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 � �̈´�„�¬�–�³�…�°�Š��Vibrio alginolyticus �š�¸�É�Â�¥�„�Å�—�o�‹�µ�„�Ÿ�¼�o�ž�n�ª�¥�Â�¨�³��·�É�Š�Â�ª�—�¨�o�°�¤ 
   �œ�µ�Š��µ�ª�ž�µ�œ��»�¦�¸�¥�r���‹�¦�·�¥�ª�·�‹�·�˜�¦ 

  �‹�»�¨�•�¸�ª�ª�·�š�¥�µ 
  2554 

 
 

 
  Vibrio alginolyticus �Á�ž�È�œ�Â�•�‡�š�¸�Á�¦�¸�¥�š�¸�É�„�n�°�Ä�®�o�Á�„�·�—�Ã�¦�‡�Ä�œ�‡�œ�� �Á�•�n�œ�� �„�µ�¦�˜�·�—�Á�•�º�Ê�°�š�µ�Š
�•�µ�—�Â�Ÿ�¨�� �„�µ�¦�˜�·�—�Á�•�º�Ê�°�Ä�œ�„�¦�³�Â��Ã�¨�®�·�  ̃�Â�¨�³�„�n�°�Ã�¦�‡�¦�³�•�•�š�µ�Š�Á�—�·�œ�°�µ�®�µ�¦�°�´�„�Á��•�� �Â�¨�³�Á�ž�È�œ�Á�•�º�Ê�°��Î�µ�‡�´�•
�š�¸�É�„�n�°�Ã�¦�‡�Ä�œ��´�˜�ª�r�š�³�Á�¨�‹�Î�µ�¡�ª�„�� �ž�¨�µ�� �„�»�o�Š�� �®�°�¥�� �š�Î�µ�Ä�®�o�Á�„�·�—�‡�ª�µ�¤�Á��¸�¥�®�µ�¥�š�µ�Š�Á�«�¦�¬�“�„�·�‹�Ä�œ�®�¨�µ�¥
�ž�¦�³�Á�š�«�Á�ž�È�œ�°�¥�n�µ�Š�¤�µ�„�� ��µ�¥�¡�´�œ�›�»�r�š�¸�É�„�n�°�Ã�¦�‡��n�ª�œ�Ä�®�•�n�¤�¸�¥�¸�œ��¦�o�µ�Š��µ�¦�¡�·�¬�� �ž�´�‹�‹�´�¥�š�¸�É�„�n�°�Ä�®�o�Á�„�·�—�‡�ª�µ�¤
�¦�»�œ�Â�¦�Š �‡�º�°�� �‡�ª�µ�¤��µ�¤�µ�¦�™�š�Î�µ�Ä�®�o�Á�¤�È�—�Á�¨�º�°�—�Â�—�Š�Â�˜�„�� �Â�¨�³��¦�o�µ�Š�Ã�ž�¦�˜�¸�Á�°� �� �œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�¤�¸�¦�µ�¥�Š�µ�œ
�„�µ�¦�¡�• V. alginolyticus�� ��µ�¥�¡�´�œ�›�»�r�š�¸�É�¤�¸�¥�¸�œ��trh �Ž�¹�É�Š�Á�ž�È�œ�¥�¸�œ�„�n�°�Ã�¦�‡�…�°�Š��V. parahaemolyticus��
�Š�µ�œ�ª�·�‹�´�¥�œ�¸�Ê�Å�—�o�š�Î�µ�„�µ�¦�˜�¦�ª�‹�®�µ�¥�¸�œ��tdh �Â�¨�³��trh �‹�µ�„�Á�•�º�Ê�°�š�¸�É�‡�µ�—�ª�n�µ�‹�³�Á�ž�È�œ��V. alginolyticus� � � ‹�Î�µ�œ�ª�œ��
436 �Å�°�Ã�Ž�Á�¨�˜���š�¸�É�Â�¥�„�Å�—�o�‹�µ�„��´�˜�ª�r�š�³�Á�¨���œ�Î�Ê�µ�š�³�Á�¨���Â�¨�³�—�·�œ�˜�³�„�°�œ�•�¦�·�Á�ª�–�Á�„�µ�³�˜�³�¦�»�Á�˜�µ���Á�„�µ�³�¥�°���Â�¨�³
�˜�¨�µ�—�‡�¨�°�Š�Á�¦�¸�¥�œ�� �Ã�—�¥�ª�·�›�¸��colony hybridization �¡�•�ª�n�µ�¤�¸��12 �Å�°�Ã�Ž�Á�¨�˜�� �Â�¨�³��8 �Å�°�Ã�Ž�Á�¨�˜�š�¸�É�Ä�®�o
�Ÿ�¨�•�ª�„�� �Á�¤�º�É�°�š�—��°�•�—�o�ª�¥��tdh �Â�¨�³��trh probe �˜�µ�¤�¨�Î�µ�—�´�•�� �Á�¤�º�É�°�œ�Î�µ�Á�•�º�Ê�°�š��́Ê�Š�®�¤�—�¤�µ�š�—��°�•�¥�º�œ�¥�´�œ
�—�o�ª�¥�ª�·�›�¸��Southern blot hybridization �Å�¤�n�¡�•�¥�¸�œ�š��́Ê�Š��2 �•�œ�·�—�� �Â�¨�³�‹�µ�„�„�µ�¦�«�¹�„�¬�µ�¨�´�„�¬�–�³�…�°�Š��V. 
alginolyticus �š�¸�É�Â�¥�„�‹�µ�„�Ÿ�¼�o�ž�n�ª�¥�Ã�¦�Š�¡�¥�µ�•�µ�¨�®�µ�—�Ä�®�•�n�‹�Î�µ�œ�ª�œ��6 �Å�°�Ã�Ž�Á�¨�˜�� �Â�¨�³�Â�¥�„�‹�µ�„�„�»�o�Š�Â�¨�³
�ž�¨�µ�š�¸�É� �̃·�—�Á�•�º�Ê�°�‹�Î�µ�œ�ª�œ��6 �Å�°�Ã�Ž�Á�¨�˜�� �Ÿ�¨�„�µ�¦�•�n�Š�•�¸�Ê�š�µ�Š�•�¸�ª�Á�‡�¤�¸�¡�•�ª�n�µ�Á�•�º�Ê�°�š��́Ê�Š��12 �Å�°�Ã�Ž�Á�¨�˜�Á�ž�È�œ��V. 
alginolyticus �Â�˜�n�„�µ�¦�•�n�Š�•�¸�Ê�š�µ�Š�¦�³�—�´�•�Ã�¤�Á�¨�„�»�¨�Ã�—�¥�Ä�•�o�Á�š�‡�œ�·�‡��PCR �Ã�—�¥�Ä�•�o�¥�¸�œ��toxR, collagenase 
�Â�¨�³��ompK �Á�ž�È�œ�¥�¸�œ�Á�ž�o�µ�®�¤�µ�¥�� �¡�•�ª�n�µ�Á�•�º�Ê�°�š��́Ê�Š��12 �Å�°�Ã�Ž�Á�¨�˜�� �Ä�®�o�Ÿ�¨�Â�˜�„�˜�n�µ�Š�„�´�œ�Ã�—�¥�Á�•�º�Ê�°�š�¸�É�Â�¥�„�‹�µ�„
�Ÿ�¼�o�ž�n�ª�¥��4, 5 �Â�¨�³��3 �Å�°�Ã�Ž�Á�¨�˜���Ä�®�o�Ÿ�¨�•�ª�„�˜�n�°�¥�¸�œ��toxR, collagenase �Â�¨�³��ompK���˜�µ�¤�¨�Î�µ�—�´�•����n�ª�œ
�Á�•�º�Ê�°�š�¸�É�Â�¥�„�‹�µ�„�„�»�o�Š�Â�¨�³�ž�¨�µ�š�¸�É� �̃·�—�Á�•�º�Ê�°�š�»�„�Å�°�Ã�Ž�Á�¨�˜�Ä�®�o�Ÿ�¨�¨�•�š��́Ê�Š�®�¤�—�� �Â�¨�³�‹�µ�„�„�µ�¦�š�Î�µ��Southern blot 
hybridization �¡�•�ª�n�µ�Á�•�º�Ê�°�š��́Ê�Š��12 �Å�°�Ã�Ž�Á�¨�˜�Å�¤�n�¤�¸�¥�¸�œ��tdh �Â�¨�³��trh �Á�¤�º�É�°�«�¹�„�¬�µ�‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�…�°�Š��µ�¥
�¡�´�œ�›�»�r�Ã�—�¥�Á�š�‡�œ�·�‡��Arbitrarily primed - polymerase chain reaction� � � �AP-PCR) �¡�•�ª�n�µ�Á�•�º�Ê�°�š�»�„
��µ�¥�¡�´�œ�›�»�r�‹�µ�„�Ÿ�¼�o�ž�n�ª�¥�Â�¨�³��·�É�Š�Â�ª�—�¨�o�°�¤�¤�¸�¨�µ�¥�¡�·�¤�¡�r�—�¸�Á�°�È�œ�Á�°�Â�˜�„�˜�n�µ�Š�„�´�œ �Â��—�Š�ª�n�µ��V. alginolyticus� � � ¤�¸
�‡�ª�µ�¤�®�¨�µ�„�®�¨�µ�¥�…�°�Š��µ�¥�¡�´�œ�›�»�r��¼�Š�¤�µ�„ 
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L = liter 

