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Introduction

Vibrio alginolyticusis the most common Vibrio sp. to be 
found in seawater, sediment and aquatic life forms and can 
keep its virulence even under starvation conditions [4, 8]. 
Still, infections caused by this microorganism in humans are 
limited to wound infections,  conjunctivitis and gastroenteritis 
in immun-suppressed patients [14, 20]. Pathogenicity is 
closely related to the virulence genes which enhance the 
capability of the pathogen to cause disease. Thermostable 
direct hemolysin (tdh) and tdh-related hemolysin (trh) genes 
are among the important virulence factors in V. alginolyticus 
[16].

Haemolysis occurs after the lysis of erythrocyte 
membranes and as a result hemoglobin is liberated. 
Haemolysins are produced by many different species of 
bacteria including Escherichia coli, Pseudomonas aeruginosa 
and Vibrio spp. Various reports suggest that hemolysins are 
involved in disease pathogenesis [13, 28]. Urease activity and 
the Kanagawa Phenomenon also contribute to the virulence 
of V. alginolyticus [18]. 

V. alginolyticus is one of the important bacterial 
pathogens causing outbreaks of vibriosis in mariculture 
throughout Europe and South Asia [3, 11, 19, 27]. Isolation 

of V. alginolyticus harboring virulence genes from bivalve 
molluscs is also important in terms of public health as 
shellfish are often consumed raw,  under-cooked or salted, 
creating a possibility of food related infections [26].

Although there are cases of V. alginolyticus related food 
poisoning reported in the world, information regarding 
the virulence genes of these isolates are limited. On the 
other hand trh and tdh genes were mostly investigated 
in V.parahaemolyticus andV. cholerae with only a limited 
number of reports on tdh [6] and trh [11, 16] genes in V. 
alginolyticus available.

The aim of this work is to determine the tdh, trh 
genes; urease acitivity and Kanagawa phenomenon of 
V. alginolyticus isolates obtained from bivalve mollusc 
production sites located in Turkey. It is also the first report 
of the existence of the trh gene in V. alginolyticus isolates 
in Turkey and this work is supportive of previous data on 
the trh, tdh genes of V. alginolyticus.

Materials and Methods 

In this work, 46 V. alginolyticus isolates from bivalve 
mollusc samples (wedgeshell-Donax trunculus, L.1758, 
oyster-Ostrea edulis, L.1758,cockle-Venus verrucosa, 
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L.1758,clam-Tapes decussatus, L.1758, bearded mussel-
Modiolus  barbatus, L.1758, Mediterranean mussel-Mytilus 
galloprovincialis, L.1819, striped venus-Chamelea gallina 
L.1753) taken from production stations as part of a Vibrio 
parahaemolyticus and V. cholerae survey between 2007-
2010  were used. Production stations are located in Ayvalık 
and Balıkesir (Northern Aegean Region). Shellfish collected 
by divers are processed in these stations and afterwards 
exported. Sampling was done throughout the year with the 
exception of summer (May 1st-August 31st) when shellfish 
collection was prohibited. Average water temperature was 
20oC (+, - 2 oC)  during sampling seasons (Spring, autumn 
and winter). Samples were sent to the lab after being seperated 
and grouped according to species. Information regarding the 
shellfish from which the isolates were taken is supplied in 
Table I.

Phenotypic Identification,  urease 
activity and Kanagawa Phenomenon 
test

Tuwenty five g. of bivalve mollusc tissue homogenates 
were inoculated into Alkaline  Saline  Peptone  Water (ASP) 
with 3% NaCl. After pre-enrichment in 37°C for 18- 24 hours, 
they were streaked onto Thiosulfate-citrate-bile salts-sucrose 
(TCBS) agar.  Following incubation in 37°C for 24 hours, 
colonies were examined using conventional microbiologic 
methods [1]. Isolates from yellowish colonies on TCBS 
agar which were positive for motility, oxidase, lysine 
decarboxylase, growth in 2-10% NaCl, indole and which 
were negative for Voges Proskauer and H2S production were 
identified as V. alginolyticus. Urease test was also performed. 

Kanagawa Phenomenon was investigated on the Wagatsuma 
blood agar [9, 25]. Inoculations were made in Tryptic Soy 
Broth with 7% NaCl and incubated overnight under 37 
oC.  From these,  suspensions were made according to the 
turbidity standard McFarland 0.5 and they were streaked 
on Wagatsuma agar which contained 5% washed rabbit 
erythrocytes, 0.5% yeast extract, 1% peptone, 7% NaCl, 
0.0001 % crystal violet and 1.5% agar (pH 7.5). Incubation 
was carried out under 37 oC for 24 h. Afterwards, zones were 
measured and recorded and a clear zone surrounding the 
colonies were considered positive for haemolysis [16]. 

