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Pathogenicity and PCR detection of Vibrio tapetis
in Manila clams, Ruditapes philippinarum
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Pathogenicity of Vibrio tapetis, ihe causative bacterium of “brown ring disease (BRD)” was evaluated in
Manila clams (Ruditapes philippinarum) by artificially 0.1 m¢ infection of 1.0 % 10° cells and 1.0 X 10* cells
at 20 °C. A PCR assay based on 168 rRNA to detect the bacteria in clam tissues was established.

Accumulative mortality of clams infected with 1.0 107 cells and 1.0 X 10* cells per an individual of the
bacteria was 67.5% and 7.5%, respectively. However, the deposit of brown pigment in the inner shells by
accumulation of chonchiclin was not found. The bacteria were not be able to re-isolate from the infected
clams by the conventional agar plate method but were easily detected by PCR assay established in this
experiment.

In clams artificially infected with 10 species of Vibrio, a 414bp for V. taperis was detected in PCR assay.
The specific band in the clams infected with 1.0 10* cells per an individual of V. tapetis was detected only
in gills one day after the infection but never be found in any tissues including gills three days after the infec-
tion. In the case of clams infected with 1.0 x 10® cells per an individual of V. fapetis the specific band was
detected in gills and intestine one day after the infection, in all tissues three days after the infection, and then
in gills and adductor muscle nine days after the infection, The PCR assay was applied to detect V. fapetis in
manila clam, surf clam (Mactra veneriformis), oyster (Crassostrea gigas) and Thomas' rapa whelk (Rapana
venosd) taken from Taean and Gochang from April to July 2004. The infection rates were detected to 23.1%
and 9.4% in the oyster and surf clam, while manila clam and Thomas' rapa whelk were not found.
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ol9]e] & W[ Crassostrea gigast
Pecten maximus 594 '= brown ring®] # 4 5]
T AN 2EE A3 FeE BaEy gl
T} (Paillard et al., 1996).

V. tapetis®] 2] Marine agarl] 1% mannitol
(W/V), 1% bromthymol blueZ 37}l HhS
RHE thr 2 sk 20 Coll YFA7t vl
&T ¥ mannitol 2] vIEE] W&o FAHE F
A8} WE 7 A J&g Meste] TCBS
2} marine agarol] FH3 o2 27 20 C4 30
CollA 24A17F k3t thd- TCBSOA] 5419]
Aol FAL) AT F2o) oF3lo] marine agar
oA AekA] = AL A9 sl whie )
ATt (Noel et al., 1996). 12it BF A 3he}
A 9l Vbrio splendidus biovar 1S} F-ASH
gol ol 255 AU THI= "= olEE
o] At} (Castro ef al., 1992; Jensen et al., 2003).
olH3 A& Heksty] fske] UNFE w3

e FEZEHE AR Sjels SHVE
S R FFRARY, GARFAE ALE e

Enzyme-linked immunosorbent assay%] (ELISA
ol B o g2 e o] 9} (Castro
et al., 1995; Noel et al., 1996). Z1&{1}, A2 Poly-
merase chain reactiony (PCR¥)o| AZ-¢] A,

Aol e Solg 2 AWl Fof oj el
7““‘?‘1%011 o] AMGET slen, sRe] Al
7148F B velE Ay el FThio R A
=27 20} (Kellner-Cousin er al., 1993: Stokes et
al., 1995; Atmar et al., 1996; Le Roux et al., 1999;
Renault et al., 2000; Arzul et al., 2001; Lipart and
Renault, 2002; Novoa et al., 2002; Itoh et al.,
2004).
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V. tapetis (NCIMB 13622)E Marine broth 2216
{Difco)ell AEsle] 20 Cell 72417F 2 ksl
o} BRA ol 21 917E-2- Allam er al. (2002)9]
el wet wWkdS EBaFE el 1.0x100
cells/mf, 1.0 X 10% cells/m=. HEA)7] FHS A
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DNA =& % primers

