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Temporal and spatial dynamics of algicidal and growth-inhibiting bacteria against the fish-killing raphidophyte

Chattonella antiqua in seawater of Yatsushiro Sea, south-western Kyushu, Japan

Nobuharu INABA", Ayano AkisaTo", Asami KURODA", Hiromi NisHr”,

Yoshio TaHARAZ, Tomoko Sakamr® and Ichiro IMATY

Abstract

The harmful raphidophyte Chattonella antiqua is known as a notorious red-tide causing autotrophic flagellate.

Mass mor-

talities of mainly cultured yellowtails by C. antiqua in 2009 and 2010 at Yatsushiro Sea, located in Kyushu, the southernmost of
the four main islands of Japan, reaching 8.7 billion Japanese yen (about 80 million US dollar) have been newly reported. There

is an urgent need to seek strategies for reducing negative impacts by Chattonella red-tides.

In this study, temporal and spatial

fluctuations of algicidal bacteria (AB) and growth-inhibiting bacteria (GIB) against C. antiqua in the seawater at southwest of
Yatsushiro Sea were investigated in 2012.  Densities of AB or GIB ranged between 3.7 X 10" — 5.6 X 10°CFU mL" at 0 m and
1.4X10'—8.5X 10> CFU mL" at Im above the bottom (B-1m). Percentages of bacteria that killed or inhibited the growth of
C. antiqua within the total culturable bacteria fluctuated between 3.3-17% (0 m) and 3.3-10% (B-1 m). AB and GIB were
mostly found as particle-associated form (O m : 71%, B-1 m: 87%). Partial 16S rRNA sequencing revealed that all of AB and

GIB detected in this study were comprised of o~ and y-proteobacteria as well as the previous study conducted in 2011.

This

study gives an important ecological implication of algicidal and growth-inhibiting bacteria in the coastal water in relation to the

occurrences and prevention of harmful red-tides by Chattonella spp.

Key words : Chattonella antiqua, Harmful algal bloom, Algicidal bacteria, Growth-inhibiting bacteria, red tide, prevention
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HERMOIFZRETH ST 7 4 N Chattonella antiqua
(AT, Chattonellay 1%, HARDRECHBEOKEHEIEY
FIEEITEABWRIERAY & L TR TW S,
1972 LE\ZHE T PRI C 1428 RO/ N~ T % BE5E
S, K T7LEA L W) BEFOEZERE (Imai et al., 2006) %
G278 LTHATH %o SIS/ RHER A IS B W
TIE 1988 4E L%, EHHIE T Charttonella |2 X % 7R 23584
LTHD, 2009 4F & 2010 FFEIZFEE L 72 KBUE 2 i i&
7 ) B AL e L, ARHRAE S0 M A 2 2K

A E % 72 5 L 72 (Onitsuka et al., 2011 ; Katano et al.,
2012)c D X 9|2 Chattonella 12 & > THI & Z SN bR
W EAR MO TR AW IZIEIEF TR EVWERPS, £
DY EZFIN T 2 720 OFAM I ZE D TR E D IKEIT %
& LIED BT X720 Chattonella D HEBAREFIYHIHIZ
FEOWTFEER O L0, FETHMEAICOWT
37 el L 72 &5 2 % (Imai and Yamaguchi, 2012). 1%
BIFLENC & B2 5 ORFEIROTRAR, ZFFHFAM DU
FIZLoT, —EDOHNEPRD LN TS (Imai et al,
2006) EFEMIPGBRIEAMT & LCZE TICWH - 1L - &
W B Bk 23RS S LT & T A 7% (Anderson et al.,
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2001 ; Sengco and Anderson, 2004 ; Imai et al., 2006), /\f{ifE
W2 BT B Cochlodinium FRENZ S UKL T 8AG 25EE 200) 3R
ELTORTON T EDONBIRTH 5,

