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2. �������	
���������
�� 
 

 

2.1  ����� 

 

  ��������������������������  

    2.1.1  ���������������� 

       � �� !��"�# 
  Agar  Difco 

   Luria Bertini ( LB ) broth Difco 

   Luria Bertini ( LB ) agar Difco 

   Nutrient broth Difco 

   Mueller Hinton agar Difco 

   Tryptone Difco 

   Urease agar base BBL 

 

   2.1.2  ��������
���������� (Analytical grade) 

    � �� !��"�# 

   Absolute ethanol Merck 

   Isoamyl alcohol Merck 

   Boric acid Merck 

   Chloroform Merck 

   EDTA  Merck 

   Ethidium bromide Sigma 

   Phenol Sigma 

   Sodium acetate trihydrous Merck 

   Sodium chloride LAB-SCAN 

   Sodium dodecyl sulfate Sigma 

   Sodium citrate dehydrate Sigma 

   Sodium hydroxide Sigma 
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   Tris base Promega 
   Maleic acid Sigma 
   Tween-20 Sigma 
    
   2.1.3  ���	
��	������������� (Molecular biological grade) 

    �%�� &��'(� 

   Agarose Gibco  
   dNTPs Boeheringer Mannheim 
   Primers  Invitrogen 
   Restriction enzyme (Hind III) BioLabs 
   Magnesium chloride Promega 
   Tag DNA polymerase Promega 
   RNase Merck 
   Ex taq DNA polymerase Takara  
   10x Ex Taq buffer Takara  
  
2.2  �)*��+,-.	
�/0�1�/� 

- ./01234567859:3;<60=>?@AB0CD4AE8F./0A:B>GA4H;9IJ88FGKA 
- B93L microcentrifuge (Eppendorf) NEAL 1.5 ml 
- ./01234<QRE (centrifuge Eppendorf) (Centrifuge 5415 C, Germany) 
- B93L PCR NEAL 0.2 ml 
- BV73EW24XYA.I1Z3/8AVLCE[3EZ@A (Autoclave) (Tomy, Japan) 
- ]̂73D073E (Hot air oven) (Venticell) 
- ]̂7DYV.I1Z3 (Incubator) (Heraeus, Germany) 
- ./01234 pH meter (Metrohm, Switzerland) 
- ./01234 Ultrasonic cleaner 0;YE 3200 (Branson, Germany) 
- ./01234 Hot plate & Steirrer (Fisher Scientific, USA) 
- ]̂7<93L.I1Z3 (Lamina airflow cabinet) 0;YE ABS 1200A (ASTEC microflow, UK) 
- ./012348CL6A0L̂L691E5?4 (spectrophotometer) 0;YE Lambda 25 UV/VIS 

spectrophotometer (Perkin Elmer, UK) 
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- 3YA4EZ@A/8D/;V3;=Bf̂VF 0;YE 1235 (Sheldon Manufacturing, Inc USA) 
- Microcentrifuge (Eppendorf) 0;YE 5415 C (Brinkman Instument Inc. Germany) 
- Autopipette NEAL 1-20, 20-200 59: 100-1000 µl (Gilson France) 
- ./01234IC24 (Denver Instrument Company USA) 
- ./01234HYAK60:5?[gghA (Power supply) 0;YE 200/2.0 (BIO-RAD USA) 
- ./01234HYAK60:5?[gghA (Power supply) 0;YE PowerPac Basic (BIO-RAD USA) 
- ./01234 UV light transilluminator (UVP) (San Gabriel Inc. USA) 
- ./01234?C4./0A:B>LJ.3jE.3 (PCR Gene Amp) PCR system palm-cycler block (Australia) 
- ]̂7.KjE5IY5Nj4 -70oC (Sanyo, Japan) 
- ]̂7.KjE5IY5Nj4 -20oC (Sanyo, Japan) 
- ]̂7.KjE 4oC (Sanyo, Japan) 
- 69734lYAK0̂<LFHF]39 
- ./01234.NKYA5DD/8D/;V3;=Bf̂VF[L7 (Labline Instrument Inc. USA) 
 

2.3  ,&
��	��� 
  2.3.1   V. parahaemolyticus     ?AKmCEn;>VA]0oAE             H@AE8E 2  ?AKmCEn;>    /13 

V. parahaemolyticus   ?AKmCEn;> 2019  pW24VJHJE toxR 59: tdh   59:qB7r9 GS-PCR positive     59: 
V. parahaemolyticus  ?AKmCEn;> 2480 pW24VJHJE toxR 59: trh  59:qB7r9 GS-PCR negative 

  2.3.2   E. coli      ?AKmCEn;>VA]0oAE    H@AE8E 1  ?AKmCEn;>   /13      E. coli  ?AKmCEn;> 
ATCC 25923 

  2.3.3   S. aureus  ?AKmCEn;>VA]0oAE  H@AE8E 1  ?AKmCEn;> /13 S. aureus      ?AKmCEn;> 
ATCC 25922 
   2.3.4    V. parahaemolyticus  ?AKmCEn;>GJ25K6[L7HA6r^7<t8KGJ2u04mKADA9BALqBvY <w 
m.x. 2543-2548  H@AE8E 868 [3up.9] 
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2.4   ��3��� 

 

  2.4.1   ��4��5�/%�(% V. parahaemolyticus  6����3� PCR 6��:�;5�% toxR  

	*<%5�%	*=�>��� (Kim et al., 1999) 
  E@A.I1Z3 V. parahaemolyticus  GJ25K6[L7HA6r^7<t8KVA.9JZK4qE LB broth           .NKYA 150  

