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7o, AN Z B —FEL L TR TEORBIZH L BRI, R4 BB T CORRIE AR 352
EMMIBTHD, AFFRETIE, WEDFERICARL CODICHLEDLL T, SR T2 MK EFCHEBESRE T T
T2 28 LR FSECLEIMHEEMAEY) Nitrotoga 2151 CTD, ZOBLGUE, /0 BERE CIIE K CHisiE ¢
IRV T, BFEAY I F T DL Tt A5 T 52 LN TEDHTEEARIEL TVD,

FEERFBR BT TRAREL CWD 7 7AIN T, S AM1E Nitrotoga (25 LEE R A TER 5 L% % 7=, Nitrotoga &
JEAEB A ISR T DR IR A S BT BT, o7 a1 —%—(FACS Ariall; Becton Dickinson) ~fatL 7=,
RESE TR BEELA PG OIS Z R T BELE A FEIE L L T T VA fRIT LT, 2 BB OB 2 FaiE
ELT, Nitrotoga— LA AEM DEMERE 96 7o /V 7L — DT o)L ~FEFELTZ, 96 /L' —hT 2 7 H HEE&EL,
Nitrotoga 23EFE L 727 =L Z [AlE LTz, SEERICM B2 A A~ A% iR T 5728, 1 7=/ (150 uL) 25 25 mL F=—7,
500 mLi~EY L T NER T — VT v S LT, AT — VT TR TN T T A SR LT 22 A, Nitrotoga L
SR OFEEE &L T Acidovorax 2ME (5L T eZEnson o7z, ik A IV T, Acidovorax (20 S Han=— 2 MG
LH—fEE L TRERETDIEITHIILT,

Acidovorax 7% Nitrotoga OTEVEILIZE 5L T E D7) ZRERR T 572912, Nitrotoga 35X T Acidovorax & #5481
720 96 7 =/L 7L —MIHEAHEE 2.1 mM %3 Lo SRR L L B R 2407 E L, 23°C THER LTz, B0 =/Linb R it E IR
YTV T, TV —ZREEE T BB Ko THERSERNR FE 2 I E LT, 1548 20 H 121230 T Nitrotoga HLEG 22
F T, PRI DD T UL 7 BRSO 85%LL EANHE STy =/LiX 2%LL F7257-, —77, Nitrotoga &
Acidovorax & RS AL, HfEIAE TEE L2 = /L OBIA A 5003 10° cells mL™ 724 92%, 10° cells mL™ 72 &
20%7°~7-, £53 46 H 1% TlE, BUMEE3E R 123V T Nitrotoga 78BS R 2 1 2y L 7= =L OE| 413 60% (10* cells mL™?),
21%(10% cells mL™), 3% (10° cells mL™) L72>7=, #IAE A% 10° cells mL'LL EO#34, Nitrotoga 13 Acidovorax &
WAFF DT L THNER A E T DR N E<IRDTEN DT,

KIZ Acidovorax L3379 5Z&T Nitrotoga 23 HENEZHES T 20820 % MDD 7=, Nitrotoga HLAHES 75 5% &
Nitrotoga—Acidovorax D52 R IZ OV, MG AW EREL I NaCl % 3.5% 5 T A TR HICENZENEEEL
720 AR A% B2 CQUNRWERE RS 2511 12 F81F 5 Acidovorax & D 538 BR 57 ¢, Nitrotoga o Ji i el b is M 1 X PH 2
Sz, Nitrotoga DIH7 SRR, ARMRBERE CAEBLTCNAH70I0), AEMICE> TIEEZITHZL