Marine agar 2216 (Difcoy SHEHHIR]o 20 C, 24
AIZF vlFS Vo aperisE 8% O AEEFH
T2 23] AAAHS AE-FAA F-fAS
THEA 40 W] FF-FHl 10 w9 proteinase
K (Img/mé, Sigma)2t 50 u0¢] 2 XK buffer (40 mM
tris buffer, 0.2% NCnidet P-40, 0.2 mM EDTA, 1%
Tween 20, distilled water, pH 8.0y Z33tgch
AL 60 Tell 2027k o]o1A 100 Coll 158
AR 5 de oA Wz 9y
8,000rpmol] 5%7F YA Ele] DNAS F23519ch
HEAlEE olbrivlE A3 sk ACCUPREP kit
(Bioneer Co)& AM3-3le DNAZ F&3uh
Primerst Genebank®] V. tapetis 16S ribosomal
RNA gene(Accession number, AY129278)& o] &
&t Fig. 13} 7o) A&t ch

EEI

PCR Y S0/M2o| #HH

DNAT DNA thermal cycler (GeneAmp PCR
System 9700, PE Applied Biosystems)S ©]&3}
o SEZAIFTE & Tag DNA polymerase | U,
dNTPs 250 uM, Tris-HCI, pH 9.0 10 mM, KCl 40
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agagtttgat
ggaaacgaga

cntggcetcag
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attgaacgct
tacttcggeg

aaattgccc
cgggcecaaa
ctagttggtg
cagccacact
tgcacaatgg
gtaaagtact

gct%cagaag
gegltaateg
dagCCCggeg
ggggtagaat
aaggcggece
ttagataccce
cgtggcttte
aactcaaatg
aacgcgaaga
cttcgggaac
ggttaagtcce
ctccagggag
geecttiacga
cgatggtgag
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gecttgtaca
accttteggg

tgatgtgegs
gagggggacce
aggtaatgge
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%gaaacgatg
cgegteagg
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gtacgttaat

ctaacacatg
gacgggtgag
ctaatacc
gtatgcctag
agctggtctg
gaggcagcag
atgaagaagg
agcgtgcatc

taactccgtg
gegtaaageg
gaactgcatt
gcggtgaaat
tactgacact
cgeegtaaac
cgttaagtag
ggceegeaca
ctcttgacat
gtgctgecatg
gcaacccttia
ataaaccgga
acacgtgcta
aaagtgegtce
glaatcgtga
cacaccatgg
accactttgt

ccagcagecg
catgcaggtg
tgaaactggc
gcgtagagat
cagatgcgaa
gatgtctact
accgectggg
agcggtggag
cnacagaagc
getgtegtca
tcettgtttg
ggaaggtggg
caatggcgcea
gtagtccgga
atcagaatgt
gagtgggctg
ggtte

st

gogcetagagt
ctgaaggaat
agcgtgggga
tggaggtigt
gagtacggtc
catgtggttt
cageggagac
getegtgttg
ccagcgagta
gacgacgica
tacagagggce
ttggagtctg
cacggtgaat
caaaagaagt

caagtcgagce
taatgcctag

cataat%cct
gtgggattag
agaggatgat
tggggaatat
ccticgggtt
cttgacgttia

gagggtgcga
cagatgtga
actgtagagg
accagtggeg
gcaaacagga
ggecttgage
gcaagattaa
aattcgatgc
geaggtgtge
tgaaatgttg
atgtcgggaa
agtcatcatg
agccaaccag
caactcgact
acgttecegg
aggtagttta
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Fig. 1. Nucleotide sequence of Vibrio tapetis genomic DNA(Accession number, AY129278) showing the position of the

primers used in this study. Primer sets used to 5'-aac gag aag tag cft get ac-3' (VF) and 5'-ggt gta cgt taa tag cgt g-3' (VIR).

Table 1. Vibrio stains used for PCR amplification in this study

Species Strain

V. anguillarum SG 7701

V. alginolyticus ALG-1

V. carchariae ATCC 35084
V. campbellii ATCC 10801
V. harveyi ATCC 14126
V. ordalii ATCC 33509
V. parahaemolyticus VP-001

V. splendidus biovar 1 ATCC 34125
V. spledidus biovar Il ATCC 33789
V. tapetis NCIMB 13622

mM, MgCL 1.5 mM3} dye’} E%9 PCR Pre-
Mix (AccuPower, Bioneer)oll primer pairE 1 uf,

DW 16 wf, DNA template 1 uf #7}sted &3
the 2794 DNAE SEA)Z) PCR F71&-
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Table 2. Specimens used for the detection of V. rapetis by PCR

