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Studies on the Incidence Factors of Suminori Disease and the Development
of the Biological Control in Laver Cultivation using Bacteriophage

Takayuki Mine

The cultivation of laver, Porphyra spp., is one of the major marine farming industries in Japan. However,
the occurrence of suminori disease caused by pathogenic bacterial infection during the period using frozen
laver thalli is a serious problem. The present study was carried out to elucidate the factors that influence the
occurrence of suminori disease and to develop a biological control of suminori disease by bacteriophages
that infected suminori pathogenic bacteria.

Pathogenicity was determined in four stocked bacterial strains, isolated from suminori-diseased laver
thalli of Porphyra spp. in 1985, 2002, 2003, and 2004 when the suminori disease occurred in the Ariake Sea.
Even though all isolates caused the same symptoms of the disease on infected laver thalli of P. yezoensis,
they belonged to completely different families. Among them, in 1985 an isolate was identified as being
closely related to Arthrobuacter tumbae. whereas the other three recent isolates were related to
Guaetbulibacter saemankumensis.

The detection of the pathogen revealed that the isolate of Gaetbulibacter sp. was commonly found on
normal and frozen cultivated laver thalll. Furthermore, it was revealed that the physiological condition of
the laver thalli deteriorated due to the freezing treatment and the deterioration was accelerated under low
salinity. It was also observed that the sensitivity to bacterial infection corresponded to the deterioration in
the physiological condition of the laver thalli. It was strongly suggested that several factors influence the
incidence of suminori disease. since the disease is induced by a combination of the number of pathogens
present and the physiological condition of laver thalli.

Three types of bacteriophages that infected suminori pathogenic bacterium, Gaetbulibacter sp., were
isolated from seawater and tideland mud of the Ariake Sea. These bacteriophages were classified into two
groups according to their morphology and restriction analysis of their genomes. Their host range, virulence,
storage stability, and pH stability was investigated.

Suminori disease control was also attempted using one isolated bacteriophage selected by its virulence
and the storage stability. The incidence of the disease was apparently repressed in phage-treated laver
thalll immediately after bacterial infection. Furthermore, phage treatment was effective even after 24 h of
bacterial infection.

The effect of phage treatment on laver thalli that were frozen after the bacterial infection was
investigated and compared with that of acid treatment. The incidence of the disease was protected in both
phage-treated laver and organic acid-treated laver. It was also revealed that the bacteria on phage-treated
laver decreased more slowly than those of organic acid-treated laver during the experimental period. In

addition, it was observed that the mean length of organic acid-treated laver was significantly shorter than
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that of phage-treated laver. It was suggested that phage treatment is an effective suminorli disease control

without a significant reduction of the growth of laver thalli.

The results obtained in this study reveal the incidence factors of suminori disease, and suggest the

possibility of using bacteriophages for suminori disease control in laver cultivation.
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Table I Occurrence of suminori disease in the Ariake Sea of
Saga By cfecture

Year Damage Year Damage
o o« 1993 -

1977 = 1994

1978 & 1995 #

1979 = 1996 -

1980 & 1997 -

1981 + 1998 =

1982 + 1999 B

1983 = 2000

1984 + 2001

1985 ++ 2002 ++

1986 + 2003

1987 = 2004 +

1988 = 2005

1989 = 2006

1990 it 2007

1991 + 2008 =

1992 i 2009

— :none. + @ slight, ++ : extensive.
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Fig. 1 Products made of suminori diseased laver thalli.
A : Normal, B : Suminorl.
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Table 2 Bacterial strains used in this study.

Strain Date Source Location
DY1219-4Y Dec., 19, 1985 Diseased laver thalli Ariake Sea
NS=5¥ Dec., 13, 1991 Diseased laver thalli Ariake Sea
NS-11Y Dec.. 13, 1991 Diseased laver thalli Ariake Sea
NS-17Y Dec., 13, 1991 Diseased laver thalli Ariake Sea
KS-4Y Jan. 13,1992 Diseased laver thalli Karatsu Bay
H-14LY Dec., 2002 Diseased laver thalli Ariake Sea
H-15LY Dec.. 2003 Diseased laver thalli Ariake Sea
H-16LY Dec, 2004 Diseased laver thalli Ariake Sea
HEFHMEHARE H-16LY. NS-5Y, NS-11Y, NS-17Y, ¥ & U°KS-4Y #
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$HE0% - b QIAquick PCR Purification Kit (QIAGEN,
USA) #HWTHIEL 7.
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mg/L &4 LB EMICERM L. 37°C, & 9 AU 200
rpm DET 16 BB L 7. & 0o BHE(E (13,000
g 543) L’CE\%’«\E@MLK‘@%. 7T A2 N
¥ v b High Pure Plasmid Isolation Kit (Roche Di-
agnostics K.K.. Switzerland) # f\v>CTEIL L 72 42
57 FAINEME L. L7723 FOREE

. ESEYEIEET NanoDrop ND-100RP (NanoDrop
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Fig.2 Symptoms of suminori disease on laver thalli caused by the pathogenic bacteria. A : control. B : strain DY1219-4Y C:
strain H-14LY. D :strain H-15LY. E : strain H-16LY. Arrows show the plasmoptysis of laver cells. Scale bar = 30 um.

¥ R
MR OREMOMERIE, /) BEI RN o777 T AT
ME 2L, 4TTH HEEEL-OL, /) 3
OB M F BT 5 2 & TlTo 7tz ZOREE,
L7 8 BBk T 1985 4F, 2002 4F, 2003 4F, B LU
2004 £ EES N7z DY1219-4Y. H-14LY. H-15LY B
S UVH-16LY #k0 4 WA L7/ ) T80T, MK
9= 5 HEICHE O ORI S s s (Fig 2). &
PASERD ST 4 BRI LTI, A3/ )RR
EAEE L2 AEIC B S N7 HA14LY #:AT5~10% &
—%&% <. DY1219-4Y. H-15LY B & O H-16LY #kidv
T 5% LT OIEIRNMETH 072, —7. 1991 4
25 BES - NS-5Y. NS-11Y, BLUNS-17Y @ 3 &
FRE 1992 S ICHBES N7 KS-4Y BRTIE 2 L5 AR
I EERP OSSN S Y, ERLA )
BRSO FIEE B SN e o 7o FREHER
B T\ g/ ) ZER D SRR O WA T o 72
RERE, PR & ERR IR L ORI BT AME A
TIOBG ) ) RS QM BECE . 2B, Ml

Table 3 Morphological  characterization of  suminori
pathogenic bacteria.

Strain
Characterization -
DY1219-4Y H-14LY H-15LY H-16LY

Cell form Rod Rod Rod Rod
Gram stain Positive Negative Negative Negative
Motility None None None None

Color of colony Yellow  Light yellow Light vellow Light yellow

B2 A L T oxiiE o 2 ) BERCIE IO B B
TR LN, FOEEDILITHE L FHETE Lo
750

) BEEMEOFRIEEER s &I L2
DY1219-4Y, H-14LY. H-15LY $ & U H-16LY #o 4
BRROMESAIEIRIC DOV T S S IR 1T o7, 0
F, 7T LGB DI OMBEFIEEIRE 4 TR S $121F
FILTHH, #NOIEIEEEEOEE T, ZoBell 2216E
FERBEH 2t d b o a0 = — 2 TR L7
(Table 3)e ST THFETREHFE LT HHELAAS
J ) FEEGIR O 75 L3t T, 2002 SELIBRICEES
72 H-14LY, H-15LY # L OFH-16LY ¥ 3 WikkiZ 7 5
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DY1219-4Y, H-14LY, H-15LY B LU H-16LY kD
AEMROIEMERFEL T 7201, ThHD 165 rDNA
W OE B UM 2 AT o /oo DY1219-4Y. H-14LY,
H-15LY 3 & UFH-16LY # 165 rDNA IRHAES (£
NI 1498, 1492, 1492, B LU 14%2bp) m#sEL, £
NS OIEHEFEFN LDV TEEOMETE & OFH[REERE
AT o 7o, 1985 RIS HE S 7z DY 1219-4Y #R T
Arthrobacter tumbae & 99.5%, 2002, 2003, & & U°
2004 SR\ ZAPEE S /e H-14LY, H-1BLY B L UFH-16LY
¥ TIE Flavobacteriaceae bacterium TJD738 & #1#
1199.6%, 9.5%., BLU9.5%DECHHEEZRL
2o LA L7496, H-14LY, H-15LY B &L P H-16LY
Bk & B RN % 71 L 72 Flavobacteriaceae bacterium
TID738 IZHHEICRISE S NME Tld Wl &2 b,
H-14LY., H-15LY B L U H-16LY Hiblﬁ_i' b AT e Al

