRICHHA L2 25, BHER
BT R M S iz,

AT, B|INEES5 25 [ L LTS
IKBERIE IR L 7R 2 R 22 & o ThER
WMEOXEBRTH D Streptomyces BOHH AR B &
AT AW Pseudonocardia 1§ 3 & U Kribbella & O
WHBEELZ BFs 2 LIl Lz, 4%, #5355
P e 225 2 12X ) 0 SN 5 O 1E W s
HO%, S HITHURE &Y & OB D W TR
LTw&E7wn,
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<
BIFSIEEEE AV EKEREORRLE
RiE(EDOFERA
oA L

BICKSREN BRI E O ZHEEERVIGEL Y & —
nakagiri@muses.tottori-u.ac.jp
- W

BaY: IhFECTRE (EREE JT—RCEFEREED L
ZZoh, KBEZELGTORFEOBERLTHIITHR
TZhpolz. L2L, BEREIBVWIAREERE
ZEUS (NO, 75 N0 ¥ T®IL) %179 WEOHE
PHE SN TS, KPEFBEENRZLRLT L, K
DB OGIRIZEE$ 5 WIEO IR R B
B L7ZRANMOBEFEB LTV AU EEND 5. KT
FeCiE, AR (AR OREERRBEOMYERE 5
BRI L, EER R OB alEICE -
T, KERZEOREEZGHEL T, ZoOMWRR E4H%
HEPELPIZTHI L, SOEH-LEHEEEEERE
LARMOWEHELT, ZORKMELHS 2T
BT EEBFLTHEERT- 7.

FHik REORE —20144E6 A, 7H, 9AIC, B
B EBHOT BN oS (B B7210) KENOKREI
T, KK (KEER) ISR L MR (25, 7T
hy, 7 T) RIS OWEL .

B O — KBRS % 2O 58 | KBk
RS ICEIE L Cw b Wl 2 IR iy % 72
W, BAGIRFSMTHIRE L ARREEZAT) 2 RS
BEEWIE L, ETHINEL LT, 3HBEOBFE
# (DO) %M (% : 3.4 -24.4%, ' 31.8-52.0%,
B 71.2-100.4%) OWARREH T 1 AREE LR L
B, ARRFEE LT, SHEOKMBESME (K18
0%, i :10%, & @ K& 0,4 20%) DERKEW I THE
OXRFEREIT o7, BEIPOMELEARSLE T2
MK HE L, BEEMRE 87,

W OBERE - FlE — FHERIOEFBMEEC & 5T EHE
BLUITS, LSUD1/D2 fHifi® & A b~ H3 #EETF D
AR TN HD MMM L - TH O E R 57
HMIEDOHEZITo 72,

MEFR G 3 A YRR — Bk % 3 O HE &
(I N, 100%, 1 © 0,10%, & : 0,20%) TH&EL,
BRSO T A RAAERBEB L a0 — 05
A F T BRI O R HE &

TR - EFR D SHEHOBESMATOM SN, =
TIOETBE/AUE/IE (K/h/BBELMEO
W) , 7oA YOETTR/SKE/I0E, 27 7DET
1B/ 1B/ 2BTHo 7. BEERREOKEDL,S,
SEERRIEER LM CRARAERB L UG ETF RS
BIFRRER 2 B 27 (Aspergillus sp., Dactylaria cf.
obtriangularia), PEERGHTRIFLPEERE 18 14
(Trametes sp.) HHEESN2IEh, ERBZSLUTRIT
BRI AS TR TR, JRAEPR OB IS LT
WA 6 6 IS Sz, L L, SEEkdEs
HEROMRICIETHRZSIBIER oMo/, Th
&, RBFE TR RER R ST, IREREH LA D
HEEPURTHo /b ELLNS. 5%, L0F)
FIEBER 2 08T 572012018, SHOBRICHR
FHERACI ) BIFRGHETORMELTI 2 L,
LY BIRE 2 GO HEOURPLETH L. —
75, BEBEER TDH S Dactylaria cf. obtriangularia (¥ 3
Ty HE, AF i) BXORBERECHEESh
TR RSE LT Sigmoidea sp. 71L341 (KB H AW, -
OA RS M) EREREEEE 2 oh, KEBRRERC
LXBF e RT AT, RANOWEHOSR
FACEBNCT & 2 REMEAVRIB S iz,

EBHE S LU Aspergillus niger D
hEEEE, PEFEESLU
FJ LT —2ICED G FROEH

oKk & fE

FHAEHBEE e >~ 5 —
shimizuk@rs.tus.ac.jp
. /

BHY . Aspergillus niger (I RAE, FEEFEE L SRR
NTELZEhs, ThET "L EENTEL
W, METEZ D R EDREPABLEZEST S H CHE
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"

EDVRBOENDE LIk o7z, b ETHREOHMEIC
Ao Tw b BEE T L LT Aspergillus foetidus
(Aspergillus awamori) & Z3NTED, EEDHKD
WFFE 13 RATIFHT DR R Z M A niger DY 7 = 4
ELTHWYEHY EOC LY WELRL CwE. 22
T, AR TCIEBBE A awamori, A. foetidus, A.
niger, B X UHEBE Aspergillus usamii {=2>wT, DNA
WEBIICE B YA 7, ZRRBEDEAMED X
P77y VEABETFRET ZORERI 2 E0 D
AW R BT B3R BFR ORI 2 A 7.
ik LA awamori, A. foetidus, A. niger B X UV A. us-
amii & L TBFEN TV L TERFERBERN L~
y—PAFREE A, IV FYTF UL b
=T (eyth), Y KRV —4 RNABZTF (ITS) 12k 5
YLK YT, 7RV VEABRFFRED 7 ORFER
W, 7BV VELEIHTLZTO 774 vET LD
T2 Eie, Aniger DT7ESY VEABEET I SAY —
WHIRTF fum8 DFEREMAT %17 o 72.
R - EE MR LA awamori, A. foetidus B LU
A. usamii RO PIZUX, A niger ¥ 4 TEEE R L EETF
BOITS, cyth T hd) OoFPFRBIRA HIC A
niger ETE - MEINTWAIZH v b5, ITS,
cyth DIFFERFIPIFEICR 2 5 EMROFELZ. Ih
LD &ML, Aspergillus )& Section Nigri (23 E N
TWVB TN —THOBEHIICDOWT, S 5% bME -
BEPLETH D Z LR IN. T2, BEEK
N7 EZ Y VEEBET fum8 OMFBEZ T % REET
ENREIPICOWTHRE LIz 25, A niger ¥ 4 T
R CEZTFHOETIEB X #F 8EIFRED S I fums
BET OB SN, ENEEEL 2 BETFROK
T fum8 BT HET VI SN o7z, 6
2, 7ESVVHEEIIETATR 7 A VERE L
LT A, fum8 BIETPHH ISP 7EZ DY
DHERRE N, ) TRUHRPALIE 7 EZ ¥ Ul &
Nhipof., Dhatdonk, A niger 70— 7121
WHEOFEANRIE U BEESLEIED, A niger ¥ 4 T
DIN—=TIZDR, TEZY VEEBRET fum8 % b

L7V EEETIRPETIND ZEATRES
7o F72, A niger 5L 0 fum8 BEE TN TES Y VA
ARICEZEED > TV HE) POV T, #Efn i
BWRERG LB L2 25, fum8 BIZTHEHKR T
TEZY VEAENRDbN, 35T, fum8 BIR TRk
W fum8 BIZ TR THEA LTI 7 TS Y VEEN
BEHELZ D, um8 BIZF2ECEETFI IRY
—R@BT7EZVVAEGRICHEDL I ENYLS IR o
oo BAE, 7EZ D VR EDLIZRHED O A R
EEBAT—VRBEERE OMEE LR L%
Hi & LT, RNAseq % Fi W 7z i (5T 58 30 LU f AT 2%
EITHTH 5.

4 I
RSB B 54 3/ EEARBOMI &
KBEED 2T LOBE
BB E -

IR LK S K e B S
monger@biochem.osakafu-u.ac.jp

N

-

BB 1.74F > /22U (DN]) %&EDA 3
R, TV ay VX0l hHER L LTHET
LT EDBHSNTWS, DNJ AEARBERIZOWTIER
PEARWTH 5D, Bacillus B O RIBEIC T NVa Y ¥
—PHERZHSTH2HEETFHAPHEOSN TS,
Fex b Streptomyces lividans \2 7 Va2 v ¥ —BHEREZ
59 % @ EFWr i @ DNJ 21 S. lavendulae 7 % B
BLTBY, 2O Bacillus B, o/ o1
72 3 DDBIET (gabTl, yhicl, gutB1) 3% L CHAE
LTwaBIERHL2IILTWwA, LALIDI#ME
FEFTIE DN OFRICHEES W I L bifEE SN T
Wb, £ZC, FIFETIEDN] #ELT51 3 /5
DEAERICHES TAMERLFET L & & b ITHIS
EHLMICTHIET, A I/ EBLUA I RES
FVIHEOBREE S AT LAEMETAZ LAY
L7