ml = milliliter 

µl = microliter 

cm = centimeter 

mm = millimeter 

µm = micrometer 

nm = nanometer 

g = gram 

µg = microgram 

ng = nanogram 

A = adenine 

T = thymine 

C = cytosine 

G = guanine 

dNTPs = deoxyribonucleic triphosphate 

dUTP = deoxyuracil triphosphate 

DNA = deoxyribonucleic acid 

RNA = ribonucleic acid 

RNase = ribonuclease 

Tris = Tris (hydroxyl methyl) aminomethane 

SDS = sodium dodecyl sulfate 

EDTA = ethylene diamine tetraacetic acid 

PCR = polymerase chain reaction 

bp = Base pair 

kb = kilobase 

kDa = kilodalton 

°C = degree celcieus 

NaCl = sodium chloride 
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OD = optical density 

Taq = Thermus aquaticus 

Hind III = Haemophilus influenzae 

NBT = nitroblue tetrazolium chloride 

BCIP = 5-bromo-4-chloro-3-indolyl-phosphate 

pH = hydrogen ion concentration 

Cfu 

CV 

= 
= 

colony forming unit 

CHROMagarTM Vibrio 

LB 

TCBS 

= 

= 

Luria-Bertani 

thiosulfate citrate bile salt sucrose agar 

TSA = tryptic soy agar 

CA = Chromagar vibrio 

% = percentage 

 =  
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  Vibrio 69 (Vuddhakul, 

2008) 

 V. cholerae, V. parahaemolyticus, V. vulnificus  

V. alginolyticus, V. mimicus  V. fluvialis 

cholera) 

Di Pinto et 

al., 6  

  Vibrio alginolyticus 

10% (single polar 

flagellum)

marine flora) V. 

alginolyticus 

(Qian et al., 2008)

 V. alginolyticus 1973 

V. alginolyticus V. 

parahaemolyticus 79 V. 

parahaemolyticus

V. parahaemolyticus 63 Vibrio 10 

V. alginolyticus 6 (Yoji et al., 1973)

V. alginolyticus 0.5% 

(gastroenteritis) (Schmidt et al., 1979) 

V. alginolyticus (wound 

infection) 71%  12% 

690 V. alginolyticus  



 
 
 

2 
 

 

(ear infections)

septicemia) (peritonitis) (chronic diarrhea)

(conjunctivitis) (Hlady and Klontz, 1996) 

collagenase 

  (Juan et 

al., 2003) 16S RNA toxR V. alginolyticus (homology) 

 V. parahaemolyticus 99.8%  61.7% (Osorio and Klose, 2000)

tdh V. parahaemolyticus vibrio 

V.  mimicus  V. cholerae non-O tdh 

V. mimicus tdh V. parahaemolyticus 2.1-3.0%

tdh1 tdh2 V. parahaemolyticus 

 tdh  V. cholerae non-O   tdh4 

V. parahaemolyticus 100% tdh V. parahaemolyticus 

 vibrio insertion 

sequence-like elements (ISVs) (Tarai et al., 1990; Nishibuchi and Kaper, 1995) 

tdh V. alginolyticus  2006  trh

V. alginolyticus trh

V. parahaemolyticus

 trh V. alginolyticus trh2 V. 

parahaemolyticus 98% trh V. 

parahaemolyticus V. alginolyticus (Escalona et al., 2006) 

V. alginolyticus 64 PCR 

6  (tlh, trh, tdh, toxR, toxRS ctxA) 33 strains toxR 

6 strains tlh V. parahaemolyticus V. alginolyticus 

V. parahaemolyticus V. alginolyticus 

(reservoir) vibrios 

(Xie et al., 2005) 

V. alginolyticus

(clinical and 

environmental specimens)  
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Vibrio 
Vibrio Vibrionaceae 1 

Vibrio Thompson et al., 2004) Vibrio 

(normal microbiota)

(Fouz et al., 1990 Vibrio 69 1 

biovar (Vuddhakul, 2008)

V. alginolyticus, V. carchariae, V. cholerae, V. 

cincinnatiensis, V. fluvialis, V. furnissii, V. metschnikovii, V. mimicus, V. parahaemolyticus 

V. vulnificus (Oliver and Kaper, 1997) V. harveyi  V. anguillarum

(Maugeri et al., 2000) 

enterotoxin, haemolysin, cytotoxin, protease, lipase, phospholipase, siderophore, 

adhesive factor haemagglutinin (Austin and Austin, 1999; Shinoda, 1999) 

 Vibrio (curved 

rod-shaped)  1.4 2.6 µm 0.5 0.8 µm 

single polar flagellum) 

peritrichous flagella

(microcyst) 

(facultative anaerobe) (metabolism) 

(respiration) (fermentation) 

Vibrio indole, catalase oxidase V. metschnikovii) 

D-glucose 

(Baumann and Schubert, 1984) ammonium salts 

Vibrio (extracellular enzymes) 

protease, gelatinase, chitinase, amylase, lecitinase DNase Vibrio 

vibriostatic agent O129 (2,4-diamino-6,7-di-isopropylpteridine) 

Vibrio 

(Oliver et al., 1983) Vibrio 

20oC 37oC pH pH  9.0 
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(selective media) (enrichment media) 

pH 8.0 8.6 (Colwell et al., 1974) Vibrio 

Enterobacteriaceae oxidase 

Vibrio mol% G+C 39 

51 (Lee, 1990)                                                              

 

1.1  
  

(pre-enrichment) 

Vibrio (selective media) (biochemical 

tests) (serological characterization) Vibrio 

nutrient agar 0.5% 1% 37oC 18 

24 

2 5 mm V. alginolyticus V. parahaemolyticus

(swam) Vibrio 

pH 

tellurite thiosulphate citrate 

selective medium  

V. parahaemolyticus, V. 

cholerae V. vulnificus (FDA, 2004) alkaline 

peptone water (APW) 1%  2%  

37oC Thiosulfate citrate bile-salt sucrose agar (TCBS) 

2 

V. cincinnatiensis, V. cholerae, V. alginolyticus, 

V. fluvialis, V. furnissii, V. metschnikovii V. carchariae 

V. parahaemolyticus, V. vulnificus V. mimicus

Triple sugar iron agar (TSI) 

oxidase, gelatinase, motility, arginine dihydrolase, lysine 

decarboxylase, ornithine decarboxylase, ortho-nitrophenil-galacto-pyranoside (ONPG), 

(halophilic characteristics) 

(Baumann and Schubert, 1984) Vibrio 

Cellobios Polymyxin B Colistin (CPC) V. cholerae V. 
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vulnificus  V. cholerae

 V. vulnificus (Donovan 

and van Netten, 1995) 2001 

 V. parahaemolyticus salt 

tryptic soy broth salt polymyxin broth 

selective media Chromogenic agar medium 

CHROMagar Vibrio (CV) substrate -galactosidase 

V. parahaemolyticus V. cholerae V. vulnificus

V. alginolytocus salt tryptic soy 

broth salt polymyxin broth salt 

polymyxin broth CV V. parahaemolyticus

TCBS (Hara-Kudo et al., 2001) 

 

1.2  
  Vibrio 

2 (intestinal infection) 

(extraintestinal infection) (Dalsgaard, 1998) 

(gastroenteritis) 

V. cholerae

(rice water stool) (Gorbach et al., 1970) V. 

parahaemolyticus 

4 96 (Barger 

and Gangarosa, 1974) V. 

vulnificus, V. mimicus, V. fluvialis V. hollisae (Daniels et al., 2000) 

 

Vibrio protease, siderophore, adhesion factors, haemagglutinin, 

enterotoxin, cytotoxin hemolysin  (Baffone et al., 2003) 

V. cholerae, V. mimicus, V. parahaemolyticus, V. alginolyticus, V. cincinnatiensis, V. 

vulnificus, V. metschnikovii V. carchariae  

( 1.1) 