RRET Ao, TG 3 WRROIEERS] & HERaIARE
OB CIRHACT & Fro BB Rk & ORI 2 170
7o FOFERE H-14LY, H-15LY. B XU H-16LY it
Gaetbulibacter saemankumensis |2 biZTHY . £
NENMI%, H.8% BLUHSBOMEMLEAEL
T 7z (Fig 3)o & 512, 1985 7 8 & 1 /-
DY1219-4Y %k & 2002 4E LR 2 0 B < 117z H-14LY.
H-15LY B L U H-16LY #o 3 witk & &M A%
AR B 7RI 4T o 7oA. S LI EmEIC
KRECEL - TWABIENHLNE R o7z BB, K
FECHE S N O 165 rDNA 1R AEELFFH L
DNA Data Bank of Japan (DDBJ]) (2 & 4 L 7=
DY1219-4Y. H-14LY. H-15LY, B & " H-16LY #oD
BEAENEHROT 7y v a vy EFIE £hEh
ABB22428. AB522425, ABB22426. # & UF AB522427 T
Hbe

rEEL7c A 2 ) IR ORI E O R, 4TI G,
saemankumensis WiFENFIEFFEME & Lo TV BT
EDHIA L7z, £2C, ZOHED ) bR b RGOS
WHBEEMRTH D 2 2SR IZETRED i1/ H-14LY
Wre AT, A VREMEOLFTICRITTRE &
R, B LU pH OB HRET L7z, KEROAEFIZ
BAZTIRBE OB DOV THA R, 20~30C i

THHREI SR EEFRERKRIET I CAEF LY,
10~15COFER TIZAEFT SRR E 2D, 5CTEHIEL

AEEE Lhor: (Figd). Tz, AFICRIZTEIE
IR DB DO WTIE, AIRIBEEDS 2.0~3.0 % D#HiH
TIEARERII L CEF LD, 1.5%BITh B EEFNR
RELZY, LOBLUTIELREETEAEEETELRL
7572 (Fig. 5)o £FIIHITT pH OFEIDOW UK‘“J'
L7, i (pH7~8) TIIARERIL L {&F
7278, GEEEME (pH6) BLURTILA )4 (pH8.6) T
ZEBDRCRECRY, B pH4DT) Tl oL
EATHIEENE Z EPHL IR o7 (Fig 6)o
REROEFT IS IRE, RIEEE BIUPHOD
PRI BT, AR T BRI A L /o RO
WOBE LR DPER PR ETNI S o7 T &0 h, KREk
OIFERE BN EAE 2 o, £2T, B8HP
DM A REEEAIMET 5 2 &1L ) H-14LY #o
IR 18RS & L7z 3R IS D W TR L 7o,
ZO#ER, 20 T2 BT B RE MO BEETEINI %
I~ THEZEPALHELRY (Fig 7). A
TEHC 3507 B AT A & BRI & DBIRA S, ARRRD
ﬂ:fmﬁlﬁ'f“ (W Zpu=024 ™Y LBHEEN,. 55
T, HREEREER (u) OAED D AR 2 DHT B 7O DFE
nﬁﬁéfﬁfﬁ)é%clﬂ“}mﬁﬂ M 2.8 B & B S /e,

& ®

ARG 0) BRSO - BT ST W ICRERD
m%&%%ﬂttn% 1985, 2002, 2003, & U 2004

AT HES N 4 B TIIREEDSTRE 2 728, R
WORS IEEH TR 072 A3/ VIROWEITET

KODKEDPSL20WFEILTHMSINTBEHRTH D
H-14LY B TUIIREMEAR LR A3 /) HOBED
BEAERBDO NP0, BiThHo7- 200345
LU 2004 FICFEESNAE/RTH S H-I5LY BL O
H-16LY B CIIHEMEDTEL 2o TE TV, DI E
i, ERROEEMSE 23 7 ) EOMERY & OMICAER
MRS B 2 & 2mET 500 LM L7205 AFEOH
EPRREDP o IBFIITHESNIEHHEKTH S
D1219-4Y #iICE W HREEARD b Lk oo 2 & T,
A IREEIC L A EIRIUDRENE O EryZ Al &
N HEIEILICEET LI LRI, 72, 1991
FEB L U992 255 S VR B ASSE RN CRERR S
T 7 4 B OmRIEATERIICAT - AT Tl
MR TERrolzl ENS, A3 ) IR O
3, COEPRFIE o ThRbL Ty LTEEE D A
FETELRV,
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Escherichia coli (JO1859)

Arthrobacter globiformis (X80736) —_

Arthrobacter ramosus (X80742)

1000
Arthrobacter pascens (X80740)

—— Arthrobacter nicotinovorans (X80743)
1000
964
— Arthrobacter polychromogenes (X80741)
543

—  Arthrobacter chlovophenolicus (AF102267) Micrococaceae

—— Arthrobacter agilis (X80748)

Arthrobacter parietis (AJ639830)

967) | 440
Arthrobacier tecti (AJ639829)

965
Arthrobacter tumbae (AJ315069)
988
DY1219-4Y (AB522428) =
Bizionia algoritergicola (AY694003) —_—
294
Bizionia paragorgiae (AY651070)
934 . . ..
Bizionia gelidisalsuginis (A Y694004)
949
Bizionia saleffirena (AY694005)
1000 Formosa agariphila (AY187688)
— 591
Psychroserpens mesophilus (DQO01321)
2927 T dlgibacter lectus (AY187689) Flavobacteriaceae
_— Lacinutrix copepodicola (AY694001)
N 2ss
Olleya marilimosa (AY386527)
Gacetbulibacter saemankumensis (AY883937)
;gd H-14LY (AB522425)
1000 i H-15LY (AB522426)
1000
H-16LY (AB522427) ==

Q.1

Fig. 3 Phylogenctic positions of strains DY 1219-4Y, H-14LY. H-15LY, and H-16LY and other related members in the
families Flavobacteriaceae and Micrococaceae. The tree is based on 16S rDNA sequences and was generated by the
neighbor-joining method. Escherichia coli was used as an outgroup. Numbers in parentheses are GenBank nucleotide
accession numbers. Numbers on the branches indicate the confidence limits estimated by a bootstrap analysis of 1000
replicates. Scale bar represents 0.1 substitutions per nucleotide position.
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BB EDNBEITONTVED 22T, fiiikssey AR UHEME ST T A LLU i oTwA
572 4 BAROME S AR & 2 A, 2002 FLL T L ME R o, FC AT B L7z 4
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Fig. 4 Effect of temperature on the growth of Gaetbuli-
bacter sp. strain H-14LY.
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Fig. 5 Effect of NaCl concentration on the growth of
Gaetbultbacter sp. strain H-14LY.
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Fig. 6 Effect of pH on the growth of Gaetbulibacter sp.
strain H-14LY.
@ pHS.6.O:pH8.0, M pH7.0.J:pH6E.0,
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Fig. 7 Growth curve of Guetbulibacter sp. strain H-14LY
in the ZoBell 2216E medium at 20 TC.

HREOMBERE % [E5E9 5 7:012, 165 rDNA HiEEHIC
o CHEFIRE & OAFEMHARE B £ ORI T 2 7o 72
MU ATRBRE QRERRICA I 2 UK E S &R L
7-b DO, 1985 H L4 HE S Ao EiRR & 2002 DL 2B
S WA AT TR EC pITHEN Az 2 D07
W—TWETHI NG E ol 165 rDNA i
BCFINZEED Al D3 H1 - FEF L Tid, EHE L @
16S rDNA $RIEES OAFEMEAS 97 % LLTF ThIuTHIH
EHBTEEZLNTVDEI NS, 1985 41245
XN DY1219-4Y #ild A, tumbae®™ & [ —H, 2002 4
VI s 4u7: H-14LY, H-15LY B L O H-16LY 4k
(& Gaetbulibacter &% O TH LWREM D VT &
M5, L IE A Arthrobacter tumbae DY1219-4Y
H-14LY. Gaetbulibacter  sp.
H-15LY. B & U Gaetbulibacter sp. H-16LY & [m]5% L
Foo AXZUFEBHIE & LTI, T TICAHTHMHES
L R L = B & OGS C Flavobacterium
spp. 272840 e BEEANE T T Flavobacterium spp.<°
Vibrio spp® 7 ¥R ST w525, KR TlREEL
TAHEIE SN S S ERAMBTH o7 ZD LD
(2, SNETAI / JFEMEE L TRA 2 IEEOME
HRPESN/Z Eph, A3 ) IEEME & LT
N ) RO BTl A5 AR o4
WU ZREREF AR LY, Z o E R S E L
ESNTWBIREHEAHEN S NS,

A3 VIHOSEERREEYT 570123, A3/
EEMEOLEETRE L L UCEFTRIEESN S 2N
THIENBEETHD, £IT, HEFHSNIAI
V) R IEAN T O T b ARIE DS A o 72 2002 F 5 EEE
BROAFIZRIITIREL L CEEREOZEIZOVTH
NoAE R, ARHOEEAFIRES L UCEEATEEE
i, FNEN20~30TELV2.0~3.0%THEZ &

Gaetbulibacter  sp.