Bk HEEL7Z DN ASRICHE TR LEZ LN A
BZTFOHH, MERIETHHE~OT I Finmk & fil
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WY 2T EET gabTI OBRFERFEICBIT 258H 2
ATz BB BT B3 T, BEE LTS lividans
TK24, #7523 F& L TpSEVI ZxHv, X
HWICBU28E T, E L L TE. coli ]IM109
(DE3) , $¥l7 9 X 3 F& LT pET16b/20b % v,
gabT1 MIET W ERBH O 2 ¥ #AEE RS L
EFlzaam LTHWE, £72, WThoRBHED D
N i d 5 VW id C 2R ¥ 1< Histag 245 2 & 9 #H
TITAI NEREELT-.
R - ER  HREORTH, gabTI EETFHMTIE
TR DTE SNl o 7295, yhicl & gutBl % 395
g5 EWEERAESE SN, BERNT—RAEEs
YR HBBHEND D OO, TEHEY v LTHR
HLTWw5b I &A% Histag PuiK % F 2 72 western blot
IZ& > CTHERR SN2, gabTI AT W CIE B iRk
PELNLEho/DiE, GabT1IZL » THEKLAT I
JHEOERMPEFTICEEZE 2 RIZTIEPERESR
7. L2 LBBBEORTERARI PR, F58H
FEMOSRL RN KBHOR THEIEZHA
7o, gabT1 F ) YV VORI TIIFEHEEYPSHWILTE
Ldrolz0T, KGWOI N A EHEECALEE
BFRA e L THREZ AR, TORE, —5
NBEWES w7 HPHRBENEDOD, BERHOR LY
DUHEMSY VX7 L LTORBEDVE W EhbhoT
DT, KEHFESIT, Ni-chelating Sepharose % fl\»
72774274 7% b TERKIIY— R
Bz, BoNSHEYE VT, GabTl o#HE B X
OBUSEMOREER A, 73/ BZERELTE
FHEB L 20 YBALY, 73/ M54 E LT
y-T7 X, BT T, 6T I AFY VR, &
flia-7 3 7 BELZHG, Y FFY—15-) VBB X
O DTT HFF T CRIGER AT, ZORKE, wThoM
GEEAVRIE TS \MELRUSED 2 RILT 52 &
ETE& Lol &I, o) YRIZOVWTHM
AL DI, Yktel BIXU GuBLIZDWT HHE
ERUSER R S MIT A I LT, DNJ EEEREO
fEBHA 1T o TV & 720,

BIRERRIRT 2 X I FEFRAL L
S FEIEFEANEORHSE ETH
A
TR L2 T

komatsu@lisci.kitasato-u.ac.jp
. /

BW AL, TN RATF VOTELEERTDH S
Streptomyces avermitilis D RKFIE K IAR (SUKA) 35
MR AEYRED Z KRB EDEED O DOWHEE L
LTHEERLZEEMELTE. LELEDS,
S. avermitilis DHIRRIZL Y, K1) rF Mok
IZA&RK 100kb Z# 2 5 G REETFHZ & BAC Y
U DEAFEID TR EPRETH - 7.
FIT, MRS RN THSEET 5 S. avermi-
tilis DMK T T A 2 F (SAPL © 9 94kb) ZFIH L
ToRIRTFRABEERHE L.
ik T Streptomyces lividans \IHIRFZEIZ LA EHEL T
BoT, BHIEHSTDNARBEATELZ NS, S
lividans 1= SAP1 % ¥ 3%, HEOEETH % SAPL
I A L7, SURAKRICEAEETEL EHENL
2. 22T, SHOBEIL7 7 - (4C31, R4,
TG1, ¢K381, ¢BTL) KBS 5B S avermitilis Yt
BLED attBWH % ¥ 7 2 L7 A TEET % 5%
FHL, AMHEIRGHER 22K D SAPL RISEA L7z, S. livi-
dans \Z SAPIN Y ¥ — 2 E AL, BHEREOMEH L
L7
TR - EE I SAPLI N7 ¥ — &2 RIFT B S, lividans 23t
L, 70 b 77 A MEPEBEIREICL Y, ZRABEY
A RET 2 R T A LA ABION £ @ BAC 7 1 —
v (100~200kb F2EE) ZEA L7z, EOMR, S lLvi-
dans WWEIRIERII B VT, ZRAHEY 6 B ET
Ha i35 BAC 70— VA SAPL N7 & — ICHA
FNTVDE I EPHRINL. BEEER, TEET
YT ERFBIBETHAERERICILSEOME T F 2
(02%) ZBEMULZAT Y MRERE#MIEHBTH
D, B5H (S lividens EEIEWAE) & ZFE (SUKA
) ORFRAWEERG L%, 4 BHEEET L2
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ETEARIEONS. T2, TREROBRTEHEE
SR L 10~20 A3 5 2 & THRRCES
B LNz, NVAT 14—V FESRRB O, #
ERDISAPL N7 & — FICHA E N2 EEO BAC 7
O— Y 2REBEFLTVDLZ EFEREINL, EE
HIZBWT, ZRABEYDOEEIIDCTHAAE
B, BALLZRAHEYEGBEETRICHET S
B OLEYOEREPER SN, AIFZEERIC X
D, ThETHEETH 72 S avermitilis SUKA BRIt
THEKDNASGTOEANWREL 20, SUKAKEE
WML R ZRACGHEY O BAERE R b IEEK
AT O-OONHEEEL LTHETLZ EBHfEEN
5.

BEMIEEHRME Rhodovulum
sulfidophilum QOB &S RNA £EX HZX L
DERRIC & 2205 RNA RELEEFEORRE
M % =1

BLRBEITR 2 2R 22 B T AR
umekage@ens.tut.ac.jp
\. /

B8 o A B S Rhodovulum sulfidophilum 13,
WAENMCBGOBEEZ BT HEEZRHOLZ T TR
<, BEBERPFORN 7 —EIERIIFRERE SN E T
EHEBL, LHEECIEAREZFMHLZMALEZ
RNA OWENEEEORFEICMYHATHS, IhE
T2 shRNA R Bk RNA 722 & Ok~ % BEFE M RNA ©
BARNEEICED L TwEb00, EEEIMMKNIE
BB ZoTWwW5D, 72, KEPEDL ) RTuk
AEFCHEMERE BT 200 0w) T EIZD
WTHIFEAEGD o T, YRR OLITHISE
T, 74962y 72METHEY 70 FFR L
U VHRTETIZ BV TS RNA EREE ST 2 51 R
PHLNTWE., 22T, AFETE, 7474k >
DU T R D \CHARIMEIREE A A = X 0w R
TAHIEEHIE L.

Fik D AWFE T DSMZ (Germany) #» o E v/

Rhodovulum sulfidophilum DSM 13748k %5/ L 72, A&
WORAINERIL, BELENPSAA Y Ta3) =ik
BT X D7,

TR - FR AT, AROBARIMERE, BROKET
BHENRTWEZ 47L&, GTA (gene transfer agent)
EIEEN D 7 7 — VBT 4.5kb RE @ dsDNA %
NEBLTHRHMENE AL TOZDOIIHEEINLI ERN
Ghrol. TOGTAWR, YZ7uFX AN Y HEETO
RETIE, GTAOEESHR I NP0z &b,
RO GTALFEIZZZ T2y v v 5 TE 2
LR EN., T, S-SV X2 —F—T
H5crABETEWET S L GTAEENTbh
HBHIELRMLE. 851, ¥/ ARNICEY crAd
BIETOTOE—F —fHEIC CrA &Y 4 P ATl S
n, VY7 T vtA41lkoT ClrA & OREE DD
HHN, TRICEY, CrA S A B FOIRE % IE
RIS 2 2 EARE S iz, Db s, RO GTA
R, 745080y IZEBHIHE ard iR
FiC Loz =T LW 0otz

KIS, RBDOZF I 0ty v FEBOFEMZMA
#BAIEEHNELT, AROEET LA — A
Fa—=H—=THsT7 Y NVEEL) T2 > (AHL)
DF5E % 37z, AHL Bk = F v 7256k @ AHL #
HEFEETE, KRO AHLAEEHRT 5 LA TER
o feAt, TLCIZ X A AHLHIHIN TR M AAA TS
WRE AHL MM T e ERTH I il Lo T, AED
B8O AHL 2 EMET D L 2P DDL T LN TE .
R, NEEEFNBE S BRIV R £
Bhb s B FomlizBIEL, BIMERERLHH
L 72 WARIME R A AR O TS & 3 A 7oL SRR
%, RNARY AT —¥pH72=y MERETFOERIC
2077 €Y VLT SRR ICE BB T 107 BRI
BL7 BoNABREOWMAKI RNA A5 25512 €
U7, BRARR & R L CHEIARSL RNA R EE D
17 RIS RE S B R R b5 2 L2 L/,
S, KHOZFTrXy v VBRI, 22K
BRROERIBNZ MDD Z & T, KH O RNA ERERE
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WEMHL, BEHEEFDZRICANLZD L EARS
RNA DRyE Y % FEREERE T R B ML L T & 720,

H#EE Streptomyces ficellus (Z & 3
MENFEBERRAEEEDRHR
B OH W &

PN Ny N e 2 v 1

harada6@phs.osaka-u.ac.jp
o y

B89 : Orobanche spp. X° Striga spp. I L LT 5 F
MR 7 2ROICEE L, BHoaRAEC
HRGZHELEGZTNE., MELIZ/ V)ALV
(N)) PEFAEMEOM I, PRMEZEIRWICH
HETHI e RMLTED, AIEH 3 AR B b
ELTOFFEEEZRL T WA, NJ OS5 a2 RO
W Streptomyces ficellus DFEFRIZI D EE IR TV S
A, HEEa X PAE L, BIRTRFAMEBRA~O
IR B HREETH 5. AL TIE N ORI
FEJTEE OB R AR L, FEEEA RS AR BB &
OF NJ A& AT 2 17 o 7z,
i ¢ Argoudelis H5AR L 72 RBAREE RS DS b
77— ATF4T (PM) ZiiIROBEA 235 E
L, BEZToZ. BEHEPONJZ M) AF VY
VVALILERS:, AR 0= b7 4 —IZEDERL
7o, NJ A RBEREMRNT CiE, NJAEEIEH s 2w
MRS B AEIE &, NJ AEEANERICT b T B N7
PR (BP) BEREMTOREROWEE»LEN
ZN mRNA 24 L, [Mumina-Hiseq (24 % RNA ¥ —
LY AR ToT.
R - ER RO BAEE RS D) B PM IR
bbESEERLLEIA, ) ryT7a X (MB) ,
BPz W& 108 NI EEESHER S .
25g/L O MB @0 L 7=384&, NJ AR E I 750 mg/L
E L7, ZoIREEO PM 230 L2 BA Ik
M17THECTH o 72, BP Tid, 15g/LIM LA N]
ERA AR E LD 29g/LIELA. ZTHIE PM Z iR
L7258 67T S T 5. S HITHEMEE, &

BEANY T LR REETH, AREPRTL 22
Foo BAEBICERN T A MIZPERIE L N85%ICFE T
KT & 7.