FREOFE LT IHBIEIC B WT, EYEgHoB a5
AR EZEORENEETHLFIIHATH L7720
S COREE A Ol B 1R 2 B WK
M2 # D & 11T & 72 (Sakata, 1990 ; Imai et al., 1991, 1993 ;
Calbet et al.,, 2003 ; Jurkevitch and Davidov, 2007)s ¥T4F, ki)
HHEEAR I B CREME O R & 282 U T
WD HEDIRIE E LTV % (Doucette et al., 1998 ; Kim et al.,
1998 ; Imaietal., 1998, 2001 ; Mayali and Azam, 2004 ; Mayali,
2007 ; 43 2013) LA L, N SHME LRSS
IR R L OB RIBRIZ & 0, T mA A
BVODPUIRTH 5o KRR DOMWAKFIZBIT S
CNOKREMEOBREICH T2 AT LA LRV, K
WFZE i, 2012 FOIEIEFA TH - 72l (EF) O
fRHEIZ B B HEIK O Chattonella \2 %3 % A3 . UMl
PHEE % 7R3 /T O 22 R 2 B & 348 L 72 D TS &
5o

S L UHE
YT T
20124F 6 H225 9 B¢, BAlE L TlgE—m,
JEE VR S VR R R IR % (Fig. 1) O ZEE (0 m) KON E 1 m
(B-1m) 8K L, WKL L7ze WKHEHE, TR
BLERES JRAEALEL L 7R ) T ¥ L AR (500 mL) 12T

32° N

130° E

Fig. 1. Location of the sampling station (Ill) in the southwest Yatsushiro Sea, Kyushu, Japan.

P H ISR OEEEI TR L, EBRICH L7, T
T Y TEEOKIEE, WOIELEBKEEZ Y — (6600
V2-4, YSI Japan) (2 CHHEI L 720 B HEAIIHRKEZE H 12
75 AT 7 AIN—T 4 )% — (GF/C, Whatman) % F\> T %
HWL, 90% 7+t b N C—HHEEEAT it 2 17V, i
JEFEERT (U-2010, Hitachi High-Tech Fielding Corp.) % Fiv: 27
O07 1)V aiBExERE L7z, F72, 530 (DIN: NO;-N
+NO,-N +NH,-N, PO,, SiO,) ¥4 — + 7 F 7 A %' — (AACS-
4, BL-TEC) |2 Cilll%E L 726

RF AR R RRE SRR O 2B &5

I HEAR SR (0 m R OV B-1 m) 1%, K% W 107,
107, 10° f5IZBPEAR T, &AHREE 2> 5 1 mL 2 L% 3.0
um DX 7 LRT 7 4 )V ¥ — (Whatman) CTHlB L7z, 74
)& —IZ ST10" SERELH (0.05 g yeast extract, 0.5 g trypticase
peptone KUY 15 g DFER % 1 L DK 125 T ; Yoshinaga
etal, 1997) FIZHHE L, 6K 0.1 mL (& ST10" ZERFARIC
B L 720 74V F — RICHiE S M 26T E
#MB (Particle associated bacteria : PAB) M%), {3 H O E
% [P ERN T (Free living bacteria : FLB) W% & L, Kigeft:
12T 20°C T2 B2 L 720 ARUEE 0K 3F (Total
bacteria : TB) XN FLB iEHIZ WV Z VT IV T F GRIEE
1%) = FVEE L, MloOBEEEEHOREE Lz, 28
MIEEAE L -8 KRB BT Sz a0 = — oS E
& ARERE, IR F 7oK E D bR BRI R L (CFU
mL" [colony-forming unit : CFU]) 28l L7z, £ D%, 48
an = — 2 AR IR TR R TEIR L, ST10" JERER

— 10 —
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WA AS7248 7 )b 707 L— FD x )L |ZHEE -
RaEl 7

IR £ (TB) (& LR D[ L 72308 2 v T, DAPI
ek K gtk RSO CEEST A TV
L 72 (Porter and Feig, 1980 ; Imai, 1987)c PAB (#1175
AT &, TB 225 FLB GREEAIR) 22 Ly Iwiofis
LCHEWM L7z TS HEHC D & 1S HEF L ATV, 1
BEH 720 OFHHE L IEEEAS, | mL FISHEES S
WA KD,

RERICHW - FREREDEE

HET 7 4 N Chattonella antiqua (NTES-1, HEFAR) 1,
75 SWM-3 554 (Chen et al., 1969 ; Imai et al., 1996) % Fv>
T 20C, JE5REE 50 umol photons m™ s™!, BARFEIHA 14 hL : 10
hD DS T THERFRFE L 720