Species
Sampling date Area L Shell length Weight with shell
Scientific name
(mm) (g)
Ruditapes philippinarum 36.76+1.7 1.73£0.2
Crassostrea gigas™ 10947+14.8 12.39+13
2004  April 24 Gochang
Mactra veneriformis 40.57+3.1 231x0.1
Rapana venosa 50.94+4.1 2247£09
Ruditapes philippinarum 363118 1.75+0.2
Crassostrea gigas 75.50£59 8.14+0.8
May 1 Taean
Mactra veneriformis 3947£25 238+0.1
Rapana venosa 60.62+3.5 23.02£0.7
Ruditapes philippinarum 372034 1.71£0.1
Crassostrea gigas 115.18+8 1235+15
June 3 Gochang
Mactra veneriformis 38.64+2.5 231+0.1
Rapana venost 4947+4 224+1.1
Ruditapes philippinarum 37.10x 1.5 1.84+02
Crassostrea gigas 7803139 8.35+1
June 21 Taean
Mactra veneriformis 39.56+24 24+02
Rapana venosa 5842437 23.08+0.7
Ruditapes philippinarum 3268417 1.76+0.2
Crassostrea gigas 110.17+13.6 1271+14
July 12 Gochang
Mactra veneriformis 34.21+22 23102
Rapana venosa 6733153 23112
Ruditapes philippinarum 36.35+29 1.83+0.2
Crassostrea gigas 71.44+64 826404
July 14 Taean
Mactra veneriformis 357214 235+0.1
Rapana venosa 63.46+5.1 23.12+0.8
Ruditapes philippinarum 36.2912.2 1.78+04
Crassostrea gigas 10655+ 12.5 12.76+1
July 19 Gochang
Mactra veneriformis 3736122 23402
Rapana venosa 69.01+2 23.29+1.6
Ruditapes philippinarum 3764424 1.98+02
Crassostrea gigas 76.27+8.5 81611
July 21 Taean
Mactra veneriformis 39.1+ 15 244403
Rapana venosa 83.06+43 2357+1.8

* Mean & SD of Twenty individuals except 15 individuals of C. giagas taken in Apr, 24.
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initial denaturation (94 'C, 5min), denaturation (94
‘C, 30sec), annealing(54 ‘C, 1min), extension (72
‘C, 1.5min), final extension (72 C, 5min)¥ F7
S5 2 25cycles WHE3ISITE 5-%-¥ DNA 18 W&
TAE electrophoresis buffer(40 mM Tris, 20 mM
acetate, 2 mM EDTA)ol £3)A17] 1.5% agaros
gel Aol A 2719 5-3ke] A2)d FE ol A wi
EE gtk

Primer sets ¢} PCR ZA2] £0]45 Table. 1]
FAE N2 TE ARSte] f1ef HhHol uhet
DNAZE $23% 5 PCR productE agarose gel
2719538t Wre] A7|E vl@stRTk Al
< Marine agar 2216 3Hul Aol 20 C, 24A|7F
Akt 72 AREsH Tk