T, NJEERBEERETFORKLTENE LT,
BP &R EB X OB TR LB, 6 F 0 E
NMmRNAZHIHL, RNAY -2 = A% fT-72. %
DFER, A0THEOMIN Lz v 5« ZEF 2 HEL
7. o9 b, @AM ER L LKL BP &AM
BEETSHULOEIEZR L3 YT 1 713388
T & o 7-. NCBI BLAST (2 & % # R4 %2 17 - 72
LZA, FEFT VYL (DN)) AEETS
Bacillus J&H# 2 & WEE S 7z G BB IR T gabT1, yhiCl,
gutBl LMD E VRN 2 &b a 74 F e RwiE
L7z, #WT, HE3BIZTFTHRENE - o V#
Wrero—=r7L, KBRIZEALZ. IPTGIZX 5
REFBEEIT-72L 25, &7 BOBBIITHHEE
N7zhs, NJd S ko 7z, NJ i& DNJ O aiER A&
EEZSLNTBY, Bacillus & %W 2B v T DNJ I
gabT1, yktCl, gutB1 @ 3 IR FTHEARENSE Z LAF
TRENTWS., L7=doT, S ficellus HIE DX 3 3
BEFIZ2VThH, TNHDATN] & 5\id DNJ 254
BENDL EBEL TV, S ficellus \=B1F % NJ 4
ERTE, L3 EETUNORT b AETH 5 EE
AR EISNTz, GHBAEIT YT 4 73— FEnA
DEAEF RN 2 DD TFETH 5.

™~

[
KHBNA AT AP ODKFEEEZBIEL /-
BIFS#REODTFEE
B Al
SR TR 2 e T Lo

iorita@bio.titech.ac.jp
\. v

BRY . BEE R ICEBIF L Thermococcus kodakarensis 1%
PENRAZ EORESEE RSBV OREZFEEL
LA HIRE IR L RERBR E LTHET
5. KL TE, REOKFEEROBL & FIH R
FHOWERE B E LT KEFEAITED S RBHEE
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HOBIE L 2) RFBNAARZATHLIFF VHHD
RELEEEOWILEIT o 72, AW OWMWILERE I E T
R YN E Y BERIREICT I B/ XTF FOARHS
NB705, ZOFHMPKFREEIIBTHLHFHIZOVTE
AL EN STz, 22T, EVEVEBRT I/ B
BEALICHE b B 2 EAEN S5 o DBRILE TTHE RS
EFEBEL, £F~OREM, B UHEETL
RERBEM DO XS ¥ AEFIC LY EREFhORE
FOBE LT Lz, A RITGBIFAREIZOTS L
{FFrEEREFLTNA., 22T, ADPHLH
L2 R B EEFOBRERER 7 £ — 5 —Off
AL o THFF VHERTF 7 7 A5 —OEFEHZR
AT,
Hik T kodakarensis & N LK% R— R & L2538
RIS 23 E NV VBRI L 2B %
WTH A NN AH 8T THERAY TR L7, JEAERE
ET7VIZT ANy ZICE o THEL, #A270< b
7574 =& o TREZWE L7z, FBAEKKOHRE
WEZEHERE HWT, BERMBREOREIEZTH
ETAHI L THELTRDA, B RO R ERR
i, AFvrzux /774 —ICkoTMELL. &
7 3 BIEERIR D BRI EMAR{I L, HPLCIZ X
D ME L7z,
FER - EE 1 1) Thermococcales HBIFHE Tl L E
RS & L C pyruvate: ferredoxin oxidoreductase
(Por) SN TWBAY, 7 3/ BBIL~D5HE
EZ N T 5B 2-ketovalerate: ferredoxin oxidoreductase
(Vor) bU¥NE VEEEZIEELTELZLPREZN
Twb. KEHIGAADOEEZPRT 572012, cy-
tosolic hydrogenase (Hyh) #1xTF % 8 U 724k % Bk
ELTINSORMRBEFRZHEBLL. KL E VIR
MEHICBIFETANS Y AZEM L2 A, Por
KEMTIRT I /BERE, Ve v RETRE, 7T
= VAERESNITIT-B L, $£72C0,& H,ORERNEH
R oARREE K- L TWw., —7, Vor Xtk
TS 7 3/ BOBALAHE ITIKT LA, En
Y UVBBALDOTENBE SN, INLDOMRDP DL,

Por & Vor 3ZNFNENVE VBEGEET I VB
BALICHR R o BERERREZ R L TV A Z EDUR
ANz, HEEED ) OKENFEIEIVorkEL - T
BMRD 31% 5 82% 2B L T/, 2) F9 U
BIEF27 A5 —OFBHTE, WTFLOMBEZ KD
FF VIRMEICEARD 72 ) ORFEIEEEIWML 7.
FICF ST - PORBENER LM T -5 —
FEARR TR RFELRPBROM 2 WML Tk
D, REOFF b OKREEIIEFTFF—LHA
BREELZERNTHALILEHOL2ICLZ.

Ve

BEMRKBEDSRIEOA HZ X LERE
FRABMOEREFMICEY 5 ERMRE

wOR E A
BORUR TREFER R RN 8k

hasumi@cc.tuat.ac.jp
\. A

BAY  ARWFE I B A HE A %) B SMTP-7 % & T il
Ay R AR BE SMTP ( Stachybotrys microspora
triprenyl phenol) DRELRILD A h = X LR & H
MaFERoRHAz B E Lz, A KR#o0%
BALA D= XL %MbBZ &I, MAEYOETFEEOH
fRICEBL S L EHIC, AHZAEDOFHICDEMRT
5. BEHE S microspora EET H SMTP X, 79 A3
J =y OEHAL 2 RRET 2 HBILEWO—HTH
D, Feik, TNFTIC50MELL Lo SMTP [EEA % [F
L TE7. SMTP7 &, MARERE, NEZEREICH
HTHb., SMTPIZZ a5 275 A EFNICHEET
BICA VT L B LN SRR S, K
FIAFERREA VTV /A FREBISEE L-BER
WKEDEEREINE EHEMS NS, &K, SMIP DL
BROUE L 7% B AT ERAR pre-SMTP 2 58 R L, HRLEGW
B3, N-USHER 387 2 S B RIRIKZ LA $ A 7
AL AH I EAIRENT. RIFETIE, Th
FTICHEESN T RWA Y7L CHIRED R 5
FEE GRS 7HEEL, Zh5o OfEEEHEE T
L7z,
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FiE L SMTP RO T b HAL 4 % o SMTP-0
RV, BAERERIZIDA VT L I gEMEEOR L
LR BIEGAR T B - BEEL, W REF TP
N F1 5 —+ (soluble epoxide hydrolase; sEH) Z5F
% RHEVEH 2 87l L 7.
R - EFER AT YV ESRRREEZ, A
V7L VNS O RERIEAS G, h VR F D BB, $HD
W+ VR 2 ARBEIC R S 7z, sEH E, C R
FIMICZRF Y A Fog—¥iFEE (Cterm-EH)
%, NEWEBICHEEY) VBARAT7 77— L
(Nterm-phos) # b 2/354 77 v 7 v aFIVEEETH
D, SMTP-0 i, #NENOFEITH L IC506uM B
J 14 uM OHEZRY. B SN 7zRBEAKD HEGE
i, A VU HEEBRIGCTHEML, AV RF R
BT & DG L7z, RIS S R KR EE H3 3
A SN FEAE T, Cterm-EH EIRMY 722 FLE o {1
BROEN, AV TV USRI EEE D b,
Cterm-EH #IRpY L E 2 /R 9 SMTP-0a (Z#llflg L <L T
O CtermEHBHEZERRE BB LTE DY, Thid
SMTP-0a DHIBBIED WA & —H T HFERTH - 72,
ARG DFER, SMTP REMED A v 7L lEHH
JEH B2 B84 % pharmacophore TH 1), #DEEL
R 2 0 3 A AR ETEME O & & BIRMEIT K & g
L, E5ICEMBAOREZZLS LI EHREN
7z,

XEERT—%TO
KEREAFRY & SR BRI O R
BBk B L BT 2 > 47 —

naoya-s@comb.u-ryukyu.ac.jp
. A

BEY  KEHAMD X &V EREIE IR FE 2 kE
TRILTHHEICEID AT VEERTH., —#ORA S5 ¥
EREIE, KEREFEIEU TR Y VERREZEOTREIH
EHBL, BEVKRRECBOTOENR A~
ERET>TWBEEZ SN TWEY, FOBMIZIE

EAERo TR, TR T, KEREC
& 0 BEECSRBIE T 5 Methanothermobacter thermau-
totrophicus AH¥D X ¥ Y R OBRBETH L,
AF N CoM BRIGEER T 1 VA4 A (MCRI&ID O
Blk s oz By kL L7z,

