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ABSTRACT

Tenacibaculum maritimum(formerly Flexibacter maritimus) is the
aetiological agent of an ulcerative and necrotic disease commonly called
tenacibaculosis in marine fish. Tenacibaculosis 1is an economically important
disease in a great variety species in Jeju Island cultured fish and leading to this
pathogen initially affected by skin, mouth, fins, tail causing severe necrotic and
ulcerative lesions on the body surface.

The aim of this experiment is to investigate artificially infected in
Paralichthys olivaceus with T. maritimum can cause tenacibaculosis to identify
potential processes that may be responsible for mortality. 7. maritimum 1s
experimentally infected through immersion route in Paralichthys olivaceus which
the disease outbreaks in land—based fish tanks of Jeju Island. Up to data a
number of treatments proposed for the tenacibaculosis outbreaks are based on the
immersion administration of drugs in tank. Oxytetracycline is the most widely used
disinfectants in fish farms. However, most of fish farms manager and consumers
have expressed concern as bioaccumulation in tissue and its environmental.
Inaddition, this antimicrobial compounds is expensive in fish farmers.

The overcome of this problem is desired the application of natural plant
derived products. To obtain as 70% EtOH extract antimicrobial compounds
against tenacibaculosis from 35 species of Jeju Island native plants were
screened for antimicrobial activity against 7. maritimum. In the present study
were 1dentified most of the plant extracts were better antimicrobial activity

against 7. maritimum.
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Fig.7.

(A) Paralichthys olivaceus of 12-20 g(10-12 cm) size.
(B) Paralichthys olivaceus of 150-200 g(23-25 cm) size.

Tenacibaculum maritimum infection after clinical signs.
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L AFE &4 8% 2 A4

19906t o] gyt FAde AA B 53] dA
(Paralichthys olivaceus)= 17172 A oA SA4Z2] Aroz Ay
ow, 2007d9]= 43,834%, ArkE A 4,5889 90 o2 Aatm S| A
FEivel AZE oHe 10%E AHAE A= Fash Aoz AgA =3l

. o] T AlFE gA YA BAFS 214870 % A= AAFY oF 48%

53 AFEE FHE Afes A9S AL ol WA S5
Fe 7)o B Aelnt fAR 24 AR Ak od@ ol fm dmy

x&g T 7IE AHe |gx Aiakge] 2005 dib] 2006delE M7 2.3

16.1% #Asle v AF%EE oF 10% 7S (5, 2007). AF=Y H$

SAEAFRA, 7HREA, A FA ol o]FojAAL Jew, I F 9
g SHEAAE, 2007), BFE FAAEE

=z
=

o el H Folu, A7)k Hobd FAo] oF ol el w3}, TUE A%
5

AT (Kim et al, 2006). = WXl AdAddEE do7|= Vibrio spp.,
Streptococcus spp., Edwardsiella tarda®} 71A=4 AWE O 7|+= Trichodina,
Ichthyobodo, Scutica < %<2 AF7F HJ+= wHA MAAdAYFY] At
et Ul A7E AT Aot (Kim et al, 2006). 13y A9 99 <
A FEEAS FAA BFolek Ml T TR X mEgEo] okl Vibrio
spp., Streptococcus spp., E. tarda Bt} @] {3 HY, FI A FFolF
A, A=gu A opZpu Al G YA S BE A7 gACd A T a4y
Ao, scutica ¥ TFHFAE F A= Fa AUtk

e]=ro] A9 o]3dt AHWE salt water columnaris disease, gliding



bacterial disease of sea fish, bacterial stomatitis, eroded mouth syndrome,
black patch necrosis 2= WHsL Atk (McVicar & White 1979;
Campbell & Buswell 1982; Wakabayashi et al, 1984; Baxa et al, 1986;
Devesa et al, 1989; Alsina & Blanch 1993, Chen et al, 1995, Handlinger et
al, 1997; Ostland et al, 1999; Cepeds & Santos 2002). AlvtA Al o] Y2ltel

i
theFat Al AWS doA AAAQ W A4S st 7] vl Al Ao
UM wG- FRBHA AAA L Qo o] AW A HA AL E= o Fe FF
o], Al=eglwn], we] e} Tyl AFH AAE oIt BirEo] It} (Toranzo et
al, 2005). 7 olF o 2= s (Pagrus major), 73735 (Acanthopagrus schegeli),
U X| (Paralichthys olivaceus) (Baxa et al., 1986; Wakabayashi et al., 1986),

EWA Y (Solea solea) (Bernardet et al., 1990), B15& (Scophthalmus maximus)
(Alsina & Blanch 1993), Wi ko] (Salmo salar), FA17049] (Onchorynchus
mykiss), A=FAo] (Latris lineata), 1R 'dX%] (Rhombosolea tapirina)
(Handlinger et al, 1997)% thder o] Fol A Has il vk, wehs] AF= 2 5
Huat ST A Aoz g9A Qo vgYgd oFoRE thistEE A
oA Surface ulcers, Surface necrosis, Eroded mouth, Frayed fins, Tail

rots, Gills necrosis®l] o3t A5+ F Q9 &fc)ar Al T},

LS

A ol gdFeR A AnMoze FAA AW (%

Ao FAAZ= Oxytetracycline (0OTC)e T2 AFEstaL 9l

o A A4 Estel anlEsl AsteldA, S 9 gole] tg 2]

b FEE Qo noh gadew obdd AEe gig et A Fhen

loth =t 0 Rt Fojoll glolA A AER As) kAl AL

B gieh o2lg Abele AFolekEchA Yol maE v olahd e 5
A

=% FAEA ] A ARE QA3 dEgNE, Tt 2N 0TCHE =
A wkg, Al e @9AolA e OTCHE, MR oA Hvfjs =

2]
e = oF 300F9 A 5 Tetracyclined A QI OTC7F 71 @o] ALE
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L ti3AS A 2 =A%

B AFel A At AdH e dliS EElsh] fal A ot A9
MAEA A 5d (23, B5, G, An, 2 AFA A 27 (73
ofd)oln, SaFxs FAAe] HARREH AJdFE st (Fig. 1).
20073 10€5-E 2008 3¥7#] = 670€

o] £ W= 14-26TCATh.