DNA extraction

DNA extraction was carried out from the strains (46 V. 
alginolyticus isolates, V. alginolyticus ATCC 17749, Vibrio 
anguillarum ATCC 19264, V. parahaemolyticus isolates 
positive for tdh and trh) grown on Tryptic Soy Agar (TSA) 
(LAB M) with 3% NaCl with a commercial kit (High pure, 
Germany; Lot: 11054300) according to manufacturer’s 
instructions.

Confirmation of V. alginolyticus 
isolates with PCR

gyrB was chosen as the target gene for confirmation of 
the isolates and the PCR protocol  reported by Luo & Hu [15] 
was used after a few modifications. V. alginolyticus ATCC 
17749 was used as a positive control while the negative 
control was V. anguillarum ATCC 19264. The primer 
sequences were 5’-TCA GAG AAA GTT GAG CTA ACG 
ATT-3’ (AlgF1) and 5’-CAT CGT CGC CTG AAG TCG 

2007 2008 2009 2010
T* P** N*** T P N T P N T P N

Clam
(Tapes  decussatus) 44 1 AV 

1 48 1 AV 16 44 -- -- 37 1 AV 42

Mediterranean 
mussel
(Mytilus 
galloprovincialis)

43 2 AV
(2,3) 14 3 AV

(17, 18, 19) -- -- -- 3 1 AV 43

Oyster
(Ostrea edulis) 50 1 AV 4 50 2 AV

(20, 21) 61 4 AV (33, 34, 
35, 36) -- -- --

Bearded mussel
(Modiolus 
barbatus)

23 4 AV
(5, 6, 7, 8) 24 2 AV 

( 22, 23) 14 2
AV  

(37, 38) -- -- --

Cockle
(Venus verrucosa) 22 6

AV
(9,10,11, 

12,13, 14)
24 1 AV 24 22 -- -- 20 1 AV 44

Wedge Shell 
(Donax trunculus) -- -- -- 13 3 AV  

(25, 26, 27) 13 3 AV
(39, 40, 41) 7 2 AV 

(45, 46)
Striped Venus
(Chamelea gallina) 18 1 AV 15 58 5 AV (28, 29, 

30, 31, 32) -- -- -- -- -- --

Distribution  of 
isolates (%) 7.50 7.36 5.85 8.34

T* Bivalve mollusc samples P**Samples positive for V. alginolyticus N*** Names of isolates

Table I: Number of isolates and information on the shellfish from wich the Vibrio Alginolyticus isolates wre obtained
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CTG T -3’ (AlgR1). The PCR reaction was performed in a 
25 µl volume containing 5 µl genomic DNA,  10x PCR buffer 
(2.50µl), 50 mM MgCl2 (1.25µl),10 mM dNTPs (dCTP, dATP, 
dTTP, dGTP) (0.63µl), 0.4 µM Alg F1 (2 µl), 0.4 µM Alg R1 (2 
µl), Taq DNA polymerase (5 U/µl) (0.40µl) (MBI,Fermantas) 
and 11.22 µl nuclease free water. The amplification program 
consisted of an initial denaturation at 94°C for 4 min, 32 
cycles of denaturation at 94°C for 30 s, annealing at 64°C for 
30 s, extension at 72°C for 1 min, and a final extension at 
72°C for 8 min (Techne, TC-412). After PCR amplification, 
4 µl of each product was added into 1.0% agarose gel and 
electrophoresis was carried out (Thermo, Primo TM). DNA 
sizemarker 100 DNA Ladder (MBI, Fermentas) was used. 
Bands were visualised with designated equipment (Vilber 
Lourmant, E-BOX VX5).

Investigation of trh and tdh genes 
with PCR (PCR 1, trh; PCR 2, tdh) 

DNA templates from 46 V. alginolyticus isolates 
were investigated seperately (PCR 1 and 2) for trh 
and tdh genes with PCR.  PCR assays were performed 
using the primer pairs GGCTCAAAATGGTTAAGCG 
and CATTTCCGCTCTCATATGC for trh 
(PCR 1), CCATCTGTCCCTTTTCCTGC and 
CCAAATACATTTTACTTGG for tdh (PCR 2) according 
to the procedure described by COHEN et al.[7]. V. 
parahaemolyticus strains previously found positive for tdh and 
trh by TERZİ et al. [23] were used as positive controls. Distilled 
water was used as a negative control.  Master-mix consisted 
of 5 µl genomic DNA, 10x PCR buffer (2.50µl), 50mM MgCl2 
(1.25µl), 10mM dNTPs (dCTP,dATP,dTTP,dGTP) (0.63µl), 
5µM TRH-L primer (2.0µl), 5 µM TRH-R primer (2.0µl), 
TaqDNA  polymerase (5units/µl) (0.40µl) (MBI,Fermantas), 
11.22 µl nuclease free water for PCR 1 (trh);  5 µl genomic 
DNA, 10x  PCR buffer (2.50µl), 50mM  MgCl2 (1.25µl),10 
mM dNTPs (dCTP,dATP,dTTP,dGTP)(0.63µl), 5µM TDH-L 
primer(1 µl), 5µM TDH-R primer (1µl), Taq DNA polymerase 
(5U/µl)(0.40µl) (MBI,Fermantas), 13.22 µl nuclease free 
water for PCR 2 (tdh). The reactions (PCR 1, 2) performed 
with an automated thermocycler (Techne,TC-412) were as 
follows: Initial denaturation at  94°C for 5min., followed by 
40 cycles of denaturation at 94°Cfor 30sec., primer annealing 
at 58°C for 45 sec. and primer extension at 68°C for 75sec. 
A final extension was performed at 68°C for 7min. PCR 
products were separated by electrophoresis on 2%  (w⁄v)   
agarose gel (1  hour, 75  volt) (Thermo, Primo TM). DNA 
size marker 100 DNA Ladder (MBI-Fermentas) was used. 
Bands were visualised with designated equipment (Vilber 
Lourmant, E-BOX VX5).