Fik D AWETE, FTE—I, mor AT 0L
PFIHENRE LTSV 7 T v AL 2fToTTEE
— 7 —HBEHOMIT AL EDIT, TRLDOFHME
MEEHT 2BEHBEFOREEZTo 72, T2, K
WAk DK RIS B AMIIIE 2 % 8 RERY 1308
THIEEHWIZ, KEOHHEEMEZHML TAEEFS
M EHNT, w47 a7 LAk B
Maitolz, E561TiF, BB AL Sh,
KERERAEMICEBLE T HEETFO—EHIZOW
T, WR SN2 mer DEGRFEA 5 > 37 WS
TS LT AWML #0067 v M 7Y > MR
WX Y MREEL 72,

R EFR motarobRERENSRE LY
V7 bT AL DR, merl AT DY) T Ly
— R E LCDNAME Y Y37 THH MTHI26 %
MR L. Ky 7B, 777 yvibEw EME
YB35 CBS AL v &¥oTBY, ATPSEZ /LT
MIBNTF Y =254 ¥ ZZBHA LT A%
ZoN. w4 707 U A& B RSN O KR
Mo, RKERELGTTCE, 778 aER%
W & L 72K F O/ R ERENI I S h T
5T, AF VHERIZK BT A F — GRS
HITHMEE I N T B Z AR EN. LI LRDS,
Ay AR, F0&TE e Fosrr—¥ () %
g & L7z MR F420 AR B D BE R MK R BE 4
HTTERELTBY, 27 VAEBRMNF42012L-T
BEIMRIEENDRIZY 7 M LT LEETD ) 28
Z7z. ZORERIE, KREERIKEISEG T, EEK
RWIEZIZDDh, AF VAREFHEELTRIWA
I EZ A TWA I EARIEL T, 72, K
FIREREWICRBZE T 5 E8ETFO—HIZD2NT
MTHI126 & fiv: 7280067 v M 70 ¥ MEF 217 5 724
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B bk P20 @R Foyrr—¥, 5T,
ZOMRBBHMICEb L TFaF 77—+ (MTH737) ®
TOE— - IR EMENERT A REEAUR S .
oy, eAFTV Y FF—ETHLH MTHI7T4 O T
UE— g — e S MEAERT 5 WREEAR St
Z Ok, MTHI26 2% mer 122 T, KERERL
(I IEHEB T 50 2 ¥ EERREROIRE b
FCHE L T a WS &, 4, Y75
BEEIZHDLLIEAF TV FF—EOREH T 52
LT, TOTHRTHBLEH T 5 HEOBERFOHBIC
LEbLLZO—I VML F 2L —F —DVEDTH AT
REME 2 R LT e,

-
THNHEDERRS EERSEHDF

BIBOLEMIE T DBET TENITH
AW O
MAKRET =27 b7 v 7 HEERE

s-honda@u-fukui.ac.jp
\. A

BEY B RICAERT S AW N & IFBRIE I 2 3
L, TORNOISHIEREL 2 TAEORERICEKL
T&7z. THN A (Newrospora crassa) 13, Repeat
induced point mutation (RIP) &IHENS b7 ¥ AKY
v EORNBHBRBIETFICNT AN LT APz
o, ZORPEAEBAICS A Lo# 500bp BLET
80% LA LAHEIVED & 2 EHECH 278 L, W5 DRl
AR ER S E L. WEHWZ &I, ZORIP
EAICH 2 EETFOALZ LS, MFET HEH 23T
BRIGD20, 7TH8r s CIOEHEENE T 7
IV —BIEFVIEILACHEEET, OEYE TR
ZMEORAEZRTCE/, T2, TORPOHEKE
ABWCHRBERTFEZWIET 2 FHEELT, THNY
AEWEREICHH SN TE. L L, RIPIX19874
CHER SN, BEEFFHRICI ) AENEE O
DNA * F VALEESE N A £ ¥ 2 3 DR T rid-1 (RIP
defective-1) #*M— RIPICBI 5§ 5 @faF & LCTHE
ENTWBEDORT, ZOWDGTFHEMITE o7z (D

FFEFTHEH, FITERNETE, BENLEAS ) —=
YL RPICHDLLBEETFOREETI. £L
T, RIPOGFHEMEZMEHITI LT, T ORKEE
HOTEREMEHE% BIET.

FE RET AN ACORBHE IO =27 MTLD
R ENAKOF4 75 —ilBWT, £hEh KO
ENFBEFEBEFHARZICL > TRBR RO
NAZaw Ay P BIEET (ph Bi5T) 27T
ANEhboTwb, 22T, 20O phiEfzTzEES
BRI S, RIPIZE > TEEL: ph BIET
PHEE N/ E) e FHREONL Tax 4 2 VK
ZWERELIEICED, Z0 KO EETHRIPIZH
553 0HET 5. FTEAZ) -2 7IHk
Y, Bioinformatics T & 17V, AMENCHEHL, BN
NOFEFTFEHEN TV EEHE,NSHED S,

IER - £ RIPETHHE RID-1 &4/ A LIZRIP
MW E IR, 7TAHYH EOEBIEDRIERE
L, BRI, RIS, RIPICHST 5oz
FLT7 AN A EEBHEOMKMMFEL, BRICEZ W
& # % 72. % Z T Bioinformatics f#tf #11v>, T A /%
VA OEBREICIET A BI5TF 62720 5, B
WWIERFE SN TV WEERF 23502l Lz, XK
2, RIPEBATREEZ2HETHLZ b, M
AW 2 EEE L HIBEICRET ABEAE R RV
(1,536 ). 2, BICBETHWEEFPLTLH
LEME R L (97048) . & #I1C, RIP A5
BRMICEEABERTHD 0, WAFEHOGE
FRBBHAL ChVEETFEMmE L (2434). Fk
12, RIP 7252 & 2 B B0 % AN BB A3 5 8
BFEHORY AR ELTo72. 2L T, TholIH LT
AT )=V T B fToE A, RIBSEEH L RIP %
FLLERT SR A2HAETFERET S LRI L7,
INSOPICEFEO A b AF VALEEE &2 &0 E
i, —EREAEREMORE RFIIICEI LT T L
RHEND L, —HOMFIZ LY, RIPIEZZ o< F Vih
Wz NT 2B RHRO 25 TREICIVZENES
ARSI N,
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HEEEZ BROMBAEZREAICL S
TEEHRE A T LR AT O

#EEL-EBHAR
K & A

P AT BOE N E R AT 9ERT
mizutani@nrib.go.jp
Y /.

Bey: MUSRMHERABRETOY -7y M %
B E T 2 BlnE, %< oEWicB IR
CHWHRTWAS, B Cre-loxP ¥ A F A IEHITHF
EHFHATEY, RRECBWTL - —# =T
WHEHO—2& LTHHASNTWS, COYARATLE
BRI RIH T 572010, RABBBReBRFy )T L
LT Cre Rz MBS BEEMAPEHNEALD B
HEHEICBWCRML, i, H-oMR#EIZ CreloxP
VAT LEFIATE B FEERE L. £ TR
T, MEN~D Cre BERE R A OIS HHIEE HIF
L, MEx v ) 7O, BEDAOBMAEDTH Cre
MEOEBEEAEET KA. MAT, CreEEUMO
Y R BBV TOEBEEANTED»ZHDL720
V2, ARFEHLR 2 RS9 AR & VORI RR 230
A R TR MR & 1T 5 72,

ik loxP L7 sC~ — H — @5 TF 2 B et ik
LFOBETEEIRT A ETRES Y 7OREICL
WhtkEER L. okt T, KBWHEEY K
YV —=<) RNA (fRNA) VT~ —7 —#ZF Dk
FhEMT, FTOHRIZ, v— I —dBHEINRLEL
L UBIEIC R 202 R L, R#I9IZIEs /7 A PCR
WCTAT o 72, BN OBAEWITB N TS Cre BRE
B ADNHEEIERNLOIC, BEEHEELLT
loxP o ¥8 L7z wa3 ~— 1 —BEF 277 U H0E
ZF7aE—F— AL, ZOKRIZ Cre EER
O, BEXF YV T7T2HWT, BRBYF7AEICLY
wra3 X — N —BETOBRE T AT BEROEIIL
5FOA TN, Zv=—oRE{LhFaa=—PCRIZT
Torz. CreBEEUNDF Vo7 ETid, MR
BB CEELEE 2D RecA #EINL, MFEHMIEZ

AR T MAME 2479 S L & Lz, B recA
RETSBETERBTIAI FEERL, Iht—#
FNCHIR M N TR S8 ¥ —4"y b DNA O
IR 2 AR 2 e L7z,

ER-ER . (RNAPERF Y 7T LR D 005
L7z, DNAZBRF v TELEREIDIELN
B % — ) — AR T BRFBAIRIL, 75% BT 57,
B o N EEHD 90% BLEIZBWT, EBRICT—7—
BETHBREESNL TV, ZOKE2S, rRNAKKE
WTHF X VT ERDIBIEVHONE LT, B
BHI BV TS Cre BEREHE NED T HED 7 FH 70
B, MEORIZERRIIRL 0D, BEXF~ )T L
LTEBEZHVAE I LT, v—7—REFOBRENT
RETH o7z, DEOKRIY, KeLEYT Cre R
y Ny BEE A& B~ — — BERFEATHET
HBHETEWREINZ. T, BEIIBWT, KHIC
RecA # AT 5 Z & THEMILZ R LRS54
HTHo7-DT, —BYERIC recA BET 2 EBB s
5T LX), AR Z RS EHT B0 % A
72, FORER, BETTEH LD, EATHI LIV
Rz, 8L, MEERRERICHS T b0
BT OMFEPLEACBIT 2RECEETHREFT L T &