NHAESN TS, A RIOIEEFRBRBEIZH T, Acidovorax i3 Nitrotoga 2304 A& VW C, H9EAZ L CDHE
EINTREND, 2O, Acidovorax 23EEAE T M Nitrotoga ZBRE L7 AIREMEDNBHD, — 5, AN 2% 5.2 7=
N T KBS -2 1238 T, Nitrotoga (2 L2 M SN 2 2% Acidovorax O #EZBI OO T RS e o Tz,
Nitrotoga 7%/ AMZITHIREPNIREE 2 ST T O I XRFSN TR LT, B TR A 815 T& R oTz, Ee,
LRI DOR G123 T Acidovorax (X Nitrotoga Ot EMEERFICH 5- LW\ 2 EAVREMT-, Nitrotoga & Acidovorax
R ISR R Z TR L e oo, TORERETERSE TRV o 7 a2 W IUE, AN Tk b i
HIEEE SIS LIVe W, BRI, N THKE I RESE, MlRAR & EICHESSEH2E T, M2 5
L7zib Linzen, N THEKZ 60 HEFEASE QDA A4UT 74 —"Cid, Nitrotoga 73 5 LSRN HE S-2 &
DHESNTND,

Nitrotoga TIE72W BFEOMEMIM A A ST 57280, BUE T THOWOILTWAIEK, MG AT A, A4 A
Bt TV T Ul W 5720, AEMORKE~—I—Th% 165 rRNA BI5F 2% 5RIZ PCR HIELT,
I I LUKV 7 DB D I, PCR FEMHE KRN L > THERR TE 7o, IR 7 Ahbid, 1ER KB D
(L5 A A SR Ao 0t B S & AW 2 & T Rhodobacteracae <°, Y¢5¢ 8 AW 005 B e oy fie kD ff &5 T
Sphingomonadaceae 78 % <fk Sz, M HEHEREY TE<MIHI D Woeseiaceae D (5 A b m 2o 72,
Woeseiaceae [TITEAXT ) BNGR EIL, N,O FTOMRZERBEEFFOZENDD TUVD, HEZK T Rhodobacteracae 73%%
<, EOMITHF AR CRFBoHF A TR L L CHE5E 9% Hydrogenophilaceae, {b2A A #EE A CTLIHBN
ToHHEPER T d % Alteromonadaceae DOFIG 232 o172, 723 Spongiibacteraceae < Nitrincolaceae 13 (5 #2317 >
TER TR IEE D72, ZERBIZ DWW TEARBZR 32\, 7235 Nitrotoga 13 IS AL o 7e, HAEERZ PE LT D
{L. Nitrosomonadaceae 23 Y2 7 /W12 0.1%/FAEL TV iz,
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WTIL, BRI KB E D > TOD E AT TS, AT, IIEEIEEZ 24 FEBREL CTOSEE0D,
BN TN BRI T D2 X TERD -T2, L UREIR LS E O W e BE K DAL AT H I, SrBEss:
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IV IR IR AE ) DETE IR G D BBRBE Stk L7 o
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LIS PR CE D e STV DY, g A
MIDIRIRE E72 > TOBNRAF T 4 )V DB RIRIZBALS 2
ENTENE, B0 R ICBITAARRR T R X —
DOuAERIETED, T CTHEEE L, KIS TD
A 2E ) DO HEFEREAS DR B A B CX U, 14
T AN DI E G I TE, A SR D AW 15 Y % 41
Hil 3 2 T EmEIR R CED 1 LB 2T,
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HIEDWIATHD, AWFFEETIL, WERFERIZAERL
TODITHBEDLL T, B E T 2K R U R E S
P CHEIRTE M A 2 LUK T S CLED MMM A Y
Nitrotoga ZJE15L T4, 2034, 4yBERk TldifE
IKHCHIGE CEWVAEY CH, BREEMAN EIFT5
LTRSS T AN TEDZEEEHRL TV
(Figure 1),