DEHAE OFCREEDFHE (CHIEEHER)

Chattonella \ 29 % f iR & 5Hli 3 5 720, 48k L 724
W &R REHH & O FZRFERABR A 1T 5 72 (Fig. 2)o RO 1,
2HAENZ48 Tz~ A 7 a7 L— NI C antiqua DREE%
#7 1,000 cells mL ™" [ZF%# L 0.8 mL 3 240E L, BIFRH
Gl AR L 721, HABEHRARO PAB & FLB % 0 Ik
T AEREX L o TE Y 2 VIR L 72, BRI &4
BRRIZ DWW T 2RI TTIF, &7 L — MSHIE 2 30
LZawnay ha— VX% 4% )b § 072, 1 EEEE
L, 0 1,2 3, 5 7HHICHEZIEMEET CRENROH
GERHEOF M2 S5 L7, 53213 RRC O B & kR
DHERMET TIT o 720 HEEMILAT 90% DL EFEHE L T 58
A% B ] (Fig. 3B), T > b —)VIX & ik L HEhE
A & A FHE ST B FETERETI M, HEikAET HHE,
HHVITEHOBEREOFR) Ba % [ 5B EME ]
& L7z (Fig. 3 Cand D). EFAEME O T, #HEikEES
WCREDP RSN =2 )V % [ERIALGFEME (Nomotility-

Axenic culture of Chattonella antiqua

D OB R 5 o0 R 22 i ) 28 )

inducing bacteria : NmIB) ] (Fig. 3 C), HFHDFIKA G HIK
(R L7y o v [RRIRILIFEMIR (Elongation-inducing
bacteria : EIB)| (Fig. 3 D) & L Tkl L 7z (Fig. 3)o A F
ToBEGHIE 2 e 2 L 7oA S & BRI 7 R R R oo )
B LB REAI A RO S B B 2 B L 72. RTHAEK
LT R ZE vz,

Bk: BC X SA/ ST

B : HHZ AR - BHIHE L 7oMR % (CFUmLY)
B : B2 HEANREL (CFUmL™)

Sa: R - HEFHRHE %R L 7oL

Sr: BB L 7oL (30 1R)

16S rRNA &= FEEHT

TR BRI TR B X OB R E AR & LT
O3B X T BHIFR 29 MRICDW T, 16SIRNA DR HE LS
(%9 500 bp) fEHT 24T o 720 25HRIE ST10 ARKS Hb 12 145l
S, KigE% 15,000 ipm T 5 4 PL LG L CHITE 2 X L v
ML TEMTL 72, DNA fi T3 (10 270 100T)
% vy, i L 72 DNA (22T id TOYOBO blend Tag %
L, PCRFUGIZ & D 16S RNA OEHEFEEY % HEE
L 720 PCR HIOFIHZEMIZ 94°C T 247/, PCR Y1 7 )L
13 94°C T30, 58°C T30#,72°CT1457% 3041 7,
NCTTHOMRUBEAT 5720 77 4~ — 1L 27F
(5-AGAGTTTGATCCTGGCTCAG-3') (Delong, 1992) & 519R
(5'-ATTACCGCGGCKGCTG-3') (Stackebrandt and Goodfellow,
1991) % w3720 PCR Ut & 0 A2 A% L 72 DNA FEW) 12,
2% 7 A — A7) CEKIKE) 21TV, PCR IC X A 1R %
MR L720 PCREMIIZTA VLY N =2 TV A%AT) T2
12, SAP (ExoSAP-IT, GE Healthcare) % ¥/ L, 37°C C
1543, 80°C T 155 OB A F7\», DNAT ¥ 7L — |
ZAER L 720 DNA 7 » 7 L — I i&, BigDye Terminator
Cycle version 3.1 kit (Applied Biosystems, Foster City, CA) % H

Add algal cells about 1,000 cells mL!
to each well

Isolated bacterial culture

| I
/ Incubation at 20°C, 14hL : 10hD,

Bacteria inoculation 50 pmol photons m™? s1for 1 week
by autoclaved toothpick

I I I I I
[ - -/
/@D @b @6 & 9 W B W//
NI I T I T YT
[ - - - - -
A i L A 1l XX Vi

Fig.2. Procedure of co-culture experiments to test algicidal or growth-inhibition activities of bacteria against Chattonella antiqua.
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Fig.3. Activities of algicidal bacteria (AB) and growth-inhibiting bacteria (GIB) against Chattonella antiqua. ~Control (A), killed

cells (B), roundish cells (C) and elongated cells (D).