72,

4 ™
HRER AREIFENA T« JBE]l ©
HECH(TEEE - BAERVZOEZOBEN

E (A R
78 2 P

ktgkhrs@ce.saga-u.ac.jp
N\ /

By ABIBRA 74 v IlRED—2, ZFVainvts
INRLBICHEELAMMEET L ELLLNB,
ZOREBIIBT L), BE, BRI ITHETS
NTwiwv., BRIMOEYHEEENI VI VLT
IFEFLEVEVIF-ERD. £ THEOERE
THINVAYNET I FORBICBIT 28, BE,
FEWEN DRI L7z,
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FiE REOHAIETLCICARY hLTr B ERL
Lo XF = - BERE - K (20:35:23:07) TR
BIL, 50%MikE A7V —35Z LIl 01To7. #
PODAT 4 YIREOWMMPIZ I oaRV L - A5 )
= (LD TET o7z, BRI BENEER: S22 R OVERE
e RE BYA743 % v/, §EAHIE Appl. Environ. Microbiol.
(81(11): 368898, 2015) IR L TH 5.
MR- ER RO VI IV ET I FIZHEEEDL S
AL BEIIHEET A EVbh o/, TORTEEZH
RED, BRIV aY VLS I FEERICRMLT
ZOBFRR/AEE TR, ZOfRR, Fravnts
I FIEEEN oM RE R OBEENEICEE L Tw e,
ZOEX, FNVaVtEFTIFEETIIFRAT74 >
Iy RIS BE IR T ol

FER Vv a bt s 3 FIEERE CREICEMT
LI ePbhholZ b, BRERI/I VI LET I
FOBEOFRBNOFEZR/. ARRO 7 Vo v
VET I FEBRICT VA IS, T8 — Vi,
BEREGORE (ZATFVEGOLA) b6 L
2. COBERZEL O, BEZEBRICRYATR
% # 5 3%E TMA-DPH (trimethylammonium diphenyl-
hexatriene) ZWEFRIZHNZ THNHFGEFDLE, 7
TNt T I PR B TIRIER O G
PENZ EDbh oz, TORBIEIVIINET 3
FEMA7BEGTEIBRE ZERO Ny 7 BEGVET
LTBYKRGSFORBEPEML LI L2RLTW
b, BRI VIV VLT I FOESRRRKE L
T, A7 4 YIRE KT B EHROK S HC26 &
b AP L HARTHIAICE Y (oW 18
24) L WLIOIEHEYNSH L, —Hrvavvkes I FE
B LT BRI E S I3H20EE . Thbsnl
LM, FavteT I FEBFORICIDATH
A7 4 YIREDOT 7 N OMEEFED, BRICE
R E RS LTwb EEZ bR
RBUEEBOBEETHDLODNTVWAHT I VY Lt
PRz h, BIEERAEI VY
BUERFEFSEThH- I ERD, T

\e
r.&..
NS
Ji/
—77: i
S
o R

2UNET I FOEHEENROM I LmBEREIZ2S
LEZ BN

U FomgEr» s, BADOERNYZRBEBIIBNT,
WKEENTVWAHABME VY VLT 3 FOEERICE
1L, AMLVAMBEOREREFRK S OREEITH
LD LRI o T

e N\
F{FHEBED F Anti-sense RNA (& B HED

Quorum sensing [&ERITEDINH
EON OF OB

BB S A SR R L = v

hirakawa@gunma-u.ac.jp

\. A

BAY 21X, BB RAIE Rhodopsendomonas palustris
@ p-Coumaroyl-homoserine lactone (pC-HSL) 7 % T 2
YV Y TBEOMNT 2 T o TEZBET, LET S
— BT rpaR T HT7 v F L A RNAZFRL
7. 4k, TORNA#% asrpaR &fva L, FOHER
EBRRENT 2 1T o 72,

FE . /—Fr7uvi4 72k ) RNAOKRES X
O, 4 ZAOMRBRET-72. 5 LI EKmOPREL, 7
T4 3 —HRE & FRACE #HTIC & Y 75 7. RpaR
Epomil s gR®id, BRNFEEHEWEY S >~
TUyTAYTIZEN ol 7 AT LRI YTD
MR, EYEETORBEE, KM TH LN
A% 7 4 VAJEHRES L O, pCHSL ¥ 7 F VELED
ERMNEICL VT2,

FER - EE | asrpaR 1349 4504522 & % B IERIER MO
EEMTH LI Ebhol. rpaR BT O78HEET
L pCHSL A HGBIEFTh 5 rpal 25 rpaR & [FIIFIANC
2— NS T3, RpaRpC-HSL &K, rpaRrpal
BT OEBICHEET 5 &, rpal &I asrpaR Dk
EMEEES A L2 LEWS, asrpaR DIEE 6]
WX vpaR & rpal DFNEIZHE T TH Y, FOEEH
BREE rpaR DA L v 72 Frh 540805 FHICAE L
Tz, asrpaR i&, 7paR mRNA @ 3 fHIs & I %
B L, RpaROFRzHE L. —H T, raR
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mRNA DZEERHEEEICIIBEL 5L kb o7,
asrpaR RIS 75 A 3 FEEA L 72 TIE, RpaR
EHEMSETL, 7472682y Y 7 OEBET (pC
HSL BRI NI NA F 7 4 WATBKEEDIRT) 28
BEN. FRICH LT, asrpaR /v 7 77 U (as
rpaR DYtk F o7 0 E— & — IR A 7 2V — THE
WEEREALCEEEEZEE L) CBwTid, #
Be_T RpaREHENEHL, LVEVwI T T L
YU EREER LT,

PDEDFRERDPS, asrpaRiE 74+ 5220 v 70
HEFTHY, RpaRipC-HSLEEMWIE Y 7 F VAR
% Rpal O FEMAFEL, pCHSL ¥ 7+ NV OMBIEE 1T
3 —FT, asrpaROEE R FELTCr 080T
Y OEEIR T Tw A KEIX 2 o0H#RZE
TIICERMET 52 LT A T ALY Y VT OEN R K
B LANVICABI L TR EREBESNE, —FT, &
RNAWZ X BBl o5 FREZH L ,IITHI L
T, Firekr S akery y THEHOT A FTEIM
WZoBnsh EfFEnG.

ERMEOLERE
mOE R T

AR 2 4 R DR 530
ktaka@brs.nihon-u.ac.jp

. v

BoY: BERERTRROREREZETS. —7H, B
BEOEEITERGBOBNAME A RERIHR S h
TLED R HELTWAS, BE, BHMEED
Bl zoilne, e R BL OBENRKRA L#E
ENTETWA., KHIETIE, BECBIT2EL0E
B MEROSTEBEZES IS, EEOHER: - #HiE
WIBHATAZ LR BWE L2, B, BRHEL2>O
BT FACERATR TS HE LA (IEC) i
EEEYST, BRAMECLP2EFIECHOIE Y 2 47
4 v 7 il IAEDOBL - MEFFOSFHEED 1212
HAHDTIE WL EEZ, DNAXF ML 70

RNA (miRNA) FEJUIEH L TR 217 - 72,

FHik D EEB L CEEEREET THE LA BALB/c v Y
A DN EFB - AR - T L ORI 6 TEC = R
L 72. Toll interacting protein (Tollip) DFEIRIT T = 2
yr7uay MR L, V725 —¥LKR-%
—TvkABIUA vy —EBARBIZL Y, FIR
HEICB A 5 3 FEMIRE L & miRNA O F E & 17 -
2. —F, KBIEC2HM#E L7245/ A DNAKCOW
TAF WAL CpG 4 & ¥ /82 B MBD2 % Fi\s 727 L
T T v BT, KR Y — 2 2T XD AT
L. 72, 427097 L4125 ) miRNA FEH %
FEWITIRAT L 72, i 7122w T, E® RT-PCRIC
L) mRNAFEHZWMEL, v Me®E LEAEkR~D
SiIRNA & %5 Wi 4 v e ¥y — o KRR X b B EER
Frefror:.

R EFR T, BAEMEERRS ©ERT 5 ZEK
T % Tolllike receptor (TLR) 705 ® ¥ 7 F L O U]
HFTd % Tollip O 5 B MIHME DN 247 o 72, /b
R TREOBEAMBEPELT 2 KRBIZBNTD
& Tollip DEWHRBAFRO LN, 51T, TORMLE
LT, KBICHRTNGTHEEICEWIER %R miR-
31 & A L7 BRI B B Z SO E R o 7.
=75, BRI &0 5 SR o CpG BLFI D X 7Lk
WESERD 2 VKT 2 8EFERPRFES N
7o BEAHIEIC £ D DNA X F WA b % 4 L CHEB A
Bl & Gm7120 BIZFIZ2oWT, BEICBIT S IgA
PURIE ARG THRBOFEICHLE LS/ [ Vi
DR RALDHL O SEJ RN D 5 Z & A &5
2ol 51T, IECIIBIT % miRNA OFBI N
MBI LY BEE2 ST A LAR SN, miR21-5p
B, BNHEOBEESIC L) BEIAIWRL, 20
miRNA 2 & ) S S5 5 X7 HHBHFAEL
7z, 51T, miR21-5p 25 LR EBMEOHEICE b B Z
AR SNz, DEofERICE D, BNME AT
[EC O# 758, HiEzHifivsl il hELH
HEORIEbBEZE, ZoOMMEO R E ik
DNA A F VLR miRNA Lo e ¥V 22T 4 v 7
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B AT B I EATRENT.

BAHRE OB FREZLE &
REMREICEET 2%
B £ W F
SRR ISR eI

ashira@staff.kanazawa-u.ac.jp
. S

BAY @ BRYCIREEOME & 15 F L T MR L Gtz
FREAZEH S, Z OGO M BHER %
WETHEEZ NS, KWL, EENOEGERE
FERAR LT E5E M BRI < MR B 5T
FRMTZEREME L.