Fig. 1. Sampling area by diagnostic survey of six months in Jeju Island.



A AP AGTHS wolr Wolo) ®sl, Fgol, Augu, m
2, opbv] FomRE RSy, die] 144 Leld @4 8F A4S
A

sl AFETIS 2 ue 7T AAEHA Fdes FJEin. FAE dF
ol d|F-eH AHS F3 marine agar (MA), brain heart infusion
(BHIA )agar, thiosulfate citrate bile sucrose (TCBS)agar, salmonella shigella
(SS)agardl] =2alglor, 25CoA 4823t &<t wigsidith. =gt At

3 oFE orwdsisen, #3E 759 S 984 1.5 ml Microtube
o marine broth (MB) 700 ul& X7}st & #575 A F3te] 25T A 48A13
v oFslsd o, vk 3 Microtubed] 80% =38 AlE 300 ul H7Fste] AFEA 71X
—80Col Hak3ict.



2.2 BelHFo JHEY a2

G e skl =3 APHEFE MA 25T, 484
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7t viF %, Colony7F Abgt wiX|E 0.5cmXx0.5cm 7|2 AWstal, 2.5%
Glutaraldehyde©l] 2A]7F ®WFx]3F & 1.0 M phosphate buffer solution®] 5%
washing< 23] ¥HE3}3 o)

2]l 2% Osmium tetroxide & 1AIZF W= $ 40, 50, 60, 70, 80, 90,
100% EtOHZ Z}7} 1AM &42819 01 isoamyl acetate : 100% EtOHZ
0.5:1.5, 1:1, 1.5:0.5, Isoamyl acetate 100%9] 1A]7F A W=x]5}S T}

o0]%F COE o]&3F Ax2} cell =F3}9] scanning electron microscope (SEM)

ARAdF= MAE ©]&3dtod 25TCeA 4813 wieket & Asiehsd AHA4
AgS st Astst Ald d&ES Motility, Oxidase, Catalase, DNase,
Gelatin, Starch, Tween 20, Tween 40, Tween 80, API 20E (Biomerieux,
France), API 20NE kit (Biomerieux, France), API 20E kit (Biomerieux,
France), API 50CH kit (Biomerieux, France), API ZYM kit (Biomerieux,

France)E 2 A5+ 2W, colony A4S MAO A #Z&19l ),



2.4 16S ribosomal RNA (16S rRNA) F34X A4 4

Genomic DNA Extraction kit (Bioneer, Korea)E A}83}%] Chromosomal
DNAE #2g & DNA %2 F35=E5 54 (Azonso) 3] ODgLo]l 1.8¢1% =
391 o Bacterial 16S rDNA universal primerE ©]-&3te] 16S rRNAS S%
AlZAYr. A4 E Oligonucleotides®] 2+2+e] primer+= forward primer=(27F) :
5'-AGAGTTTGATCCTGGCTCAG—3'" reverse primer (1492R) : 5'=GGTTA-
CCTTGTTACGACTT=3'¢] |72 4o, 272 0.5 uM primer, 200
uM deoxynucleoside triphosphate, Taqg DNA polymerase (Bioneer, Korea) 3 ul& A}
&3t PCRE F8sk3lth.

PCR Whg-x712 94CollA 53 predenaturation, 30cycle &<t 94CollA
45% denaturation, 50CeollAq 45% annealing, 72Col A 45%7} extentiond}$ L
H, thA] 72CoA 5FE3ZF extentiondttlh. FE3FH PCR products ethdium
bromide”} #H7}H AEjoll A A719 53t 1% agarose (Agarose LE, Promega
CO.) geldlA] &olslgit;. o]%, AccuPrep'™ PCR Purification Kit (Bioneer,
Korea)S ©]83l4 PCR productell Zo}lE primers, nucleotides, polymerase,
saltsE A Aste] AAsFar 30 uplell elution buffer (10mM Tris—Cl, pH 8.5)%
DNAE elutionstith. ©o]& ABI prismTM BigdyeTM terminator cycle
sequencing Ready reaction kit V.3.1 (Fluorescent dye terminators method)<}
ABI 3730XL capillary DNA SequencerE A}£3}o] PCR producte] 4714 LS
v, wE 7 97 dS NCBI (National Center Biotechnology Information)

9] Basic Local Alignment Search Tool (BLAST)S ARgsle] E41615T)
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184 ES fokow B o, Mol RIS 19 (V)2 AED F, 27
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N

o] 2x¥y HjYe F SpectrophotometerE ©]83le] 600 nme S3FEof A
growth curveZ® #elslo] HA vl ewE =439t 18]a1 Wakabayashi et
al., (1986), Hansen et al, (1992), Suzuki et al., (2001), Frette et al., (2004)
o] S o] &ste] ditEEd WE o AFAHES £A8H7] #1@l 250 ml A2}
239 7] xR 2 MB| NaCl& 0 ~ 14% (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14%)7HA 274k 5 A aj¥d 2% (v/v) A5 FEF F, 25T A
481 &t wieketaL, 3 =5 S48
o U3t A5 A ES selshs] 98l ulA el p
gaho Wd F, ASHES SFeA0 MY F ASHES + (Growth), -

(No Growth) & &4 5} t}.

g2 o 2 #F9] pH

z
HE 4-10(4,5,6,7,8,9,10)02 =
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3.2 A Y

HeE el g A A ARdS o] flske] Bauer WH
(Bauer et al., 1966)°l ™= Paper disc agar diffusion'H< A 83} ™, Muller—Hinton
(MH)agar oA 253t &= AP 5425 MBolA 48A17<F wigd
TFE FHGFE ol &t #FuErt 1X10°CFU/m 7 H2g 843 g o) &
det A FEEo® MAO wEshAl ekttt 1ear ofAl vl2== (Oxoid,
BBL, bioDiscs)E UAT tA oz ola 25TCoA 48413 F<t wigste] A