BRODE %o fz, AR IEERD /) Il

Téﬁmaf EGi 3ooﬁlJf7 ThbHI LML, KEkk
@+ﬂiimh7ﬁﬁ FEBLIEE, KBS0TEL 25

HZ ﬁﬁ%@m%WMLviwt%zbné Ll
BNG, KEMEEOTINT TIIHMEIN/ 23 /Y
Jf*}@ﬁéll]i AURAT 10~14 T F& & ARV KRB AYE 2

Lef “Wéﬂ(w o SDOIENL, A/ UR

%Mm@M@L@,M%%ﬁtLTQ/U%W@ﬁE%
K& R L TR YR Sz, F/2 /)3
VETCIEIRAE, A3/ UKIRE LT, pH2 I 0MEEE
FIEE LT/ ) BRCHE T 5 A 2 0) JmlEall e % B
F4 B ) HOBMBATEIEIAThIL TV A, L?ﬁ‘Lf‘
DH. AR LT EREI X B BRENRI LD
NAHENE ) PEAWTH o7z, KHIFEIC TZ?ZF\%H@
HEEIZRIET pH ORBIZ 20 TORGIRANE, BFET
DTV AL AKRE RIS L TL AN THL L %
TFT DO EEEINI,

2002 FE 457 BE L 7T BR H-14LY AR MIE 3 i
g, RIEMRIE, B XU pH OFEE e BT LM RS
KEM I AEVWHIR TH B Z PR SIN, £2

Aﬂﬁﬂ%owﬁ@ﬁWmE&ﬁ’CW\ THACHER, 2.8
HTHAZ EDHENE Lol 7T F Anguilla japo-
nica % EDPIKIRIL R T A Paralichthys olivaceus
% EOWAE A OIREAE Th b Edwardsiella tar-
da DT HREIFHENILAY 1 4R e ME ST BT &
751 REMUS O T b LI AR
MHETHEZ EAHLNE o7

Pk, ZivE THROEREFIMIRCEY) - A4k
PEIRZARE & L2 FETHERED A 3 /1) FEAME A5
TESIUT A 168 rDNA HEEEHIN 30 T O 45
o FEFEEHOZARIC BT, A3 )
MBS L MR T <, HEHAIE T A2 L LML
mol,

B28 AI/VRRERROHENR

IR AL Z BT 5 /) FE T, 10 v
512 AEE TOMMICTTbNARE L ViExE
WLTEDOT FEET S [HFMY & 2 A TO»5
4 A LA F TIAT O A REERINC — 50 R Lfb\
7o) e BEEMT A GEMT] o2 o0HIEIz,
TERBIN TS, ORI P OWKEEL, £
FHIEA CIE BRI 59 23 TASE THRIZIZAY 15T
L, WHMEMTIIREEOR 15 CTHFERNEEO 1 A

H 2 T THI0CIZEFTIRTL, #0BLAL
TXJM®4Hf Y15 CIEBILs 5. —F, ifF
KD IR Hfﬁ%)db‘%(ﬂ% W22 TR/ ) EhE
{a‘itii'f‘i%'Lb\’mUiCitAtﬁ,{%%11’9”, 2.8~3.0%¢&
HEMZEEL Twb, Js /) RIS & 45 1 BT
SMILZA I/ VIHEMEOET L2 EIILTAS

S VIROFEERR AN T 5 & AR A
B A AT OB RO O L I RE oS
W BENBD SNBIETTH L, E2AHD, KR
A S BT A A S/ )IROSSE. RKEED
JEHRRY @ BICERBIR RIS 05 BRI R 13 & R
Y, IR R LTSS A S &#ku
EhTwst, 416_. AT HARAG Y A R L ChiE TR L
TROIOFEF ) (1)) AR SEEL Th DY
Aﬁﬁ%gw:t#Mbﬂfw%ﬁ\LQ EATHH (D

M) WIS ) BRI B O L ﬁifwé:
t%mﬂ&“@“%i)@t—??ﬂéht, E510, HLEIIBW
GBS IAEUEE L > TIENW B %)0)0) K
RO A YIREHIE & L TRO4 Rk D
DOFME DR 7E SfzZ &%, [EE OMIE T %ﬁ“wlu 7=
WD ENG, AIFORAEEIF BT OB 3 VE
FHTIEHHLOD, V) EROAEFHN BT 541K
HELRECHMELTW A, Wwhwb BFREISETH S
T EAMERRSNA.

AIFDIEE L ) RO EHIRFE & DRI DN T
X, TNETOPAHESITERITZLDODOFERSNTET
el BUTEE BAERIC BV TIE, ) R RS
RETAHOFHN S L USEEEEN - &R A SED
Dl AR AINAEE A T AT H B I L ARERAIZ
HMonTnd, ZOZEnS, BRI DEVESTE
R AWAD U%ﬁcihﬁ&(HﬁMTﬁé;taLﬁ
WRENTEALL, 20701, RFIxHT 2B Er S
BoTWhIEMHERShTVEY, $72, mﬁﬂﬁ#

SV BRI RT TR, SHIRERENRLDL /)
TEARE F O TARIROFIE AR L A T o 7R, &
BERRFLEME L OHE TR WREIHRE L2/ ) BERT
BAIKOFERD BIFALT AT L LG STV BY, =
DIRETIE, FHLIRIT /) ) BAROETREE AT & A0
WEERITL, AMRESEL L ) SR TR
BETALTMEEUAES BT eI SN TS, L
L%ads, /) BROEIRES FBIZAN, FO3ER
TV TAROSEA % SER IR L 7-W9Ensth
NTWiwiow, BIEE TAROEL: & /) RO
REE L DEIRIZ DV T OERTERII 2 STV ARy



WK TH o 720

KETIE A3/ VHEOREFERAPESCTE-D
MEK¢MW0ﬂ£’%Eﬁ““%%t%K%ﬂTw
Real-time PCR™ %% %o {#jffiik & L CoOHUFHHkIC
WEEFHWTR 3 UWEMWW%%/UMW‘
BBV THNBEEBIL. A3/ )HD5E i
MAZT /) BEROEBIRAED B DTk, /1) 5K
DFAEE FOEHIREDIRIZEE L TR /) FHIEM
RS MNe 2 & THRETL:

MREKUFE

ATNETL S

ABEIZIE, 1985, 2002, 2003. BLUT2004FEIZAI
Vg R S EES LT Al tumbae DY 1219-4Y
¥, Gaetbulibacter sp. H-14LY ¥, Gaetbulibacter sp.
H-15LY #k B & O Gaetbulibacter sp. H-16LY #:% F
Wifzg

JY ﬁﬁ‘t:ﬁ%’é’%’ﬁﬂiﬁ@*ﬁﬂi

Btk FoOME R ERE rEglE E LT
Real-timePCR iz >, g @I 2t
bulibacter sp. H-14LY £y FIi 12 & A HUEHUKR
S FIM L i e RUn i & JAve 72,

Real-timePCR #:12 X 2l o mE sz ¢l 15H
HEAE R UL D /1) B 20 5 2006 4F 11 ACIRIK L
ToRCF RN O W R 38 EA Y/ 1) P vezoensis %
B E L TR 72 DNA il v b ISOIL for Beads
Beating (Nippon Gene. Japan) ZHWT. /1 IEEKY
lg 75 4 DNA % 8 L. Real-time PCR @ § %
DNA & L TJHv72. Real-time PCR CTld, £l
Z 37 Y EEAME Gaetbulibacter sp. H 77V — 7 #k
(Gaetbulibacter sp. H-14LY #. Gaetbulibacter sp.
H-15LY #. B &L U Gaetbulibacter sp. H-16LY #£). 5
L VA, tumbae DY1219-4Y B 2R E L7z, &illE &

13450 Gaet-

N—"77 165 rDNA DEF I Table 4 (73T 77 4
v—t v bEfWT, AY ¥ = FIZIE, Gaetbulibac-
ter sp. H-14LY ¥k B L ' A. tumbae DY 1219-4Y kD
16SrDNA 2% 4277 A3 FEfwi. 79A3F
DL BESYEEIEET NanoDrop ND-100RP % M
WTHIZEL 72 HIEL THELNAT I AI FOREEL &
IEREF LY 7 AI VoI E—FEHE L, 10
&AM 3 5 2 & T Real-time PCR @ DNA 24 » % —
FE L7

Real-time PCR (¥ Mx3000P QPCR System (Stra-
tagene. La Jolla, CA) #H W, 95T 2402 &. 95T
04, 60T 158, 72T 158% 4044 7 VORISEH,
T = 120 & BB & FullVelocity™ SYBR Green
QPCR master mix (Stratagene, La Jolla. CA) 10uL, %
774 <—++ v I 0.15uM, Reference dye 2uM,
template DNA 2pul % &3 reaction mixture 20 uL @
RIEHRTITo720 A H 74732 bO—)Lilid, #35
DNA &4 Y {2 2ul @ Milli-Q water % FUSHIZ 7R
MU 7o BUS# T 55T 5 BLTITHEA B L
SYBR Green I @468 % M5E$ 5 = & CREBEINM %
R L. PCR BAIRE OS2 ERE L 72,

GHRAFAEGE VIR S DA 3 /) FRFMHTE oM
TlE Gaetbulibacter sp. H-14LY ¥ 7 3 FHLIMIG % H
WCERERERIC & D AT o 720 20062008 4F) """@Wx‘%i‘#"l"f’]
FEFINIE 1 L C-26 T THisliRey L Cvrc st 1) 3
K& ot HEL 72 ) SR B A 5 ZoBell
2216E FEREEH 7 FH 7o RO 22000 & 0 AT % 47
ML, S EDRIE T2 /R Lo b D% Gaetbulibac-
ter sp. H-14LY #& L TR L 72,

J VEROQEIBIRBEDRE

FEETIE, /) SR EMIREEDTREL & L Thies
ek v, E0ifllEidH ':Vl—‘l”ﬂﬂiﬁ‘é e N AR/
DENAT 2720 7 ) EMEERER (10 x Som) (ZUIHT L.
;mﬁHSM%DOMLAn_mmMC.mmE%

Table 4 Pl imers usod for quantuamc real-time PCR in this sutdy.