FEEELME L OMBFIEEFHFELEHTE
b, ¥40YavYarNIAOKBGREOKEERR
eV, KBEWEZ L a Vg o TIOR3 C—
ERHBICEET O 7O E— 5 — &% L mRNA LY
BRI Fo, MEBRRE ST ayPaynz
DEHFROEA, Y a v Ya v b oER K
% a0 =BT T B S & R R TR
L L7, BER/REOMTIE, WHEEERTFOVE
~RTF FELEEZIED Imd BEEF OBBETFEIE, H
JSEZHE) Blivr o7 7 — V2% L 2 & &304
N Hv 72 BB 2 47 v, SRR R~ o
JREE TR B D F 5 & R

BREER BB METIBETFHOFRIL, AL R
WEND Y r<lF, WEREETE, TR HERE
FREEFNTVE EbRo, RIZ, ThtOBET
DENFNIZDWT, BREHKzBIESEEONT
DEFROETREZ FEKRE LKL THL 75
E, BREKRIDDEELRSLVWERTKE, 20
KRR ORTERBRES RO o7, —F, &
LHONTHBE BB oI =—7 v 2 A 2479
&, BRIV DEEDIS R CHBR SN A HEARD
Motz ZODEBERBLUT - X— A0 HHRE
ZAab¥, BEROIRSLHEVEZELSELMEHEE
FOFEHIEB'BAZ, DL, ¥ 7 <EF RpoS Dl

WTEEFICEBELTRT L2 A, BERTRY
I —¥hka— FT2REFOPIZ, HH KGR
WCLERFEEN R Ooh o, 20T, BEMEE D
NODOREFORBRER. BARGIES RS
LIS E PO EN, Ya v Ya vzt
WHEDPHEET S, WERBOREBKRY 2y Var Nz
ZIEEE LB REREYT) &, LE#EFoXRER
OWE B E RN TR h, 2o, AEW
WAANTTIRBRERE OBEVHER SN2 L % MR
LFBRROP o7 DX LMBEET OB
WD L, TETEGER O RpoS FEHITHI - TH
BrFEIhTBY), 2oFRLL LCEFEICLZAER
BEA~OIEMMEI BT L bhrol. EFVEYFA 0
YayTawynNnbe bETE, BHRGEREIEE
KRFEESNTVDE I NS, ¥ PAOMIRRGERICD
FIRROBREDAFAET BT REEA D 5.

4 ™
FLGBHIChTAOEEZO—-SD
R 3L EFE D AFER
T G

LR FREF BRI TEIT
taketooo@dent.kyushu-u.ac.jp
. .

By v bOFEMEE (7u—F) OEFETEEIR
RECHEA L7 R A SR E Y, A Ic—E DM
WP %5 70— L2BIERRICE w5
KHEBLTCWLEEZLNTVE. LA LAENS
BE oA REShTELBE7u -5 &0
W7 0 — 9 OMBUTOWTIERERP R HBL W, K
BIE TR 70— OMERBREHLMIIT 5720
2, AYRMOTFE 70— J ORRZELIZ DV TH
W DNA % FIH L 72 M5 09 72 MR RE R IBAT B & v T
G - BB ETo 7.

HiE AR PERBOLR AT EBL, HRED
BH L O ET sAEEZ B -OEEEOEMMN %
PRI R L 72, AR OIRIUS I & B HEBRE T A3
# 500 H £ CH—REOMBTHREL TIT-72. K
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K S L7z DNA & ) fiw @iy 2 79 4 < —
& L7z PCR#EEZ F Vv Tl 16S rRNA & 15 F % M85 1Y
(ZHIREX L 720 5 28k 2 — & > ¥ — Ton PGM % F
WIS 2 W L2, 15 o N iR AR MR R
EIY 7 b7 27 ThHB UPARSE S % T, 97%
OYEREBEFIAEEEZ HO7- b 0% F—OHM (Opera-
tional taxonomic unit, OTU) & LTHHEL, % OTU i
HUT HHEOHEE &2 IT - 7.

EWR-ER R T -2 T K
Rd 721 18308 +8681 V) — D 16SrRNA 15T D
EHIAgEF S, 7530 OTU, T4 bbREICHHES
7z, B OTU B HE OB & & &Ik~ 123 m
AR SN2, £ DWBREITB WV TAR
400 HREECHEHITH IR Y, 700 H LARE S Mk & 3RS
LHIENRTELTHOHBE BN TE—ELL T
7z, ANERERUIHERE L ICKRESCERLRLZ—FT, 7
O— IR L THhE DY — B RBH LN
7z, O EE I Streptococcus & Rothia O HIE K
a5 b RMEM LK TH ), WL LCidE
{2 Streptococcus mitis, Streptococcus salivarius, B LT
Rothia mucilaginosa (4T 5bDTH- 7. 44200
HICEDC LRI SN AR OLREEAS T D, Neis-

seria flavescens, Fusobacterium nucleatum, Haemophilus

V

parainfluenzae, Granulicatella adiacens %535 EFEDHIC
WOBES R E LTRSS L) ICho72. v
T Veillonella, Prevotella, Porphyromonas J& O ORI,
HEROHINAFRD bz,

AFEC L o TR LD TAYROONEFEE 7O —
DFERGF AL S S B SN, SRLAE
BHLBEOHFEZD o THO T OBEFET7 O —
T OILBRPAS DL ofe. RFFEOFHRITSHE
DOBEEE7O—F7OEH - FREHEL-H220

E BT E R ORI CE b THEEL ik
T bl ELLNS.

RUHBITLAALTL Yy Y AD
EMELEIMEY AT LBERICET S
D BRI HMEREEROBRRLE
B T IV R REEIR R

Moo —
Bl A1V YN A e B

staguchi@eng.hokudai.ac.jp
. }

B 4 3B EMNE DARALERY v — [Plen-
riched LA-co-3HB)] # /54 # < ZAFEH 2 & — BT
EYERTEBLNA T T O AR HBICHB L &
T, DAAERY v — OGS REERET 5 2 &5
BE& o7z, REIFETIE, RUHLBAFLAo Y SL
Y7 ADEMEBEGH Y AT LARBEREHEE L
T, FPMEYER SN DARALBRY) v —2HH 12
UCTBRIER A 5 TN E CTHEEB O 2 R 2 4
RGEEL, RRY Y —OSRICEHEMS T ARHEY
FEL, SHEERFIEE IOV THETT 5.

FiE L HEERAEY SR LT D ARAER) v —%
ME—RFEIRE LRRMEERIC L 0 i & B L
72, KRR L, 16S TDNA OIEILEF) 2 ET 5 2 &
TRE L BEEID FRABRR) v —2—REHL
L7 DR L TAT v, J53E LB O R SR % 5
WU/ Bl 2=y MEDERIAEBRY v —FLi %
EEHELTI0C TR EE, #0650nm DHEE 1
SEIC01MA T o MERE EHR L. BEBRE
60% BEFFEZE T X D b L 7218 4 % HiTrap Desalting
BT ACTHRE LS, ¥ aBEERSESERIKD
X DR,

TR - R EREEBICI) DRABRY -2
FREH ETROE B ZRLMEE 1 MR
L7z, DRABRR) =z AT 5MEIZ 7 7 4
BOBETH D, 16S rDNA OIEIEELHID S Variovo-
raxsp.C34 EFIE L. COMEIEEY e Fux vk
% [PGHB)] BLUDARAERY~—%2&L 7L — b
ETrho—%ER L. —7%, PGHB) 4R LT
% { ORI GIDD 5 Alcaligenes faecalis T1 Hk o 7K
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U ARG —EREHSEAMEZKBETIE, PGHB) 7
L=t ETosN NO—%BR L7225, DELRER) <
—7L— b ETCEBESN R, o7. TREDRKRDP
5, AMEAIEET L0WHERIIINT THEROR
WL D ARILBAR Y v - RERTH L LEILN
70, BRI NoHEFEOILEME 51.9U/mg TH
D, 9FEiZSDSPAGEIC & 1) 42kDa L &tE &1
7o, BHEARY < —FALRCH L CRE LSRR
HEERMERE Lz 25, REEFEIZPEHB) B X
O D RAEER) = — 128 L ClEWIEREZR L7225, D
R S (PDLA) B X OTLAKRY $LEE (PLLA) &
S UCHERERE 2T L— 7 vt A L RABOME
R L7z, RICHERGAS ) AL o THE L2
PDIAB X O'PLLAD A ) I~ — 13§ 5 5 ftez
MALDITOF MS i2 & 0 44T L7k 5, AKBEZE I PLLA
DF ) I —% R L ed»o72h, PDLADF Y Ix
=R LTI, AR EB0RAEUTOF) I —%
KGHT B EFbhrolz. LEOER?S, ot
L 7= Variovorax sp. C34 OHEFET 5 5 REEFE : D FIL
BEARY v —B XU PDLA 20T 5 2N E TIZ W
WhBHETHIEEZ LN

e N
44X SEFICLBMERRICHT S
BEREILE OHIEEE

BB B 25
kimura@hospk.ncgm.go.jp
. A

B : ¥4 F ¥ %54 (Aryl hydrocarbon receptor:
AhR) 54 FF T VX B2HEAEHICEB W THLT
BREEHS TWb. EF SHIEIEEZ @ AhR 2% [Th17
DHLICEE LTWwa] 2 &R [VREH (LPS) £
LOHRRELEEZIHT L] SEEFRALLN, &
FISAITBT 5 ARR ORENI O W TIEAMN 2 A% <
BENTWA., AFETIE) AT T % EOMBE Y
BT S ANRDIERBFEZMLPICL T ELED
12, ARARRERICEBELET LI EMOEN T

% ARV 77 > F LI EGE & DREIZOWT LIS
ML T,

FHik L FARM (WD vy A& ARRRIE (KO) =7 2
WY AFY T &G S, AR L MO SEEY
A A4 % ELISATHEL . £/, WIBIU
ARRKO I ApHEE~wsa 77— EEL, VA
T TIREAN L BIIEWT A N A A VLT ELISAT
2 1 BYAN

I ARz 07y — IR (RAW) 12 AR %%
ERBLEE, 2V u—VERIZY AT T REGES
%, EHEEBEE ROS) OFEZ ROSHMF v T
s L7,

VAFY TREEIZE B ADNRD AIM 70 E€—5F —
DYy V—rErZOTF VRIELRRBICIVRBL
7z.