H AARe AEFS 5HF L 542 H=E Susceptible, Intermediate L

Aslo] AFE3E 9FA] YlA3I+= Amoxicillin, Ampicillin, Erythromycin,
Oxolinic acid, Cephalothin, Pefloxacin, Ofloxacin, Lincomycin, Ciprofloxacin,
Kanamycin, Gentamicin, Clindamycin, Doxycycline, Oxytetracycline, Norfloxacin,

Nalidixic acid, Flumequin, Florfenicol , Neomycin, Chloramphenicol®]1t}.

wEldFol ek ofA A Bd7|E2 Table 10 A&l
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Table 1. Criteria for determination of antibiotics sensitivity by inhibition

zone based on paper disc method

Concentrations Diameter of inhibition zone (mm)
Antibiotics
(18) Resistant Intermediate Susceptible
Amoxicilli
moxicrin 30 < 13 14~17 > 18
(AML30)
Ampicillin
10 < 13 14~16 > 17
(AMP10)
halothi
Cephalothin 30 < 14 15~17 > 18
(KF30)
hloramphenicol
Chloramphenico 30 < 12 13~17 > 18
(C30)
oxac
Ciprofloxacin 5 <15 16~20 > 21
(CIPS)
Clindamycin
2 < 14 15~20 > 21
(DA2)
Doxycycline
30 <12 13~15 > 16
(D30)
Enyt '
rythromycin 15 < 13 14~22 > 23
(E15)
Florfenicol
D 30 < 13 14~19 > 20
(FFC30)
- :
umequin 30 < 20 21~24 > 25
(UB30)
Nalidixic acid
1AXIC ad 30 < 13 14~18 > 19
(NA30)
N .
comyeln 10 < 12 13~16 > 17
(N10)
Norfloxaci
orioxacin 10 <12 13~16 > 17
(NOR10)
Ofloxaci
oxacin 5 <12 13~15 > 16
(OFX5)
Oxolinic acid
XO0I1Inic acl 2 < 10 _ 211
(0A2)
Oxytetracycli
xytefracycline 30 < 14 15~18 > 19
(T30)
Pefloxaci
erioxacin 5 <15 16~21 > 2
(PEF5)
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Al A Alae oS Aol &3 (Min et al, 2004)
7b dvtal BalEE AN ES AlFstolH A Gl F 31EFe] AHE
ABE Edotd B Ao ARgetlem, 1 oo AFxIY, vAds 25
1o}

=z ), A HE Ak 2 Aol AdAER ARSI (Table

e

Alg ol 29Eo] s ExEs AXS] fd 525 2o 2~3W A8

agedA 5U3 x5, FA ARE EAATIL ARFAL] 108 F (w/v) <]

70% EtOHZ 72A1%F =<t 33] = (Min et al, 2004)39ow, F7]8w >
9L AU EZFAE ol &3l FF3ST. HFHoR F5H AE5E 47
Z A7 &, B AR AFESH] fElA Aol R#EsSiT

bt aldo o] 8st7] YA dimethylsulfoxide (DMSO)e] =<0 3
Membrane filter (0.45 pm)= o] ¥}A]7] 32 Paper disc (ADVANTEC F0424695,
@8 mm)ol| 25 n(Ax FEFE 2.5 mg) FES . Disce A& HF =7}
0.5, 1, 2.5, 5mg/disc7k ¥7A stlow, MAC] AJAFF5 E=ddte] s2E= A
28t Paper discE ¢lar, 25T, 48A17F vikA|A Paper disce AAE x33l
Inhibition zone®] #74& FAH3sIATE 28 7z T 28L 74 15mm ]

FQl FE el thstel wAM AEEUEL Sl
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Table 2. Antimicrobial activity methods of Jeju Island native plant extracts

Korean name Plant parts Scientific name
Tdgtol & whole Oenothera lamarckiana

A5 stems, leaves Punica granatum
oz} whole Kadsula japonica
15w 7] whole Lactuca indica var. laciniata

b whole Hydrangea serrata for. acuminata
A5 whole Siegesbeckia glabrescens
A9 g whole Alnus firma

H] 31} unripened fruits Eriobotrya japonica
GRS stems, leaves Rosa multiflora

# whole Pueraria thunbergiana
2o o whole Euscaphis japonica
Z YL stems, leaves Zanthoxylum piperitum
NEARR stems, leaves Zanthoxylum schinifolium

o2 stems, leaves Actinidia arguta

S stems, leaves Broussonetia kazinoki
EEEY whole Persicaria cochinchinensis
o} =5 L stems, leaves, Styrax japonica

_15_




flowers

H L] o} 2 v whole Ranunculus japonicus
AR AL whole Polysticum tripteron
HAEs whole Asparagus cochichinensis
A& stems, leaves Artemisia capillaris
s whole Liriope platyphylla
7w whole Matteuccia orientalis
= stems, leaves Pittosporum tobira
B2} whole Rubus coreanus
Al 5= whole Chrysanthemum cinerariaefolium
A7 whole Arabis stelleri var. japonica
273 whole Cirsium Japonicum var. ussuriense
A F=Z= ) whole Sasa quelpaertensis
S whole Arisaema ringens
&t whole Zingiber mioga
R stems, leaves Melia azedarah var. japonica
Rl s unripened fruits Citrus unshiu
>5uzt peel Citrus unshiu
A= leaves Angelica keiskei

_16_




5.2 MIC ¥ MBCZ74

A2 e FEEEY A AdHe ULl digt HAGAEE

(MIC, Minimum Inhibitory Concentration)®] %< Microtitre plated] MB

(Marine Broth, Difco. Co. USA)E 200 pl& A &, HA& %7} 5 mg/ml 7} &
H

5 FE9 (10 mg/m)E HFstar, olE 24 s|dyHoz s|Xste] 2z} dA =
E=Z 5 mg/ml, 2.5 mg/ml, 1.25 mg/ml, 0.625 mg/ml, 0.312 mg/mle] TE=FT= 23
skl Tt

o #Asle] 1x10°CFU/Ml &=
icrotitre plateE 25C 48A]%F Hj
A s (MIC) ¥ JAAHAEE 7t+&

IR
A7} 99% AKHA B ALFES

a=)
o
=N
rlo
A
oo
>
)
rN
=
o2
r
P
o
e,
=X
%
&

2

AZdt] o]= 2 WA HER o, HEH
&3 T 660 nme FHE @S T3 H
stlen, 7t gAES MAC AEste]

MBC (Minimum Bactericidal Concentration) = % 3}$t}.