03D/EAGJ GJ23;=Bf̂VF 37oC <0:VA= 16-18 IV.  HA6ECZEE@A.I1Z3[<]7VGJ23;=Bf̂VF 100oC EAE 10 
EAGJ  .m123G@AqB7.p99>5]659:LJ.3jE.3B9;L336HA6.p99>  E@A[<5IYqEEZ@A5Nj4GCEGJ 10 EAGJ  .m123
<h346CELJ.3jE.3?AK.LJ2K8VA.N7A/^Y6CE  B9C4HA6ECZEE@A[<<QRE.B8J2K4GJ2/8AV.0j8 2,500xg  5 EAGJ  .m123qB7
.xz.p99>]6]:63E  L̂L?A09:9AK?Y8Eq?.H13HA43C]0A?Y8E 1:10  L78KEZ@A69C2E.m1239L6A00D68E
HA6u<0]JE59:?F24?6CL312E|  H:[L7LJ.3jE.3]7E5DDqE6A0G@A PCR BAHJE toxR  .m123K1EKCE8YA.<}E V. 
parahaemolyticus 

 
?Y8Er?VqE6A0G@A PCR [L756Y 

?Y8Er?V <0FVA]0 (µl) 
          EZ@A69C2EGJ2<93LEF8/9J.3? 3.2 
          10x buffer 2.0 
          25 mM MgCl2 1.6 
          2.5 mM dNTPs 1.6 
          2 µM primer-T4 Forward 5.0 
          2 µM primer-T7 Reverse 5.0 
          5 U/µl Taq DNA polymerase 0.1 
          DNA 1.5 
         <0FVA]008V                         20.0 
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?fA8:6A0G@A<�F6F0FKA PCR /13 
NCZE]3E 3;=Bf̂VF (oC) .89A (EAGJ) H@AE8E03D 

           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 
BVAK.B];  9@ALCD.D?N34 primer 59:NEALN34r9r9F]HA66A0G@A PCR LC4]A0A4GJ2  2.1 

 .V123?FZE?;LNCZE]3EGCZ4BVL G@A electrophoresis .m123]08HBAHJE toxR                uLKqI7 
agarose gel 2 % qE?A09:9AKDCg.g30> Tris Borate EDTA (TBE) (fA/rE86 18 N)  qE6A0G@A 
electrophoresis r?Vr9F]fC=�>HA66A0G@A PCR 6 µl 6CD loading dye (fA/rE86 8 N) 1 µl  BK3L
q?Y5rYE gel 5978HW4.<�L./012346@A.EFL[gghAqB7VJ/8AV]YA4xC6K> 100 volts <0:VA= 30 EAGJ .V123?FZE?;L
6A0G@A electrophoresis E@A gel [<K73VL78K ethidium bromide (fA/rE86 6 N) .<}E.89A 5 EAGJ 
HA6ECZEE@A gel [<97A4 ethidium bromide ?Y8E.6FEL78KEZ@A69C2E.<}E.89A 10 EAGJ 5978L̂9C6z=:6A0
.6FL5lDLJ.3jE.3fAKq]75?43;]0A[8u3.9] 
 
 2.4.2  ��4��5>�5�% tdh ,-. trh 6����3� PCR (Tada et al., 1992) 

  .]0JKVLJ.3jE.3]7E5DD .IYE.LJK86CDN73 2.4.1  HA6ECZEE@AVA]08HBAHJE tdh      uLKqI7 
PCR uLKVJ?Y8Er?VLC4EJZ 
 

?Y8Er?V <0FVA]0 (µl) 
          EZ@A69C2EGJ2<93LEF8/9J.3? 3.2 
          10x buffer 2.0 
          25 mM MgCl2 1.6 
          2.5 mM dNTPs 1.6 
          2 µM primer-D1 Forward , R2 Forward 5.0 
          2 µM primer-D2 Reverse ,  R6 Reverse  5.0 
          5 U/µl Taq DNA polymerase 0.1 
          DNA 1.5 
         <0FVA]008V                         20.0 



 43 

?fA8:6A0G@A<�F6F0FKA PCR /13 
          NCZE]3E 3;=Bf̂VF (oC) .89A (EAGJ) H@AE8E03D 
          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 
BVAK.B];  9@ALCD.D?N34 primer 59:NEALN34r9r9F]HA66A0G@A PCR LC4]A0A4GJ2 2.1 
  .V123?FZE?;LNCZE]3EGCZ4BVL  G@A6A0]08HBAHJE tdh 59� trh uLK6A0G@A
electrophoresis .m123]08HBAr9F]fC=�>HA66A0G@A PCR uLKqI7 agarose 1.5% 

  
 2.4.3  ���D� Group Specific-PCR (GS-PCR) (Matsumoto et al., 2000) 

  .9JZK4.I1Z3 V. parahaemolyticus  GJ2VJHJE?07A4?A0mFz tdh 59:/B013 trh  qE LB  broth 
.NKYA 150 03D/ EAGJ  GJ23;=Bf̂VF 37oC <0:VA= 18 IV.  5978E@A[<<QRE.B8J2K4GJ2 900xg  .<}E.89A 10 
EAGJ  HA6ECZE.G?Y8Eq?GFZ497A4]:63EL78KEZ@A.6913 0.85% H@AE8E 2 /0CZ4 HA6ECZE resuspend .I1Z3qE
EZ@A69C2E5978HW4E@A[<]7VGJ23;=Bf̂VF 100oC EAE 10 EAGJ  E@A[<5IYqEEZ@A5Nj4GCEGJ 10 EAGJ  .V123/0D
6@ABELE@A[<<QRE.B8J2K4GJ2/8AV.0j8 2,500xg  6 EAGJ  L̂L?A09:9AK?Y8Eq?.H13HA43C]0A?Y8E 1:10  
L78KEZ@A69C2E  H:[L7LJ.3jE.3]7E5DDqE6A0G@A GS-PCR 
 