W 96°C T 10F8, 50°C T 108, 60°C T4 4% 30 A1
N OB ZAT 572, fEHL727 ~ 7 L — M3 Hi-dye
ANVATIVTE F10uL ZRML, ¥+ €5 —% DNA
2 — 7 X v+ — (ABI 3100, Applied Systems) % HV>, DNA
HRFERCH & BT L 720 #5517z —2R8H DNA O ALY %
Chromas pro (ver. 1.7.1) I2CT7 T4 ¥ A ¥ N afT\, HEHERE
FIOPWSEZRFT - 720 155 N7-HERS 7 — % 1L, NCBI D
BLAST % F\v> CTHIEH OAH R MR SR 2 ATV, i 2l i ik
ARz BEOBEMRE E FMEOAHFEMEZ R L2 E,
BHOESZEEZEBLTL - & QMETH S ) —Hho
AR E L TR L 72,

Scale bar = 100 um

=] %
KIBIRIE

JURHEIHIE 0 m |2 B 1) 2 KBBRBE OB % Fig. 4 12787
TRIRATFRAIA B g 2 (2 R FEI 2 7R L7z 3RO IR %
RKEWEBZRL721%, 8 AURRIIZENIHR L &
FHARREZE 1L 0.1~29 uM, EFHEREY > 13 0.01~0.28
uM, A BERE 7 1 1 1.1~20.9 uM O EEFHCTHER L 72,
Chla X 07~11pg L' O#EFATHR L, 6 726 HIZKE
% 7R L 72BN B o 72,

SHEHR UEEREMEROEE
Fr Ty I OmKGE GEERDB-1m) 1B 5

A EL (Total bacteria : TB) DB % Fig. 5 IR L7z, TB
1%, FET6.1x10~3.9%10°cellsmL', B-1m T 44x10°
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Fig. 4. Temporal changes of temperature, salinity, dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP) and
silic acid (SiO,) in the surface water (0 m) from June 22 to September 4, 2012.

~1.6X10°cells mL"' OFFHCTHFE L7z, (3L A EDOFAKH
TB-1m&E) 0mDIBEEBEETH>72h, KEEN
Bl < 2 &3 D 572, FLB (FEMANE) 5% PAB (R -1
EVEME) B e, B-lm D8 A 16 HZ R EIFIFEISS
WiEZ 7R L 72,

RGBT 2 B2 R B B OB Fig. 6 12~ L
7o EETIE, SMEEAREME (3.9 X 10°cells mL™) Z7R
U727 H 24 HICE 22 0] BB B 52 M BR 12 6.1 X 10° CFU
mL! EIEFICEWEE R L2, ZoofiiE, #ia
10°~10° CFUmL" O #fif TH -7z, 9 H 4 H %k % FLB
BOFHHBPAB L X D) 4~16 5= 5720 B-1m 13 10°~

10*CFUmL" O#iPHTH H, HIZ FLB FDF05 1.2~10 5
B o7z FLBEIEB-1m & ) BREOHIFEWEZ IR
A RD N, REBOREDOEE & DL B-1m D
BN IR LT,
RS L VBB SR D ED
Fig. 7 \Z A B (AB) [ UV 5l BH 55 08 (BRI AL 35 35
W : NmIB & BRIRILFEMER : EIB) BOZEE) 278 L7z,
FJE T2 3.7%x10'~5.6%x10° CFUmL', B-1m (& 14X
10'~8.5X 10> CFU mL™" o> i FH T4 e M OV Ba 5l B EA1 1 A%
a7z, EH5OKETH 7H 24 HiZidmEnl (&
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Fig. 5. Temporal changes of densities (cells mL") of total bacte-
ria (TB), Free-living bacteria (FLB), Particle-associated
bacteria (PAB) at both layer (0 m (A) and 1 m above the
seafloor (B)).