[e]
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1.1 3979 £g

AASAHS Hole= |dx9 %Y, 5], A=gH], o/IAY T Al
F2 BHIA, TCBS, SS, MAS Alg-3slo] WS Fa|afe sl o, Aslshs AdAak

ZAAFeF 16S ribosomal RNA (16S rRNA) F34AF A9 #A0=2 Vibrio sp. 109%
(Vibrio splendidus, Vibrio gigantis, Vibrio tapetis )2} Mucus bacterium,
Flavobacterium frigidarium, Exiguobacterium oxidotolerans, Pseudoalteromonas
sp. Micrococcus sp. 52 o#l 9 #&°] £HHALY olFolM AF7HA]
st AFo MAA AYS deita dEA = T maritimum (formerly F.
maritimus))?l A—7< ST HWeds FEg Holo T4 A=y

n], olrtu], B3, FEold] H%kEAS YR on, Fig. 20 UEbuiich
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WORLY |

WD

Fig. 2. External symptoms of diseased Paralichthys olivaceus.
(A), Eroded mouth; (B), Surface ulcer; (C)(D), Frayed fin
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1.2 #8459 FJHgd A

THEFA A-79] 3
TREAYE FQ skglaL, SE

X7,000

1um WD 6.0mm

SEI 50kVY  X9,000

&

)
1um

WD 6.0mm

5.0kV  X15,000

Tum

WD 6.5mm

Fig. 3. Scanning electron micrograph of the isolate A-7 from eroded mouth.
Cells were grown on MA at 25C for 2days.
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1.3 A3sty Q3AA

BT A-79 AFsHH AALE YsiA #F9 Motility, Oxidase,
Catalase, DNase, Gelatin, Starch, Tween 20, Tween 40, Tween 80, API 20E
(Biomerieux,France), API 20NE kit (Biomerieux,France), API 20E kit
(Biomerieux,France), API 50CH kit (Biomerieux,France), API ZYM kit
(Biomerieux, France) &<l &2 Z3} Wakabayashi et al, (1986), Hansen et
al, (1992), Suzuki et al, (2001), Frette et al, (2004) T°] ®Hi3 T,
maritimum®] 73384 Ao}l vlugSu, Tween 80 &4, Sucrose FPo=Z 1}
BhdA e AlQlstals it A3r dAsglt (Table 3). I3E=2 A-7&

T. maritimum®. %2 =438} t}.
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Table 3. Phenotypic characteristics that differentiate strain A-7 from the type
strains of other Tenacibaculum species
Species: 1, A-7; 2, T. maritimum; 3, T. ovolyticum; 4, T. Mesophilum,; 5, T. amilotyticum;
6, T. skagerrskense;. Data were taken from Wakabayashi et al., (1986), Hansen et
al., (1992), Suzuki et al., (2001), Frette et al., (2004). +: positive, -: negative; W:
weakly positive; V: variable reaction; ND: not determined; -: no growth in the
presence of NaCl only. All species are Gram-negative and rod-shaped. All species are
positive for catalase, oxidase adn degradation of casein. “100=full-strength seawater,

bPercentage fo NaCl in the medium

Characteristic 1 2 3 4 5 6
Diseased  Diseased red
. ! Sponge and )
o Paralichthys sea bream  Halibut egg, macroalgae, Pelagic,
Origin . k ] macroalgae,
olivaceus, fingerling, Norway Japan Denmark
. Japan
Jeju Island Japan
. 1 G 2 105 —=FOF >
Cell size (um) N 2—30 X 0.5 2—20 X 0.5 LA 2—4 X 04 2-15 %X 0.5
Circular, Circular, Circular,
Colony  morphology . . .
b Uneven edge Uneven edge Regular edge spreading spreadin spreadin
shape
edge edge edge
Bright
Colour Pale yellow Pale yellow Pale yellow Yellow Yellow
yellow
Temperature  range 1 3 _ _
) 15—35 15—34 4-25 15—40 20-35 10—40
Optimal temperature
(C) 25—30 30 ND 28-35 27-30 25-37
Salinityrange =
. 30-100 30-100 70-100 10—-100 50-100 25-150
seawater (%)’
Salinity range NaCl
L e - - - 1-7 3(W) -
(%)
pH range 6.0—9.0 5.9-8.6 5.9-8.6 5.3-9.0 5.3—-8.3 6.0—9.0
Growth on
Casamino acids + + Vv + + ND
Sucrose + = = - - +
D—ribose - - - - - ND
DL —aspartate - - - + - +
L—proline - - - + + +
L—glutamate - W - + + +
L—leucine - - - - - w
Degradation of
Starch - - - - + +
Gelatin + + + + + ND
Tween 80 - + + + + -
Nitrate reduction + + + - W +
G + C content
31-32 31.3—-32.5 30.3—32 31.6—32 30.9 35.2
(mol%)

_22_



Table 5. Phenotypic characteristics of strain A-7

Characteristic Reaction
API ZYM Control -
Alkaline phosphatase +
Esterase (C4) +
Esterase Lipase (C8) +
Lipase +
Leucine arylamidase +
Valine arylamidase +
Cystine arylamidase +
Trypsin +
a - chymotrypsin -
Acid phosphatase +
Naphthol-AS-BI-phosphohydrolase +

a - galactosidase

B - galactosidase

B - glucuronidase

a - glucosidase

B - glucosidase
N-acetyl-Bglucosaminidase
a - mannosidase

a - fucosidase
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1.4 16S ribosomal RNA (16S rRNA) &z} A€ £4

B 52 A-7¢ 16S ribosomal RNA PCR =%

o

&3 ¥ 1377bp
719 E=S NCBI (National Center Biotechnology Information)¢] Basic
Local Alignment Search Tool (BLAST)S o]&3dte] X3t A3}l Tenacibaculum
maritimum (gene for 16S rRNA, Strain: IFO 15946) 99%, Tenacibaculum
maritimum small subunit ribosomal RNA gene, partial sequence 98%,
Flexibacter maritimus 16S ribosomal RNA 98%9 A&sAS HFOH,
Tenacibaculum maritimum gene for 16S rRNA, strain:IFO 15946% alignment
3 A3 = Fig. 42 Ve