BER-EFR VA FTFVUFEELELTHSRTYS
AR 230 A7) 7RG U CIRBE 2 R R 2
FO—D2ThHAHILEMPALL., VAT THEEICE
D=0 77—=JICBWT AR 2SFHFE XN, AhR K
TYATIET Y b u— by AT G
BIESZWD Lo T/, —H T, ARRIEH~ a7
7=V TR AT ) TR L AREEY A b ALY
OEANT Y PO - VHBICEERECLEALTY
7z. €5 T, AhRIZ & 2 MHH AN 5 BTk O
HEIZRREET A I AL VICEDLDTHRNI EATRE
Nz, S5 zED/zE 25 AhR Y A7) 7T
Az WFEISRE< 7T 7 7 — VO ZIMH L
TWw5bHZ e MNT% o 72, AhRIE apoptosis in-
hibitor of macrophage (AIM) WS HEF#FET L
ETxru7y— Y OMBEKLEIE L Tz, AIM O
T UE— ¥ —fHIBIC ARR AR D 5 T L 2R
L, UAT) 7EH% ADR AE OB 7 v — F &
NHZETAMZHELTCHAI 2L, AR
B BRALZY AT Y TR RET 2000 EE
REEEHSTVARIEPHBH L., YATYTHE
OMERBEZ BN TEELRRE ZH - T 505 ROS
THY, AhRIZTZ D ROS DEAZRET S Z & THIE
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MBLAEIT - Tz, TNFEFTIZARNRIE S F & 0%
WEZHEL Thd T EHIRENTE 2D, RO
BOWTRELERTO—2TH 5 AhR 2SHIH G B
WTHEELEEZH S TWDE I EHFEH .

e D
FHREFENF -7 70 —RIBYTI A
ICHIT2BER7O0->0%FE
KBERIBBEODFIRE

B oA

HFRIE AR, B SRR A
h-kawashima@hoshi.ac.jp
\. A

B . EUBEEORIESL, A — 177V —HH#
BFO—HEZHOMEAPHE SN T ED, TOm
TR IS A2 m % v, RBFFETIE, MBI
RIS L 72 RIGHHEIGE AT Cre V O Y E 5 — B HI®
TAEANT, A= b7 7 VORI LELRE E
THEIREE AT YTt vaF Vv T b
TYREMAUL, A7 7 Y- ORRERE & KRN
e ST O B 2 EERAVICEE 5 & L b2, I
W7 u—FOEICEH LT D501 mEHEE % A
THILEBEMETA.

Hik L KEBEHFHIERNIC Cre V2 Y EF — Y253
9§ 5 GleNAc6ST-2-Cre Tg < 7 A (Kawashima et al., J.
Immunol. 2009) % Atg7 foviler < vy Z L ¥NF &b, K
BRI A — 7 7 V=K (cKO) w7 A%
L7z, RIS, WARIT Y ZAB LU KO v 7 AICH
JAEFFRALT EERS FvA (DSS) FEREKRE
KOERERERDB LOCTH - MAEORE, kR
BOREEZAITITEIEICLEFMTLE LD
2, BT v — 7 0%, KT F FEE, A5
S B L TR S EAURRE O AT 2 A 72,
R - ZE . DSSTFRUERBLEEZERLEZ S,
cKO ¥ 7 A TIERIGRIBEZHEE I ITTETH & %
RBL7Z 25610, REYWEHOSEHKE TLOREL
FERIEA BRI SN2 L5, KO DRGREZ
P AME S BEE T2 2 LAVRIRENT. £ITE

WEB X OCRIEDHIC BT A8~ OBANMEORA
MR R8s 70— 7% vw/z FISH 312 &
DEF L7z, ZoRER, KIBROFEFEICHKL - T cKO
T AKRBANOBAMEOBANRRI A EER
L7z, BBPAIE & K BRI O 5w 5 A
FLEYVBTONTED, 4FYERBRIISTS
BB Th b, FITESIKELAF Y FHDERE
ELISAIZ X DT L, cKO =7 A TIdAF ¥4 hsi
FUETTAZ 2RI LA RICEHENMEEOEL
122V T 165 rRNA DL BN -0 PCRIC & 0 T L
72b A, KO~ ARG TIRIEEDGNME A &
KNS AZENHLNE o/ LI EFOERE%
WA DIIHEN Y ZABLT KO ZRKED
DNA~A 7 a7 L A&7y, P Es e s B
HT 5 4 DOPH AT F FEIEFDFEBLA KO v 7 2
KB THFETTAZLZANLE., F2hon
BIETRBFEICELS Th2 A M4y, BLOD
Th2 %4 b A4 YFBEED LRHET A M A A 1125
KO T T ABWTHBICHBURT 35 Z & a%hh
ol BREEY, KEMMlEoL— 77 V=i, Bt
WARTF FORB, EEZBNMEEOHER, BLOD
LF UM ENET A LT, RKEBEROEIEEST
BT EARE I N,

TEVIRF 1y SHECES KRR
Bk % FIM U R ERRE 5 O
S HRERXANOM
O W E

FULRAERE BT8R
teigoasai@gmail.com
. /

BHY  SRIRB 05 ARG AR, B o RAH
WA R EREF AR ECIHRIRIREBICS 5 2 &8
bhroT&7., INLORRERERFEZFEHTAI LA
TENE, SHETFWEORRIIOLN D LS
na, (LFEPWEZHNTIEY 242574 7 AKERZ A
BRICEALEED [FIHWNVIEI 22T 1427 A
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W, RIRB KRB OLEEEZFET LD 0H %
FHEO—2>THbH, ThFE T, BizTHRBEOMHIC
HFETHIEY AT A4V IRFTHALA NPT
VAR (HDAC) ORGFRER &2 Hwv7z K
RAEECEEZ L LTB Y, BE OB RAH
WOWBITEY L. ok, BRERCEET
HRNHEETIEHTOOTH B0, HRERD
HEEREBETFO "E” PEbLDOTHEEIILSL. Ti4b
L, ZHECEAR, FEHLIEGRR AT R
WMI U TEBIRT 22905, Fkomme RS
ROGLRD, 22T, KETIE, BEAAL V)
ok BT CAEFTANARKEICER Lz, Al
BLUHREEM»OEHEAREEZDEEL, F¥IHT
V2 AT 4 7 A% O RRWER LT, SRR
MRELH M KA O % BIg L 7.

Tk L BRI B I AR E TS s T
LIy B L OFREINCHERAT 2B % IUE L
72 PEELZERNE, =8/ — VB X UKREEERT
KHERE L, YA & LABIRIRERIEE % v
THWAERIRE 2 408 U7z, 208 L7294 TR 1E rRNA &
52F® D1/D2 I OWERINZE T TREL, Rt
B 217072, $72, 186N 72AERIE, HDAC B
EHRINGHCREE L, FRENIERMEE HIRL T
BRERPOZERRB 7T 7 A VOELERELL. =
R 707 74 WABEEFEITEALZREICDOW T,
RIKPACEFEIC LD, RIREL T KA O | E &
1o 7=

TR - EE L WAL R IR R SR B TR 8
T 2 3R 2588 12 0 W T AR IR 0 708 % 3
Riz. ETORYD» S NERRE GRS, BLZ
RO % ol L7z MBI EICHETAHI RS -
THY, T/, FHOICLBITD 72 2 R IRE 29508 &
iz, HREWIZDOWTDH, 1580 528D N AR D
SEEs I, HREWIC L — ISR DT B T
EWRENT, F, LN A SRIRENE T 38
WIIZE LCwizas, HREEW» 52 MITma
THERAEEMIR T2 RRBEPTHESND &) B

otz Fiz, HPPARREE UTRENZ Xlaria
BWSEAHESY» S oM sh-Z Lid, Bk
WEoTHAPMYATNEZLERBELTEBY, M
B LR RIRE O RV TH 2 T LR EN
oo WONLHARKREIIH LT IAVZEY = 4
T A7 A O RRFE 2 IS T 52 & T, KIR
B RAHE LTS  OFBWEOTIRIZRI L
7z Fr, ATFANERREPAEETZA V70 Y
BIFHAR) 54 Fho, 757/ 74 W AEEEZR
FALEWE R Lz, RIFFETIE, IV Ix
AT A 7 AL TC, WEORBELETEIRM SN
WHAERREO KRB OEEREZWMRKSEL L
T, SRGIBWE RS TE . KPLEISRIREES
TeN—R& LREEMBRROBHRO—WY bl L
ZHIFEL 72w,

s ™
TFKMIED X7 LICH T BEETHEED
HREKRNOHHEEOHERAL LU
MR EDRE
R VS

KO TR 2
t-furukawa@oita-ct.ac.jp
. /

B8y ARIZE T, THRAEY X F2II2BIT B/ 02
~ 4 ¥ VIHERGER (VRE) & 2O lmTFTHh s
vanA B £ U vanB BIZTOFEREERZPSICL, T
TRALERIR A3 S B BRG]~ VRE DIL#ERE %
BESTHIEEZHNE L.