Target Primer name Primer sequence (5-3) Ploduct size (bp) Reference
Total bacteria © HDAI ACTCCTACGGGAGGCAGCAGT ) 47)
HDA2 GTATTACCGCGGCTGCTGGCAC
H group strains 183F TATTGCGACATCGCATGGTG 103 Present study
267R CTATCGTTGCCATGGGGTG
A tumbae DY1219-4Y DYF20 CAAGTCGAACGATGATCTCC 142 Present study

DYRI19 AACCACCATGCGATGGAAG




umol/m?/sec MDA T T L IRIBHE L 7o BHETR 2
FrA I L, DO MUCEEEE M2 OB % [t
Lo D0 #ﬁ#ﬂ@mmﬂ%@i Winkler {912 & § 5k

O S )EROMOLERE Pn) 13RI - THEL L
7%

Pn (mgOs/cm®/h)=(Dy,— D,)/a X t
e

 BIARE S B B IEEE R
D A Y Fan—- MRIB AGEHEEE
a: ¥R oW
to A4 rFa— g O
T b

SRR ) EERORR

FEREFRE L7 AHE /1) P yezoensis (fiffi % 1 S-5-0)
%, 2% SWM-II % il L 723545 31.9 O ifpzk i ToKim
18°C. JE5HEE 90 pmol/m?/sec, 12 BFRIWIMA © 12 RS
WOFZMTCHAEERL, EE Sz TLR S22
LORIE /KL Lize SOIHE /DI L
Yasr 31.9 (IEWHES) 7213 10.5 (KIESr) oMK T
WD & EFUIE AT o720 FNENDOIS & & 4ol
KA TIER /) Rz RT3 HMBREEL 20
f)v INBESUR 20T, HEE 70 %IZ70E L7t ARG

= (AAREACHWEERTR, LPH-1-L) NTKG&&E
(WC) 40 % F T MR 7. KepEs (WC) 13k
Lo TKD 7=,

WC (%) ={(Aw — Dw)/(Ww — Dw){x 100
Sl Ty

Aw @ FELTIZBU A /) SR B

Dw : 85T T4 Iizfe 327 /) BER DS H 4

Ww © BZETIZ 805 /) SR i
Tdh b

REfE s NS A-20T T 1 MEMGHATE L, EuLsE

VIR /NY v SRR B Ccz‘o, KHFFETIE, EERAETT
DORHEFHNI BT A AR T O L 1) d s

J )RR FNENIEE G ) T B L UM S
WAL ) FERERR L7,

A/ REHEREEIIHNT B/ EARORZEHER
A3 0 SRIEHTE 4 BT b IR 0 v
Gaetbulibacter sp. H-14LY ¥&% {1/ L 7=,
B8 ) 3k, IR S ) S5k B XU S
W) TR ZER (10 x Som) (ZUIWEL. WL 2-ZE
Frilhh LSS 1 36 & Rk )T THUEW B 2 17y, 28

R ORISR % R U7z A E N % 1T o 705y
KT 2 BIGE L-ob, % SWMAL % 3%
L7z fK 150mL 24 L7727 7 A TZER 15
% AL, JKiR 14T, JEREE 40 umol/m?/sec, 10 B
H 0 14 RO KT TR E D ER L /2.
Gaetbulibacter sp. H-14LY ¥% ZoBell 2216F 95 K5
HOFHE LT 20T TH B BEEE L -0b, BWEK
(MR S ¢ 70, BUEWEHMAR Z AT o 72IER 2 ) B, I
IR ) M\ BLUMUES S IR P A2
fo7 T AT, RIEEAENEFIN49 x 100 ~107
CFU/mL, 6.0 x 10'~10"CFU/mL. #&0°4.0 x 10!
~10"CFU/mL &% 5 £ 92 A 3 /) JEEHIT % 5
LAnb, LEOERENT CK /) 3 % 7 HMEAE
L7ce xHERICIE, RIS 1 IR /K 2 3608 L
73k
SIEDTEEIX, 81 BTHRNL L B Y BRI
H LTk 7z ERIETIZ, ZoBell 2216E in}dﬁ"ﬁl
ORI R & 0 KK ) BER A Sl
DhTEER ATV, B Gaetbulibacter sp. H-14LY 7+ 1l
e o7 BRI I L 0B R LM % Gaet
bulibacter sp. H-14LY & U TR L 72,

& S

@ik 165 rDNA HEHEEH 2 202 L TR 3 7 5
M Gaetbulibacter sp. H 7' Vv — 7B LU A. tumbae
DY1219-4Y ¥4 R09% 75 4 v — % BE L72o BkRt
L7:%& 754 ~—%HH\v/: Real-time PCR (2 & D,
2006 45 15 BHGETBRL I L CSRIR L 72 1508 720 250l 1) BE(
Mo AL VIHEHIRE Z ER AR Lz, 2B, 2o

FERTIE, $8 DNA & o &#llliw 7 v — 770> 16S
'DNA ®a ¥ =1, A% > % — F DNA OilllsEiEa &
DAER L 7ohm il o CHI L2 2o#%, 3T
? Real-time PCR (2B THRmSiE, 4% < &3 DNA
WEE D 5 Al A7z o’Cleh*’i’/J\ . BRI R
0.9 FETHole E70 Tﬂﬂﬂlf@‘i’r(i Real-time PCR
(24T 10 copies Th bH. /1 1g #1iZ 10°~10"
copies TH o7z, LI OD%Q‘J RPDEIZEDONTHESR
FEqpa AT o fomi a1 /) BRI IE aMEE 7.1 x
10" copies/g 1% L T 2002 fx-F—LJ‘I»H SHES NI AZ
) IGEME Gaetbulibacter sp. H 77 )V — TERD D
1.6 x 10° copies/g Ml &4, —Ak /) Fhiingc4:
FHLAERVEERIBYTL A I ) HEIRF Gaet-
bulibacter sp. H 277 )V — 7Tk @ #0245l i 35> 2.3
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Fig. 8 Quantitative detection of bacteria on normal
cultivated laver thalll,
A : total bacteria, B: H group strains. C: A. tumbae
DY1219-4Y. Vertical bars show standard devia-
tions (n=2). The number of 165 rDNAs was
enumerated by quantitative real-time PCR.
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SrEES o A L 2 U IREGITE A, tumbae DY 1219-4Y
%@mﬁ¢me;%M/U%Wﬁbd£<Mmén
AR B T 20 SESE ST OIS EH oK
FLEAPHELTWBEZ EPHLM IS, F0 1E
WG /) R SHAO A X/ JIFREME Gaetbu-
libacter sp. H 7V —THp il a2 e h s, Zofl
HIXEREFEAETH D R 3 ) IROSEAITIIIRER
TMWMTHAE /) EEROLBNELEC MR LTREZ &
ARG S T

—7, A VIROSEDE IR R 2 Er
THEI LD, GHMEBEHO /) BEREIAI )
BOlE ST TR EL TV A I e EES N, £
T, BEFEEEINICER L. 20— rSaEHET LTy
72 2006~2008 fEEE O FEYH /) KD S, Gaetbulibac-
ter sp. H-14LY #kodifuiig & S L T IA—LEEFU AR
D IEME 0O F A EMEL w8
Real-timePCR #HETH O M- S N2IER ;ﬂ(%ﬁ’ﬁ]iﬂfﬁ_ﬁﬂ
D) BEROME S SRS/ LH IS, 2006,
2007, B LU 2008 EORHEETE /) AP L ENETR
1.1 X 10"CFU/g, 1.1 x 10’CFU/g, LT 1.8 x 10°
CFU/g OABK/RA M SN, HoiEEME2ETL %
HHORIERAAARE (I3 T D BERICEH DA S /IR

Number of bacteria (CFU/g)

2006 2007 2008
Year
Fig.9 Detection of suminori pathogenic bacterium,
Gaetbulibacter sp. strain H-14LY on the frozen
cultivated laver thalli.
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Fig. 10 Effect of freezing treatment on net photosynthetic
rates of laver thall.
A :fresh thalli, B : normal-salinity frozen thalli. C:
low—salinity frozen thalli. Vertical bars show
standard deviations (n=2).