?Y8Er?VqE6A0G@A PCR [L756Y 

?Y8Er?V <0FVA]0 (µl) 
          EZ@A69C2EGJ2<93LEF8/9J.3? 9.2 
          10x buffer 2.0 
          25 mM MgCl2 1.2 
          2.5 mM dNTPs 1.0 
          2 µM primer-GS-VP1 Forward 2.0 
          2 µM primer-GS-VP2 Reverse 2.0 
          5 U/µl Taq DNA polymerase 0.1 
          DNA 2.5 
         <0FVA]008V                         20.0 
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?fA8:6A0G@A<�F6F0FKA PCR /13 
          NCZE]3E 3;=Bf̂VF (oC) .89A (EAGJ) H@AE8E03D 
          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 
BVAK.B];  9@ALCD.D?N34 primer 59:NEALN34r9r9F]HA66A0G@A PCR LC4]A0A4GJ2 2.1 
  .V123?FZE?;LNCZE]3EGCZ4BVL  G@A electrophoresis .m123]08HBAr9F]fC=�>HA66A0G@A 
PCR uLKqI7 agarose 1% 
 
 2.4.4   ��MN'�-('�.O�1	�/P� V. parahaemolyticus     

 

  2.4.4.1  6A0G@A  serotyping 
  .9JZK4.I1Z3 V. parahaemolyticus  qE LB agar (fA/rE86 1 6) .<}E.89A  18-24  IV.  
qB7[L7u/u9EJ.LJ2K8|HA6ECZE.NJ2K.I1Z3q?YqE?A09:9AK 3% NaCl (fA/rE86 3 6)  5978E@A[< 
autoclave 3;=Bf̂VF 121oC .89A 30 EAGJ  .m123qI7qE6A0BA  O Ag   ?Y8E6A0BA K Ag  VJNCZE]3E6A0
.]0JKV.I1Z3.BV13E6CD6A0BA O Ag  5]Y[VY]734rYAE6A0 autoclave  B9C4HA6.]0JKV.I1Z35978HW4E@A[<
GL?3D slide agglutination  uLKr?V?A09:9AK.I1Z3 1 BKL 6CD O B013 K antisera qE<0FVA=
.GYA6CE  .3JK4?[9L>[<VA5978L̂6A0.6A:69;YVN34.I1Z3.GJKD6CD.I1Z3GJ2r?V6CDEZ@A.6913 
 
 2.4.4.2  6A0GL?3D urease 
 .m123BA/8AV?CVmCEn>0:B8YA46A0?07A4 urease 59:6A0VJHJE trh  pW24.3E[pV> urease 
H:?9AKK^.0JK.<}E53VuV.EJK  6A0GL?3DG@AuLK.9JZK4.I1Z3  V. parahaemolyticus ?AKmCEn;> trh+  DE 
LB agar qB7[L7u/u9EJ.LJ2K8|  .NJ2K.I1Z3E@AVA]08H6A0?07A4 urease  uLK.9JZK4.I1Z3qE3ABA0 urea base 
agar (fA/rE86 7 6) DYVGJ2 37oC 18-24 IV. l7AVJ6A0?07A4.3E[pV> urease 3ABA0.9JZK4.I1Z3H:
.<9J2KE.<}E?JIVm ̂
 
   
 



 45 

 2.4.4.3  6A0GL?3D/8AVGE.6913N34.I1Z3 (NaCl tolerance)  
  .9JZK4.I1Z3 V. parahaemolyticus  qE LB agar .<}E.89A 18-24 IV.  qB7[L7u/u9EJ
.LJ2K8|    .NJ2K.I1Z3q?YqE?A09:9AK LB broth     <0FVA]0 3 ml    .NKYA 150 03D/EAGJ   GJ23;=Bf̂VF 37oC 
3 IV.  <0CD<0FVA]0.I1Z3L78K 1% NaCl (fA/rE86 3 6) <0FVA]0 2 ml   GJ2<0AxHA6.I1Z3  qB7[L7 1.5 x 
108 CFU/ml uLKqI7.GJKD/8AVN;YE6CD McFarland standard No. 0.5 (Densitometer, 

BIOME'RIEUX)  HA6ECZEL̂L.I1Z3 10 µl HA6B93LGJ2<0CD/8AVN;YE5978q?YqE5]Y9:B93LN34  
Nutrient broth <0FVA]0 2 ml GJ2VJ/8AV.N7VN7EN34.6913]CZ45]Y 0%, 0.5%, 1%, 3%, 6%, 8%, 10% 
]AV9@ALCD (fA/rE86 4 6)  3DGJ2 37oC 18-24 IV.  5978L̂/8AVN;YEN34.I1Z3qE5]Y9:B93LuLK.GJKD
6CDB93L/8D/;VGJ2VJ/8AV.N7VN7EN34up.LJKV/93[0L> 0%  .E1234HA6up.LJKV/93[0L>.<}E<QHHCK
?@A/CvqE6A0.H0FvN34.I1Z3 
 
 2.4.4.4  6A0GL?3D6A0./9123EGJ2N34.I1Z3DE?A03ABA06W245Nj4 (swarming activity) 
 .9JZK4.I1Z3.BV13EBC8N73 2.4.4.3 L̂L.I1Z3GJ2<0CD/8AVN;YE5978 2 µl  VABKLDEHAE
3ABA0GL?3D6A0./9123EGJ2N34.I1Z3pW24.<}E?A03ABA06W245Nj4 (swarming plate) (fA/rE86 6 6)  
E@A[<DYVGJ2 37oC  8CLNEAL.?7ErYAEx^EK>69A4N346A0./9123EGJ2.89A 4 59: 6 IV. ]AV9@ALCD  uLKqI7 
venier caliper  DCEGW6r9N345]Y9:?AKmCEn;> 
 