A%~ (Phylogenic tree)™= 7 g](distance)o] A3 WHo g 2ASH
2™, Neighbor—Joining *Hel olsf AerE HEtNAT (Fig. 5). A&
A3 F. maritimus®t wi5- 717k A E YUY FUdToR ARHAIL,
HAFH oz dAnFH dHey A, Azt Y 2 FVI4E 24 §

F. maritimus ©}3 5%} o},
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Strain A-7
AB078057
D14023

Strain A-7
AB078057
014023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

GCA-GTCGAGGGGTAACATTGTAGCTTGCTA 30
GATGAACGCTAGCGGCAGGCTTAACACATGCAAGTCGAGGGGTAACATTGTAGCTTGCTA 60
CTA 3

*kk

CAGATGACGACCGGCGCACGGGTGCGTAACGCGTATAGAATCTGCCTTCTACAGAGGGAT 90
CAGATGACGACCGGCGCACGGGTGCGTAACGCGTATAGAATCTGCCTTCTACAGAGGGAT 120
CAGATGACGACCGGCGCACGGGTGCGTAACGCGTATAGAATCTGCCTTCTACAGAGGGAT 63

KKK KKK KKK KKK AR KKK KRR KRR KA AKR KRR IR R AR kA Ah kA hkhkhkhkhkhkkhkhkkhkhkkkkkkx

AGCCTTTAGAAATGAAGATTAATACCTCATAACACTTTGGAATGGCATCGTTTTAAAGTT 150
AGCCTTTAGAAATGAAGATTAATACCTCATAACACTTTGGAATGGCATCGTTTTAAAGTT 180
AGCCTTTAGAAATGAAGATTAATACCTCATAACACTTTGGAATGGCATCGTTTTAAAGTT 123

KKK KKK KKK KKK KKK KKK KKK KKK KRR KRR KA AR AR R A A kA khkhkhkhkhkhkhkhkkhkhkkhkkkkx

AAAGATTTATCGGTAGAAGATGACTATGCGTCCTATTAGCTAGATGGTAAGGTAACGGCT 210
AAAGATTTATCGGTAGAAGATGACTATGCGTCCTATTAGCTAGATGGTAAGGTAACGGCT 240
AAAGATTTATCGGTAGAAGATGACTATGCGTCCTATTAGCTAGATGGTAAGGTAACGGCT 183

KAKK KKK KKK KKK KKK KKK KRR KRR KRR KRR AR AR A A kA hkhkhkhkhkhkhkhkhkkhkhkkhkhkkkkkkx

TACCATGGCAACGATAGGTAGGGGTCCTGAGAGGGAGATCCCCCACACTGGTACTGAGAC 270
TACCATGGCAACGATAGGTAGGGGTCCTGAGAGGGAGATCCCCCACACTGGTACTGAGAC 300
TACCATGGCAACGATAGGTAGGGGTCCTGAGAGGGAGATCCCCCACACTGGTACTGAGAC 243

KKK KKK KKK KKK KKK KA KA KRR KKK KRR A AR R AR A ARk hkKhh kA khkhkkhkhkkhkhkkhkhkkhkkkk

ACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGGCAATGGAGGCAACTCTG 330
ACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGGCAATGGAGGCAACTCTG 360
ACGGACCAGNCTCCTACGGGAGGCAGCANTGAGGAATATTGGGCAATGGAGGCAACTCTN 303

khkkkhkkhkhkhkk Khkhkhkkhkkkhkhkkhkhkkhkhkhkkhkk *hkkkkkhkhkkhkhkkhkhkkkhkkkhkkhkhkkkhkkkhkkkx

ACCCAGCCATGCCGCGTGCAGGAAGACTGCCCTATGGGTTGTAAACTGCTTTTATACAGG 390
ACCCAGCCATGCCGCGTGCAGGAAGACTGCCCTATGGGTTGTAAACTGCTTTTATACAGG 420
ACCCAGCCATGCCGCGTGCAGGAAGACTGCCCTATGGGTTGTAAACTNCTTTTATACAGG 363

KAKKKKK KKK KKK KKK KKK KKK KRR KAk KNRAKAkkhkhkhhkhkkhkhkhkhkhkkhkkkk *kkhkkkkkkkkkkk

AAGAAACGTGCCTACGAGTAGGTATTTGACGGTACTGTAAGAATAAGGACCGGCTAACTC 450
AAGAAACGTACCTACGAGTAGGTATTTGACGGTACTGTAAGAATAAGGACCGGCTAACTC 480
AAGAAACGTACCTACGAGTAGGTATTTGACGGTACTGTAAGAATAAGGACCGGCTAACTC 423

KAKKKKKKK KKK KKAK KKK KKK KKK A AR KKK A AAhhAkkhkhhhkhkhkhkhkkhkhkkhkhkkkhkkhkhkkkk

CGTGCCAGCAGCCGCGGTAATACGGAGGGTCCGAGCGTTATCCGGAATCATTGGGTTTAA 510
CGTGCCAGCAGCCGCGGTAATACGGAGGGTCCGAGCGTTATCCGGAATCATTGGGTTTAA 540
CGTGCCAGCANCCNCGGTNATACGGAGGGTCCNAGCGTTATCCGGAATCATTGGGTTTAA 483

Khkkhkkkhkkhkkk *k hhkkhkk hhkhkkhkhkkhkhkkhkkhkk *khkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkhkhkkkhkkkkkk

AGGGTCCGCAGGCGGTCGATTAAGTCAGAGGTGAAATCCCATAGCTTAACTATGGAACTG 570
AGGGTCCGCAGGCGGTCGATTAAGTCAGAGGTGAAATCCCATAGCTTAACTATGGAACTG 600
AGGGTCCGCAGGCGGTCGATTAAGTCAGAGGTGAAATCCCATAGCTTAACTATGGAACTG 543

KAKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKRKKRkRkKkkhkhkkhkhkkkkkhkkkkk

CCTTTGATACTGGTTGACTTGAGTGATACGGAAGTAGATAGAATATGTAGTGTAGCGGTG 630
CCTTTGATACTGGTTGACTTGAGTAATACGGAAGTAGATAGAATATGTAGTGTAGCGGTG 660
CCTTTGATACTGGTTGACTTGAGTAATACGGAAGTAGATAGAATATGTAGTGTAGCGGTG 603

KAKKKKKKAKKKKKR KKK KAkKhhkhkhkk *hkhkkhkhkkhkhkkhkhkhkkhkhkkhkhkkhkhkhkkhkhkhkkkhkkkhkkhkkkkk

AAATGCATAGATATTACATAGAATACCGATTGCGAAGGCAGTCTACTACGTATTTACTGA 690
AAATGCATAGATATTACATAGAATACCGATTGCGAAGGCAGTCTACTACGTATTTACTGA 720
AAATGCATAGATATTACATAGAATACCGATTGCGAAGGCAGTCTACTACGTATTTACTGA 663

KAKK KKK KKK KKK KKK KRR KRR AR KRR AKR A AR R A Ak kA hkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkkkkk

CGCTCATGGACGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGT 750
CGCTCATGGACGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGT 780
CGCTCATGGACGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGT 723

KAKK KKK KKK KKK KKK KRR KRR KRR AR A AR R A Ahk kA hkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkkhkkhkkkkk
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Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
AB078057
D14023

Strain A-7
ABO78057
D14023

Strain A-7
ABO78057
D14023

Strain A-7
ABO78057
D14023

Strain A-7
AB078057
D14023

Strain A-7
ABO78057
D14023

Strain A-7
AB078057
D14023

Strain A-7
ABO78057
014023

Strain A-7
ABO78057
D14023

AAACGATGGACACTAGTTGTTGGGAATTATCTCAGTGACTAAGCGAAAGTGATAAGTGTC 810
AAACGATGGACACTAGTTGTTGGGAAATGTCTCAGTGACTAAGCGAAAGTGATAAGTGTC 840
AAACGATGGACACTAGTTGTTGGGAAATGTCTCAGTGACTAAGCGAAAGTGATAAGTGTC 783

KAKKKKKKKKKKKKKKRKKAKR KKK KKK’ Kk *AAKAKAAAARAAhhkhkkhkhkhkhkhkkhkhkkhkhkkkkkkx

CCACCTGGGGAGTACGATCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA 870
CCACCTGGGGAGTACGATCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA 900
CCACCTGGGGAGTACGATCGCAAGATTGAAACTCAAAGGAATTGACGGGNNCCCGCACAA 843

KAKkKKKkK KKK KKK KAk KkhhkKkhkhkhkhkhkkhkhkkhkhkkhkhkkkhkkkhkkhkhkkkhkkkkx Kkhkkkkkkkk

GCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAGGGCTTAAATGT 930
GCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAGGGCTTAAATGT 960
TCGGTGGAGCATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCAGGGCTTAAATGT 903

Khkkkkkkkkhkkhkkkkhkkhkkhkkhkkhkkhkkhkkkkhkkhkkkhkkkkhkkkkhkkhkkkhkhkkkhkkkkhkkhkkkhkkhkkkhkkkkhkkkkhkkkk

GGAATGACAGGGCTAGAGATAGCTTTTTCTTCGGACATTTCACAAGGTGCTGCATGGTTG 990
GGAATGACAGGGCTAGAGATAGCTTTTTCTTCGGACATTTCACAAGGTGCTGCATGGTTG 1020
GGAATGACAGGGCTAGAGATAGCNNTTTCTTCGGACATTTCACAAGGTGCTGCATGGTTG 963

Kkhkkkkkkkkkkhkkkkkkkkkkkkx Khkkkkkkkkkkhkkkkhkkkkhkkkkhkkkkhkkkkhkkkkhkkkkhkkkk

TCGTCAGCTCGTGCCGTGAGGTGTCAGGT TAAGTCCTATAACGAGCGCAACCCCTATTGT 1050
TCGTCAGCTCGTGCCGTGAGGTGTCAGGT TAAGTCCTATAACGAGCGCAACCCCTATTGT 1080
TCGTCAGCTCGTGCCGTGAGGTGTTAGGT TAAGTCCTATAACGAGCGCAACCCCTATTGT 1023

KAKKKKKKAKKKKK KKK KKK KAKK K,k *AKAAAhhAkhhkkkhkhkhkhkhkkhkhkkhkhkkhkhkkhkhkkhkkkk

TAGTTGCTAGCAGGTAAAGCTGAGGACTCTAGCGAGACTGCCGGTGCAAACCGCGAGGAA 1110
TAGTTGCTAGCAGGTAAAGCTGAGGACTCTAGCGAGACTGCCGGTGCAAACCGTGAGGAA 1140
TAGTTGCTAGCAGGTAAAGCTGAGGACTCTAGCGAGACTGCCGGTGCAAACCGTGAGGAA 1083

KAKKKAKK KKK KKK KKK KKK KRR KKK KRR K AKAhhKAhhkhkkhkhkkhkhkkhkhkkhkhkhkkhkkkk *kkkkkk

GGTGGGGATGACGTCAAATCATCACGGCCCTTACGTCCTGGGCTACACACGTGCTACAAT 1170
GGTGGGGATGACGTCAAATCATCACGGCCCTTACGTCCTGGGCTACACACGTGCTACAAT 1200
GGTGGGGATGACGTCTAATCATCACGGCCCTTACGTCCTGGGCTACACACGTGCTACAAT 1143

KAKKKKKKAKKKKKK Kk KAAKKAKAKKAAK KKK AAARhkkhhkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkkhkhkkkkkkk

GGTATGGACAATGAGCAGCCATCTGGCAACAGAGAGCGAATCTACAAACCATATCACAGT 1230
GGTATGGACAATGAGCAGCCATCTGGCAACAGAGAGCGAATCTACAAACCATATCACAGT 1260
GGTATGGACAATGAGCAGCCATCTGGCATCAGAGAGCGAATCTACAAACCATATCACAGT 1203