 
 
 

6 
 

 

(Johnson et al., 1984; Collier, 2002) 

(Tacket et al., 1984) 70% 

 V. 

vulnificus

transferrin (Heelan, 2001) 

 

1.1 Vibrio  
 

 
 

 
 

 
 

V. cholerae O1 +++ +   

V. cholerae non-O1 +++ ++ + + 

V. mimicus ++  +  

V. fluvialis ++    

V. paraheamolyticus +++ + + + 

V. alginolyticus (+) ++ ++ + 

V. cincinnatiensis    + 

V. vulnificus + ++  ++ 

V. furnissii (+)    

V. metschnikovii (+)   (+) 

V. carchariae  +   
 

+++ = , ++ = (6-100 ), + = 

(1-5 ) (+) =  

: Dalsgaard, 1998 Daniels, 2000) 
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  Vibrio

V. vulnificus 

V. cholerae non-O1, V. 

paraheamolyticus V. alginolyticus (Levine and Griffin, 

1993; Strom and Paranjpye, 2000; Collier, 2002) 

Vibrio 

 

Vibrio  

V. alginolyticus V. paraheamolyticus

(Molitoris et al., 1985; Lesmana et al., 2002)

1986 1995 V. 

paraheamolyticus 35% 

(Pan et al., 1997) Baffone  (2000) 

Vibrio V. alginolyticus (81.48%)  V. 

paraheamolyticus (14.8%) V. cholerae non-O1 (3.7%) 

30% 129 V. 

paraheamolyticus, V. metschnikovii, V. vulnificus, V. fluvialis V. cholerae non-O1 

(Baffone et al., 2000) Vibrio 

189 1999 V. alginolyticus

99 V. paraheamolyticus 41 V. vulnificus 20 V. 

cholerae non-O1/non-O139 3 (Hervio-Heath et al., 2002) 

Vibrio 

8 V. 

cholerae, V. fluvialis Aeromonas spp. (Myatt and Davis, 1989)  

 1980-1981 660 

Shigella spp. 27%, V. paraheamolyticus 19%, Escherichia 

coli 5%, Salmonella spp. 3%, V. cholerae non-O1 3%, Campylobacter jejuni 1% 

Vibrio 1% (Echeverria et al., 1983) 1999 V. 



 
 
 

8 
 

 

parahaemolyticus 686  

V. parahaemolyticus 45.9% 

(Wong et al., 1999) 1998 

1999 V. parahaemolyticus

114 54 30

30 V. parahaemolyticus 51 (94%) 

25  (83%)  22 (73%) V. parahaemolyticus

2 (Vuddhakul et al., 2000) 

Vibrio 

2537 2544 V. cholerae Ogawa) 

, V. cholerae O , V. cholerae non-O non-O

, V. fluvialis , V. alginolyticus 

 V. cholerae (Inaba) Vibrio spp. 

, 2547)  

 2544- 2549  V. vulnificus  56   2544, 

2545, 2546, 2547, 2548  2549  12, 9, 8, 10, 11  6   

 34  (60.7%) 

 9  (16.1%)  4  (7.1%) 

 3   46-55   36-45   

12  10   (  , 2549) 2550 

%

( %) (50%) %) 

V. parahaemolyticus

 ( , 2551) 
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2. Vibrio alginolyticus 

  V. alginolyticus 

1973 (Yoji 

et al., 1973) 

(Daniels et al., 2000) V. alginolyticus ciprofloxacin 

ampicillin tetracycline chloramphenicol 

(French, 1990)  

 

  2.1  
  V. alginolyticus

 (phenotype) 

V. parahaemolyticus (Montieri et al., 2010)

V. alginolyticus V. parahaemolyticus

1.2 V. alginolyticus

(lateral flagella) V. alginolyticus

catalase oxidase 

TCBS 

2 (mannitol) (mannose) 

(lactose) (cellobiose) (arabinose) 

acethyl methyl carbinol 

Voges-proskaver test (tryptophan) 

(indole) V. alginolyticus 5°C 42°C 

37°C pH 7.8 8.6 (Hörmansdorfer et al., 2000) 

(NaCl) NaCl 



 
 
 

10 
 

 

0.5% 10% 2% 3% (Lee, 

1990; Hörmansdorfer et al., 2000) V. alginolyticus 

(Marshall  et al., 1971) V. 

alginolyticus 

(microflora) 

(bacterioplankton) (Kahla-Nakbi et 

al., 2007) V. alginolyticus 

viable 

but non culturable (VBNC) state VBNC 

(stress) 

(James, 2005) 
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1.2 V. alginolyticus V. parahaemolyticus 

 V. alginolyticus V. parahaemolyticus 
TCBS Y G 

CHROMagar Vibrio W P 

Growth (0% NaCl) - - 

Growth (3% NaCl) + + 

Growth (6% NaCl) + + 

Growth (8% NaCl) + + 

Growth (10% NaCl) + - 

Fermentation 

     Gas from Glucose      

     Sucrose 

     Lactose 

     Cellobiose 

     Arabinose 

     Mannose 

     Mannitol 

 

- 

+ 

- 

- 

- 

+ 

+ 

 

- 

- 

- 

V 

+ 

+ 

+ 

ONPG - - 

Oxidase + + 

Indole + + 

Voges-Proskauer + - 

Arginine dihydrolase - - 

Lysine decarboxylase + + 

Ornithine decarboxylase + + 

Urease - V 
 

Y, yellow; G, green; W, white; P, purple; 

+, 80% (or more) of strains are positive; -, 80% (or less) of strains are negative; V, 

variable 

: Alsina and Blanch, 1994 Poda, 1997  
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2.2  
  2.2.1  

V. alginolyticus 2 superficial infection deep 

infection ( 1.3) 

(wound infection) (Hlady et al., 1993) 

48 

27 6 

V. alginolyticus

clindamycin (600 mg) 

2  dicloxacillin (500 mg) 3

ampicilin-sulbactam 3 4 

2 

oxidase VITEK automated system (Biomerieux) 

V. alginolyticus TCBS string test 

TSI 

trimethoprim/ 

sulfamethoxalone (MIC 0.12 µg/ml), tetracycline (MIC 0.5 µg/ml), chloramphenicol (MIC 

8.0 µg/ml) zone diameter 16 ciprofloxacin (Janda et al., 

1988) 71 

(end state renal disease - ESRD) V. alginolyticus

 

gentamycin 4 (Claudia and Agraharkar, 2003) 

20 

24 

V. 

alginolyticus  gentamicin ointment 

(Rubin and Tilton, 1975)

V. alginolyticus

necrotizing fasciitis (Juan 

et al., 2003) V. alginolyticus 

(gastroenteritis) V. alginolyticus
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0.5% 

(Schmidt et al., 1979) V. alginolyticus

1984 V. alginolyticus 

80 

(fluorescein) V. alginolyticus 

gentamicin ophthalmic 3 mg/ml 25 

(Lessner et al., 1985) V. alginolyticus

V. alginolyticus 

flucloxacillin (50 mg/l) 

gentamicin 4 mg/l 

API V. 

alginolyticus aminoglycosides, co-trimazole, cephalothin 

cephalexin ampicillin 4 V. 

alginolyticus (Taylor et al., 1981)

V. alginolyticus

(Lee et al., 2008) 

 

 

 

 

 

 

 

 



 
 
 

14 
 

 

1.3 V. alginolyticus (Hörmansdorfer et al., 2000) 
 

  
  

  

  

  

  

  

  

 

 

V. alginolyticus

38 

25 3 

Candida V. 

alginolyticus acyclovir fluconazole 

ciprofroxacin V. alginolyticus (Caccamese and 

Rastegar, 1999) 23 

TCBS -hemolysin blood 

agar V. alginolyticus

ampicillin tetracycline, chloramphenicol co-trimoxazole 

disk diffusion (Uh et al., 2001)

Vibrio

V. alginolyticus

(Molitoris et al., 1985; Lesmana et al., 2002)

(Baffone et al., 2000; Hervio-Heath et al., 2002) 

V. alginolyticus

V. alginolyticus ciprofroxacin (French, 1990) 

ampicillin, levofloxacin, meropenem, cefoxitin, imipenem, 

cefepime, cefuroxime, cefotaxime, cefoperazone, ceftazidime, cefazolin, piperacillin 
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amikacin ciprofroxacin 

(necrotizing fasciitis)

(Janda et al., 1988) 

 

2.2.2  

  V. alginolyticus 

(Qian et al., 2008) 

V. alginolyticus

(hemocyte) 

(hepatopancreas) 