HE/K B O PEB A D3 ETF TE BT DN T
X, TR E I UT-1235 1 & O Bt PE D & i
NTCEE, W%, HIRENRERDERBENFREL DT
b, RN DK EIAK S CHIBREEE 2 TE S, Sk
T 5, ZOXH7REMITI 2 D702, MIENICIREIE
%D THBDRIBIE LT A AR WE AT T
2B, ETT, AN OE %2 DAF L PRECT I B
WEAZFETHIET, AR 2D K&\ BB BREE T
THAEFTEDLIERMENTVDD, —F, MM
YIOHIZIE, YOKBRBEZ A Te A, AN ALF(E T CTh B
AR EASAA T OV AR T THZETHIETED
HLOHLWHERFERIEZ QD HFEEDEDIRY, 20
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2. 1. Nitrotoga NEEMEMERFT HLTHHIEHRE
Y159 BG4S O iR BA

2. 1. 1. Nitrotoga D&

SyBiEREE U7 Nitrotoga (% A /K 1 CiEMEE RS/
Mol=72, NaCl & £V S CHE LT, Bk Ak
I, 25.4 mg L K,HPO,, 40.6 mg L™ MgSO,-7H.0, 6.6
mg L CaCl,-2H,0, 3.2 mg L™ FeSO,-7H,0, 54.2 g L™
MnSO,-5H,0, 49.4 g L™ H;BOs, 43.1 g L™ ZnS0O,-7H,0,
27.6 g L™ Na,Mo,0;, and 25 g L* CuSO,-5H,0 LL7-, —
FNAX—PRBIOERZIREL T NaNO, ZE-HIzEmL
77
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Figure 1 Non-marine Nitrotoga acquires salt tolerance by coexistence with other microorganisms.



2. 1. 2. Nitrotoga &XFTHMEMDRIEL LU B
&

FERELRBE CHEERL QW7 7AaNTIE, H7FEMAE
1% Nitrotoga (T LEESEREZTER T DL 272,
Nitrotoga &ILAEAEM DAL T DEE A BT 57
», 7 vEELY—4%— (FACS Ariall; Becton
Dickinson) ~EEAL 72, REEFR I HIT BELLE PNHEH
EOBEMESZ R T HELDCA TR L L TH V2 fif
Witz 1 HRDT 7 Nt DTSR R Z AT LT~
ARy M oy MR IR LT, Nitrotoga—t: 24 o
RN CELTY T HRET HT2D, Ryh7 vk
% 10 OV T T EILT, BT T 7S E EHM
fz 12 T2V ATGARHTAD 1 7 =/UiZ 100 EIEFEL,
BEIMSEEIZL LT, fb Nitrotoga—EM AW DEFEE AR
SRS T VT EFRIEL, £OTITIZE FNHM
faz 96 VLTl —bhDBRT 2 /LFETELTC, Y —hET
ToUREEARE 96 7 =)L 7L —R T2 » H jE2E L, Nitrotoga
DEFEL T2 = VR E LTz, [AE LoD = VBT 7R
L, A7r—LT7Tv LT,

R, THa—RA, 775 2% T, Luria-Bertani
(LB) 5541, Nutrient-Broth (NB) 5, R2A 5% 711k
S, BET LV —NMARKR Lz, TV —NIATr— VT
BRI N A MR L., 7 —h kI
Ezl-an=—%tv71L, 16S rRNA &Eis A5z y —
o ALT,

2. 1. 3. BEMIREIE

Yo T NE 12 Ve VATARHFAD 1 7=/ FL
AL LTz, ATARH T A% 50%, 80%, 100% =% /— /LT
FNEN 3 HENRL, MRREBK L7z, SRR L7
fluorescence in situ hybridization (FISH) 7’m—>7", K7+
JAREE T NID L, ARV LT IR, BB DIRARAE AT A
RHZ A FL, 46°C C2 - 4B E LT, IRATRAETE
WL TRELZ L 721212, B Bh 1k A (SlowFade Gold;
Invitrogen) A i T L7c, & LEAMEE (Axioskop 2 plus;
Carl Zeiss) CHt HAEFRL 7= TV aBlE2 LTz,