 2.4.4.5  6A0GL?3D/8AV[8N34.I1Z35D/GJ.0JK]Y3KA]7AEH;9FEG0JK>           (Drug 
susceptibility pattern) uLK8FnJ disk diffusion (NCCLS, 1997) 
 - 6A0.]0JKV.I1Z3GJ2qI7GL?3D 
   .9JZK4.I1Z3 V. parahaemolyticus  DE LB agar GJ23;=Bf̂VF  37oC EAE 18-24 IV. qI7 
loop 5]:.I1Z3GJ2.<}Eu/u9EJ.LJ2K8H@AE8E 3-5 u/u9EJ  q?YqEB93LGL934pW24VJ LB broth (fA/rE86 
2 6) <0FVA]0 3  ml  .NKYA 150 03D/EAGJ  GJ23;=Bf̂VF 37 oC EAE 3-5 IV.  .m123qB7[L7.I1Z3GJ26@A9C4.H0Fv
qE0:K:  log phase <0CD<0FVA]0.I1Z3L78K 1% NaCl GJ2<0AxHA6.I1Z3  qB7[L7 1.5 x 108 CFU/ml uLK
qI7.GJKD/8AVN;YE6CD McFarland standard No. 0.5  
 - 6A0GL?3D6CD5rYEKA<�FIJ8E:VA]0oAE 
 qI7[V7mCE?@A9JH;YV.I1Z3HA6N7A4]7EVAm3BVAL|  E@A[<.69J2KqB7GC28rF8BE7Agel3ABA0 
Mueller Hinton agar (MHA) (fA/rE86 5 6) .<}E5E8 3 5E8 G@AV;V 60 34xA  GFZ4[87 3-5 EAGJ  
.m123qB7rF8BE7A3ABA05B74  qI7<A6/JDH;YV 95% alcohol  rYAE[g <9Y3KqB7.KjE  /JD5rYEKAVA]0oAE
GCZ4 7 IEFL  [L756Y  ampicillin,  azithromycin,  chloramphenicol,  ciprofloxacin,  tetracycline,  



 46 

norfloxacin 59:  sulfamethoxazole  8A4DErF8BE7A3ABA0 MHA qB7BYA46CEm3?V/8059:BYA4HA6
N3DHAE3ABA0.9JZK4.I1Z3<0:VA= 15 mm  .V1238A4KA5978B7AV./9123EK7AK  qI7<A6/JD6L5rYEKA.DA|  
.m123qB75rYEKA]FL5EYE6CD3ABA0.9JZK4.I1Z3  /82@AHAE3ABA0.9JZK4.I1Z3E@A[<DYVGJ23;=Bf̂VF 37oC EAE 16-
18 IV. 
 - 6A03YAEr9   
 ?C4.6]84q?03D5rYEKA (clear zone) 59:8CLNEAL.?7ErYAEx^EK>69A484q?L78K 
venier caliper  E@A/YAGJ2[L7[<.<0JKD.GJKD6CD]A0A4VA]0oAE?@AB0CD5<9r9/8AV[8N34.I1Z3]Y3KA
<�FIJ8E:IEFL]YA4|N34 NCCLS (2004)  pW245?L4r9[L7 3 9C6z=:  /13  susceptible (S) .V123.I1Z3VJ
/8AV[8]Y3KA]7AEH;9IJm  intermediate (I)  .V123.I1Z3VJ/8AV[8<AE69A4  59: resistant (R) .V123.I1Z3
L1Z3]Y3KAGJ2qI7GL?3D 
    