Results

Vibrio alginolyticus  was isolated from 46 of 652 sample 
groups of shellfish. Eight of the isolates were found to be 
positive for urease and KP (17.39%). Six of these were found 
to be trh positive (13.04%). On a sample basis, 8 (1.22%) 
urease and KP positive V. alginolyticus isolates and 6 (0.92%) 
trh positive V. parahaemolyticus isolates were obtained out of 
652 samples. No isolates were found to be tdh positive. Table 

II represents the identification, urease, KP and tdh/trh gene 
distribution information of the isolates, Figure I shows the 
gel electrophoresis of the confirmation of isolates and the gel 
electrophoresis in Figure II shows the investigation of tdh/
trh genes.

Figure 1: Confirmation of V. alginolyticus isolates with PCR. M: Marker, 
100 bp. Line 1: Negative control Vibrio anguillarum ATCC 19264. 
Line 2: Positive control V. alginolyticus ATCC 17749, 568 bp. Line 3-7: 
Isolates (AV 1, 5, 12, 34, 45), 568 bp.

Figure 2: Investigation of trh, tdh   gene distribution in V. alginolyticus 
isolates.

PCR 1, trh. M: Marker 100 bp. Line 1: trh positive control (TERZİ et al, 
2009), 250 bp. Line 2, 3, 4, 6: trh positive isolates (AV 4, 8, 18, 26), 250 
bp. Line 5, 7: trh negative isolates (AV 1, 25). Line 8: Negative control 
distilled water. 

PCR 2, tdh. M: Marker 100 bp. Line 1: tdh positive control (TERZİ et al, 
2009), 373 bp. Line 2-6: trh negative isolates (AV 1, 4, 8, 25, 26), no 
bands.  Line 7: Negative control distilled water. 
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Vibrio alginolyticus  annual isolation rate was found to be 
2007  (7.50 %), 2008 (7.36 %),  2009 (5.85 %), 2010 (8.34 %), 
respectively. Isolation rate according to shellfish species was 
as follows; 17.39% in mussels, bearded mussels, cockles and 
wedgeshells, 13.04% in striped venus and oysters and 6.51% 
in clams. All V. alginolyticus isolates were ADH (-), LDC 
(+) while was ODC (+) isolates were 58.68 % and negative 
isolates were 41.29 % of overall samples.

Discussion
 
Although annual isolation rates of V. alginolyticus were 

close to each other in 2007 and 2008 (7.50, 7.36 %), they were 
lower in 2009 (5.85 %) and in 2010 the rate was higher (8.34 
%). This situation can be a result of temperature changes. On 
the other hand, bivalve mollusc types in which V. alginolyticus 
was isolated the most were mussels, bearded mussels, cockles 
and wedge shells (17.39 %) whereas, in clams, it was isolated 
in the lowest frequency (6.52%).  This situation may be 
incidental but may also be the result of the variety of the 
bacterial microflora in clams. All V. alginolyticus isolates were 
found to be ADH (-), LDC (+) while ODC positivity was found 
at a rate of 58.7 % whereas negativity was 41.31 %. Although 
this difference is due to the origins of isolates. Although some 

of the data are in accordance with MUSTAPHA et al. [16], V. 
alginolyticus positivity on a shellfish basis (7.05 %) is lower 
than the findings of MUSTAPHA et al. [16] (70 %).

Although trh gene region was commonly reported to exist 
in V. parahaemolyticus and V. cholerae, there have been a 
limited number of reports about V. alginolyticus [11, 16]. On 
the other hand, although tdh was previously reported in V. 
parahaemolyticus, Vibrio mimicus and Vibrio holisei [17, 22],  
its existence in  V. alginolyticus is rare [6]. For this reason, 
research on tdh and trh gene regions in V. alginolyticus is 
necessary to support  the insufficient information about this 
subject.

