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Biological characterization of Tenacibaculum maritimum
isolated from cultured olive flounder in Korea and
sensitivity against native plant extracts
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Tenacibaculum maritimum (formerly Flexibacter maritimus) is the aetiological agent of an ulcerative and
necrotic disease commonly called tenacibaculosis in marine fish. Tenacibaculosis is 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. In the
present study, A-7 strain was isolated from Paralichthys olivaceus showing symptoms of tenacibaculosis
and identified as 7. maritimum by morphological, biochemical and molecular biological analysis. T. mariti-
mum A-7 is 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. In addition, this antimicrobial com-
pounds 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 identified most of the plant extracts were better antimicrobial activity against 7. mariti-
mum.

Key words: Tenacibaculum maritimum, Tenacibaculosis, Paralichthys olivaceus, Plant extract, Antimicro-
bial activity
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Aol A3glo] 3} 17} =3
2 AW do7|y Utt (Kim et al.,
2006a). 2 PA | AFAEEE doIE=

Vibrio spp., Streptococcus spp., Edwardsiella tarda
o} 71AFA AW S YO 7= Trichodina, Ichthy-
obodo, Scutica ‘52 B2 A77F HoIde W
Al AFE ] Aol gk 5 A= A
53k AAo|th (Kim et al., 2006b). Vibrio spp.,
Streptococcus spp., E. tarda 5o 2]3F A d}
A 7R WAl 5o TR A geEl
Fobrl o, Yx¢ #9AS 29I F50]
2, A= u| g, op7in) AlGAALE o HY
= Ueie A 22 EE 2719 |
AN A AF WL DM, scutica T2 S
HaEH HE 2 v E oA Uk
o]#]3t AW galt water columnaris disease,
gliding bacterial disease of sea fish, bacterial stom-
atitis, eroded mouth syndrome, black patch necrosis
o7 HWHE ot (McVicar & White, 1979;
Campbell & Buswell, 1982; Wakabayashi et al.,
1986; 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). Al AL el DA Tenacibaculum
maritimum (formerly Flexibacter maritimus)~ -
Bol B2 ofFel Tl e WA 7
AHo Be £ FUAY) Wl Al
g Aol QoM Tl FLP ciAAH, of
Aol A WA AR E olfe] ol AL
ul, selst E3le] A AN Lok
B ¥t} (Toranzo et al., 2005). A, &5 (Pa-
grus major), 7=¥’35 (Acanthopagrus schegeli), 9
| (Paralichthys olivaceus) (Baxa et al., 1986;
Wakabayashi et al., 1986), =H A (Solea solea)
(Bernardet et al., 1990), B15- (Scophthalmus max-
imus) (Alsina & Blanch 1993), thA1F4] (Salmo
salar), F-A7N%°1 (Onchorynchus mykiss), A=
F Aol (Latris lineata), LR 'J X] (Rhombosolea
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ZHF (Kim et al., 2006b) = o] 334 o] WAd+t
9} (Mcphearson et al., 1991) 2 HSE 3} (Heo
etal,1992)% 4o 70, ok 7} S8 ARGSL
&2 FRTES L9 = wAE A
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oA AT AsAL U= Al AGFEe] 2
A At diste] sAY 545 4
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2007 10€95E 20083 3Y7A] AlFE=W 7
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T SRz PAPORREY AY THS
Hol= WA Wolg ANSAL AP 2
< marine agar (MA), brain heart infusion (BHIA)
agar, thiosulfate citrate bile sucrose (TCBS) agar,
salmonella shigella (SS) agaroll =25} 25C, 48
AZE EfeFstleh Al e ol #FE &F
eI, AR AA7EA] 80Tl HaAsl3i T

MlZe| SENSHY ZAt
ATEE MAS] 25°C, 48217F W) %811 T, Gram

staing QXS & BaFn| Ao 2 HAsgTh
Scanning electron microscope (SEM) #2-2- $3
A Al Fete] 338 ¥iAE 0.5cm X0.5cm =
712 A3}, 2.5% glutaraldehydeol| A 2417k
324 %E 3, 1.0 M phosphate buffer2 57+ Al
g 23] WHESI T 18] 3L 2% osmium tetrox-
idedl A 1AIZF A8 g5AFE AA,
isoamylacetate = |85t &, CO.& ©]&3t 7
ZAZ1AL cell &5 §- SEM #2-5 AA|51Gith

MlZe| dalsty £ At

MAGIA &% wlkE 32 olgslel e
4 e ANSAT. A AY GEe
Motility, Oxidase, Catalase, Gelatin, Starch, Tween
80, API 20NE kit (Biomerieux, France), API 20E
kit (Biomerieux, France), API 50CH kit (Bio-
merieux, France) 52 AA|SIA 2™ (Table 1),
colony 434> MAS A #2-s}3]Th