  2.4.5   ��MN'�
���,44R�1O�1 V. parahaemolyticus :%�.�(&6�	-)-  

  
 2.4.5.1  6A0?6CLLJ.3jE.3 uLK8FnJ  phenol-chloroform extraction (LCL5<94HA68FnJ
N34 Sambrook et al., 1989) 
 .9JZK4.I1Z3 V. parahaemolyticus  DE LB agar  qB7[L7u/u9EJ.LJ2K8| .NJ2K.I1Z3q?YqE
?A09:9AK LB broth  <0FVA]0 5  ml  .NKYA 150 03D/EAGJ  GJ23;=Bf̂VF 37oC <0:VA= 6-8 IV.  L̂L
.I1Z3 10 µl q?YqE?A09:9AK LB broth  <0FVA]0 5  ml B93LqBVY .NKYA 150 03D/EAGJ GJ23;=Bf̂VF 
37oC <0:VA= 16-18 IV.  5978L̂L.I1Z3 1.5 ml q?YB93L eppendorf NEAL 1.5 ml  E@A[<<QRE.B8J2K4GJ2
/8AV.0j8 12,500xg EAE 10 EAGJ .G?Y8Eq?GFZ4 5978HW4.]FV PBS pH 8.0 (fA/rE86 13 N) <0FVA]0 1 
ml r?VqB7.N7A6CE E@A[<<QRE.B8J2K4GJ2/8AV.0j8 12,500xg EAE 5 EAGJ  .G?Y8Eq?GFZ45978HW4.]FV PBS-
EDTA (PBS 240 µl  r?V6CD 0.5 M EDTA 60 µl)  300 µl   r?VqB7.N7A6CELJHA6ECZEHW4.]FV 10% 
SDS 150 µl (fA/rE86 15 N) r?VqB7.N7A6CE3J6/0CZ4  59788A4[87GJ23;=Bf̂VFB734EAE 10 EAGJ  .V123
/0D.89A.]FV?A09:9AKgwE39 /93u0g30>V [3up.3VF95396�39> (phenol-chloroform-isoamyl 
alcohol ; 25:24:1; <0FVA]0 : <0FVA]0 : <0FVA]0) (fA/rE86 12 N)  450 µl  r?VqB7.N7A6CEL78K
./01234r?V?A0 (vortex mixture) 5978E@A<QRE.B8J2K4GJ2/8AV.0j8 25,000xg 10 EAGJ L̂L?A09:9AK?Y8E
q?L7AEDEq?YqEB93L eppendorf B93LqBVY  .]FV?A09:9AKgwE39 /93u0g30>V [3up.3VF953
96�39>  450 µl  59:G@ApZ@A.BV13EN7A4]7E3J6/0CZ4  L̂L?A09:9AK?Y8Eq?q?YqEB93L eppendorf  
B93LqBVY HA6ECZE.]FV 3 uV9A0>up.LJKV3:pF.]G (3 M NaOAc) (fA/rE86 16 N) 40 µl  59: 95% 
.3GAE39?VD0̂=> (absolute ethanol) GJ2.KjEHCL 1 ml r?VqB7.N7A6CEuLK8FnJ6A069CDB93L[<VA 
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(invert technique) HA6ECZEE@A[<<QRE.B8J2K4GJ2/8AV.0j8 25,000xg  5 EAGJ .G?Y8Eq?GFZ4 97A4]:63ELJ
.3jE.3L78K 70% .3GAE39 GJ2.KjEHCL 1 ml  E@A[<<QRE.B8J2K4GJ2/8AV.0j8 25,000xg  3 EAGJ .G?Y8Eq?GFZ4  
HA6ECZEG@AqB7LJ.3jE.35B74 59789:9AKLJ.3jE.3L78KEZ@A69C2E 300 µl qB79:9AK.<}E.E1Z3.LJK86CE  HA6ECZE
HW4.]FV RNase (/8AV.N7VN7E 50 µg/ml) (fA/rE86 21 N) 60 µl  E@A[<DYVqE3YA4EZ@A073E/8D/;V
3;=Bf̂VF 37oC .<}E.89A 30 EAGJ  .V123/0D6@ABEL.89A G@A6A0?6CLLJ.3jE.3pZ@A3J6/0CZ4L78K
?A09:9AKgwE39 /93u0g30>V [3up.3VF95396�39>  300 µl   L̂L?A09:9AK?Y8Eq?q?YqEB93L 
eppendorf  B93LqBVY  G@ApZ@ANCZE]3E.LFVHE?FZE?;LNCZE]3E97A4]:63ELJ.3jE.3  HA6ECZEG@AqB7LJ.3jE
.35B7459789:9AKLJ.3jE.3L78K?A09:9AKDCg.g30> TE (Tris-HCL EDTA) (fA/rE86 19 N) r?VqB7
.N7A6CELJ  HA6ECZEE@A[<8CL/YA6A0L̂L691E5?4GJ2/8AVKA8/912E 260 nm 59: 280 nm  .m123BA<0FVA=
59:]08H?3D/;=fAmLJ.3jE.3 
 6A0/@AE8=BA<0FVA=59:]08H?3D/;=fAmN34LJ.3jE.3 /@AE8=<0FVA=LJ.3jE.3
uLK6A08CL/YA6A0L̂L691E5?4N34?A09:9AKLJ.3jE.3GJ2/8AVKA8/912E 260 nm (OD260 nm) 
.<0JKD.GJKD6CDLJ.3jE.3VA]0oAEpW24VJ/YA OD260 nm .GYA6CD 1  H:VJ<0FVA=/8AV.N7VN7EN34LJ.3jE.3 50 
µg/ml 59:/;=fAmN34LJ.3jE.3?AVA0l]08H?3D[L7uLK6A0BA3C]0A?Y8EN34 OD260 nm/ OD280 nm  
l7A[L7/YA0:B8YA4 1.65-1.85  5?L48YA[L7LJ.3jE.3D0F?;GnF� 5]YBA6[L7/YAVA668YA 1.85  5?L48YAqE6A0
.]0JKVLJ.3jE.3VJ6A0<E.<��3EN343A0>.3jE.3 l7AE73K68YA 1.65 5?L48YAVJu<0]JEB013gwE39<:<E3K^Y 
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 2.4.5.2  6A0G@A AP-PCR (LCL5<948FnJHA6 William et al., 1990) 
 .V123[L7LJ.3jE.35978E@AVA.H13HA4qB7[L7/8AV.N7VN7E 10 ng/µl L78KEZ@A69C2E  .m123qI7.<}E
LJ.3jE.3]7E5DDqE6A0G@A AP-PCR ]Y3[< uLKqI7 primer 2 IEFL /13 primer 2 59: primer 4 (]A0A4
GJ2 2.1)  pW246A0G@A AP-PCR VJ?Y8Er?VLC4]Y3[<EJZ 
 
?Y8Er?V <0FVA]0 (µl) 
EZ@A69C2EGJ2<93LEF8/9J.3?                         15.0 
10x Ex Taq buffer 3.0 
2.5 mM dNTPs 4.0 
5 mM primer 2 B013 primer 4 5.0 
Ex Taq DNA polymerase 0.5 
DNA 2.5 
<0FVA]008V                         30.0 
  