JFHIR AT L TAR L T 5 C & AR
o

WIS, BEABE ) ) B BIRRE L 2 3 1) TG
BT ARSI DWW THRET L 7o i diLIgs)s /
ROAEBIREE I RIT TR L TE, EERgH L0
IMEIRS MK T /) AR ARG HRRE L b 0%
HEE L, INHn /) EEROEILRIEL £ O EIK
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LT, SRABRToo5E101E /) BEROMLE
&idowmgbkahtﬁT?%‘&ﬁﬂ%Lfn
510, HFEMOBECIIES FMT THRERISGEL
WA {Toro/ ) EEOMEAREIX 0.13mg0s/cm®/h
E Y, FOHBIRREZIT IR S HRR TR o /
JEEROFNE L TR 60 BRRILIINT 34 2 £af
Hﬂf’ofmlixotu

W ERALERAY ) BER A FIKIEIZ RO KITT
EDHIHL 722 &b, imm%mﬁ BINBDORHEH
WLER ) TR A HWT, A3 /) REANE IR A
) EROKEZHRERE 1T o7 (Table 5)o £ DHEE,
HHAE % T o Tl WIER /) BT, L 7ok

FERETH S 4.9 x 107 CFU/mL #RE X T, #E
B HO 7 HRW—E o /) B 5 BELT D5

ﬁwm#ﬁ%éhtf-% HEFLIRBEATIERY / 1) Bk
80 BREEEVZIA L2 1EH ”"Jr—ﬁT TEHHELE 275
=) BARTIX, THBICER /) B LSRR
L] 10‘40)ﬁ’=lll'r%iim TH 5 %UT CTldd ARG
DR HiL7z, C AL A ) B TAHURRE DS
m@%ﬂ@&%i(&@tﬁr%iwﬁm@ﬁMﬁ
GAh T T 24T o 72/ ) AT, il %
FFoTWRWIEE / UKL b LD TR 4.0 x 10!
CFU/mL OMEEAIRE TS 7 B BIEEIEEM A
OO, R T A o7z SHI, IEH
B AAET CHOULEL L 7- /) Sk & ey B & IR
AT THEMEE L7 VSR T, /) BRI o

jon]

(B M AEE SN BB 4.0 x 10°~107
cmymL@ﬁuNanﬁsngﬁb&+< Fidz, %
DI #40X1N~mCmeL®ﬁ%%VTE@
THEIC~10%EEr oz, e, AEHUREENEAL

WHALEL L 72 /) BERT %nllr‘ml%% Tl L Tz E
XTid, /) ZERHIBOEIER T aBlE s hadh o7
ZENE, AL VIROFFEILEFEOAMIKENKE <
A BT HIREESIIETH B 2 DTS M7k
t:zt.@imﬁ%%r&‘%mm/uwwﬁ
Gaetbulibacter sp. H-14LY ¥R B 58 = {7 o 7245 3L
AEHA TR L 72 2T D ) ) BlhD S ISR E 5
HIEDTELD, KRR EHME L T ndiio /)
WEP SRR L DT A EDITE LD o7,

z =

F1EIIBWT, AL /) EEME I IGRS E T E
SEFETAIEDPWHONE R o2 DD, GEHYE
SEHT & D UK TE W EKSF AR 0D ) SERIZ A 3
VIR IEAE SRS L T BN REN A E 2 b £ 2
T, 2006 EEERRCFHERR N A RER U /0B e e /) 3
b 2 3 70) B O E S & SR AL 2002
A h 2004 FAZT THEES N2 A 2 /) EGHTA
Gaetbulibacter sp. DR GE T AZIZES 2 WETH /Y
LR ORI L CEWEIETHRE S, AR
WD E ZTAFHMFEICEILL TV AT ER SN

Table 5 Sensitivity of treated laver thalli to bacterial infection.

Dose

Days after infection

Laver thailli
(CFU/ml)

1 8 5]

=1

Fresh thalli 0
4.9 x 10!
4.9 x 10°
4.9 x10°
4.9 %107

Normal-salinity frozen thalli 0
6.0 x 10'
6.0 x 10°
6.0 x 10°
6.0 x 107

Low-salinity frozen thalli 0
4.0 x 10'
4.0 x 10°
4.0 % 10°
4.0 x 107

" Plasmoptysis rate (%) of laver cells. — : none. +: < 5%, ++ : 5-10 %
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Fig. 11 Sampling stations in the Ariake Sea of Saga
Prefecture. Closed areas show laver farms.
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Table 6 Phages isolated in this study.

Phage Date Source
UL Dec. 2004

U2 Nov., 24, 2005

U3 Nov., 24. 2005

Location
Ariake Sea
Ariake Sea

Rokkaku River

Seawater
Seawater

Tideland mud
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7z (Fig. 12),

77— UBLTUIE, UL KEOTT—2
BT B e LEFRRETHY), MIOTS—s %
T 2772 ULIEINSDT7 77—V 3ERLEE
THbIENEZLNI, #2T, GB77—Uh6
DNA i L7-0%, #IBREESE HindlllIiC k57 7 —
¥ DNA OFIPREERIIT Sy — 2 g L7 (Fig 13).
ZORER, MNUDTT -2 ETHT77—Y UL D
DNA #IIREE DM Sy — ik, KREIOFEY L7275 —
CEEBETA T 7T U2BLUU3 LITHL IZE

Fig. 12 Plaque morphology of phages.
A : Ul B:U2 C:U3. Scale bars = 1.5 mm.

o TWHIEDPHB LA, —), KREOHEE LS
T — 7RI BD, FOHUEENIHAKE L UTRRL
EENENELRB 77—V U2B LU UITIE, UL
FoHIRREER O Xy —  BIR L7o2S, MEOMIZIZENR
FIFE 7 DNA BT S0 6, BEVWIEERETH
LI ENHLPE RS T,

502, HEELA3EEO 7 7 — VR RIS
TH:010, ETEMEY VT 77—V ORTFIINE
BE L (Fig 14)o ZOME, /WD T T — o RTRT
57 7= UL, EEYN70nm OERAROELT L E
249 145nm DIRIL L BRWREEZF L Tz, —7, K
BOBEULT I 052 WHT2 77—V U2BL
UL LA-EZ LTBD., Wb &H 65 x 50
nm DNAZOFEE E £ 2 130nm OMEVERZ &
LTwiz,

AEEL7ZAR ) BRI RELT A 3TEEO 7 7 —
ToOmhL, A3/ )HOBEICRLBLI T Uk
BRT A0, DL 7 7 — U OEEEEN, BaE
Y RERENER LU pH EMIC OV THRE 7170
7ol

GHEL7C T 7 — Y OEEFENOMETTIE, REE)S
B LI A X ) FEME 4 Bk S REMEDD Hh
ol 6 WHEOE 10 BMEfREE LT, SHEL7: 3
fEED 7 7 — Ve RG-S TT o7 (Table 7)o #
OFEF, FEELA 3EEO T 7 - VOFEHEFR—TH
D, INLD7 7=, BEORI /) HOFIKME

Fig. 13 Agarose gel electrophoresis of HindIlI-digested
phage genomes. Lane M : molecular size marker,
Lane 1 : Ul, Lane 2 ;: U2, lane 3 : U3.



P
P
ST

9 e 4.3?; % ;i

Fig. 14 Electron micrographs of phages. A : Ul

B: U2, C: U3 Scale bars = 100 nm.
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Table 7 Host specificity of isolated phages.

Sensitivity to phéges

Ul U2 U3

DY1219-4Y - - -
NS-5Y = = =
NS-11Y = = =
NS-17Y = = =
KS-4Y = & B
H-14LY + if: &
H-15LY + + &
H-16LY + + iz
EX-S5Y = = -
H-180R = - =

Strain

10!

PFU / infected cell

107!

0 30 60 9 120 150 180 210 240 270 300 330
Time (min)

Fig. 15 One-step growth curve of phages.
O:Ul, @:U2 A ;U3
Vertical bars show standard deviations (n=3).