Bi-valve mollusc production in Turkey is based on 
harvesting them from natural resources. Almost all shellfish 
production, with the exception of black mussels, are 
exported.  Black mussles, however, are consumed mainly in 
the coastal regions of Turkey. Bivalve mollusc production is 
mostly done in the Black Sea region as well as Bosphorus and 
the Dardanelles, the Marmara and Aegean seas [24]. There 
have been research in Turkey regarding the bacterial flora of 
shellfish [21]. Still, V. parahaemolyticus was the only member 
of the Vibrio genus investigated in previous articles (2, 23, 

Strains
A 
D 
H

L 
D 
C

O 
D 
C

tdh, 
373 bp

trh, 
250 bp

Urease 
test

KP/
Diameter 

(mm)
Strains

A 
D 
H

L 
D 
C

O 
D 
C

tdh, 
373 bp

trh,  
250 bp

Urease 
test

KP/
Diameter 

(mm)
AV 1 - + + - - + +/ 2.4 AV 24 - + _ - - - -
AV 2 - + + - - - - AV 25 - + _ - - - -
AV 3 - + + - - - - AV 26 - + + - + + +/16.4
AV 4 - + _ - + + +/ 21.1 AV 27 - + + - - - -
AV 5 - + + - - - - AV 28 - + + - - - -
AV 6 - + + - - - - AV 29 - + + - - - -
AV 7 - + - - - - - AV 30 - + + - + + +/ 22.8
AV 8 - + - - + + +/ 18.6 AV 31 - + _ - - - -
AV 9 - + + - - - - AV 32 - + _ - - - -

AV 10 - + + - - - - AV 33 - + + - - - -
AV 11 - + + - - - - AV 34 - + - - - - -
AV 12 - + + - - - - AV 35 - + - - + + +/ 17.6
AV 13 - + - - - - - AV 36 - + + - - - -
AV 14 - + + - - - - AV 37 - + + - - - -
AV 15 - + + - - - - AV 38 - + + - - - -
AV 16 - + - - - - - AV 39 - + + - - - -
AV 17 - + - - - - - AV 40 - + - - - - -
AV 18 - + - - + + +/ 19.4 AV 41 - + - - - - -
AV 19 - + + - - - - AV 42 - + - - - - -
AV 20 - + _ - - - - AV 43 - + + - - - -
AV 21 - + + - - - - AV 44 - + - - - - -
AV 22 - + + - - - - AV 45 - + - - - + +/ 4.7
AV 23 - + + - - - - AV 46 - + + - - - -

Table II: Identification, urease, KP and TDH / TRH gene distribution data of isolates
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24). V. alginolyticus was chosen as a target for this research as 
there have been no reports from Turkey about  this bacterium 
in shellfish. Also, there have been only a few reports about 
the tdh and trh genes of V. alginolyticus in the world.    

In this work, 46 isolates obtained from 652 bivalve 
mollusc samples were found to be positive for urease and 
KP (8 isolates/ 46 isolates, 17.39 %). Six of these isolates 
were also found to be positive for trh genes (13.04%). When 
these results were calculated on a product basis, the rates 
were urease, KP positive V. alginolyticus 8/ 652 (1.22 %), trh 
positive V. alginolyticus 6/652 (0. 92 %). There were no tdh 
positive isolates. These findings are largely compatible with 
but slightly lower than those reported by MUSTAPHA et al. 
[16] (Urease, KP: 2.7%, trh: 1.8%, tdh: 0%). This situation 
might be an indication of V. alginolyticus isolates from 
Turkey being less pathogenic; still, further research is needed 
to confirm this. The lack of tdh and trh gene regions in most 
isolates (86.95 %)  is also compatible with the report by XIE 
et al. [26].

On the other hand, in another work in Turkey with 
V. parahaemolyticus isolates [25] no tdh or trh positivity 
was found.  trh positivity found in this work can be an 
indication of V. alginolyticus being the gene source for trh 
which is later transferred into V. parahaemolyticus.  There 
are previous reports supporting this assumption  [5, 10, 12]. 
Still, the reverse is also possible as there are reports stating 
that V. alginolyticus received the tdh and trh genes from 
pathogenic V. parahaemolyticus and V. cholerae [6, 11, 26]. 
TERZİ et al.[24] reported the existence of trh positive V. 
parahaemolyticus isolates.

As a resultes, this study is the first to demonstrate the 
presence of urease positive,  KP and trh positive V.alginolyticus 
from bivalve molluscs in Turkey. Still, trh and tdh genes were 
predominantly found in V. parahaemolyticus  and V. cholerae 
with only  limited data on V. alginolyticus. So, this work is 
significant as it is supportive of insufficient information in 
the World.
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