PCR, sequencing 2! data analysis

Genomic DNA Extraction kit (Bioneer, Korea)
= *F‘lﬁl-@] Chromosomal DNAE #33F &
DNA °F2 ‘g‘% TE qu(Azoolzso) 3l ODZEol
1.8°14 HA 3}+2.M, bacterial 16S rDNA uni-
versal primerg ©]-&3t] 16S IRNAE 53413
t}. 4% oligonucleotidess= forward primer, 5'-
AGAGTTTGATCCTGGCTCAG-3';
primer, 5-GGTTACCTTGTTACGACTT-3'¢] &

reverse
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Table 1. Phenotypic characteristics that differentiate strain A-7 from the type strains of other Tenacibaculum species

Characteristics AT maritimum ovolyticum Mesophilum  amilotyticum  skagerrskense
Origin Olive flounder Red sea Halibut, egg, Spongeand macroalgae, Pelagic,
bream, macroalgae,
Korea Japan Norway Japan Japan Denmark
Cell size (um) 10-22 x 0.5 2-30 X 0.5 2-20 x 0.5 1.5-10 X 0.5 24 x 04 2-15 X 0.5
Colony morphology Unevenedge  Uneven Regular Circular, Circular, Circular,
shape edge edge spreading spreadin spreadin
edge edge edge
Color Pale yellow Pale yellow Pale yellow  Yellow Yellow Bright yellow
Temperature range (C)  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
Salinity range seawater (%)" 30-100 30-100 70-100 10-100 50-100 25-150
Salinity range NaCl (%) -) -) “) 1-7 3W) -)
pH range 6.0-9.0 5.9-8.6 5.9-8.6 5.3-9.0 5.3-83 6.0-9.0
Growth on
Casamino acids + + \Y% + + ND
Sucrose + - - - - +
D-ribose - - - - - ND
DL-aspartate - - - + - +
L-proline - - - + + +
L-glutamate - W - + + +
L-leucine - - - - - w
Degradation of
Starch - - - - + +
Gelatin + + + + + ND
Tween 80 - + + + + -
Nitrate reduction + + + - Y +
G+C content (mol%) 31-32 31.3-325 30.3-32 31.6-32 30.9 352

Data were taken from Wakabayashi et al., (1986), Hansen et al., (1992), Suzuki et al., (2001), Frette et al., (2004). +, posi-
tive; -, 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 and degradation of casein. *100,
full-strength seawater; *, percentage of NaCl in the medium.
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ZIMEE A4 = AT Microtubedll 10 mM Tris-
HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl., 0.5%
Tween-20, 200 #M©] 7zt dNTP, 0.5 pM 2] 7}
primer, 1.25 U Taq DNA polymerase (Bioneer,
Korea) ¥ template DNAE 37}et ¥, distilled
waterZ PCR &3H&2] %% volume©] 50 wl”}
%A 3FA T PCR amplification 22712 94°C ol A
537t pre-denaturation A7 $ 94°CollA 45%
denaturation, 50°C |41 453 annealing, 72°C ol 4|
45% extension®] WH-Z 1 cycleZ 3}, 30 cy-
clesE WHSAZTE 1 & 72°Coll A 5E7F exten-
sionAZth PCR ¥ 538 a2 0.5 we/ml
Ethidium Bromide”} 37} 1% agarose gel S
0]£-3}27, 0.5 X TAE buffer (40 mM Tris-acetate,
1 mM EDTA)E ¢59o2 st J79e<
AAEATE UV AE71914 YehdE bands
HEste] 1 FF A9 A= HAE IRl
t}. ©] %, AccuPrep™ PCR Purification Kit
(Bioneer, Korea)= ©]-&3l] PCR productE %
A 3FA 3L, ABI prismTM BigdyeTM terminator
cycle sequencing Ready reaction kit V.3.1 (Fluo-
rescent dye terminators method)<} ABI 3730XL
capillary DNA Sequencerg AR&-ste] 9714 <LE
= 93, #elzl 71492 NCBI (National
Center Biotechnology Information)2] Basic Local
Alignment Search Tool (BLAST)S Al&-3le]

o
40, 45CE Wik & wrgALE golo g I
319120, MB (Marine Broth, Difco. Co. USA)]
T EFN L 1% (viv) 2 BESF] zhzhe] L
2 w3 5 spectrophotometerS ©]-4-3ko] 600

nme] S35 olA growth curveS Eolste] 2

=]
s SNt s mE +9
ASHEE A7) 9lel, Wakabayashi er al.,

(1986), Hansen et al., (1992), Suzuki et al., (2001),
Frette et al., (2004)¢] W< ©]838H31 3, MBell
NaClZ 0-14% (0, 1,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14%) F7Vst 5, I FHS 2% (viv) HES
F,25°CollA] 484175 T vl sl &
g3tk pHoll e o] ASAEE gls7]
&l wiA 2] pHE 4-10 (4,5,6,7,8,9, 10) 2.2
st wjokst & ASAEE SA AT vl