KAKKKAKKKAKKKKK KKK KKK KKK KA Khh)k *hkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkkhkkhkhkkkk

TCGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGAATCGCTAGTAATCGGATATCAG 1290
TCGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGAATCGCTAGTAATCGGATATCAG 1320
TCGGATCGGAGTCTGCAACTNGACTCCGTGAAGCTGGAATCGCTAGTAATCGGATATCAG 1263

KAKKKKKKKKKKK KKK hkKkKk KAAKRAKAhkAkkhkkkhkhkkhkhkkhkhkhkhkhkkhkhkkhkhkkhkhkhkkhkkkkk

CCATGATCCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGAAGC 1350
CCATGATCCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGAAGC 1380
CCATGATCCGGTGAATACGT 1283

Khkkkkkhkkkkkkkkkhkkkkk

TGGGGGTGCCTGAAGTCGGTCACCGCA 1377
TGGGGGTGCCTGAAGTCGGTCACCGCAAGGAGCCGCCTAGGGTAAAACTGGTAACTAGGG 1440

CTAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGC 1475

Fig. 4. Alignment of 16S rRNA sequence of the isolated Strain A-7.
AB078057 : Tenacibaculum maritimum TFO 15946"
D14023 : Flexibacter maritimus NCIMB 2154
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0.01 83— Tenacibaculum amylolyticum MBIC43557 {AB032505)

80

———Tenacibaculum japonica H2M8T (AB27560F)

kY ————Tenacibaculum cellulophagum D30T (AF469612)

Tenacibaculum aestuari SMK-4T (DQ314760)

62 Tenacibaculum lutimaris TF-267 (AY661691)

Tenacibaculum mesophilum MBIC11407 (AB032301)

100 100 Tenacibaculum gallaicum A3T.1T (AMT46477)

Tenacibaculum litoreum CL-TF13T [AY962294)

Tenacibaculum adriaticum B3907 (AM412314)

r -
K B3| gp —— Tenacibaculum ovalyticus |AM143187 (AB032506)

Tenacibaculum soleae LL04 12.1.77 (AM746476)

Strain A-7

100 ’7
Flexibacter maritimus NCIMB 21547 (D14023)

94 ; . i .
Tenacibaculum mantimum IFO 159467 (ABO78057)

Tenacibaculum marinus A31T (EU290161)

Flavobactenum aguatile ATCC 119477 (M62797)

Fig. 5. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the
position of strain A-7 within the radiation of the genus 7enacibaculion. The tree was constructed
from evolutionary distance matrix by usingneighbour-joining method (Saitou & Neil,
1987). The sequence of Flavobacterium aquatile ATCC 11947T (M62797) was used an
outgroup.Bootstrap percentages (from 1000 replications) >50% are shown at branch
points.

Bar, 0.01 substitutions per nucleotide position.
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2.2 A A2 E

el A-7l tig oA Zed AlE A3E Table 69 YERAATE B
—Lactam  (Amoxicillin,Ampicillin,Cephalothin) A1 3}  Macroride (Erythromycin),
Chloramphenicol (Florfenicol,Chloramphenicol), Lincosamide (Clindamycin, Lincomycin)
Ao = 7ol A vEREe™,  QuinoloneAlEe]  Ciprofloxacin,  Norfloxacin,
Ofloxacin, Pefloxacin, Flumequin®} Teracycline A€ <¢] Doxycycline, Oxytetracycline
MM S YeERIEE 28y Quinolone AI82]  Oxolinic acid, Nalidixic acid)<}
Aminoglyciside (Neomycin, Kanamycin, Gentamicin) A2 Ao i += HA S

ZHAAL A= A o= YEE T
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Table 6. Antibiotics sensitive of 7 maritimum based on paper disc method

Antibiotics Inhibition Zone Diameter (mm)
Amoxicillin (30 £¢g) 37
Ampicillin (10 ¢g) 32
Cephalothin (30 #g) 33
Ciprofloxacin (5 ¢8) 24
Chloramphenicol (30 /(8) 33
Clindamycin (2 ¢8) 36
Doxycycline (30 (8), 20
Erythromycin (10 «g) 32
Florfenicol (30 /8) 37
Flumequin (30 u«g8) 18

Gentamicin (10 ¢8) i
Kanamycin (30 x8) =

Lincomycin (2 (8g) 32
Nalidixic acid (30 #8) 8
Neomycin (30 u«g) -
Norfloxacin (10 «8) 20
Ofloxacin (5 /8) 21
Oxolinic acid (2 #8) -
Oxytetracycline (30 £8) 16
Pefloxacin (5 u«8) 14
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3. A HF T. maritimum® IAFH A

27 T. maritimum® 1A A 71 digk =]

T2 syl ga AFo] 12-20 g(AF 10-12 cm)el AFFL} AH|Fo]

ui
>
3,
o
=)
N
N,
2
2

A

150—-200 g(A% 23-25 cm)?l HAE AFEsto] = 74 2302 A #4449
S AAE e, I 3RS Fig. 6] U Aol 12-20 g(AF 10-12
cm)§l FAol AR A AF A AEF 482131l 100% HAHES B oM
(A), 150-200 g(A7F 23-25 cn)Ql |A JARA A0 A3 B T.
maritimum 3 5, 72213 <rell 100% #HAAsEATH (B). o= ol Al¢] A7]el ubet
A o] Wy R o] tidk AfeH e Aolg Holr] wiEeltal AlRE T

T 7. maritimum® A 3A4AY Ay P52 oA A7)l
o] Eroded mouth, Frayed fins, Gills necrosis % Hemorrhagic symptom on

head9} 22 FH o] &4 AAT= vk (Fig. 7).
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100% - P - - P - - o

(A)
90% -
80% -
= T ™S (mortality) T O Z= Tl (mortality)
= 70% -
hrry
g 60%
[}
= 50% -
[
>
B 40% -
S
E 30% -
o
20% -
10%
0% ‘ _— .1
Ohr 12h 24h 36h 48h 60h 72h 84h 96h 108h 120h
Time (hr)
100% e —
90% - (B)
. 80% -
9
= 70% -
E e0%
[+}
= 50% -
o
2
T 40%
S
E 30%
3 M Y(mortality) ™ Cfj = (mortality)
20% -
10% -
0% l—r——r = ——0—

ohr 12h 24h 36h 48h 60h 72h 84h 96h 108h 120h
Time (hr)

Fig. 6. Cumulative montality of Paralichthys olivaceus, challenged with

1x10" CFU/ml Isolated T maritimum at 2days.
Control group was immersed in rearing water.
(A) Paralichthys olivaceus of 12-20 g(10-12 cm) size.