FiE TR, RGRO TR o ik ik
WAL GRATFK), =7 Vv—=varvsy sy (¥
K), WAL T (CRALELK), B X 0N
AN GHERK) 2 HEEL 2. BURHREUE, 20134 6
ABXU1H G2 @), %2 502014451 H, 107,
BEIU12A GF3m) [CEMLA. 2B, 20144510A
BIULRAOTARREBCOWTR, ME#EETOER
DHRERL 7z, FTRRE»SOBIREOFH, BX
OB - HIUE A > 75 > 7 4 V¥ —E (mELEEH#,
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IEERBLEREE ) (CHEo CTHEI LAz, Bk, £TK
HHEOBHEREERL, a0 —% 9 v FAICH
BE - EUXL 72 ERL 2B ERE RIS LT, v aw
AT HREMTHLPITT L2002, kRDFE
BFRLRE (MIC) #MEBEEEBLA. F72, TAREE
MoONTavA Y VIFHREFEERT S0, T
> DNA#H 3 v P 2 HWTE T RIS 7/ 4
DNA #ffith L7z, 2@k, Y 7V ¥ A4 A%Ew PCRE
W& oT, ETREBFD vanAd B XU vanB BIZT %
Em L7z

AR Ze & B L 2B ERE DWW Th, §H#ce MIC
A EN L7205, HEE T AREE & Mok TE
L7z,
R ERWATK, &K, ZROBK B
CHBAROBGRBEBOFHMEIZ, Thth
1.9x10%cfu/100 mL, 1.9%10° cfu/100 mL, 9.0x10% cfu/100 mL,
BELU2.0cfu/100mL TH o7z, THRKAH 7Ot 212
Lo, MATABOBRELRIBMD L, HWEHFIC
o T 10cu/100mL LT F THIE S 7z (BrksR
Slog Yl b). TARMBLZ 9 & 2 38 B0 BB % 5
ETEDH I PR S NI

B 3EoFAEEEL T, WATK,
LEK, BXOHBAR? S, FREN159HE, 158 #,
1578k, B X UMD G ERE MR 2 Bk - B L, MIC
REICHE L2 ZEALORIREKRIE, NravA Yy
VIEE 20 ug/mLiC L THRFEMESINL, TAD
5, %L OBEREMION Y a4 ¥kt LTRSS
BRIz, N av A Y R 2.0 ug/mLSx LT
HERLIBHREKIEMTIORTHD, DI HD
2ERIEEBEEON yav 4 Y (>128ug/mL) %)
LTtz R L7z, TRBEP T, B#ETHE%L VRE

(Nva<A v VEE 20ug/mL DRI ZRT
Wik Z2EOK 3% RETH 572,

HETFRARLSHM L2257 5 DNAZ HWw T,
vanA B £ O vanB BIZTF % Em L7z, KHEEET
HBEKEZ LT RTOTARREE 2 HMIMENTZ. vanA
BLOvanBRERZTFORLBE VI —HKIE, £h

vk, R

Z 1 4.1%10%copies/mL ( R ALEK), B L O
1.5% 102 copies/mL (T RHULEEK) THolz. LizdTo
T, WHERIIBWTHREEENICHRE (BE
F>5log) ENABA, MHEEETIZLI Y X7 MK
FL2EF, REBRICRE SN T B W REMEATRIE S
iz, =T, TRRIEBGORGEENI, B XK
RERRD ETH 2O EILL 2B EREKRIZDWT MIC
RERAFEM L7225, Nravw Ay iR RTEIE
ERO2%VUTIZEETY, BREONYavf V>
1% 43 2 BB Lo 72,

~
@EEM%%%%¥%ﬁwth% RIEETEE
ERYLERRE DD F L NIV TORERE
m W e g
BN AR

mtabuchi@ag.kagawa-u.ac.jp
- S

BEY £ < OFRE I, DRSWER S I 5
WaALTHEEMEPICTY 27 ¥ — LIFEN SRR
HAFEFEAT DI ETREZH V. EETVE I L2
SN T\ 5. Ralstonia solanacearnm CERIHHE) &
T AR % e 200 FE DL D OREPC IR YT B B3
FEERBERETH Y, T0HHEU L O T2y —
FHLTWA., AEFgECid, BEEEHREHVLTHK
T 7 =7 & — DN FRREOHRIZ HIy & L7z,
FHiEBEATHEERBSTRELERRLI 7 22 ¥
=BT AI FEMEL, BMEOPRRRE, FE
BB W THIHHE 25| &R 727 5 — %%
L7,

TR - B MECHEHE LTI &R LR R
I7xy ¥ —@®—DRSpl022 1L, ChaC N A A ¥ LI
EN2H 50 5HEYMICRESINIBERRMFAL >~
%A LTz, RBFFE Tl RSpl022 120w CHICHERE
fERTZ D /2. 97, RSpl022 ORBEZEE T 5720
EXMETUT A ML) L EREEE TP LA
RSpl022 1E, Z V& F 4 Y HRICEb Lk p-Z V%
INTrsu Ty AT 2T —¥ (GGCT) &AE&EmIC
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HUPLTwhrZ PPN £IT, RSpLO22 AF
BTN T4 ZEMICLTw Szl L
%, RSpl022 BEFEHEAETIIa Y ba—k
RT3 EBEICE TN VS F4 VIREORT
MR ONZz. KIT, FEPFIZ RSpl022 #5887 B
GGCTHMZ AT 202 WO T H720, KBEHT
FEBL & 472 RSp1022 @ GGCT il A WE L2 & 25,

RSp1022 1& 4 { GGCT /A A & Ldroie. LI 5
A%, BERRCHEE S8/ RSp1022 1%, FEHITHW GGCT
HESRH SN, Sk Y B EMIEPICIE RSpl1022
OEEAL LB LR FPELET B EE R, RKBHEH»S
FEEL L 22 NG 7 RSp1022 (CEEREML 7 » 28 7 B
FRMLZEZA, MLy U HBICEFELT
GGCT ko L AR I N2, 2 61T, By ~
2T BRI 2 © RSp1022 {EMEALHF O fFE & A7z
&2 A, REW CHMSE-AEN % RSpl1022 O
IbaiglEe LT ru~x b7 97 4 =12 & Rk
WCH—F Ny M ECRR L7, MRS hEE LR
FREBROMICL OB L ZABEBNREF AL
FFo v Thsb Trxl & Trx2 BPRE Sz, KIBET
B, BRLUABEBIOCHEYF AL FFE, &
BRES N T RSp1022 % i EEAK MM L LAz, &5
12, F4 L FF 20X D EAITEMRL & & 72 iE R
RSp1022 & MEREPIAEYE ChaC & ¥ 7827 B TdH 5 Gegl i
DWTHEOMIBR R 2 R b, /K, B2 L2
%, &R RSp1022 1%, Gegl D94 b o &5 v il i %h
KEHLTWZ, TNHOMELD, RSpl022 L, 1A
FMBERTH AL FF Y L 0iEm L s h, BE
PAEYE® ChaC # ¥ 7827 B & D b1k 2 ICE WG T
HEMBHAO TV E FF w2 MBS ERENEET 5
CEBHLEPIT 0T,
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4 N
B EHAEROREBRIRILT 5RO
EAERICHIT BT - ZRBOEL
Mool H—B
L ARRL S TSR 2 R ST R A I S 0

maruyama@nibb.ac.jp
. A

BeY MERO—T, BHELIFITI S B
MEEIE (Symbiodinium spp.) 1, ¥ T - 4 V¥V F
Y 7 EOKL ZfllaBEICET I ETHIb N
5. 4, BEEBICL VY TOALEITIEN S B
WHHROBE R ELERRORENIE L2 L, B’A
BRENP TN LD, FORMLE A A =X LT L5
Mo TWRY, RKEFFETIE, My e i+l
PHONBBHEE T, ERTORE 22508
WA, ZORMEEDELTOIVa—-2H#$ T,
Bea e LARVOF I 7 AT—5 %8 UTHAT L, 8 HE
B BEE Y O EE & ACH o S A AL & BRR S
HTEEHME L.

FiE  BREORENLZETFTNVETDH 5 Symbiodinium
minutum (BT, FEICET I VI—ADTTE RS
SEREWOEREICHD B EETERAET 5720, A
—N—ara—rERnier /) AHBETOSTFR
W 24T) & & DI, BWESHOED L BEFRE
BOMRMYEZFL 720, RNAseq 77— % % V7248
BHIRE EY RN R AT - /2. 72, BMER Rk
Huwlx g Ro— @iz, REEEOEITHE
)R EY RS ZHEE L.

HR-FE  BEEOS ) AT, oBEREYT
BRoMWZWEY, BfzF77 3 —0LEL, #E
FEEDPRI > TWB I ENT o7z, BIIBERICS
AN ERICEELRREERITNRZET V755~
2327 8 Light Harvesting Complexes (LHC) O EHEE
FHIIFESTRED 0D Y, KFFEICL D, BHRE
OHEALDBFE T LHC 25EEF B L U ETFRER.
BELHMOVBELCHAO L I REMRBBET 773V
— T BICE 2T EAUREN, FORMER -
HELN 2 SRR O MO THL M S .

F7229 LM BETER Y — 213 S, minutum
720 T LMD Symbiodinium TH RN & »
b, BEFEEEZ OO LT ) AFBEEAS. minu-
tum OIESCLLE H B i Symbiodinium B35 5
DRI BICHELIL TR ENRBE SR
(Maruyama et al. 2015 PLOSONE). 7z, A # Ko
— AEICBW TNV I — ZABEDOL R ED I
BT MR ERHER, BREHRNCBCT, iR
MEIZE D 7N a—26-0) B &) VBN R
DEBREVPWATHIENREEINR. T2 &R
B, Kk EFICHECEEREEIRAL, Uy -k
LTIV a— 238 BEER N T O AHHREEIZ £ 0
HEING & EHIZ, HERBIBWTREINOE
PG DWINE DLV B WSS B &L FHEINS.
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