J&C56%x10° CFUmL"',B-1 m T 85%10° CFUmL") % /R
L 720 RN FE R K i 2 & PB4 EE (5 [l/10 [a])
The S, BEFEPL SR 2B L CI1d 8 T EB 8% <
e 4/10) E41, B-1 m Tl NmIB 234 THt (5/10)
ENTzo RIBERBIZBWT, FHEME, B E
12, 13 & AL PAB 52 SR REAT : 71%, B45iE
FHEEHHTA © 92%) SAL7z0 BEFE0TREATA £k 3 2 4 ot
BB DOE AL 0m T33~17%, B-1m T3.3~10% T >
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Fig. 6. Temporal changes of densities (CFU mL™") of viable bac-
teria (FLB : Free-living bacteria, PAB : Particle-associ-
ated bacteria) at both layer (0 m (A) and 1 m above the
seafloor (B)).

R UETERR E MR DB

e N OV BB PR T & LT il S 7o bk &g &)
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Fig. 7. Temporal changes of densities (CFU mL") of algicidal bacteria (AB) and growth-inhibiting bacteria (No motility inducing
bacteria : NmlIB and Elongation inducing bacteria : EIB) at both layer (0 m (A), 1 m above seafloor (B)).
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WEOIIEIZ LY, FREIFEED S HERMHIZ BT 50
BRI OB OEEEAVRIE S, FRE R EE
AT B AR EEA S T O R & i, FE S
n, ENOMEOERAREY:, RaEF IR ThH
M T % 72 (Imaietal, 1993 ; Yoshinaga et al., 1995, 1997 ;
Doucette et al., 1999 ; Skerratt et al., 2002 ; Mayali and Azam,
2004 ; Kim et al, 2009), L2>L, ZNHHISEILIZE A LD
ARSI BT 2 MK b o F s i o ByREfFIA & H

MELZbDONITEAETHL, LAL, REOEYE
MR L L CREME 2 AT 2 F 2 EZEB LG
AR SRR LA OB O A REIC B3 2 R O 55 b
[FARIZANT R CTdd %o Inaba et al. (2014) 12 & % &, AREHIE
FEOWRKTIZBNWTL 7007 1 )b g BOZER) & R -
WG FHE A B O B R BRI R SN0, Ehb
AT (&3 ) KR ISR L, R 77~ 7 b v BUfF
wmiflEHO—Wh & % ) iEoOEE L ROTE ZHo T 5
FHAURE ENTzo ARFZETIE, Inaba et al. (2014) & [6] DB
HHIC TR U 78 50 TR IR TS AR Mk v o0 it M OV i B
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Table 1. List of genetically closest relatives of isolated algicidal bacteria (AB) and growth-inhibiting bacteria (No motility inducing
bacteria : NmIB and Elongation inducing bacteria : EIB) based on 16S rRNA gene sequences. FLB : Free-living bacteria,
PAB : Particle-associated bacteria, o : a-proteobacteria, y : y-proteobacteria.

Depth  Fraction  Strain No. Characteristic ~ Group Closest relative Accession NO.  Similarity (%)
Om FLB WSF3-14 NmIB Y Alteromonas sp. SS6.1 KC160874.1 99
Om FLB WSF3-31 EIB Y Alteromonas sp. SS6.1 KC160874.1 99
Om FLB WSF3-30 AB Y Halomonas sp. EB359 FJ785508.1 99
Om FLB WSF3-13 NmIB Y Halomonas sp. RHS-str. 203Cr B HES586871.1 99
0Om PAB WSP9-16 NmIB Y Alteromonas sp. SS6.13 KC160886.1 99
Om PAB WSP6-10 NmIB Y Marinomonas basaltis strain LMG 25279 GU929941.1 97
0Om PAB WSP8-26 EIB o Thalassobius mediterraneus AB607866.1 99
0Om PAB WSP1-19 EIB o Loktanella koreensis strain GA2-M3 NR 043741.1 97
Om PAB WSP7-15 AB Y Marinomonas communis AB681738.1 98
Om PAB WSPS8-18 AB o Thalassobius mediterraneus AB607866.1 99
Om PAB WSP1-1 AB Y Pseudomonas stutzeri IJX177727.1 96