PCREHO| 28t InviroH|A V. tapetis T1TH

AEo3 A3k & =45 A9s7] fs8
o A7Fek vAF V mperisE THEAZ TR
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v g B AR Ay T4 30emE &
o B718AAM 25°Coll 2~3Y7F =AF & A}
|3tk £21A121 vk = 30vkE] ol V. aperisE
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F 2 2L ARREA 1,357,999
VA0 = 4ute]e] viR|ehE do® AFH st 9
Fuh opriu| Atk F wel S A
th z} 2729 25~50 mgE 1.5 ml S BEFZAIE B
o] 27 ACCUPREP kit (Bioneer Co.)S A3}
o DNAE FZ39th & 23] E9%= 15
mg oHE Al el TL Buffer 200 w, pro-
teinase K (20 mg/mf) 20 wfS FH718l] 60 Tel
1~3A17F WFx|sh= FoF 158 7HHo® B
g2l DNAE &3tk 1 5+ 99 ¥
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(Rapana venosa)= AF3te] HPLR Rk
thE e s AUt AER AR
& 7t 9 F 7HA 9] £32 Table 200 Webd A
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DNAE F& t3 PCRE HAlgte Soui=
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HlX|2HR. philippinarum)S $-2vet S-89F
o] gt Fox AETHI HHHo| ufg- Fsio
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ok v #HE A7) A gl e s
1 AAkEre] gty ol 1 9 FE
Perkinsus sp.&} brown ring disease (BRD)S) ¥
€ £ 4 Uth BRDE] AlAR! EFHF V
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Fig. 2. Accumulated mortality of Manila clams inoculated
with different concentrations of V. tapetis (NCIMB 13622)
the causative agent of brown ring disease at 20 “C. Forty
clams were used each trial,
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o] FAHARE-Z Fig. 2 ol YeRNSITh V. tapetis
= HAE 10X10 cellsS HFESHAS W= 40
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tapetisE 19179217 v BRD] wEE
st A3t R philippinarum FolA TF A2
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5 Z= AL R philippinarum©] 12%2 Ad v
A eSS R ARAY9eE BEE R
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HHEYE RSk ol-Y ZZ A R
philippinarum©] = vlA| gl W& BRDE] @&
"ol 2 A& OE Yot Fof vla] @
2ol e AP vlgo] wr] uf el =}
A} ol AojollA Zldrty 233k
7ol Al BRDS FAMSE S92 sheted, 3
A8 B 7AaFY #AE 5 48 7R 2914
o) WA EE AoZ By HYTh 2 Tributyltin
< Crassostrea gigas®] shell chamberel] &2
712 A5 H22 9l 3}e, Diflubenzuron =
Anodonta cygnea®] 3z} Eol {r|Eo] F3
= AL vsfsle A0 7 H 1%t (Macha-
doetal, 1990). & Ab4 FEs}ol] 23 7}
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B339 (Mori, 1975; Kawamoto,
1985). & Termatodes®] AHol 2Jsh+le Ab= ¥
metacercaria® A3 EHo] € U= FARRE S
Aol veb, Haplosporidium nesoni (Farley,
1968)1} #33o]2] 7+ (Raghukumar and Lande,
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Primer sets (VtF and VIR)E AHE-3l] V. splen-
didus biovar 1, V. spledidus biovar I, V. harveyi, V.
campbellii, V. carchariae, V. anguillarum, V. algi-
nolyticus, V. ordalii, & V. parahaemolyticusol|
&% DNAE AHE3le] PCR $%A171 the
agarose gel 27|95 A7 A3E Fig. 3¢ YRl
Atk ARE-3F primer sets @k PCR 272V, tapetis
o thell ARt 414 bpe] HolMl=rt HEH T o
< @M= FAHA eateh

V tapetiss MNAF 1.0x10° cells BZ8HE-S
o 1Y Folle olrtr|adiA gt o ert AEE

bp) M 1 2 3 4 5 6 7 8 9 10 C

2000

i

150

Fig. 3. Specificity of PCR with the primers (VtF and VtR).
M, size maker (100-bp ladder); C, distilled water (negative
controly; 1. V. splendidus biovar I 2, V. spledidus biovar I,
3, V. harveyi 4. V. campbellii 5. V. carchariae 6, V. anguil-
larum 7, V. alginolyticus 8, V. ordalii, 9, V. parahaemolyti-
cus 10, V. tapetis.
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Fig. 4. Application of the specific primers (VtF and VtR)
for the detection of V. tapetis to different tissues of Manila
clam experimentally infected with 1.0 X 10 cells per an
individual. Tissues were taken 1 (1 to 4) and 3 days (5 to 8)
after the inoculation. M, size maker; 1 and 5, mantle; 2 and
6, gilt, 3 and 7; intestine; 4 and 8, adductor muscle.

(bp) M1 2 3 4

414 p

Fig. 5. Application of the specific primers (VtF and VtR)
for the detection of V. tapetis 1o different tissues of Manila
clam experimentally infected with 1.0 X 10 cells per an
individual. Tissues were taken 5 days after inoculation. M,
size maker; 1, mantle; 2, gill; 3; intestine; 4, adductor mus-
cle.

(bp) 1 2 3 4 M NC PC
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Fig. 6. Detection of V. tapetis by PCR amplification. The
specimens were taken from the costal area of Tacan and
Gochang, |, Manila clam (Ruditapes philippinarum); 2,
surf calm (Mectra veneriformis); 3, oyster (Crassosirea
gigas); 4, Thomas's rapa whelk (Rapana venosa); M, size
marker; NC, negative control; PC, positive control.
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Fig. 7. Incidence (%) of V. tapetis detected by PCR amplifi-
cation, The specimens were taken from the coastal area of
Taean (upper) and Gochang (lower). Twenty individuals
were used each trial.
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