?fA8:6A0G@A<�F6F0FKA PCR /13 

NCZE]3E 3;=Bf̂VF (oC) .89A (EAGJ) H@AE8E03D 
        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 
BVAK.B];  9@ALCD.D?N34 primer  LC4]A0A4GJ2 2.1  
 .V123?FZE?;LNCZE]3EGCZ4BVLG@A6A0]08HBA PCR product uLK6A0G@A electrophoresis 
uLKqI7 agarose 1.5% qE?A09:9AKDCg.g30> TBE qE6A0G@A electrophoresis r?Vr9F]fC=�>HA6
6A0G@A PCR 15 µl 6CD loading dye 2 µl BK3Lq?Y5rYE gel 5978HW4.<�L./012346@A.EFL[gghAqI7
60:5?[gghA 2 0:LCD /13 100 volts 5-7 EAGJ 59: 15 mA  <0:VA= 10 IV. .V123?FZE?;L6A0G@A 
electrophoresis E@A gel [<K73VL78K ethidium bromide 5978L̂9C6z=:6A0.6FL5lDLJ.3jE.3fAKq]75?4
3;]0A[8u3.9] 
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  2.4.6  ��4��5 subgroup O�15�% trh  �����TR��6�%��	�U%	��;����3�	V�	���+% 

&-�44�1 ,-.���D� Hybridization 
 

 2.4.6.1  6A0.]0JKV]C8]08HHCD trh1, trh2 (trh1, trh2 probes) (Kishishita et al., 
1992)  
 E@A  recombinant plasmid pW24VJHJE trh1 59: trh2     VA]CLL78K.3E[pV>]CLH@A.mA:  
Bam HI 59: EcoRI  5978E@A[<G@AqB7D0F?;GnF�uLK agarose gel electrophoresis  ?6CLLJ.3jE.3HA6 gel
L78K DNA extraction kit (QIAGEN, Germany)  HA6ECZEE@ALJ.3jE.3[<]FL?9A65DD?;YV (random 
primed labeling) L78K digoxigenin (DIG) dUTP  uLKE@ALJ.3jE.3]08HHCDHJE trh1, trh2  ]7VqEEZ@A
.L13LEAE 10 EAGJ  5978E@A[<5IYEZ@A5Nj4GCEGJB9C4HA6ECZE.]FV dNTP labeling (DIG High Prime, 
Roche)  r?VqB7.N7A6CEE@A[<DYVGJ23;=Bf̂VF 37oC .<}E.89A 20  IV. 
 
 2.4.6.2   6A0KY3KLJ.3jE.3L78K.3E[pV>]CLH@A.mA: (Restriction enzyme) 
 E@ALJ.3jE.3GJ2[L7HA6 V. parahaemolyticus (N73 2.5.5.1)  VA.H13HA4qB7[L7/8AV.N7VN7E 
2 µg  L78KEZ@A69C2E.m123qI7.<}ELJ.3jE.3]7E5DD  5978HW4]CLL78K.3E[pV>]CLH@A.mA: Hind III  /8AV
.N7VN7E?;LG7AKN34.3E[pV>.GYA6CD  1 Unit/µl  6A0G@AVJ?Y8Er?VLC4]Y3[<EJZ 
 

?Y8Er?V <0FVA]0 (µl) 
10x NE buffer2 3.0 
Hind III (20 U/µl)   1.25 
DW + DNA (2 µg)                          25.75 
<0FVA]008V                         30.0 
 

 E@A[<q?YqE3YA4EZ@A/8D/;V3;=Bf̂VFGJ2 37oC 12-18 IV. L̂L?Y8Er?V 5 µl 08V6CD 

loading dye 1 µl  E@A[< electrophoresis  uLKBK3Lq?Y5rYE gel GJ2VJ/8AV.N7VN7E 1% gel (NEAL 6 x 

10 cm) qE 1x Tris-borate Buffer (TBE)   rYAE60:5?[<qE gel <0:VA= 100 volts EAE 1 IV.  E@A
5rYE gel [<K73VL78K ethidium bromide  .<}E.89A 10 EAGJ  HA6ECZEE@A[<97A4L78KEZ@A69C2E.<}E.89A 
20 EAGJ  L̂9C6z=:6A0.6FL5lDLJ.3jE.3GJ2l^6]CLL78K.3E[pV>]CLH@A.mA:q]75?43;]0A[8u3.9]  l7A6A0
]CL?VD0̂=>6jE@A?Y8Er?VGJ2.B913<0:VA=  25 µl 08V6CD loading dye  5 µl  E@A[<G@A 

electrophoresis 3J6/0CZ4  qI7/8AV.N7VN7E 1% gel (NEAL 10 x 15 cm)  .<�L./012346@A.EFL[gghAqB7VJ
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/8AV]YA4xC6LF� 50 volts 12-14 IV.  E@A5rYE gel [<K73VL78K ethidium bromide  30 EAGJ  97A4L78KEZ@A
69C2E 20 EAGJ  E@AVAL̂9C6z=:6A0.6FL5lDLJ.3jE.3m073VlYAK0̂<q]75?43;]0A[8u3.9]  B9C4HA6ECZE
E@A5rYE gel [<5IYEZ@A]Y3<0:VA= 30 EAGJ  .m123.3A ethidium bromide ?Y8E.6FE336  .m0A:3AHVJr9
0D68E]Y36A0GL?3DqENCZE]3E]Y3[< 
 