4% 5 ASHEE + (Growth), - No Growth) =

b

el gl e A A Al 8t
7] 913} paper disc agar diffusions = A8 553
o™ (Bauer et al., 1966), Muller-Hinton (MH)
agarol| A W53lA] 9= AT 54 Wi
of MBol|A 48A17-5<t v ke #55 Eitsl
5 o]lg3te] 2] FErt 1x10° CFU/M7} =
T2 343 vy olE Eit A frElelR
MAe°l 53k =2sidnh T12]al ofA tlX
= (Oxoid, BBL, bioDiscs)& ¥4 7HHo=
S, 25CollA 48217 &9t et FAH
AR AFE FABIAL, AT
susceptible, intermediate “12] 3. resistant=. }E}
W AT} Amoxicillin, Ampicillin, Cephalothin,
Chloramphenicol, Clindamycin, Doxycycline, Ery-

=
AEE

thromycin, Florfenicol, Flumequin, Nalidixic acid,
Neomycin, Ofloxacin, Oxolinic acid, Oxytetracy-

cline, Pefloxacin 52 9FAl ZHrA Ao AR
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Fig. 1. Scanning electron micrograph of the isolate A-7 from eroded mouth. Cells were grown on MA at 25°C for 2 days.

Table 2. Antibiotics sensitive of 7. maritimum A-7 based on paper disc method

Antibiotics Concentrations Diameter of inhibition zone (mm) Dertermination
(ug) Resistant Intermediate Susceptible Results
Amoxicillin 30 <13 14~17 > 18 37 S
Ampicillin 10 <13 14~16 > 17 32 S
Cephalothin 30 <14 15~17 > 18 33 S
Chloramphenicol 30 <12 13~17 > 18 24 S
Clindamycin 2 <14 15~20 > 21 36 S
Doxycycline 30 <12 13~15 > 16 20 S
Erythromycin 15 <13 14~22 > 23 32 S
Florfenicol 30 <13 14~19 > 20 37 S
Flumequin 30 <20 21~24 > 25 18 R?
Nalidixic acid 30 <13 14~18 > 19 0 R
Neomycin 10 <12 13~16 > 17 0 R
Ofloxacin 5 <12 13~15 > 16 8 R
Oxolinic acid 2 <10 - > 11 0 R
Oxytetracycline 30 <14 15~18 >19 16 P
Pefloxacin 5 <15 16~21 > 22 14 R

Y, susceptible; ?, resistant; ¥, intermediate.
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g3 ——— Tenacibaculum amylolyticum MBIC43557 (AB032505)

= Tenacibaculum japonica H2ZMET (AB275606)

N L Tenacibaculum cellulephagum D30T (AF469612)
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Tenacibaculum soleae LL04 12.1.77 (AM746476)

Strain A-T
100
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Tenacibaculum marnus A31T (EU290161)

Flavohacterium aguatile ATCC 119477 (MG2797)

Fig. 2. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position of strain A-7 within
the radiation of the genus Tenacibaculum. The tree was constructed from evolutionary distance matrix by using neighbour-
Jjoining method (Saitou & Neil, 1987). The sequence of Flavobacterium aquatile ATCC 11947T (M62797) was used an out-
group. Bootstrap percentages (from 1000 replications) > 50% are shown at branch points. Bar, 0.01 substitutions per
nucleotide position.
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Fig. 3. Cumulative mortality of Paralichthys olivaceus challenged with 1 X 10° CFU/m({ isolated T. maritimum at 2 days.
Control group was immersed in rearing water. (A), Paralichthys olivaceus of 12-20 g (10-12 cm) size; (B), Paralichthys oli-
vaceus of 150-200 g (23-25 cm) size.
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T HALEE7T 5 g7 HES FE2Y (10 me/
ml)e HEEL, o5 28) AP E F]A st
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o] Y85kl Add-> Wakabayashi et al. (1986),
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T 355 AAAES] 718w F=
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Table 3. Antimicrobial activity of the native plant extracts by disk diffusion assay

Name Inhibition Zone Diameter (mm)