20 30 ppt 

V. alginolyticus 

(Salvin and 

Lipton, 2003) V. alginolyticus 

(Hörmansdorfer et al., 2000) V. alginolyticus (yellow croker) 

pH 

56°C 60°C 

(Yan et al., 2007) 
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2.3  
  V. alginolyticus

extracellular products (ECPs), hemolysin/hemagglutinin (Janda et al., 1988) 

 

1. Extracellular products (ECPs) 

caseinase, lecitinase, collagenase  protease 

ECPs hydrolytic 

(mucus) 

(skin 

mucus)  (intestinal mucus) alkaline serine protease 

V. alginolyticus 33 kDa 

50% 

ethylene diamine tetraacetic acid (EDTA) (Lee et al., 1997) 

metalloprotease V. parahaemolyticus 

collagenase V. alginolyticus 77% (Di Pinto et al., 2005)  

2. Hemolysin/ hemagglutinin 

exoenzyme 

3. V. alginolyticus

siderophores chelating host 

proteins siderophores  

 

2.4 V. alginolyticus 
2.4.1 toxR 

toxR (conserved sequence) Vibrionaceae 

toxR transmembrane regulatory protein 

toxR V. cholerae 

cholera toxin tcpA 

(toxin-regulated pilus), ompT ompU (outer membrane proteins) (Miller and 

Makalanos, 1988) toxR 

ToxR upstream 
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(Lin et al., 1993) ToxR 

integral memebrane protein 32 kDa 3 domain N-terminal 

cytoplasmic DNA-binding domain, central transmemebrane domain C-terminal 

periplasmic domain toxR V. mimicus, V. alginolyticus, V. 

parahaemolyticus, V. fisheri Photobacterium damselae 

subsp. damselae P. damselae subsp. piscicida (Osario and Klose, 2000) 

16 S rRNA toxR V. parahaemolyticus V. cholerae V. 

alginolyticus 92% 99% gyrB  V. 

parahaemolyticus V. alginolyticus 86.8% (Kim et al., 1999)

toxR V. alginolyticus  V. parahaemolyticus 61.7%

(Osorio and Klose, 2000) toxR (molecular marker) 

Vibrio (Kim et al., 1999; Franco and 

Hedreyda, 2006)  

2.4.2 collagenase 

collagenase collagenase V. alginolyticus 

open reading frame collagenase 

2442 bp 739 81704 dalton 

(Takeuchi et al., 1992) collagenase 

V. alginolyticus Vibrio (Di Pinto et al., 2005)  

2.4.3 ompK 

ompK OMPs (outer membrane proteins) 

Vibrio Photobacterium ompK 

(molecular marker) Vibrio 

OMPs large-channel porin smaller-channel porin 

(Xu et al., 2004) open reading frame 

ompK 846 bp 261 

ompK receptor KVP40 vibriophage V. parahaemolyticus 

(Qian et al., 2008) 
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3.  
 
  3.1 (Polymerase chain reaction : PCR) 
   in vitro enzymatic gene amplification 

4 

Karry Mallis) 

(plasmid) (phage) 

(DNA replication) 

primer 

DNA polymerase dATP, 

dCTP, dTTP dGTP 

PCR 

(DNA template), primer oligonucleotide - bp, 

deoxynucleotide triphosphate (dNTPs), thermostable DNA polymerase buffer 

 

1. (denaturation) 

C 

G+C G+C 

Helicase)  
2. (annealing) 

40 62 C 40 

62 C 15 25 
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primer) 

DNA polymerase) -OH 

3' annealing 

(temperature melting; Tm) C

primase)  

3. (extension) 

' primer 

thermostable DNA polymerase 

C 

  3 1

1 1 2

 2 (PCR product) 22 4

n PCR 2n 

(n = PCR 20-40

PCR 220  240  ( 1.1) Sambrook and Russell, 2001) 

  3.1.1 

PCR  

   

  100 1,000 bp 

PCR 

10 kb 

(linear DNA) 

G+C content relax DNA circular 

DNA G+C content 

(non specific product) PCR 

(copy number) 

 

Taq DNA polymerase 

  Taq DNA polymerase 94,000 

DNA polymerase I E. coli 

3' 5' exonuclease activity 

(proofreading) 60 



 
 
 

20 
 

 

2,000 4,000 

75°C 80°C  

1.0 2.5 unit dNTPs 

(Arnheim and Erlich, 1992)

dimethyl sulfoxide (DMSO) formamide 

20% 89 61% 

sodium dodecyl sulphate (SDS) 0.01% (W/V) 

99.9% (Eckert et al., 1990) 

  dNTPs (dATP, dCTP, dGTP dTTP) 

PCR 50 200 µm dNTP dNTPs 4 

800 µm 20 26 

µm 100 µl dNTPs 

dNTPs PCR pH 

dNTP PCR 

dNTPs 

(misincorporation) dNTPs primary 

stock solution 10mM 1 mM 

- 20°C 

  Oligonucleotide primer 

  

MgCl2)

annealing PCR

polypurine polypyrimidine G+C content 

50 60% secondary structure 

(self complementary) ' 

annealing 

' overlap primer dimer Tm (melting 

temperature) 55 58°C
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18 30 

primer dimer  

  (MgCl2) 

  
Taq DNA polymerase 

extension 

dNTPs dNTPs 

dNTPs 

PCR 

PCR 

PCR primer dimer 

PCR 1.5 mM 

  PCR (PCR product) 

2  

1) Gel electrophoresis PCR 

agarose gel polyacrylamide gel 

(ethidium bromide) silver nitrate) 

 PCR 

 

2) Nucleic acid hybridization

(probe) PCR 

PCR 

(nitrocellulose membrane) 

(nylon membrane) Southern blotting 

(hydridization) 

X-ray  
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1.1 PCR  

( : http://www2.le.ac.uk/departments/emfpu/genetics/explained/pcr) 
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  3.2 (Southern blotting) 

probe) 

hybridize) 

1975 

Edward M. Southern)  

 gel electrophoresis) 

electrophoresis agarose gel 

Tris 

nitrocellulose membrane) 

DNA probe 

agarose gel agarose gel 

agarose gel 

agarose gel 

agarose gel 

agarose gel 

agarose gel Southern blot 

 

hybridization) digoxigenin (DIG) 

DIG 

substrate 



 
 
 

24 
 

 

1.2) agarose gel electrophoresis, Southern blot 

hybridization Southern blot hybridization , 2546) 

 

 
 

 
 

                          

 
 

1.2  Southern blot hybridization 

(www.rmuti.ac.th/user/thanyaphak/contacts/Heredity/chapter7.1.pdf) 
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radioactive labels) 

non-radioactive labels) 

random primer nick translation 

1. random primer 

primer 6

random primer) Klenow 

Digoxigenin-dNTP 

9  

  2. nick translation (Rigby et al., 1997) E. 

coli DNA polymerase I DNase DNase 

DNA polymerase I 5'  3' exonuclease 

5' polymerase 

3' 

 

3. 

biotin), , digoxigenin 

fluorescein 

biotin 11-dUTP, digoxigenin-dUTP fluorescein-dUTP 

nick translation random primer 

 avidin streptavidin digoxigenin 

fluorescein 

alkaline phophatase (AP) substrate 

5' bromo-4-cloro-3-indolyl phosphate (BCIP) nitro blue tetrazolium (NBT) 

, 2536) 
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3.3 (Colony hybridization) 
1975 Granstiens Hogness

  

 

(probe) 

autoradiography 

biotin (Granstiens and Wallis, 1979; Sayler et al., 

1985) ( 1.3) 

 

 
 

1.3 colony hybridization 

: http://oregonstate.edu/instruction/bb331/lecture04/FigF9.html) 
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3.4 Arbitrarily Primed-Polymerase Chain reaction (AP-PCR) 
Arbitrarily Primed-Polymerase Chain reaction (AP-PCR) Random 

Amplified Polymorphic DNA (RAPD) 

PCR 

PCR  1 

AP-PCR

9 10  (random primers 

universal primers)  low 

stringency 36 45°C  

(annealing) MgCl2 2 mM

PCR 

PCR 

(Olive and Bean, 1999) 

electrophoresis AP-PCR 

PCR (restriction enzyme) 

electrophoresis polyacrylamide gel agarose gel 

AP-PCR 

type subtype AP-PCR 

reproducibility 

electrophoresis 

(William et al., 1990)  
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1. V. alginolyticus CHROMagar vibrio 

tdh trh  

2. tdh trh V. alginolyticus 

 

3. V. alginolyticus

Arbitrarily Primed Polymerase Chain Reaction (AP-PCR)  
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2 

 

 

 

 

 

1.  