2.1. 4. JEMHRER

96 7 /L 7L — KN T Nitrotoga 38 L OSETFAE M %2 3t
iR LT, 96 /L7 L — N HANEE 2.1 mM %5 To MR
LB IR A /3L, 23°C THE&E LT, &0 bl
ZEMENC TV T, FV— AR E W s

(2o TR AR I & ) L=, WL 72 R R 0
85% (1.8 mM) LA EZ& 4 #E L7z =/L CiZ, [Nitrotoga 2%
HEFE L7 ) ST LT,

F7o, MR HG LI Tk s iA A 7722
PNTH Nitrotoga & AFHAE M4 2B 48 L7, Nitrotoga 73
S IEAY sl Pt e a N 1B I e = N RN 1 A
9 2IEPEDFEIEL L C, Nitrotoga (252 HHANEE DRR{L,
B ANIE LT, MRERT G L IT N Tk i~ #&
TREEDN 3 - 4 mM T2 5 IO CHERNER A RN 7=, B2 1R
FEIX 23°C LU=, BB BT 7V ZL, —20°C TE:
177z, Nitrotoga EILFFAAEMDOIRAIX 111 L7259
WZAREELTZ,

2. 2. SESRTLICER T SEEMEMDREN
2.2.1. o)y

201948 A 28 HIZ, FA 1A a3 () L b KBy i F)
OAMETHIZBNT, A LRIV T V28
Too BRI TRRTIX, R B 7K B8 L b
W TR ERREL, (A4 WA B RENT T
WA RN 5, TR % O KOWEEELL, KIEKDKRE
FHED 1/10 FEE OIEF IR MEIZ/RD, SHITEXGBHT
TSNS A A AN LT ) A— VR — L O
TRV LB LI T2, TAEMITE 2R ESND,
7R B IRIMEERE I ERE T 72D, 1 B 1 EIE
EMFREPREETHelF 32 GHvE) . e DOBERD
e ARE ok E LRbE TV T U,

SHICERBNTEEE CHEHIILTWDA A 2D
YTV T Ui, T=A v (At ) Rl e F A4
(B5A A ) ZZ BB THL HE B O N CHEEIBTERY,
o NI eSS, ZSHBI I AR P a o CREE
TUEFSND, DR NS E LTIENEAR Y
TEXPELFINL 2,

PU T T HOIBICHIR TRBIRY, 97 v
50 mL x 2 A9 253 7EL, -80°CE-20°C THTRERATL, 7%
0% 4°ClTimERIRAF L7 (Figure 2)

2. 2. 2. MIEEAEMN

50 ml i (2o LTz 3ROV T, 2
AUl 2 DF515ET DNA ZAH L7z, BRIkt L <L, 138
FH ORI %~ Fast DNA SPIN Kit for Soil (funakoshi) %
ER U7, ¥E/KI% 50 mL Z3 (>3 %& (4,000 rpm, 10 57
M), /NSIRILE I D3RS Tz, ZIE R GA T EDIT



Figure 2 Samples for DNA extraction. (A) Sediment. (B) Seawater. (C) The dirt wiped from electro-dialysis

membrane.

1,000 pL 72 EIR LTz, 7=A4 2 BL O F A A3 Hafx
HkDV 7L, AR I ELTZIERE Milli-Q
water [ZRREL, 1,000 pL 721 0L TR L=, ZHH0
TR A DL T BIE AR T, Ly M — X
L, ISOPLANT II(NIPPON GENE) T DNA L7z,
16S rRNA #f&{® V7 - V8 fHik% PCR #4iEL, lon
Personal Genome Machine Sequencer (Life Technologies,
Carlshad, CA, USA) & i\ Ty —F o7 L, AT —
4% CLC genomics workbench v.5.5.1 (Qiagen, Hilden,
Germany) OIZEDIAF:, 7 A VT r— DKUY —F (quality
score < 0.05), ¥ A7 F | ( maximum number of
ambiguities < 2), #\\U—R (< 300 bp) ZEVER =, fif
HHITIE MacQIIME®ZFI LT, 16S rRNA JE{z T-HlS]
O f8 [7 P 23 97% LA b % [ — o @ & (operational
taxonomic unit: OTU) ELCI/TAXY 7 LTz, T —H X
—2=Z ML, 4 OTU OREAS DA ZFE LT,