TdH 5 Gaetbulibacter sp. H-14LY #k, Gaetbulibacter
sp. H-15LY #k3 & U Gaetbulibacter sp. H-16LY #:® 3
BRI IZIRGE L7225, 1985 FRICpp Sz A 3 0 ) FRIE
METH B A twmbae DY1219-4Y #005E M A5700 &
N5 72 NS-5Y £, NS-11Y #k, NS-17Y #k, KS-4Y
B, EX-S5Y #£B & UV H-180R #RISHK L T3 78
HoNhhrol,

77— VORGSR L LT, B L 3R
MO7 7 —VOBREMEH-0 D7 7 — UHHE (burst
size) BLUBEMEICEEL THSFHRT7 7 — VDK
HaSNs ETORM (BRE) (20w, —BIEEkER
E1To THE L7 (Fig 15). 20#%, 77— UL
U2, BLU U3 DREGREH ) D7 7 — Itz
IZELCTHYH, FNFI5B3 44 B LU 38 PFU/n-
fected cell Tho7ze LrL%idSh, 77— UKL
THLFHRT 7= UL SIS T TORMTH LK
ol MIOTIT—s%BRTH7 77— UL &AM
DU LT T =0 2T S 77— U2BL0°U3
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TERPOBIIIKRE (R o Tz, MIDTT—7
EMET 57 7 -V UL T, FFH7 7 — Y ORIEH
WG 120 97 R oiaE ), £0BT 7 — VHILEITR
R LA L TRKRE R oD L, KEIOFELL 72
T2 %WHETA7 77—V U2BLUU3 Tid, MK
Bt bLT 0 FTTRY 7 - VO EE Y, £

DOHT 7 — VR EERCHII LR L TRKE 2o
L7 35O 7 7 — Y OmERSERIZ DWW T,

S5CTHLU 0T THRETD 7 7 — VHHERLFFERAC
BETLIETHE Lice 77— % 5CTHREFLY
& 3D 7 7 — U OEFERIL 208 E T TII AR
e & QISR I LT &, 2088 HIIEFIIAEO
F30~50 % DHATFIIRT Lz, L LaA s, 2448
BTk 77— ULBLUU20AHFERIT20HE &1
R ETHo70izxt L, 77— U3 OAEFRILBG

) 6% F TEBUIE L7z (Fig 16A). —77. 20TI2

>

100 -

10 |

Viable phage particles (%)

RELEETIE (Fig 16B), 77 =Y Ul BL VU3
DEFRIIHBDFEARE £ BITERPITHL LT ol

7%, 24 B T BB D 20~40 % D AAFER A MR L T
Wi, EIAD, HEELA3FEO T TR TRD

KEWTT—=F7EPR L7277 =Y U2 TR, ®AID6
M F TIERIEED 25 % DEFERHFL T 2d o
D, FOM%, EFRISHITHED LT & 248 E TR
WAIFED 2.7 % F TIRT$ 52 EAHBALZ.
SEEL7-3HEO T 7 — U0 pH BEME FIED
pH (2532 L 7> ZoBell 2216E J5#ilz 7 7 — % 10 43
EEL.Eﬁﬁ@77—9$ﬁ$%ﬂ%¢%‘tf%ﬁ
L7z (Fig. 17)s £ DR, 558k (pH4) ~557 V711
H(ﬁ%b)@%@f@.éf@77—y®£ﬁm@k
HETO QBB CMIFSINE e HE P E Lo
2o LAPULAAS, B&EEE: (pH3) JREETIL, 77—V
Ul DAEFHIZ %D LEE P72 0D, 77—

o=

Viable phage particles (%)

i [N I R

1_.._'. Ji ] 1 1 1
01 2 3

Fig. 16 Stability of phages during storage at 5 C (A) and 20 T (

TW\“\%

i I S I | 1 1 i) |

4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

Week
). Qi UL, @ U2 & U3,
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80
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40 +

Viability (%)
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Fig. 17 Effect of pH on viability of phages.
O:Ul, @®:U2 A:U3.

U2 BL U3 OAEFEZE L CILFL, AR 0.1 %
DT &R o7 52 pH 25FAY) pH 2 DR @
Tl & TO7 7 — VIS AT s s Z LA
L75%

z ®

E1EIIBWT, A3/ )HEHREE LTEFRR S
WHEOMEIHFALT A EDHE L s/ Z & h
5, 77—V EFMBALTEBOYBEZITH 7201213
Ty = VO E R DA /) I A8 1‘)1\3“7;)}4
Wb, LLuiHME, BAEDE T A1 Wi R
TS LT 2498 IZEEIT ) SR A O R T
4T Gaetbulibacter BllEH I L > TH &I S TW
LI ENHL NI ENTWD (FEEFIRKEREE >

— D RFEK) . FTTHEEIL TR EES I Gaet
bulibacter IR O 5 H T b G WIRIREEAEO S
203 7 WIREANE Gaetbulibacter sp. H-14LY # &
77 = VOmFEMEE UTEIRL, KREICRET S
T 7= YO T o7,

FO3ER, HURFEOHK S L OTFER A S A
B A 3D 77— (UL U2, BLUU3) %47
MTHIENTER, 860 FNLOBKTETT—
T OWENE, REOTI7—0 2Bl d 577 -V U2
BIUOUSEOHLAHETSH Y, WD TF— 7 2T
A577=YUlIN6D 77— THS S
PRSI, £CT, SEEL727 7 — 2O DNA %
B LT OHIREER (L Sy — 2 iy 5 2 & THlifx
FERY G MIREAT L. 20R, REOT7— 7 %7
BlLz77 =Y U2BL0NU3 T, b/ 8% — NI
T RN 22 DNA OBEZHEACHT R 2 8@ e Sl
HL00, MOTHEP LNy — 2R L2 &6

Myouviridae ﬂ', KED T 5 —
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TR OERBERIC S 7%, NDT 7 — 7 2K
L7 7= ULIERIZE L IEEOMIBR 2B THE T
ENHIBAL, ERSAROAWRIIBNT, R—DZX 3/
R T RE L 7 7 — UMERAER T A 2 L
A RIE Sz, 51, DEELC 3O 7 7 —Y

WHIREE R THALGETH H Z & h, TXT 2 48
DNA 2l LD RIE SN/ T, TNHZ[E
Wiry 4 W AR R RE A OSERES 125t BT
I L ATCHEBIE 2179 S & THEER AT, €DFE
B pEiL7cETo7 - ViR E 77—V THS
S EWS Caudovirales BIZIB L, 512, Nl 75—
7RG T 5 77— Ul TIHREEIRIL N EA b
7RIS AT 7= U2
BLU U3 TIERHEAHME VI &5 5 Siphoviridae F
IZENENGHEES N S L,

77— I EAE IR L TR A0
FORGEIHAFLEM E V) LD L RRIFENTH S L
VBILTWAY, LZAT, IEDOR I/ ) HEOFEM
HTdH 5 Gaetbulibacter JHMEIE, AWET7 7 — 215
FHE & LT 72 Gaetbulibacter sp. H-14LY #LiA
I2h 28R Se i Twh, 22T, TGO Gaetbuli-
bacter JEFE 2 MRIZH L THSESEEL 727 7 — VA8
T RER E ) DA SN L TBALERH 72, £
T AI/UREAMEE LTIRETIIAEES T
5 Gacetbulibacter AR 3¥RICKH T B8 77— D
BN DV TRANZAER, pREL- 3D 7 7 -2
FUTAED A 2 ) FFEME TH 5 Gaetbulibacter Eﬁﬁ’fm
# 3BEOATCIRETTRETH H Z EATHL A L 7

£ %C,WﬁﬁmmfmItTé7”—y@WVd
T AP, R SHOMFIZE AEETHL0
HHEAT B EDHWESNTWBET | AJEo bR
77 =R FIHT A, WEOATERMH RS EET A
ECFET A7y UM ENETBHAI /) IRIFEANEE
DA OAE I RS L e W EAER S b. 22T, 4
WL 727 7 — 2O Gaetbulibacter JENTE LIS O A 3/
VIR BN R DS B AL o S OFT 7 W
BAZH 3 BRI DWTHET L& 2 A, L7 3
o7 7V HEORI ) HEEMETCH S
Gaetbulibacter JEMBE LA OME I IZEG: L v T &A%
PoHhERY, ILEMECHEEFRLEEE 5 2 L4
I,

A3/ YHEGHEC KT 5 7 7 — OGS 05 S
2, 77— YRR LA ) IRFBREOR TR
AROGBELETD1IDEEZLNL, #2TC, 77—
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D O—EHTHERE L O T 5 7T — 7 OWE, S

L7 3TEHD 7 7 — VOGN O THER L 706
R, 77 =T U2@HENBRIIBIOARE V=R M
AZXEHFL, 2 EETATI—-rbRECITENS
GEEL3HEHO 7T -0 L, 77—V U2MAS
J ) IEEANE I L Ol QBRI 2 45 2 A
Fahs, 3612 77— U2 OEJHINEH 30 47T
Hbh, INFCII-FEEEFEESHRG SN =Y R
Oncorhynchus mykiss @ I
psvchrophilum (G 4 7 7 — T ORI (4~6 B
M) &g s e 77— U2 0 Ridss Y E
WZ e LN E R T,

BIROBERICHHT 57 7 — V2w 3 567
DT, FORFEMEDSEREIIRL, £#2T, 4EEL7
3D 7 7 — T ORIELIENAT DV TR L 7= 4L,
DL 722 TH 77— P13 5 C TN TE 5 7 G
NEMHFTELZEPHONERY, TDTErs, 2
NoN 77— IHFIHEE CRIRT Thiud /1) 2856
ﬁ%mtfﬁ%ﬁuﬁﬂmtéégt#w<xuéﬂ
720 LD LGS, 77— PRI 2 84K
L 72854, Mm¢%77—9ﬁﬁﬁm_&MW%ﬁT%
ZEid FRICERSTH A AT TIE, HEL AW
FHEOTHIETREELEZ N5, AM“WLtSW@
D7 T7—YNHL, /) EMHMOKIEISEW 20T T
$, 23 /7 ) FEGIE (CER g olbEi s w7 7y — ¥
U2 AR N/ HM L& sy ca w2 eh

O, THEL:T7 7 —VOHRT, 7y — U2H b EEE

PRS2 3 / VROBEISE L T b H o L%
Sse.