  

Agar 

CHROMagar vibrio 

Difco 

CHROM agar Microbiology 

Luria Bertini (LB) broth Novagen 

Luria Bertini (LB) agar Novagen 

Nutrient broth (NB) Difco 

Tryptic soy agar (TSA) 

Tryptic soy broth (TSB) 

Merck 

Difco 

Thiosulfate citrate bile salt sucrose (TCBS) agar 

Urea agar base 

Difco 

BBL 

  

2. (Analytical grade)  

  

Absolute ethanol Merck 

Boric acid 

Chloroform 

Merck 

Merck 

EDTA Merck 

Ethidium bromide Sigma 

Glacial acetic acid Merck 

Glycerol Sigma 

Isoamyl alcohol Merck 

Maleic acid Sigma 

Methanol Merck 

Phenol Sigma 

Sodium chloride Merck 
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Sodium citrate dehydrate 

Sodium dodecyl sulfate 

Sodium hydroxide 

Sodium hydrogen carbonate 

Sigma 

Sigma 

Sigma 

BDH 

Tris base Promega 

Tween-20 Sigma 

  

3. (Molecular biological grade) 

  

Agarose Gibco 

dNTPs Boeheringer Mannheim 

Primers Invitrogen 

Restriction enzyme (HindIII) BioLabs 

Magnesium chloride Promega 

Taq DNA polymerase Promega 

RNase Merck 

Ex taq DNA polymerase Takara 

10X Ex Taq buffer Takara 

 HindIII ladder New England Biolabs 

100 kb DNA ladder New England Biolabs 

 

4.  

-  

- microcentrifuge (eppendorf 5415 C, Brickman Instrument Inc. Germany) 

- PCR 1.5 ml 

- Automatic pipette 1-20, 20-200 100-1000 µl (Gilson, France) 

- Electrophoresis (power supply) 200/2.0(Bio-Rad, USA) 

- (power supply) PowerPac Basic (Bio-Rad, USA) 

- McFarland standard (Densimat) (bioMerieux) 

- (Denver Instrument, USA) 

- (centrifuge Eppendorf) (Centrifuge 5415 C, Germany) 

- (KOKUSAN, Japan) 
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- (MIKRO 22R, Germany) 

- vortex mixer (Scientific Industries, USA) 

- -20°C (Sanyo, Japan) 

- -80°C (Sanyo, Japan) 

- 4°C (Sanyo, Japan) 

- (Hot air oven) (Venticell) 

- (Incubator) (Heraeus, Germany) 

- (Shaker incubator) (Labline Instrument Inc. USA) 

- Hybridization (Micro hybridization incubator) (Robbins Scientific, USA) 

- (Laminar airflow cabinet) ABS 1200A (ASTEC microflow, UK) 

- (spectrophotometer) Lambda 25 UV/VIS spectrophotometer 

(Perkin Elmer, UK) 

- pH (pH meter) (Metrohm, Switzerland) 

- (Perkin Elmer, UK ASTEC, Japan) 

- UV light transilluminator (UVP) (San Gabriel Inc. USA) 

- 1235 (Shel-Lab, USA) 

- Hot plate & Steirrer (Fisher Scientific, USA) 

- (Autoclave) (Tomy, Japan) 

 

5.  

  5.1 V. alginolyticus 

436 

6 6  

  5.2 V. parahaemolyticus tdh+ trh-, tdh- trh1+, tdh- trh2+ 

(positive control) 
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1. V. alginolyticus  

  500 1 

30  

500  1  

1% 1: 10 10-3  10-5 

spread CHROMagar vibrio (CV)

0.45 µm CV 7) 

 streak 

CV 37 C 18-24 

4-6 mm V. alginolyticus 

stock  stock LB broth 1% NaCl 

2) 1 ml 37 C 150 24  

20% glycerol 1: 1 80 C  tdh 

trh 
 

2. urease activity 

  trh 

streak V. alginolyticus 

LB agar+ 1% NaCl 1) urea 

base agar 8) 37°C 24 

 

 

3.  tdh trh PCR (Tada et al., 1992) 

  V. alginolyticus LB broth 1% NaCl 1 ml 

37°C 150 16-18 100°C 

10 10 

2,500 xg 5 

1:10 

PCR 

tdh trh primer 2.1 
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PCR  
 

  (µl) 

 3.2 

   10x buffer 2.0 

   25 mM MgCl2 1.6 

   2.5 mM dNTPs 1.6 

   2 µM primer-D1 Forward ( tdh)  R2 Forward ( trh) 5.0 

   2 µM primer-D2 Reverse ( tdh)  R6 Reverse ( trh) 5.0 

   5 U/µl Taq DNA polymerase 

   DNA 

0.1 

1.5 

 20.0 

 

PCR  
 

 (°C)   

1. Hot start 96 5 1 

2. Denature 94 1  

3. Annealing 55 1 35 

4. Extension 72 1  

5. Final extension 72 7 1 

 

  PCR PCR electrophoresis 

 tdh trh 1.5% agarose gel 1x Tris Borate 

EDTA (TBE) 1.2) electrophoresis PCR 8 µl 

loading dye 1.1) 2 µl 

80 30-40 electrophoresis 

ethidium bromide 1.3) 5 

ethidium bromide 10 
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2.1 primers PCR 
 

Genes Primers and sequences  

 

Amplicon 

sizes (bp) 

References 

tdh GGT ACT AAA TGGCTG ACA TC  

CCA CTA CCA CTC TCA TAT GC  

251 Tada et al., 

1992 

trh GGC TCA AAA TGG TTA AGC G  

CAT TTC CGC TCT TCA TAT GC  

250 Tada et al., 

1992 

toxR1 VA1-Forward 

 

VA2-Reverse 

 

142 This study 

toxR2 VA toxR2-Forward 

AAG CGC CAG CAG TGG AGT  

VA toxR2-Reverse 

AAC AGG AAG CAG CAG AGA CAA A  

175 This study 

toxR3 VA1-Forward 

 

VA toxR2-Reverse 

AAC AGG AAG CAG CAG AGA CAA A  

150 This study 

collagenase VA-Forward  

CGA GTA CAG TCA CTT GAA  AGC C  

VA-Reverse 

CAC AAC AGA  ACT CGC GTT ACC  

737 Di Pinto et 

al., 2004 
 

ompK Forward 

 

Reverse 

 

319 Cai et al., 

2009 

AP-PCR GTT TCG CTC C  - Okuda et al., 

1997 
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4. tdh trh Colony hybridization 

  4.1 tdh (tdh probe) (Nishibushi et al., 1985) 

  recombinant plasmid tdh PstI

agarose gel electrophoresis 

(QIAGEN, Germany) digoxigenin (DIG) dUTP 

tdh 10 

dNTP labeling (DIG High Prime, Roche) 

37°C 20  

 

  4.2 trh1 trh2 (trh1 probe trh2

probe) (Kishishita et al., 1992) 

  recombinant plasmid trh1 trh2 

BamHI EcoRI agarose gel 

electrophoresis (QIAGEN, Germany) 

digoxigenin (DIG) dUTP trh1 

trh2 10 dNTP labeling 

(DIG High Prime, Roche) 37°C 20  

 
  4.3 colony blot 

LB agar 

(nylon membrane nitrocellulose membrane) TSA 

+1% NaCl 5) 

37°C

Whatman 3M 

0.5 M NaOH 

3.1) 3.5 ml 10 

1 M Tris pH 7 3.2) 3.5 ml 

1 2 

 1 M Tris pH 7 1.5 M NaCl 

3.3) 3.5 ml 10 

37°C 1  
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80°C 2-3 

hybridize  tdh trh probe 

 

4.4 hybridization 

hybridization 

prehybridization 3.7) 

pre-heat 37°C tdh trh 

30°C) 1 

10 ml/100 cm2) 37°C 

trh 30°C) 40 

prehybridization 

hybridization 3.8) DIG 

3.5 ml 100 cm2) 37°C 

tdh trh 30°C) 16 

2x SSC 0.1% SDS 5 

0.5x SSC  0.1% SDS 65-68°C 15  

 

4.5 hybridization DIG 

washing buffer 3.9) 5 

blocking solution 3.10) 100 ml 30 

DIG alkaline phosphatase 3.11)

1:5,000 (150 mU/ml) blocking solution 

20 ml 30 washing buffer 100 ml 2 15 

detection buffer 3.12) 3 

color substrate solution 3.13) 10 ml 

2-3 16 50 ml 5 

southern blot hybridization 
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5. tdh, trh1 trh2 

Southern blot hybridization 

  5.1 tdh, trh1 trh2 (tdh probe, trh1 

probe trh2 probe) 4.1 4.2 

 