 2.4.6.3  6A0GL?3D.pA.G30>E D93]]F4 59:6A0G@A Hybridization  
 E@A5rYE gel [<5IYqE denaturation solution (fA/rE86 2 N) .NKYA.DA| 40 EAGJ  97A4
L78KEZ@A69C2E59785IYqE neutralization solution (fA/rE86 10 N) .NKYA.DA| 30 EAGJ  5978E@A5rYE gel 
uLK/82@AL7AEBE7A5rYE gel 8A4DE5rYE60:H6GJ2VJ60:LAz6034 Whatman 3 M 8A4.<}E?:mAE  uLK
VJ<9AKGCZ4?34N7A4H;YV3K^YqE?A09:9AK SSC /8AV.N7VN7E 10 .GYA (10x SSC) (fA/rE86 17 N)   E@A
5rYE[E93EGJ2VJNEAL.9j668YA5rYE gel .9j6E73K5IYqEEZ@A69C2E 5 EAGJ 8A4GCD5rYE gel L7AEB9C4  8A4
60:LAz6034 Whatman 3 M GCDDE5rYE[E93E 4 ICZE  uLK8A460:LAz6034/0CZ49:5rYE  ?34
5rYE506qB7BKLDCg.g30> 10x SSC .9j6E73K5978/9W4qB7GC28  .m123qB75rYE60:LAz60345ED6CD5rYE 
gel qB7?EFG3KYAqB7VJg343A6Ax59788A460:LAz6034GJ2.B9133J6?345rYE  HA6ECZE8A460:LAzpCD
qB7VJ/8AV?^4<0:VA=  4-6  cm  8A45rYE60:H6GCD  HA6ECZE8A4N34BEC6<0:VA= 500 60CV  GCD
DE60:H6]CZ4GFZ4[87  12  IV. B013N7AV/1E  LJ.3jE.3H:l^6lYAK945rYE[E93E  HA6ECZEE@A5rYE[E93E
[<rYAE5?43;]0A[8u3.9]  3  EAGJ  .m123qB7LJ.3jE.3KWL]FL6CD5rYE[E93E  E@A5rYE[E93E[<5IYqE
EZ@A69C2E.NKYA.DA|  5  EAGJ ]CZ4GFZ4[87qB75B74  ?AVA0lE@A[<G@A hybridization ]Y3[L7GCEGJB0133AH.6jD
[87qEGJ25B74[L7EAE.<}E<w5]Y6Y3EE@A[<qI7]7345IYqEEZ@A69C2E3J6/0CZ4  6A0G@A hybridization G;6
NCZE]3E]734VJ6A0./9123EGJ2N34?A09:9AK.?V3  .]FV?A09:9AK prehybridization  (fA/rE86 14 N)  
pW24 pre-heat GJ23;=Bf̂VF 30oC <0:VA= 1 IV.  94qEN8LGJ2VJ5rYE[E93E (qB7<0FVA]0N34
?A09:9AK]Y3NEALm1ZEGJ2N345rYE[E93E.GYA6CD 15  mm ]Y3 100 cm2)   E@AN8L[<DYVGJ23;=Bf̂VF 
30oC EAE 30 EAGJ  3KYAqB7VJg343A6Ax0:B8YA4?A09:9AK59:5rYE[E93E  .V123/0D.89A5GEGJ2
?A09:9AK  prehybridization L78K hybridization solution (fA/rE86 7 N)  GJ2VJ]C8]08HHCD trh1 
B013 trh2  pW24]FL�9A6L78K DIG (qE?CL?Y8E 3.5  ml ]Y3 5rYE[E93E 100 cm2) 3KYAqB7VJg343A6Ax  
E@A[<DYVGJ23;=Bf̂VF  30 oC EAE 4-16 IV.  .V123/0D.89AE@A5rYE[E93EVA97A4L78K  0.1% SDS  qE  
2x SSC  GJ23;=Bf̂VFB734?34/0CZ4  /0CZ49: 5  EAGJ  597897A4L78K  0.1% SDS  qE  0.5x SSC  GJ2
3;=Bf̂VF  65-68 oC ?34/0CZ4  /0CZ49: 15  EAGJ 
 
  



 51 

 
 2.4.6.4  6A0]08H?3Dr9N34 Hybridization 6CD53E]FD3LJ]Y3 DIG 
  97A45rYE[E93EqE washing buffer (fA/rE86 20 N) <0:VA= 1-5 EAGJ  59785IYqE 
blocking solution (fA/rE86 1 N) 100 ml EAE 30 EAGJ   .]0JKV?A09:9AK53E]FD3LJ]Y3 DIG 
(fA/rE86 3 N) GJ2HCD6CD alkaline phosphatase  uLK.H13HA4qE?CL?Y8E 1: 5,000 (150 mU/ml) qE
?A09:9AK blocking solution  DYV5rYE[E93EqE?A09:9AK53E]FD3LJ  20 ml EAE 30 EAGJ  
HA6ECZE97A4L78K Washing buffer 100 ml EAE 15 EAGJ  2 /0CZ4  5978E@A[<5IYqE detection buffer 
(fA/rE86 4 N) EAE 2-5 EAGJ  .GGFZ4  59785IY5rYE[E93EqE NBT/BCIP color solution 
(fA/rE86 11 N)  10 ml G@AqEGJ2V1L<�F6F0FKAH:.6FL.BjE?JfAKqE 2-3 EAGJ  59:H:?FZE?;LfAKqE 16 
IV.  BK;L<�F6F0FKAuLK97A4qEEZ@A69C2EB013 TE-buffer  50 ml EAE 5 EAGJ  B9C4HA6ECZE8A45rYE
[E93EGJ23;=Bf̂VFB734qB75B74?AVA0l.6jD5rYE[E93EGJ2.BjEr9[L7.<}E0:K:.89AEAE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 52 

 
]A0A4GJ2 2.1  9@ALCD.D?N34 primers 59:NEALr9r9F] PCR  
 

Gene Primers and sequences (5� to 3�) Amplicon 
size (bp) 