AR/ WG SRR AR TRAE TE W k
Mh, JURIETIAEA, A S U E LT pH 2
FEE OB T /) BERIZRA L TW B A S /) Jiils
HE = RET 5 /) EOBULEA ThITWAB, Ll
BHL, —HEIIC, 77— JEBRIBEO I ESHSNT
wéfbww J ) OBENI A 3 ) RN S

BT 57 7 — VD BT RIZTUREESE 2 o0
rm% , nmLt3ﬂﬂ@77~9®pHﬂ%ﬁf
DWTIHRHARTAER, AWOPETE L Tirhii T b

Uﬂ@ﬁk@ix VAR 150 T N3 Qe ot g
A RECATALT AT IS AL, A3 )RS
Tr—=TVRAVAEREL FOERICE LU EY
%%?N%%@t%%énto

Uimm%#% RFFETHEE L7z A3 /) FEEHIE

.m¢53ﬁ9077—/@7% AR (01515

B & Flavobacterium

WKiRbB L7 7 —21E, BETHHAI /) RIS
W LT\ RS & 35 5 4 S D BRI RIVIRGRE L
BT T =T U2 THAHIEARIEEINT,

F4E FREMERENET 7 -JERVL
BEAI/ UEBHREORRE

JOV)ERETIE, /) BHRICHE ARG T A T EIL LD
BT HESNDLZAI VBB LIEFLIERELTEY,
FDEFEIZHRNEWEFRIZL TV A RIFICHT B
Woxhse & LTid, TARfEaEsE ) &7 % (4 /) o
Fjaug | 1012 gtﬁ)ﬁ&ﬁ%ﬁf%fbé-%ﬂ%ﬁ%%ﬂi
J )R ZENIT LS, SRR NBOMRIZ LY /
VSRS 2MH A BRH T A HETH L5 LT
A EHELTLE ) EREFEOWLREH I &’
HEETHHI EnnY . SATIE, TR o4 R T
W2/ )BT SO D T ) BRI T A ME F I
o9 BEMIMEENIZ AT DN TV 2 ODHINTH 5

F 7 AROWELE Sl IR DI Y EDE
P& BB, RIZAIFO TR STk IME &
NTWEWIRTETH L. D70, WS BT
13, AIRA G AR OBIEE RIS FEE LTV &
DB HI SN TV BT NS, A3/ ) IREMEO
FHEOFEIIIDDPDH ST, FIHOUWEZH C7dIEH
WA/ ) IR D AALERIS TS 2 ) o
R A T o T BONBURTH 1), T D70 BN
DFEHRAME SIS B B0 —7, NIRRT
BTS2 ATREU B S L TB 0 1Y SEETIIRE
WIOB/FIF 7z & FOMEEEINOERE S A s
S BEND Lo TE, T/ B EED
BUATH & BEREO R I/ JREATE AR L TL B
CEMEAFTBI BT ST R LAY (L
SERORRRE & L C OB 2 AU B D RAY TR IC 0 3
L\l e 2 3 2 ) R E ORI ko ST
T 5,

ECAT, KEMEESE ClLas, MEy A LAT
HHNTTI)F T 7T eRAALT, EEEEECE
LI ETMHEIHERRT S, wWhwb 77—
R T AL S E o TETWE, TOHEEL
T, INETHBROER T o /oA ELEE &0t
SRR BT, SRR O IR B R &
OFBEAEPBEINDE LIl o TELI ENHITS
N, 77— VEENFINE COLENREIA DL
7ol MR I BRE & L TIEB ST » a0 4ei-
BRI TIE, 77— PR LB EER R %



B%&Lf BB A SN Ky 5 7 7 —
%%#ﬂ%»d&bhf%f%b CRETIT
Plecoglossus — altivelis®’, 7 ¥ T ¥ Penaeus
8w X A japonicd®™®. T T ¥
Haliotis discus hannal™'. 51 7 <~ A Salvelinus
B9 A P olivaceus® ™. B LU 7Y
Seriola quingueradiata’ " 7 & D RERE L T A 40

OIFEHNENIEIT 27 7 = IS INT WS

E 3 mfrénmwa@rmmrﬂu@%#é oY
R LT ERS, AEOMRRISEICIT A7 7 —
?@%%%WA%#/<ﬁ&bﬂéiohﬁoféfﬁ

—HOMTIE, ERTEHLL0OD, 77—
@@ﬂwrw%#mbbﬂcw% T 2O M
JEAGE T, IRIEHITHE = & /uf_f'ﬂ’i’ NS SR
77-/%AAtM%}1 A Tr=RG5 20

T CHEOITE AR Hd, F ORI,
MW xS 27 8 MR 77—V G2 HETL
HHENTWAE S F72 77 OUEIEREAE TIE, HEHI
WEES L7120, 1. BLUUBEMEZEIZ7 77—
BEE LA, 77— URAS L T RnT ) TiEE
DRUHPIELE L 7-DZxt L, 77— REFHLAT )
DIECEL, KO EO 7 7 — JEIEHTO%, 1
EEZO 7 7 — PHESN T 20%. B LU 24 ERZO
T —UWEHT%E RN, 7y — I X Y
SAMTHEEMET L2 EMRESN TV AR, &
HiZ, T A0 B EMMEEEREAE TlE HEMR L

ATESFI LA 12 BL O 24 WM 7 7 — PR ENL
72ElB, T UREFLTOWRWHEROE T A0
HAFEED S B THo7oDiZxf L, 1KGE 12 5 L UF 24 (EFY
mk7”—v%¢%tfr®t7X®ﬂﬁ Sl R ER
B%BLU3BBE, WINLHRXOENLID LTE
WEL B EDWEL R ENTVRE™Y,

ZDIHIL, FEBBELANLVTIE 7 7 — U2 L 505D
B BRGSEDO AWML SN TIVEA, NET
DEZAHT 7= YRR L BEOMRERGER A
Mfbsizlidzvee —75, 77— 3 2FH L 7o %
GuERS RSB LT, KEEMH A £ D S WESEA T

LEFESTHIIBVTL, 77— VEFI L 2R R
DEEMER SN ENZITEA LR b~ M
BRI LT 7 7 — VIl L BB RETER LI NT
WBEDKRTHE e DL BT 7~ VRAILL B
WREHEM R ERL s T wEEE L T,
77—V aiEE LT O BEEMBICRET LIS, fRe
&ﬁ%%@ki@77—y#$ﬁﬂ¢é;t#%x%ﬂ

monodon®

Fontinalis™
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THh, HETIR, 77— VRMOERLImT 505
B R E B L PR EPHE ST b

K&ETIE, A3 /)R ‘?‘1[[1[1]75““77—/7&*”}5}5] B
MRS A X ) SRR ERE IO 7D B3 ETEIRL 7
A3 )HOBRICRLGBE L7 7 — P ERHWT, A3
IR AR NA BB S/ VBRI LT
77— VIR L B RYEBERIRI D TRRET L 72, &
Si2, J)EERSTO 7 =R AL AR U
Bitgiodififbx Hive LT, ) ESEBSTo 7 7 —
PRI IIEIIDWTHEE T AL E DI FOT 7T
HORFEICDNT, A/ )HMEREE L TBERLH
B & SAVTV BERIE & SIS 2 17 o 7

MREXUFEE

AR

WA S - A 2 2 )ROEME O 9 B, b
FHEOBEOEELTH B A 3 2 VIEEME Gaetbulibacter
sp. H-14LY #x slric v 7,

MR T 7 — %

A3 ) IRIEGE Gaetbulibacter sp. H-14LY 8124
LTROBNEGNEH L. EIFTHAL ) IIBRE
Bl g shs 77— U2 8 AL, 77—
VHOMENIE 3B L RO AEL W TITo 72,

S WAYE 3.y >3
A /) P yezoensis OFNEHIE S-5-0 2 flifH L
724

77 —UILKB A/ ) REREORREE

ZoBell 2216E H5#h 10mL (2 1 IKEEFEL /- A 2 / U IR
JEANE % 490 (ODgeo) 259 0.1 &b X HIZHAIL, 20
CTHRE HRFFE L 720 TR YELERT SPECTRONIC
20D +7 TR OEIE (ODgeo) % 1 BTG ZHIE
L. B OMWE (ODeso) A% 0.3 125E L 7-H5%E 6 W
BZ7 7= DHEEM L. 77— VM OBREIRIE L
MEH7- Y 07 7 —JEGE MOI) T0.01. 0.1, B&
N1 & L7 dfHEIZIE, 77 — P 1) I ZoBell
2216E i N R 720 AR, GOk L THE L,
FEFWOEE (ODesgo) ZHMIE L 720