  5.2 phenol-chloroform extraction (

Sambrook et al., 1989) ( 2.1) 

  LB agar 1% NaCl 37°C 

24 LB broth 1% NaCl 5 

ml 150 37°C 6-8 1.5 ml 

microcentrifuge 9,600 xg 10 PBS 

pH 8.0 2.1) 1 ml 9,600 xg 

5 PBS-EDTA 2.3) 300 µl 

10% SDS 2.4) 150 µl 

(inverted technique) 10 

phenol-chloroform-isoamyl alcohol (25:24:1; : :

2.5) 450 µl vortex mixer 

19,000 xg 10 microcentrifuge 

phenol-chloroform-isoamyl alcohol 450 l 

microcentrifuge 

3 M NaOAc 2.6) 40 µl absolute ethanol 1 ml 

19,000 xg 5 

70% ethanol 1 ml 

19,000 xg 5 

300 µl RNase 

1 mg/ml) 2.7) 3 µl 

37°C 30 

phenol-chloroform-isoamyl alcohol 300 µl 

microcentrifuge 

TE (Tris-HCL 

EDTA) 2.8)

260 nm 280 nm 
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260 nm (OD 260 nm) 

OD 260 nm 1 50 µg/ml 

OD 260 nm/ OD 280 nm 

1.65-1.85 1.85 

1.65 

 

 

5.3 (Restriction enzyme) 

  5.2 2 µg 

HindIII 

1 Unit/µl  
 

 (µl) 

   10x NE buffer 2 3.0 

    HindIII (20 U/µl) 1.5 

   DW + DNA (2 µg) 25.5 

  30.0 
 

  37°C 12-18 

5 µl loading dye 1 µl agarose gel electrophoresis 

1% agarose gel 1x TBE 

80 1 ethidium bromide 5 

10 

25 µl loading dye 5 

µl electrophoresis 1% agarose gel 10 x 15 cm) 

15 12-14 

electrophoresis ethidium bromide 30 20 

30 ethidium bromide 
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V. alginolyticus  LB broth 1% NaCl 5 ml 

     37°C 150 6-8  

1.5 ml microcentrifuge  

9,600 xg 10  

PBS pH 8.0 1 ml 

                                       9,600 xg 5  

PBS-EDTA 300 µl 10% SDS 150 µl 

10  

phenol-chloroform-isoamyl alcohol 450 µl  

                                         19,000 xg 10  

microcentrifuge  

3 M NaOAc 40 µl absolute ethanol 1 ml 

19,000 xg 5  

70% ethanol 1 ml 

                                         19,000 xg 5  

300 µl RNase 3 µl 

                            37°C 30  

phenol-chloroform-isoamyl alcohol 300 µl  

19,000 xg 10  

 

 

TE  

 

OD 260 280 nm 

 

 

2.1 phenol-chloroform 
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5.4 Southern blot hybridization 

5.3 denaturation solution 3.4)

40  neutralization solution 3.5)

30 

Whatman 3M SSC 

10 (10x SSC) 3.6)

5 

Whatman 3M 6 

10x SSC 

4-6 cm 

500 g 2.2) 12-18 

3 

5 

hybridization 4.4 4.5  
 

 
 

2.2 Southern blotting 

: http://www.gibthai.com/services/technical_detail.php?ID=17) 
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6. V. alginolyticus

PCR toxR, collagenase ompK   

  V. alginolyticus LB broth 1% NaCl 1 ml 

37°C 150 16-18 100°C 

10 10 

2,500 xg 5 

1:10 

PCR 

toxR, collagenase ompK V. alginolyticus primers 

2.1 

 

6.1 toxR1, toxR2 toxR3 

   toxR1 toxR2 

V. alginolyticus Vibrio spp. 

Genbank (National Center for Biotechnology Information, NCBI, 

http://www.ncbi.nlm.nih.gov) Genbank 

(alignment) MacVector 10.6 ( 2.3 2.4)  

toxR3 forward primer toxR1 reverse primer toxR2 

 

PCR  
 

  (µl) 

 8.3 

   5x buffer with (7.5 mM MgCl2) 4.0 

   2.5 mM dNTPs 1.6 

   2 µM primers (F+R) 4.0 

   5 U/µl go Taq DNA polymerase 0.1 

   DNA 2.0 

 20.0 
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PCR  
 

 (°C)   

1. Hot start 96 5 1 

2. Denature 94 1  

3. Annealing 63 1 35 

4. Extension 72 1  

5. Final extension 72 7 1 
 

 

 

6.2 collagenase ( Di Pinto et al., 2005) 

PCR  
 

  (µl) 

 10.6 

   10x buffer 2.0 

   25 mM MgCl2 1.2 

   2.5 mM dNTPs 1.6 

   2 µM primer (F+R) 2.5 

   5 U/µl Taq DNA polymerase 

   DNA 

0.1 

2.0 

 20.0 

 

PCR  
 

 (°C)   

1. Hot start 95 5 1 

2. Denature 94 0.5  

3. Annealing 57 0.5 35 

4. Extension 72 1  

5. Final extension 72 5 1 
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  6.3 ompK ( Cai et al., 2009) 

PCR  
 

  (µl) 

    9.3 

   5x buffer with (7.5 mM MgCl2) 3.0 

   2.5 mM dNTPs 1.6 

   2 µM Forward primer  2.0 

   2 µM Reverse primer  2.0 

   5 U/µl go Taq DNA polymerase 

   DNA 

0.1 

2.0 

 20.0 

 

PCR  
 

 (°C)   

1. Hot start 94 5 1 

2. Denature 94 1  

3. Annealing 60 1 30 

4. Extension 72 1.5  

5. Final extension 72 10 1 

 

  PCR PCR electrophoresis 

 toxR, collagenase ompK 1.5% agarose gel 

1x Tris Borate EDTA (TBE) 1.2) electrophoresis 

PCR 8 µl loading dye 1.1) 2 µl 

80 30-40 

electrophoresis ethidium bromide 1.3) 5 

ethidium bromide 10 
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2.3  toxR1 

accession no. V. alginolyticus (VA) 

EU155576; V. cholerae (VC) U07173, (VC2) HM042642; V. parahaemolyticus (VP) 

L11929  V. vulnificus (VV) AF170883  

 
 

 

toxR1 VA-forward 

toxR1 VA-reverse 
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2.4  toxR2 

accession no. V. alginolyticus (VA1) 

AB11259, (VA2) AF1549, (VA3) FM1554, (VA4) FM151555; V. cholerae (VC) U11357;  

V. parahaemolyticus (VP) L11589  V. vulnificus (VV) AF157951  

 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

toxR VA1 
toxR VA2 
toxR VA3 
toxR VA4 
toxR VC 
toxR VP 
toxR VV 

960 970 980 990 
1000 1010 1020 1030 1040 

toxR2 VA-forward 

toxR2 VA-reverse 
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7. V. alginolyticus

AP-PCR ( William et al., 1990) 

 V. alginolyticus

phenol-chloroform 10 ng/µl 

AP-PCR primer 2 AP-PCR  
 

 (µl) 

 15.0 

   10x Ex Taq buffer 3.0 

   2.5 mM dNTPs 4.0 

   5 mM primer 2 5.0 

   Ex Taq DNA polymerase 0.5 

   DNA 2.5 

 30.0 

 

PCR  
 

 (°C)   

1. Hot start 95 4 1 

2. Denature 95 1  

3. Annealing 36 1 45 

4. Extension 72 1  

5. Final extension 72 7 1 
 

 : primer 2.1 

   

  PCR electrophoresis 

1.5% agarose gel 1x TBE electrophoresis 

PCR 15 µl loading dye 2 µl 

2 100 5-7 15 mA 12-15 

electrophoresis ethidium bromide 
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3  
 

 
 

V. alginolyticus  

 424  

4-6 mm V. alginolyticus 

CHROMagar vibrio (CV) 436 3.1)  

 

3.1 V. alginolyticus CV  
 

 

  CV 

1.  
-  

-  

 

6 

12 

 

5 

13 

2.  
     -  

-  

 

198 

175 

 

166 

173 

3.  
     -  

-  

 

3 

30 

 

3 

76 

 424 436 

 

2.  
2.1 urease activity 

  436 CV

V. alginolyticus urease 

65 0.15%   
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2.2 tdh trh Colony hybridization 
  436  tdh 

trh2 colony hybridization 12 

8 3.2) tdh 

trh2 probe  3.1) 

2.3 tdh trh 
Southern blot hybridization 

  2.2 tdh trh2 southern blot 

hybridization tdh trh2

 3.2  3.3) 