D Plant parts 05 1 25 5

Korean Scientific )
mg/disc  mg/disc  mg/disc mg/disc

Segol Oenothera lamarckiana Whole - - 14 15
A5 Punica granatum Stems, Leaves 13 16 22 23
e m A} Kadsula japonica Whole - - - 9
s 7] Lactuca indica var. laciniata Whole - - 14 15
Akt Hydrangea serrata for. acuminata  Whole - 11 15 18
A5 Siegesbeckia glabrescens Whole - - 12 16
AP Q 2] Alnus firma Whole - 12 16 18
H] 1} Eriobotrya japonica Unripened fruits - - - 14
A V5 Rosa multiflora Stems, Leaves - - 13 16
=y Pueraria thunbergiana Whole - - - 9
Qo Euscaphis japonica Whole - - 14 19
ZIUHE Zanthoxylum piperitum Stems, Leaves - 12 15 16
AZRUF Zanthoxylum schinifolium Stems, Leaves 10 16 21 19
= Actinidia arguta Stems, Leaves - 14 15 15
Saas Broussonetia kazinoki Stems, Leaves - - - 10
2497 Persicaria cochinchinensis ~ Whole - - 11 15
o) S Styrax japonica Stems, Leaves, Flowers 12 15 18 18
u]uhg] oA v Ranunculus japonicus Whole - 14 15 21
AR LALE] Polysticum tripteron Whole 11 15 18 18
AT Asparagus cochichinensis Whole - - 12 15
ALE & Artemisia capillaris Stems, Leaves - - 14 15
L Rubus coreanus Whole - 11 15 15
WEE Liriope platyphylla Whole - - 14 16
7} ¥ |} Matteuccia orientalis Whole - - 13 16
=y Pittosporum tobira Stems, Leaves - - - 9
A 5= Chrysanthemum cinerariaefolium Whole 14 18 23 20
ARG Arabis stelleri var. japonica ~ Whole - - 13 15
4734 Cirsium Japonicum var. ussuriense 'Whole - - - 15
ATz Sasa quelpaertensis Whole - - 14 16
2Hd9A Arisaema ringens Whole - - -
&3t Zingiber mioga Whole - - -
dyEui Melia azedarah var. japonica ~ Stems, Leaves - - - 10
Rkl ey Citrus unshiu Unripened fruits - - 12 15
R Citrus unshiu Peel - - -
ENES Angelica keiskei Leaves - - -
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Table 4. Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of thirteen plant
extracts against 7. maritimum

Name Plant parts MIC MBC
Korean Scientific (ug/mf) (ug/ml)
A5 Punica granatum Stems, Leaves 625 625
Akt Hydrangea serrata for. acuminata Whole 1,250 5,000
AHELQ Alnus firma Whole 1,250 1,250
Z L Zanthoxylum piperitum Stems, Leaves 625 5,000
AP U Zanthoxylum schinifolium Stems, Leaves 312 625
o} Actinidia arguta Stems, Leaves 1,250 1,250
o] S Styrax japonica Stems, Leaves, Flowers 1,250 5,000
w) 1kg] oA H) Ranunculus japonicus Whole 625 1,250
A A AE Polysticum tripteron Whole 1,250 1,250
B2} Rubus coreanus Whole 2,500 2,500
A == Chrysanthemum cinerariaefolium Whole 625 625
Oxytetracycline 1,250 1,250

2] (Polysticum tripteron) 5~ OTC2} F-AFgk A o]t} Tenacibaculosiss™= TloFst <kF2&] o)A
L9 A FAE YENAL, AF (Punica QA ABAH SHAME Fo3 A F sht
granatum), 23V (zanthoxylum piperitum), B ©1%, ¥, 4, A =2jn], 2] T3 2 oA &

el obAl Y] (Ranunculus japonicus), A== ol Az AFH AALZ A3t 45 FEA
(Chrysanthemum cinerariaefolium) 52| 735 e} & A7l X 5= tenacibaculosis©] T/d=
OTCol vla)] oF ou) Awe] sk &Ae ey e @A BARTE AT #FE
Ao, 53] AEUH(Zanthoxylum schinifoliun) oL RS 54, Adskete A B
o) 7% OTCHT o 4u) sl wo g F o oo MI2E Lmariimm 2 5
Qe wen. gasaAd o8 waa AR, o o aue Gl IRl <IfH e 49
YA 2 3o o wAAS hAst] fst E]to ?\E -5}‘?_16}22_1‘4—.‘Tenamb]iculosmgl Xﬂo}j
PAAEZA B oo AAAEE = o5 7] 918 ok ot '%“@hxﬂ Foi7h Wol o]F
== Ee e = oA, 1 & oxytetracycline®] 2 AREE AL

= & T e Ao, AFell= 3t EAdo] = olth Tk, gl Re] ckAolulm AH|AEL

i

N

o
ol — o
- -

% 32 Mz R O

Al vehd A= dF A F2, 28 gyx g 409 o BA2 Sy
2l NMR 73 #4
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Tenacibaculum maritimum (formerly Flexibacter ~— 2
maritimus)<- tenacibaculosisZ} =2]™, 3 Ako]o]| T maritimum®] 3t =& 37 7S JEH
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