7 7—UILEB AR/ VRDBERFERER
0CTHRREL T2 VEREBEL-0L,



I L CHER (10 x 4nm) (2L, YIMFL 2B oMd LS
1 F & FHOFHETHAWEUE S 2 2 & THEE LA
AT % BRI L 7o HUAEMRIALER U 7238 (3B iR T
2 Mg Loob, S SWM-TIL % 390 L 72 R oK
200mL &AL L7 7 T A TIEER 24 0k i, KR 14
T, FHRIE 40 umol/m?/sec, 10 HFRTHIHA © 14 BEHIREH
DEMTTIRE )L

A3/ ) IFEEAE L ZoBell 2216F FEFRETHID £} L
T20T. WBEHEEELAOL, WHIHKIJEE s
Too PUEWHMIR AT o7/ VER P A o727 5 A0
120 A3 ) EIE 2 AR EIEEAT 1.6 X 107 CFU/mL
ELBINIHEALL B R E L A EEERIC T T —
TR A 2.0 x 107 PFU/mL & 7% A X 3 (28R
L7z ®HEIZIE, 77 — 2O 1) 12 ZoBell 2216E
Esia iR L7z A 3 7 ) B EAE R, Lidosias
EHNT/ )R THMEEL, RECEELE X
T B Y RIZEEE ST 5 2 & TRd 7.

AR/ RIEHE DS RS bf:}%}ij ZEARDRRN

EARW L7 )93 SWMIH%(MLﬁ
.5 31.9 ok W Tk i 18TC. HEEREE 90 umol,
/sec, 12 [RRHART © 12 RN I o0 G T Tl At ae L
WE STt CAEES S, Z0 /) BRI LE L
Bl FE A T M R o o0 S b R
2% SWM-TIT & 90 L 723k 8 5K 350 mL & 537 L 7:
75 AT AN WIS, A SRIEIE & R s
4.6 x 10CFU/mL &% B X2/ )¥EEN A7
T AR L, KR 14T, IR 40 umol/m?/sec.
10 Hé—&':lfﬂl?vflﬁﬂ D14 BRI OO S CHY 24 WERIES 4 A Z
£ D IERE A X /) AR DR S, ks
., EMESNTWBGHHEIH A /) ko i 1'1(4- _Lg;
U TR /) miEGHERIRG: / ) 38K % k& 40
%% Tl S 7o 0h, Hild 5 £ T-20 T THEURAT
(e

AZ/UREHAERRESR VERICHIT ST 7—0
EH KUBNIEHER

WHERAT LT 7o 2 3 20) Il e /1) 380 %
HLObL, ML T Q0 x5mm) 1ZL72. 77—
VB TE I oYM 2 ) A LT 4.4 x 10
PFU/mL @7 7 — 22 1057 EE Lz £/, B
HCld pH 2.2\ CEREE L -BALER) (Fo—S . H—
) 3 GMEEL TTo 72 Mo/ )R
FoF— m?ﬁs £ UBERLEIH 0 (A b (IR MK 2 10 4

R Lo BT 72/ ) B % 20% SWM-TIT
PRI L 7oE K 150mL #4EL7 7 7 ATIEN
10 AL, K 14T, m%%«mmmm%%glo
SRR 14 BB O & T 7 HIE L ’)i%i‘“%t
7oo BCIEDOFRY iﬂ*l ST E B Y FURE M

HHI LTk, %%#b@X:/UMmM@@M
FLH 2 BT & 912 Gaetbulibacter sp. H-14LY
H“@%Lﬂﬂ(ﬁififﬁtf BB T o 720/
7= OREIEDTOHR T Tl o7z /
VIERAS DA I ) EME OMZF MR L /) 5
PRBEW I O —HF % m- L5 BE (20.000 X g0 1045 15T)
L.2ZOLEE 74 Ly —THB L7 0% 8 E L.
ERAFILY T2 s¢. o777 —
IRENB L. ) EROERIZERTEL, BRI
JFEFA (CD-15PSX. v h3) #HWTHGE L.

15 S

T =Y U2I2& B A3 )IRERME Gaethulibacter
sp. H-14LY #0284 % Hgya i rT'JxJJ?ri’i’inimlHlﬂé’of Y
D77 — VKGR (MOI) 250.01, 0.1, BLU1 &%
AT TP U2 R L, (E@i'f#ﬁafﬁ’i@m@?
(ODgep) HHET A2 & T LA (Fig 18). 0k
%.7”—7*%WLLWfWNWM@%EM®%&
(ODggo) (EEFROFLEE & HIZ LA L TnE, FE 30
R R OB O R (ODG(S()) l&: 1,565 & 750 s
F. 77— VEELIXTE 7y — VBRI
ADWRE WL (ODgeg) KT S N/ WIS
V77— KGR (MOT) 270.01, 0.1, BLU 1 O
BET7 77— VREMLAKTE ZREEREZS 2,

10.00
Q:g ‘1}-&;4/—’0
(@) 1.00 i 4}-(/‘*)_
P |~
(&7
E“) _.\!"‘l‘
5 0.10 . D2, v —
2 ety ="
<

0.01 = e L

0 2 4 6 8 10 12 14 16 18 30
Time (h)

Fig. 18 Growth inhibition of Gaetbulibacter sp. strain
H-14LY by phage U2 at different MOTL
(O : control (no phages). @ : MOI = 0.01. []:
MOI = 0.1. M : MOI = 1. Arrow indicates the
time of phage inoculation.



BLO O A SEEEDOEE (ODggo) KT 2D 5
N7oe 8512, 77— VBN 24 BRI S B 70 B RS 30
i R D B4R OB (ODggo) 17 7 — U %358
LTWRWHER L) SHS 2T L, Fhehokk
X T0.095, 0.073, BLU0.060 L TITFEHLHESE
VI s

REROBAERTIS 7 7 — V%4 5 L TR
DEWE (ODggp) PETF LT DD, 77 —JI0LB A
3 SR O BB R AT S e, 72 Al
Whioh D7 7—VEEE (MOI) 251 &45b k91
77— VR LXK T, BEE S, SEEEOWE
(ODgeo) PMETF LIGD /22 EDS, 77 —VIZEB AR
/) I AR D RRGLBI B & S RAIICAT 9 Ao, M
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ELTWAET I A, X3/ UREME Gaetbulibac-
ter sp. H-14LY #2488 L T 24 BFlitRic 7 7 — ¥ U2
RHEL, ) EROREOREFBIELER A3
) FRIEAI T EAE 24 IR 7 7 — VA T 5 70
DA T, A3/ UREMEEEERIC 7 7 -
RLER L 72358 & RAR AR O FERGHIEI R R ATTED H i,
BERTHHO . ) EEMBOREZER LI 1%L
77— VAFE R T o T/ ) AR # L & Lk
LTHS IR LT (Fig 20B). PLED X 91z,
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Fig. 19 Effect of phage U2 treatment on the suminori-dis-
eased laver thalli caused by Gaetbulibacter sp.
strain H-14LY. A : control thalli. B : phage-tre-
ated thalli. Arrows show the plasmoptysis of laver
thalli cells. Scale bars = 60 um.
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Fig. 20 Effect of phage U2 treatment against bacterial
infection with the suminori pathogenic bacterium,
Gaetbulibacter sp. strain H-14LY in the laver
thalli. Laver thalli were treated with the phage
(A) immediately and (B) 24 h after bacterial
infection.

O : control thalli, @ : phage-treated thalli
Arrows indicate the time of phage treatment.
Vertical bars show standard deviations (n=3).
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Fig. 21 Effect of two kinds of treatment against bacterial
infection with the suminori pathogenic bacterium.
Gaetbulibacter sp. strain H-14LY in the laver
thalli. O : no treatment. @ : acid treatment, £
phage treatment. Vertical bars show standard
deviations (n=3-5).
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Fig. 22 Effect of two kinds of treatment on the sumi-
nori-diseased laver thalli caused by Gaetbulibac-
ter sp. strain H-14LY. A : no treatment, B : acid
treatment, C : phage treatment. Black and white
arrows show the plasmoptysis and injury of laver
thalli cells. respectively. Scale bars = 100 um.
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Tig. 23 Effect of two kinds of treatment on the growth of
Gaetbulibacter sp. strain H-14LY on the laver
thalli. O : no treatment, @ : acid treatment, & :
phage treatment.
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Fig. 24 Effect of two kinds of treatment on the growth of
the laver thalli infected with Gaetbulibacter sp.
strain H-14LY. O : no treatment. @ : acid
treatment, & : phage treatment. Vertical bars
show standard deviations (n=3-5). The asterisk
indicates a statistically significant difference
between phage treatment and the other treat-
ments (Tukey-Kramer test, P < 0.05).
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H-14LY #lO U O b sy RN H 9 5 2 E AR
SNt HEELA 77— VORELEN RIRET Lo
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PeXGHE ARARIEET 2L CEBILT 77—
VRGN L S THEFH SN T I ENESE I ELR o 72,
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