 

 

3.2  tdh trh2

colony hybridization 
 

 

tdh trh2 

T143, T241, T247, T1145, 

T1147, T1149, T1151, Y135, 

Y137, Y1123, Y1132, Y174 

T143, T241, T247, T1145, 

T1147, T1149, Y1149, Y2144 

 

: T  

 Y  
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3. V. alginolyticus  

3.1 urease activity 
12 V. alginolyticus

(  3.3) 6 6 

1 3 

 

3.2  tdh trh PCR Southern 
blot hybridization 
  6 6 

tdh trh PCR 

tdh trh 3.3  Southern blot 

hybridization  tdh trh ( 3.4, 3.5 3.6) 
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Y Y Y Y Y Y 
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3.1 colony hybridization V. alginolyticus  

tdh  trh2 (tdh  trh2 probe) 

 

A : positive control  V. paraheamolyticus strain 2426 (tdh probe) 

B : positive control  V. paraheamolyticus strain 2480 (trh probe) 

 

A 

B 

positive control 

 

positive control 
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                      M    1    2    3    4    5    6    7    8    9    10   11   12   13 

           
 

3.2 Southern blot hybridization V. alginolyticus tdh 

 
 

Lane M : MW marker (1kb DNA ladder) 

Lane 1 : T143 
Lane 2 : T241 

Lane 3 : T247 

Lane 4 : T1145 

Lane 5 : T1147 

Lane 6 : T1149 

Lane 7 : T1151 

Lane 8 : Y135 

Lane 9 : Y137 

Lane 10 : Y1123 

Lane 11 : Y1132 

Lane 12 : Y174 

Lane 13 : V. paraheamolyticus strain 2426 (tdh+ trh-) control 
 

 

 

 

3.2 kb 
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                            M    1    2    3    4    5    6    7    8    9 

 
 

3.3 Southern blot hybridization V. alginolyticus trh2 

 
 

Lane M : MW marker (1kb DNA ladder) 

Lane 1 : T143 
Lane 2 :  T241 

Lane 3 :  T247 

Lane 4 :  T1145 

Lane 5 :  T1147 

Lane 6 :  T1149 

Lane 7 :  Y1149 

Lane 8 :  Y2144 

Lane 9 : V. paraheamolyticus strain 2480 (tdh- trh+) control 

 

 

 

  

6.0 kb 



 
 
 

54 
 
                      M   1   2   3   4   5   6   7   8   9   10   11   12   13   14 

 
 

  3.4 Southern blot hybridization V. alginolyticus 

tdh  
 

Lane M              : MW marker (1kb DNA ladder) 

Lane 1-6            : V. alginolyticus  

Lane 7-12          : V. alginolyticus  

Lane 13             : V. parahaemolyticus strain 42 (tdh+, trh1+) control 

Lane 14             : V. parahaemolyticus strain 43 (tdh+, trh2+) control 

 

     

 
 
 
 
 
 
 
 

 

3.2 kb 
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                         M   1   2   3   4   5   6   7   8   9   10   11   12   13   14 

              
 

 3.5 Southern blot hybridization V. alginolyticus 

trh1  
 

Lane M              : MW marker (1kb DNA ladder) 

Lane 1-6            : V. alginolyticus  

Lane 7-12          : V. alginolyticus  

Lane 13             : V. parahaemolyticus strain 43 (tdh+, trh2+) control 

Lane 14             : V. parahaemolyticus strain 42 (tdh+, trh1+) control 

 
 
 
 
 
 
 
 
 
 

6.7 kb 
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                       M   1   2   3   4   5   6   7   8   9   10   11   12   13   14 

                   
 

 3.6 Southern blot hybridization V. alginolyticus 

trh2  

 
Lane M              : MW marker (1kb DNA ladder) 

Lane 1-6            : V. alginolyticus  

Lane 7-12          : V. alginolyticus  

Lane 13             : V. parahaemolyticus strain 42 (tdh+, trh1+) control 

Lane 14             : V. parahaemolyticus strain 43 (tdh+, trh2+) control 

 
 
 
 
 
 
 
 
 

6.0 kb 



 
 
 

57 
 
4. V. alginolyticus PCR 

toxR, collagenase ompK  
  6 6 

V. alginolyticus 

 toxR, collagenase ompK PCR collagenase

3978 toxR1, toxR2 toxR3 

4, 1 4 3978 

ompK 3 4537, 4543 4794) V. 
alginolyticus V. 
alginolyticus 3.4) 

 
 

3.4 V. alginolyticus 

PCR 
 

Sample PSU no. 
Targeted genes 

collagenase toxR1 toxR2 toxR3 ompK 

 

3978 

4537 

4543 

4718 

4794 

4912 

- 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

- 

- 

- 

+ 

- 

- 

- 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

- 

+ 

- 

 

4109 

4110 

4111 

4112 

4130 

4246 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

VA reference strain 6 + - + - - 
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5. V. alginolyticus

AP-PCR ( William et al., 1990) 
  V. alginolyticus  6 

6 AP-PCR primer 2 

( 3.7) V. alginolyticus 

4 

lane 3, PSU 4543; lane 4, PSU 4718; lane 5, 

PSU 4794 lane 6, PSU 4912) 2 

(lane 1, PSU 3978 lane 2, PSU 4537) 

3 

(lane 8, PSU 4110; lane 9, PSU 4111 lane 10, PSU 4112)

1 (lane 12, 

PSU 4246) 
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   lane     M     1     2    3     4     5     6     7     8     9    10   11   12    M   

 

3.7 AP-PCR V. alginolyticus
 primer 2 

 

Lane M              : MW marker (  Hind III+ 100 bp DNA ladder) 

Lane 1              : PSU 3978 

Lane 2              : PSU 4537 

Lane 3              : PSU 4543 

Lane 4              : PSU 4718 

Lane 5              : 

Lane 6              : 

PSU 4794 

PSU 4912 

Lane 7              : PSU 4109 

Lane 8              : PSU 4110 

Lane 9              : PSU 4111 

Lane 10             : PSU 4112 

Lane 11             : 

Lane 12             : 

PSU 4130 

PSU 4246 
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4  
 

 
 

  V. alginolyticus 
Daniels, 2000

V. alginolyticus 

436 tdh trh trh 
V. alginolyticus 

trh2 V. parahaemolyticus 98% (Escalona et al., 2006) 
 tdh trh Colony hybridization 

12 8  tdh trh 
probe 
Southern blot hybridization tdh, trh1 trh2 probe 

V. alginolyticus 436 
tdh trh

436 65 
Molitoris V. alginolyticus

2.4% (Molitoris et al., 1985) V. parahaemolyticus 
ure trh  ure V. 

parahaemolyticus trh (Suthienkul et al., 1995; Okuda et al., 1997; 
Ghosh and Sehgal, 1998) trh V. alginolyticus

trh Escalona V. alginolyticus
V. parahaemolyticus vibriophage insertion 

sequence V. alginolyticus
ure trh V. 

alginolyticus
V. parahaemolyticus 

tdh trh V. alginolyticus
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tdh trh V. alginolyticus
toxR (toxR1, 

toxR2 toxR3) 
collagenase ompK (Di Pinto et al., ; Cai et al., 2009

V. alginolyticus (
PCR V. 

alginolyticus vibrios 
toxR V. alginolyticus  V. parahaemolyticus 61.7% (Osorio 
and Klose, 2000) collagenase V. alginolyticus 
collagenase amplicon size V. 
parahaemolyticus V. cholerae (Di Pinto et al., 2005) ompK

receptor KVP40 vibriophage V. 
parahaemolyticus (Qian et al., 2008) collagenase

PSU 3978 toxR1, toxR2  toxR3 
PSU 3978 ompK 

 PSU 4537, 4543 4794
V. alginolyticus collagenase 

toxR1, toxR3  ompK 
V. alginolyticus  

PSU 3978 
V. hollisae 

CV V. alginolyticus (Janda et al., 1988; Hara-
Kudo et al., 2001) Cai V. 
alginolyticus (Cai et 
al., 2009)  

 V. alginolyticus

V. alginolyticus  6 
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6 AP-PCR V. 
alginolyticus 

4 2 

V. alginolyticus
3 

1 AP-PCR

amplified fragment 
length polymorphism (AFLP) pulsed-field gel electrophoresis (PFGE) 

  
V. alginolyticus tdh trh

 
V. alginolyticus

 
   
 



 

63 
 

5  
 

 
 

V. alginolyticus 
436 tdh trh 

Colony hybridization 12 8 
tdh trh Southern blot hybridization 

 
2.  tdh trh PCR Southern blot hybridization 

6 6 tdh trh 
3. V. alginolyticus PCR 
toxR, collagenase ompK  PSU
3978 collagenase toxR ompK

V. alginolyticus  
PSU 3978 V. 

alginolyticus 
4.  V. alginolyticus  6 

6 AP-PCR 

original clone  
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1. Luria Bertani (LB) agar   
1    

 Yeast extract 10 g 

 Tryptone 10 g 

 Sodium chloride 5 g 

 Agar 15 g 

 1 L 

  LB agar 35 g 1 

autoclave 121°C 15 

50°C  

: NaCl 5 g (1% NaCl) Vibrio spp. 