B-1m FLB WBF6-4 AB Y Alteromonas sp. SS6.1 KC160874.1 99

B-1m FLB WBF6-12 AB Y Alteromonas sp. SS6.1 KC160874.1 99

B-1m FLB WBF6-24 AB Y Alteromonas sp. SS6.1 KC160874.1 98

B-1m PAB WBP6-7 NmIB Y Alteromonas sp. SS6.13 KC160886.1 99

B-1m PAB WBP9-23 NmIB Y Vibrio harveyi strain HE2 FN554591.2 97

B-1m PAB WBP10-30 NmIB Y Neptunomonas sp. LHW37 JF748732.1 94

B-Im PAB ‘WBP3-45 EIB Y Alteromonas macleodii CP003873 100

B-Im PAB ‘WBP3-46 AB Y Alteromonas macleodii CP003873 97

B-1m PAB WBP3-47 AB v Alteromonas macleodii CP003873 94

B-1m PAB WBP2-38 AB o Phaeobacter gallaeciensis CP002976 96

o : o-proteobacteria Y : y-proteobacteria
MR OBREZ AT L, MR Z I L 72, 2 OfER, ABF DR A F = A LR (Imai et al,, 1993), HIEWEEAED Y

ZEIZ B\ TUIAREE I OV B A 1 10 Moo > 7)) »
7 7 oK EE 0m #EREED 2SR S, 2011
EORHPHE LRI L CTH o720 MMEEZ LB L TAHL
&, ARWFFEOfEIL 3.7X10'~5.6X10° CFUmL' CTZE) L C
W 726 2011 4E 1F 27X 102~1.6 X 10 CFUmL"' TZ &) L,
i EIE 2012 4E (5.6 X 10° CFU mL™) 12 REWETH -
720 201 4FIE 7 007 )V a DSEEE Gpg L) AR L2
8 A 3 HICKREMEHE bR TH 7275, RWfZETlds
007 4 ) a &) E (1 pg L) 2R/ L7226 426 HO
FIE AR S R B D\ IS B E M B R & e
Mmolze LML, REIFETIX C antiqua \ 233 A RS
B\ T HE I B A R I OB RE IS O W TRET L Tw
Bh3, R W B O Tl R S & R I O AR AE A
]t ST\ % 729 (Yoshinaga et al., 1995 ; Tk, 2002),
Bl CELE LT 7T 2 by ERARA MY
& LRI DS HROBETH S ).

A AR P OB F I L2 IRE TR SN S
FERLWEPIMS N T WD (Park et al,, 2010 ; Inaba et al.,
2014) 2%, S OFAENZ BV THBlE S 7R K OB
EHFEIZIT & A EDHRA A7 LT B IREE TR (s
HHEE < 71%, HESEPHEME © 92%) Sz W77 v 7 b
YRR BB CHEME L ERN e LT

TG Aty I THIEIE N TV A ITREYE  (Skerratt et al.,
2002 ; Nakashima et al., 2006), 58 (KL~ 745 PEAT R 13 7 it
PR (2 F i W BRSNS E 1 2 R0 7 SR BE S
R B H b WS ST % (Smith et al, 1992 ; Bidle and
Azam, 1999). Z D X 5 (IR 2 BRETEB) AR & Wil
BB BT A, REEICB T I#E L
CHEPFHEN D, AWFET B-1m DR T 25 14 1 53 5
it sz vy MATERET HMEIL T OT
F N7 7 ) TIZIE T % Phaeobacter gallaeciensis |2 3T %
(Similarity : 96%) T & - 72 JEATWI 9% T Phaeobacter gal-
laeciensis BS107 #&1X YA (Emiliania huxleyi) 0 7 ) — L7
LY R EIN T2 ME THh % (Mohammad et al., 2011).
COMBEL, EFEAEWISH LT —F T VL, HiED
BThadbhrRTFo Ml L) EROMIEZEET 2
YERZ R4 —4T, MAEMROZILIZEEEmT 5 Y
7= VR REEM O p-7 < VBRI BUR LR EY)E (Roseobac-
ticides) % BEAE S 2 HALIE AR & 7 5 A 5T
V% (Mohammad et al., 2011)o P, gallaeciensis BS107 # 13 [
FETZIT T L 7 V) 7 M Rhodomonas salina \ 2% LT b
FEMEE R L, B Chaetoceros muelleri #N D ILRERIZIY
5| & THAFD 5T S (Mohammad et al., 2011) o
Z D & T EAEAIE O A BUIREE & il AL B & TR
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THHTHEL, REWEEZEET L L) EFLLHE
OMIFIZE > THRFAEEIIHMO TEETH S LE 2
bNb,