3. RHER
3. 1. Nitrotoga AAEEMEMEXLFT HLTMHEHREE
BI5GB D #ZEA

3. 1. 1. Nitrotoga &#F T 2MEMD D EEES
i Nitrotoga 2MERES Lo T VLY — 42—

U7, BB ST L LD 7 L R E

W7 h5, FIZ Nitrotoga THEEKS L2V OO 72 A

LI AEEEERE 96 7oL T L — DT L ~FE Tl

L7z, 96 Vx/L 7L —RTC 2 # A [#55#L, Nitrotoga 734
FHLT=D 2V RIE LT, RERIZHER AT~ A2 ik
T 570, 1 7=/ (150 uL) 7>5 25 mL F=—=7", 500 mL
WANEF T NERT— VT T L, AT — VT v 7 %
B T R BB UL 72225, i Dan=
— N ENT-, 165 rRNA Eis RIS X,

Acidovorax J& DAl ThoHERELTZ,

3. 1. 3. Acidovorax #7£ FIZ#11% Nitrotoga D&%

K5#% 20 H #1238V T Nitrotoga Bz 38 % Tl 414
BB D BT UL 7 B AEER 0 85% LA ENHE S
NI =V 1X 2%LL F72-7- (Figure 3), —77, Nitrotoga
& Acidovorax Z LRI L, MAEEAIHE LY =L
DOEIE T E AES 10* cells mL™ 724 92%, 10° cells
mL*72L 20072572, H54% 46 A 14 T, BIREGERICE
VT Nitrotoga 23HLAHERZAHE L7=D = /L DEIG I 60%
(10* cells mL™), 219% (10° cells mL™), 3% (10? cells mL™)
Lipotz, GIME K% 10° cells mL' LA EOHA,
Nitrotoga | Acidovorax & #7735 Z L ClllfdfE A 1HE 3
DHERINELIRDIER DT,

Nitrotoga HiMHE5# A& Acidovorax EDILEGFRADZ
NEIIZONWT, B e N T KBS TR LT-
(Figure 4), EEREESHIZLIECIE, BB R R T
HEER RIZIB W THAEIE B DS E SN, Fo N Lif
IREFHIZRAFIZ IV TS, BUMEE AR R - R R & 12
HERIXIHE SN e) T,



A 100 B 100
) ] S
= @

o 80 r £ 80
= 60 r - 60
© —i

S x| g

© £ 40
E [}

2 k4

Q L

p 20 % 20
z :

@ 2

g 0 — — g 0

104 103 102

Initial cell density [cells mL1]

Bl Mono-culture
[ ] Co-culture
I -
104 103 102

Initial cell density [cells mL1]

Figure 3 Nitrotoga (mono-culture) and Nitrotoga-Acidovorax (co-culture) were incubated in 96 wells microplates

where mineral with 2.1 mM nitrite were added and temperature was maintained at 23°C. The nitrite concentrations

were measured (A) 20 and (B) 46 days after incubation.
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Figure 4 Nitrotoga (mono-culture) and Nitrotoga-Acidovorax (co-culture) were incubated in mineral and medium and

artificial seawater amended by 3.5% NaCl. Error bars indicate standard deviation. The experiments were performed in

biological triplicate

3. 2. B AT LICE BT BB FE AN DR

T AT D=0, 2 TOME L EIZHF > 16S
rRNA {5 1% %512 PCR R L 7=, LY kDI~
JVTIEBABR 2 SR8, K ROY 7L Th b
PSR ENT- (Figure 5), — 5, A4 38#k