 

2. Luria Bertani (LB) broth  

1    

 Yeast extract 10 g 

 Tryptone 10 g 

 Sodium chloride 5 g 

 1 L 

  LB broth 20 g 1 

autoclave 121°C 15  

: NaCl 5 g (1% NaCl) Vibrio spp. 
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3. Nutrient agar (NA) 

1    

 Beef extract 3 g 

 Peptone 5 g 

 Sodium chloride 

 Agar 

5 

15 

g 

g 

 1 L 

  NA 23 g 1 

autoclave 121°C 15 

50°C  

: NaCl 5 g (1% NaCl) Vibrio spp. 

 

4. Thiosulfate citrate bile sucrose (TCBS) agar 

1    

 Yeast extract 5 g 

 Proteose peptone no.3 10 g 

 Sodium citrate 

 Sodium thiosulfate 

10 

10 

g 

g 

 Oxgall 8 g 

 Sucrose 20 g 

 Sodium chloride 10 g 

 Ferric citrate 1 g 

 Brom thymol blue 0.04 g 

 Bacto agar 15 g 

 1 L 

  TCBS 89 g 1 

50°C  
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5. Tryptic soy agar (TSA) 

1    

 Pancreatic digest of casein 15 g 

 Papaic digest of soybean 5 g 

 Sodium chloride 

 Agar 

5 

15 

g 

g 

 1 L 

  TSA 40 g 1 

autoclave 121°C 15 

50°C  

 

6. Tryptic soy broth (TSB)  

1    

 Pancreatic digest of casein 15 g 

 Papaic digest of soybean 5 g 

 Sodium chloride 5 g 

 1 L 

  TSB 30 g 1 

autoclave 121°C 15  

 

7. CHROMagar vibrio (CV) 

1    

 Peptone & yeast extract  8 g 

 Chromogenic mix 0.3 g 

 Sodium chloride 51.4 g 

 Agar 15 g 

 1 L 

  CV 74.7 g 1 

50°C  (
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8. Urea agar base 

1    

 Pancreatic digest of gelatin  1 g 

 Yeast extract 3 g 

 Dextose 1 g 

 Sodium chloride 5 g 

 Urea 20 g 

 Potassium phosphate 2 g 

 Phenol red 0.012 g 

  urea agar base 29 g 100 ml 

agar 15 g 900 ml autoclave 121°C 

15 agar 45-55°C 100 ml urea agar 

base 3 ml 

: NaCl 5 g (1% NaCl) Vibrio spp. 
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1. agarose gel electrophoresis 

 

  1.1 Loadind dye 

  Bromphenol blue 0.25 g Sucrose 4 g 100 ml 

4°C 

 

  1.2 10x Tris borate EDTA (TBE) buffer 

  Tris base 108 g Boric acid 55 g 800 ml 

0.5 M EDTA pH 8.0 40 ml 1 

ml 1:10 (1x TBE) 

 

  1.3 Ethidium bromind (10 mg/ml)  

  Ethidium bromide 1 g 100 ml 

(

Ethidium bromide  

 

2. phenol-chloroform 

 

  2.1 Phosphate buffer solution (PBS) pH 8.0 

Na2HPO4 1.44 g 

 KH2PO4 0.2 g 

 KCl 0.2 g 

 Sodium chloride 8 g 

 1 L 

  800 ml pH 8.0 

1000 ml autoclave 

121°C 15  
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  2.2 1 M EDTA 

  EDTA 372.2 g 800 ml 

pH 8.0 NaOH EDTA 

1000 ml autoclave 121°C 15 

 

 

  2.3 PBS-EDTA 

  PBS pH 8.0 240 µl 0.5 M EDTA 60 µl 

PBS-EDTA 300 µl 

 

  2.4 10% Sodium dodecyl sulfate (SDS) 

  SDS 10 g 90 ml 

1000 ml autoclave 121°C 

15  

 

  2.5 Phenol : Chloroform : isoamyl alcohol (25 : 24 : 1) 

  Chloroform Isoamyl alcohol 24:1 

melted phenol 25 0.1 M Tris-HCl pH 8.0 

1 

4°C 

 

  2.6 3M Sodium acetate (NaOAc) 

  Sodium acetate trihydrate 408.1 g 800 ml pH 

5.2 Glacial acetic 1000 ml 

autoclave 121°C 15  

                                         

  2.7 RNase (10 mg/ml)  
  RNase 100 mg 10 mM Tris-HCl pH 7.5 

15 mM Sodium chloride 10 ml 15 

microcentrifuge -20°C 
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  2.8 Tris EDTA (TE) buffer 

  10 mM Tris-HCl 1 mM EDTA 

Tris-HCl 1.211 g 0.5 M EDTA 1 ml pH 8.0 

1000 ml autoclave 121°C 

15  

 

3. Colony hybridization and Southern blot hybridization 

                                   

  3.1 0.5 M NaOH 

  NaOH 20 g 800 ml 

1000 ml autoclave 121°C 15  

                                

  3.2 1 M Tris-HCl pH 7.0 

  Tris base 121.1 g 800 ml pH 7.0 

1000 ml autoclave 121°C 15 

 

 

  3.3 1 M Tris-HCl pH 7.0 + 1.5 M NaCl 

 Tris base 121.1 g 

 NaCl 87.68 g 

 1 L 

  800 ml pH 7.0 

1000 ml autoclave 

121°C 15  

 

  3.4 Denaturation solution 

 1.5 M NaCl 87.68 g 

 0.5 M NaOH 20.0 g 

  1 L 

  800 ml 1000 

ml autoclave 121°C 15  
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  3.5 Neutralization solution 

 1.5 M NaCl 87.68 g 

 0.5 M Tris 60.57 g 

  1 L 

  800 ml pH 7.2 HCl 

1000 ml autoclave 

121°C 15  

 

  3.6 10x Standard saline citrate (SSC) 

 NaCl 87.68 g 

 Sodium citrate dehydrate 44.12 g 

  1 L 

  800 ml pH 7.4 

1000 ml autoclave 121°C 15  

 

  3.7 Prehybridization solution (DIG High Prime DNA Labeling and 

Detection Starter Kit l; Roche) 

  DIG Easy Hyb Granules ( no. 7) double distilled water 

64 ml (magnetic stirrer) 

5 37°C  

 

  3.8 Hybridization solution (DIG High Prime DNA Labeling and 

Detection Starter Kit l; Roche) 

  DIG Easy Hyb Granules ( no. 7) double distilled water 

64 ml (magnetic stirrer) 

5 37°C 

DIG (DIG-labeled DNA probe) 

DIG 5 

5  
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  3.9 Washing buffer 

 Maleic acid 11.6 g 

 NaCl 8.76 g 

 Tween 20 3 ml 

  1 L 

  800 ml pH 7.5 NaOH 

1000 ml autoclave 

121°C 15 Tween 20 

 

  3.10 Blocking solution (DIG High Prime DNA Labeling and Detection 

Starter Kit l; Roche) 

  10x blocking solution no. 6) 1x blocking solution 

Maleic acid buffer 

 

  3.11 Antibody solution (DIG High Prime DNA Labeling and Detection 

Starter Kit l; Roche) 

Anti-Digoxigenin-AP Conjugation ( no.4) 5 

5,000 xg 

 Anti-Digoxigenin-AP Conjugation 1:5,000 (150 

mU/ml) blocking solution 

 

3.12 Detection buffer 

 NaCl 5.8 g 

 Tris base 12.1 ml 

  1 L 

800 ml pH 9.5 HCl 

1000 ml autoclave 

121°C 15  
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3.13 Color substrate solution (DIG High Prime DNA Labeling and 

Detection Starter Kit l; Roche) 

40 µl NBT/BCIP 

solution no. 5) 2 ml detection buffer 

 

3.14 Maleic acid buffer 

 Maleic acid 5.8 g 

 NaCl 4.38 g 

  1 L 

800 ml pH 7.5 NaOH 

1000 ml autoclave 

121°C 15  

 

 

 

 

 

 

   

   