(B) Paralichthys olivaceus of 150-200 g(23-25 cm) size.



Fig. 7. T. maritimum infection after clinical signs.
(A) Frayed fins, (B) Eroded mouth, (C) Gills necrosis,
(D) Hemorrhagic symptom on head
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T 35FY AAEY FUIEW FEES ol&dtd s F T
maritimum®] 8-S Paper disc agar diffusion®® A3+ ZA3}+= Table 7,
Fig. 83} v} 22 5 24 (1 mg/disc)o] £& 1153 AF=A A A
A 7bsd AlFEsd, 25294 nAds, I Ad 0TCo MIC 3 MBC

Table 894 B w&At), 2 A7 t]2T FAHES o] L3 HEAdo = A
A

i

=

S (Punica granatum), 2‘YZU5 (Zanthoxylum schinifolium), W|vbg]opA]n]

(Ranunculus japonicus), A%=(Chrysanthemum cinerariaetolium)|A OTC%}

iR kS o, FARE FudAdS Bt B3 AN E FEEY T

Il

maritimume®l| W3 MICet MBCE A3 2 A3} A5 (Punica granatum), %3
W5 (zanthoxylum piperitum), A‘YZUYUS (Zanthoxylum schinifolium), W42 o}

AWV (Ranunculus japonicus), A%= (Chrysanthemum cinerariaefolium)l|*=
3}

OTColl Hla] 28] 7}7to] & a4t TS BHPon, 53] AU 49 oF 4
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Table 7. Antimicrobial activity of the Jeju Island native plant extracts by disk

diffusion assay

Inhibition Zone Diameter (mm)
Korean Plant .
Scientific name
name parts 0.5 1 2.5 5
mg/disc | mg/disc | mg/disc | mg/disc

%%9}'01'—7’% ‘Whole Oenothera lamarckiana 14 15
Stems,

A& Punica granatum 13 16 22 23
leaves

oo iz} Whole Kadsula japonica 9

%ﬂ%ﬂﬂﬂ 7] ‘Whole Lactuca indica var. laciniata 14 15

Hydrangea serrata for.
AbEar Whole g i % 11 15 18
acuminata
VAR=Ss Whole Siegesbeckia glabrescens 12 16
AHHEQ 2] Whole Alnus firma 12 16 18
Unripened

H] g} p‘ Eriobotrya japonica 14

fruits
- Stems, ’

AY 5 Rosa multiflora 13 16
Leaves

3 ‘Whole Pueraria thunbergiana 9

Qo F Whole Euscaphis japonica 14 19
- Stems,

ilﬂ 1,]_.51_ Zanthoxylum piperitum 12 15 16
Leaves
- Stems,

AbzxUH Zanthoxylum schinifolium 10 16 21 19
Leaves
Stems,

o Actinidia arguta 14 15 15
Leaves
Stems,

2B R Broussonetia kazinoki 10
Leaves

‘:%11@11?1 Whole Persicaria cochinchinensis 11 15
Stems,

o F U5 Leaves, Styrax japonica 12 15 18 18
Flowers

g o} A 1] ‘Whole Ranunculus japonicus 14 15 21

A A} A Whole Polysticum tripteron 11 15 18 18

HAES ‘Whole Asparagus cochichinensis 12 15
- Stems,

AHE & Artemisia capillaris 14 15
Leaves
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Table 7. Continued

Inhibition Zone Diameter (mm)

Korean o .
Plant parts Scientific name
name p 0.5 1 25 5
mg/disc | mg/disc | mg/disc | mg/disc
722} ‘Whole Rubus coreanus 11 15 15
HT 5 Whole Liriope platyphylla 14 16
7i 8 v} ‘Whole Matteuccia orientalis 13 16
Stems,
=yF Pittosporum tobira 9
Leaves
- Chrysanthemum
AE= Whole AT 14 18 23 20
cinerariaefolium
A7 Z) Whole Arabis stelleri var. japonica 13 15
Cirsium Japonicum var.
A7 Whole P : 15
ussuriense
A =23 ) Whole Sasa quelpaertensis 14 16
EHd3A Whole Arisaema ringens 9
&3t Whole Zingiber mioga 9
Stems
@%—L%q—-‘% ] Melia azedarah var. japonica 10
Leaves
Unripened
=747 p‘ Citrus unshiu 12 15
Fruits
2347 Peel Citrus unshiu 9
AlM % Leaves Angelica keiskei 9
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Fig. 8. Inhibitory effections on Jeju Island native plant extracts.
Sample concentration 1.0 mg/disc.
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Table 8. Minimum inhibitory  concentration Minimum  bactericidal
concentration of thirteen plant extracts against 7. maritimum
Plant extracts and Reference MIC MBC
compounds part (ug/ml) (ug/ml)
Punica granatum stems, leaves 625 625
Hydrangea serrata for. acuminata whole 1,250 5,000
Alnus firma whole 1,250 1,250
zanthoxylum piperitum stems, leaves 625 5,000
Zanthoxylum schinifolium stems, leaves 312 625
Actinidia arguta stems, leaves 1,250 1,250
Styrax japonica stems, leaves, flowers 1,250 5,000
Ranunculus japonicus whole 625 1,250
Polystichum tripteron whole 1,250 1,250
Rubus coreanus whole 2,500 2,500
Chrysanthemum cinerariaefolium whole 625 625
Sasa quelpaertensis whole 2,500 >5,000
Citrus unshiu unripened fruits 5,000 5,000
OTC - 1,250 1,250
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