I kDY 7L Cld PCR HIRITE 26720 -7, 20D
T= O E F AT I, TSR DIERIRITATST,
HIES4L7c PCR FEM A FRNTL, M #5 2 5 ~ 7z
(Figure 6), TRV TIZ, TEIERFBIEDILFE AR
ARSI IE SR A W% & T Rhodobacteracae <X°, Y5
AT EIR Sy fitE O Ffi A 5 e Sphingomonadaceae
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Figure 5 PCR band of 16S rRNA gene. 1: Sediment, 2: Anion-exchange membrane, 3: Cation-exchange membrane, 4:
Seawater, N: Negative control, L: DNA ladder. An area of approximately 250 bp corresponding to the length of the PCR

product is indicated by a yellow frame with reference to the DNA ladder.
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Figure 6 Bacterial community structure of the sediment and seawater samples based on 16S rRNA gene sequences.
The community members are grouped at the family level. Groups assigned at the family level were described as

“unassigned order names”.



REME LIRS Tz, TSR T2 <Ritianb
Woeseiaceae ™ (54 2t E) -T2, Woeseiaceae [TIT4HFEA
B7 ) BSEEEIL, NoO ECTOMERIEEFFOZEnvbn
STN5E,

7k Tt Rhodobacteracae 73%<, & DI EWERD
WTKESLAHEEDEBRILL CTHIHET D
Hydrogenophilaceae, {t.% & Bl AR 2 AW TR<HS
M- HEEEMERIE C©HD Alteromonadaceae DEIA A3 A
~7-, 723 Spongiibacteraceae < Nitrincolaceae | /5 3 %
DDA TCISSCERIZ R DIE M IEH 127, ARBIZD
WTHEARZR S 2, R B LI DWW TR Tl
&9, £/ TIiE Nitrosococcales 7% 0.3%),
Nitrosomonadaceae 7% 0.1%&> 303727 =7 FE LA
HARHSNLDHTH-T,

4. % &
4. 1. £EMEW Acidovorax M it i 1M £ B
Nitrotoga [Z5 % =82 &

Nitrotoga HARES 3 TlE, B4 20 H A Ol S
VN CHURHER DS B SIT= T = )L DEIE 1L 2% L, R 12572,
WAEMFRIZ LT, B —E OME BN LI /2 DT
EREINTWAY, FL— DR AR RLT 5L,
—ERDT =L TOH I Nitrotoga (232 HANER T 2 )35 He R
Nize BREAEDET MAEY ThHHRIGHEIZ DT
b, MO FHEEFH IR & DX A7 TRIDDT Tl
< MEERNTHEAILTIIEBDERHDHIENRES
NTEY, SEIOHRERICBNTHAY 2B T
TR A B R RS & T2 B 2 DD,

Nitrotoga Hi M 5 & & & b #k 95 &, Nitrotoga—
Acidovorax 538 R CIIHAHERTH B N EC Ty =L OE|
A EFH LU, ZHuUZ, Acidovorax 23 Nitrotoga OFg%F%
FHEL 772812, Nitrotoga 73 HAE LA IR L 7=Z &1 H
L TWDETHITES, Acidovorax 0 L9720t JE S il
HEOITFITLD, IR S I th o H A ERRR LA C
‘s TV5Y, Acidovorax 73 Nitrotoga 0D HE 5 %753
L7=ERE D 1-2& LT, Acidovorax 23 “HEFH S E K 1% P
ELT=ZENFT IS, B E Micrococcus luteus (34
FETESETRIRBIZ R TC, IRIRIRAED Micrococcus luteus
H & ORAGE R EEZIE 1%, Mycobacterium J& D%