SROHAETE, EXy-7ua7FNr 7)) TIET 5
Alteromonas J& DA 355 BfE & 72 2R BEATE O 50% b5
TW2EHASHIBH U 720 Alteromonas J& OFIE (X i
TR S B E N TV AE Lo N —H L e REME T
% (Imai et al., 1995 ; Mayali and Azam, 2004), Alteromonas @
£ B IEAG I R O T AW g bl X A5
i LB REAEIR AR D W F B R D 7290 7217 Tix <
HFIREEY POM) TH LKW 77 > 7 b U ERREL,
BAEERY (DOM) (A3 2 W8 THied CTEELZE %
Ho TR D Y, SHRBHL T LEDH S
BELHETHS I,

Al AR EME & [ ERAL S A R (No motility-
inducing bacteria : NmIB)J (Fig. 3 C) & %\ d [HiRfLFFE
HHE (Elongation-inducing bacteria : EIB)| (Fig.3D) & L T4
HLTWD25 2011 FORETL Y vy PATITHLT
FkED HEERH %78 L72ME 2% < 5 ST % (Inaba
etal,2014)s ZILSHEEM %R L7-HME oMK RE) %
o LCA L L, 2011 4Tl dlteronomas J& DR HSERIE
{LRBEMTE & LTk 15%, 2012 4Tl 29% % (5,
PRI FEH B (Elongation-inducing bacteria : EIB) 1% 312
WEE D a-7 07437 7)) TIZET AME 258 5x
i & T\ 72 (Inaba et al,, 2014 ; Table 1)o W & 1 7' & & 12
Ty N AT OHFEGREENDFE LV REDFED 1L (Fig. 3 C,
D), BIRMLFEME 2B L Cld, s L
724707 L— b VDK TS  OMBLAE U3t
% s L T AT AMEIEE S 1172, Mayali et al. (2008) (i
WEEHE Lingulodinium polyedrum O KREM EREF % FEET
LW ICOWTCRIR L T 425, HElEESC Y ¥ v b &
FT(T 74 i) L\ Vo 7T EB)IC L 2 MEBEITITO
WY 77 27 by OWEGREEDHE S N L FL, FFERE)
REIIICKE CBEERIZL, oW 777 b bo
FEMOFE UM 2 GERE A 5+ 5 LT MmN T
BHHo Gk, TNOIEGEHEME OEAT 2 HEYE
DOFFERHE A = X 4, EHAEREZE L ED TV
CHIIMAEWHOMEMERZ L DR RS 5 LTEE
ThHY), vy MATHREFEECBIT24EME A =X
DO EDS L L s D,

RHFZETIE, 2012 FEZFO /MR PETIT RSB S
TRIAIESELE DK T D Chattonella % B %\ BLES
HHMEOBNRE, LT, TOMBEMKE LML 7,
L2L, vy A IREOEMZENBEGR E L CRE
T B RS W 2 FUH 5 5 BT 2 S MR DS BUS il
KFTED L) RERELRT Oh % &) IGEOEN L
NVTHR T 2 HIIBO CEETH 5, KBLKEIE L
Vo 7L BRI A L O R, (B R
n EOMWEE, W77 s b RMREOBE &
o 7 AEW AN BE R O 52T C O R BE N OB G BH 555 R

D OB R 5 o0 R 22 i ) 28 )

DENREFIL A RBROBETH %o

] B
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