References 

toxR T4 �GTC TTC TGA CGC AAT CGT TG�   
T7 �ATA CGA GTG GTT GCT GTC ATG�   

367 Kim et al., 
1999 

tdh D1 �GGT ACT AAA TGG CTG ACA TC�   
D2 �CCA CTA CCA CTC TCA TAT GC�   

251 Tada et al., 
1992 

trh R2 �GGC TCA AAA TGG TTA AGC G�   
R6 �CAT TTC CGC TCT TCA TAT GC�   

250 Tada et al., 
1992 

GS-VP GS-VP1 �TAA TGA GGT AGA AAC A�   
GS-VP2 �ACG TAA CGG GCC TAC A�   

651 Matsumoto 
et al., 2000 

Primer 2 �GTT TCG CTC C�   - Okuda et al., 
1997b 

Primer 4 �AAG AGC CCG T�   - Okuda et al., 
1997b 
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5rEf̂VFGJ2 2.1  NCZE]3E6A0GL?3D9AKmFVm>LJ.3jE.3uLK.G/EF/ AP-PCR 
.9JZK4 V. parahaemolyticus qE 1% NaCl  LB broth  

 .NKYA 150 03D/EAGJ, 37 oC 6-8 IV. 
E@AVA 10 µl q?YqE 1% NaCl  LB broth B93LqBVY 

 .NKYA 150 03D/EAGJ, 37 oC 16-18 IV. 
E@AVA 1500 µl 

 <QRE 12,500 xg  .89A 10 EAGJ 
]:63E.p99> + PBS pH 8.0 <0FVA]0 1 ml 

 <QRE 12,500 xg  .89A 5 EAGJ 
]:63E.p99> + PBS �EDTA 300 µl + 10% SDS 150 µl 

 DYV3;=Bf̂VFB734  .89A 10 EAGJ 
?6CLL78K phenol-chloroform-isoamyl alcohol 450 µl  2 /0CZ4 

 
L̂L?Y8Eq?L7AEDE +  3M NaOAc 40 µl  + 100% ethanol 1 ml 

 <QRE 25,000 xg  .89A 5 EAGJ 
97A4]:63ELJ.3jE.3L78K 70% ethanol 1 ml 

 <QRE 25,000 xg  .89A 3 EAGJ 
LJ.3jE.3GJ25B74 + DW 300 µl + RNase (50 µg/ml) 60 µl 

 DYV 37 oC  .89A 30 EAGJ 
 ?6CLL78K phenol-chloroform-isoamyl alcohol 300 µl  1 /0CZ4 

 
G@ApZ@ANCZE]3EN7A4]7EHElW497A4]:63ELJ.3jE.3 

 
LJ.3jE.3GJ25B74 + TE buffer r?VqB7.N7A6CELJ 

 8CL OD 260/280 nm 
LJ.3jE.3.N7VN7E 10 ng/ µl G@A AP-PCR uLKqI7 primer 2 59: primer 4 

 
q?YqEB9;VN34 1.5% gel G@A electrophoresis uLKqI760:5?[gghA 

100 volts 5-7 EAGJ 59: 15 mA 10 IV. 
K73VL78K ethidium bromide 59:L̂r9 
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5rEf̂VFGJ2 2.2  NCZE]3E6A0]08H?3D subgroup N34 trh 
 

?6CLLJ.3jE.3N34 V. parahaemolyticus  
 LCL5<948FnJN34 Sambrook et al., 1989 
KY3KLJ.3jE.3L78K Hind III 

 DYV 37 oC  .89A 12-18 IV. 
G@A electrophoresis uLKqI7 1% agarose gel (6 x 10 cm)  

 100 volts .89A 1 IV. 
K73VL78K ethidium bromide 

 
L̂5lDLJ.3jE.3GJ2l^6]CLL78K.3E[pV>fAKq]75?43;]0A[8u3.9] 

 l7A6A0]CLLJ.3jE.3?VD0̂=> 
G@A electrophoresis 3J6/0CZ4uLKqI7 1% agarose gel (10 x 15 cm)  

 50 volts .89A 12-14 IV. 
K73VL78K ethidium bromide L̂r959:lYAK0̂<q]75?43;]0A[8u3.9] 

 
5IY5rYEgelqE denaturation solution  40 EAGJ 

 97A4EZ@A69C2E 
5IYqE neutralization solution  30 EAGJ 

 
/82@AL7AEBE7Agel8A4DE5rYE60:H6GJ2VJ60:LAz6034  
Whatman 3 M pW24<9AKH;YVqE?A09:9AK 10x SSC 

 
8A45rYE[E93EGCD5rYEgelL7AEB9C459:60:LAz6034GCDBEA 4-6 cm. 

 DYV3;=Bf̂VFB734 .89A 12-18 IV. 
]0W4LJ.3jE.3DE5rYE[E93EL78K5?43;]0A[8u3.9] 3 EAGJ 

 
.NKYA.DA|qEEZ@A69C2E 5 EAGJ  ]CZ4GFZ4qB75B74 

 
5IYqE?A09:9AK prehybridization 
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 DYV 30 oC  .89A 1 IV. 
5IYqE hybridization solution 3KYAqB7VJg343A6Ax 

 DYV 30 oC  .89A 4-16 IV. 
97A4L78K 0.1% SDS + 2x SSC  59: 0.1% SDS + 0.5x SSC 3KYA49: 2 /0CZ4 

  DYVGJ2 65-68 oC   
97A4L78K washing buffer 1-5 EAGJ , blocking solution 30 EAGJ 

 DYV3;=Bf̂VFB734 
DYV5rYE[E93EqE?A09:9AK53E]FD3LJ]Y3 DIG  20 ml 

 DYV3;=Bf̂VFB734 .89A 30 EAGJ 
97A4L78K washing buffer  15 EAGJ 2 /0CZ4 

 
5IYqE detection buffer 2-5 EAGJ 

 
5IYqE NBT/BCIP color solution 10 ml  G@AqEGJ2V1L 

 <�F6F0FKA?FZE?;LqE 16 IV. 
97A4L78KEZ@A69C2EB013 TE buffer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 