REET DR IAEL DXL T E WS HIENFBILT
v \6(10)o

HEREREH 33U C, Acidovorax (245 Nitrotoga OO il
PR CE =07, NT#EKEEHICIE Nitrotoga (%
Acidovorax &ILfFL CTh SRR ATHE Lol AR
L A% 5.2 T W IEBERT SR 123517 % Acidovorax &
DO ILEEFER B C, Nitrotoga O HiAHERER L IE M I3 LS <
7=, Nitrotoga OXH7Z M7 ST MR 1T, AR R
BECEBLTNDIDOL), AEMICI> THEELZ TS
ZEDRMESN TS, SR OFERBRECB T,
Acidovorax |% Nitrotoga 73576 3~ 54 FH T, HEGE
ZLTWAHZERTAESNLMY), Z DR, Acidovorax 73FE
AT B )Y Nitrotoga ZBRE L 7= TREME 3B 5,

AN A% 52 o N LK EE SR IV T,
Nitrotoga (C X2 MR VH B DRI N2 o T,
Nitrotoga 7%/ 2 ZIEHIIE VIR 3 5 4 R 9 D848 1X
RSN TELT, B GG 2ES TE/h o7z,
F72, A RIOEEFESAMCIHV T Acidovorax 13 Nitrotoga
DOMHHEMIESICHF G5 LW Z e REN T2, Nitrotoga &
Acidovorax |XEGFE I TPICEHE R IR L2 o7, T
DEEREZERSE TR W7 A HviuE, AT
WK G CH AR DV B S 7o b LivZe v, R,
AN LK IS RS, M4 IR S ICHEIGS T 5T
LT, MHEMEEES L0 b Ly, N THEK%E 60 H
IR ASE WD/ 304 YT 7% —"TId, Nitrotoga 23 5
UEERSEA DS B S LS ST M),
4. 2 BB RT LICER T 5B EMEMDREN
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Summary

The objective of this study is to reveal the mechanisms by which a non-marine microorganism acquires salt
tolerance through coexistence with microorganisms. A salt manufacturing process in Japan use an ion-exchange
membrane to obtain brine.  When microorganisms in seawater attach to the membrane, biofilm is formed leading
to increase electrical resistance. For investigating the survival strategies of a non-marine microorganisms in
seawater, a single species isolate is needed to evaluate its growth activity under various cultivation conditions.
Previously, our research group enriched non-marine nitrite-oxidizing bacterium “Nitrotoga”. The sample source
was a costal sediment, but the isolated Nitrotoga cells did not grow in artificial seawater medium (ASM). This
indicates that coexistence with other microorganisms allow non-marine Nitrotoga to acquires salt tolerance for
survival in the sea environment.

We expected that coexisting microorganisms were in close proximity to Nitrotoga cells. The enriched
Nitrotoga culture was applied to a cell sorting system to collect coexisting microorganisms with Nitrotoga. The
dot plot area with forward scatter (FSC) and side scatter (SSC), reflecting the target particle size and complexity,
respectively. Microscopic observation of the sorted aggregates showed that Acidovorax was attached to the
Nitrotoga cells.  Acidovorax was isolated using solid medium. Nitrotoga and Acidovorax were cultured together
in ASM, however, no nitrite oxidation by Nitrotoga was observed. Nitrotoga did not form aggregates with
Acidovorax during the cultivation. Nitrotoga may consume nitrite after Nitrotoga—Acidovorax aggregates
pre-culture in ASM as “adaptation period”. A previous study reported that Nitrotoga was predominant
nitrite-oxidizing bacteria in a bioreactor supplied with ASM over 60 days.

Then we tried to obtain other salt tolerant microorganisms from a salt plant. Seawater, sand filters, and
ion-exchange membranes were collected. DNA extracted seawater and sand filters was amplified by universal
bacterial primers targeting the 16S rRNA genes. The PCR products were sequenced using an lon PGM system,
and the microbial community compositions were analyzed. Nitrosomonadaceae, known as a non-marine
ammonia-oxidizing bacterium, was detected from sand filters. The amplicon sequencing suggests that
non-marine bacteria can acquire salt tolerance and grow in sand filters. In future, we will isolate non-marine

bacteria with salt tolerance and reveal the mechanisms how to acquire salt tolerance.



