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A
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18S 
rDNA

1 1 1 2
1 1 1 5 24 26  

A 6
8

6
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8
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1 6 25 26
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1
4 26

C

7 10 23

1 5 1
7 26  
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A B

A 6 B 8
9

25 26

A

1 6 24
UV 46 

mJ/cm2

1 7 UV
11mJ/cm2

1 8 25 26

UV
46 mJ/cm2 1kL

1 9 26

A

UV
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26

PO-10MN UV 46mJ/ 
cm2

30 40
45% 7 12cm

26

6 12
2

PCR
3

7 9
1 10 1

8 6 8

25

A
0 1

1 11 1 9 24
B

18S rDNA PCR
11 12

1 12
1 14 1 10 1 11 24

B

1 15 1 18
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A 24 7 9 10 11 25 6 7 8
10 26 7 B C D

24 8 9 10 11 25 7 8 9 11 26
7 8 9 10

Grabner et al. (2012) 28S rDNA
PCR 18S rDNA PCR Harada et al., 2012

B Stn.1
C Stn.2 3 D Stn.4  

 
 

A 18S rDNA

1 1 B
1 2

1 1
1 3 1 5
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1 1 A H24 26

  24 25 26  
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*  
1 1 10 11 20 21

PCR  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 2 B PCR
H24 26  
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1 3 B C
H25  

1 2 B C
H25  

1 1 B Stn.1
H24
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6 8 A 1L 5 m MF-Millipore

Isopore DNA
PCR Harada et al., 2012

 
 

 
MF-Millipore 6 7 Isopore 6 8

Isopore
6

 
 
 

1 4 B,C,D

H26

1 5 B,C,D

H26
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1 3 PCR H25

MF-Millipore (5 m) Isopore (5 m) 

/L /L /L /L

H25/6/26 10.01 1.31 36.74 4.91 

H25/7/5 1.94 0.31 0.30 0.05 

H25/7/7 0.18 0.03 0.21 0.04 

H25/7/31 0 0 1.18 0.20 

H25/8/1 0 0 1.02 0.18 

 
 

 
7 12 B C D 1 m 

1L DNA
PCR B Stn.1 6

C Stn.2 9 D Stn.4 1  
 

 
8 9

1 6
A

 

1 6 B C D
H26  
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A 50 m 80 m

26 7 2
30 (B 1 7) 10

PCR B 7
12 2 (A B 1 7)

 
 

 

A
1 4

C
20

1 5  
 

1 4 A 2 (H 
26 ) 

* 
PCR / ** 

   
 18/30 (60%) 4/30 (13%) 0/30 (0%) 

 5/28 (18%) 0/28 (0%) 0/28 (0%) 

* 2 80 90 m
** 10 H26 7 16 26

PCR
*** p 0.05  

 
 
 
 
 
 
 
 

1 7 A B  
A  
B  
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A 24
46mJ/cm2 25

26 11mJ/cm2 23mJ/cm2

46 J/cm2 46mJ/cm2

24 A 3
25 26

2 28S 
rDNA PCR

A 6 12
2 PCR Harada et al., 2012

3

 
 

1 6 UV 46 
mJ/cm2 3

1 7 UV 11mJ/cm2

1 8 7 9
 1 10, 1 8 6 8

1 9

1 5 C Stn.2
H26  
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1 6 A 24
/

1 2 3
5 1/20 * 15 3/20  10 3/30
70 14/20 0 0/20  0 0/30
0 0/20 0 0/20  0 0/30
0 0/20 0 0/20  0 0/30
0 0/20 0 0/20  0 0/30
0 0/20 0 0/20  0 0/30

46mJ/cm2 0 0/20 0 0/20  0 0/30
0 0/20 0 0/20  0 0/30

*

p 0.05
 

 

1 7 A 25  

 *  
** 

( / ) 
1  2  3  

7  

  20.0% 
(2/10) 

20.0% 
(2/10) 

36.7% 
11/30 ***

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

8  

  10%
(1/10) 

10%
(1/10) 

10% 
(3/30) 

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

9  

  0%
(0/10) 

10%
(1/10) 

3.3% 
(1/30) 

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

  0%
(0/10) 

0%
(0/10) 

0% 
(0/30) 

* A 2
10

46mJ/cm2 **: 28S rDNA PCR
*** p<0.01  
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1 10 A 28S rDNA
PCR * 25  

  
6  7  8  9  10  12  

/ 
%  

2/30
6.7  

11/30**
36.7

3/30
10.0

1/30
3.3

1/30 
3.3  

0/30 
0  

* A 2 3

** P 0.01
 
 
 
 
 
 
 

 
 
 

1 8 A 26  

 
mJ/cm2  

* PCR /  

 1 2 3
 0  10 1/10 20 2/10  10 3/30

UV-1 11  0 0/10 0 0/10  0 0/30
UV-2 23  0 0/10 0 0/10  0 0/30
UV-3 46  0 0/10 0 0/10  0 0/30
* UV 3 P 0.01  

1 9 26  

 
 

mJ/cm2  
* PCR /  

1  2  3  

 0  23 7/30 53 16/30  
43
13/30  

UV  46  0 0/30 0 0/30  0 0/30
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1 8 A 2
25  

 
 
 
 
 
 
 

 
 

24 1 30 cm
0 15 cm 3 Harada 

et al. (2012) PCR
5 cm

24 25 B
18S rDNA PCR PCR

 
 

 

106 /g 1 11 1 9  
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11 12
1 12 1 14 1-10 1 11

1 15 1 18

1 15 1 17

1 11 A 24
/

1  2  3  
5 1/20  15 3/20  10 3/30  

0  NS NS 23 7/30  
1  NS NS 14 4/29  

NS

1 12
H24

1 13
H24  

1-9
0 1
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1 10 PCR
 

Stn.1 B H23
Stn.2 4 H24
 

1 11
 

Stn.1 B H23
Stn.2 4 C D

H24  

1 14
H25  
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1 16 H24

 

1 18

H25  

1 15

H24  

1 17

H25  



 
 

 27

 
 

 
  

PCR
25 7

8
1 2

2 1 2 1 26
2

4
2 2 2

4
2

3 2
4 106

/g 2 4

2

25 26  
   

2 2
Edwardsiella tarda

54.5%
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2 3 24 25

12G 14G
106 /g

93%
2 4

26  
 

2 1.0
105 2.5 107 /g

30
n n=5, 4, 

3, 2, 1

1

2 5 1.0 106 /g
1 2

5
2 5 26

2
1.0 106 /g

50mg
2 10 20mg/

2 6  
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25 7 8 2 26 7 1 A
25 1 2 10

PCR Harada et al., 2012
26 1, 2, 3

1 20
2 3 4 20

 
 

25 7 8 1 2
2 1 2 1 26

2
4 2 2 2

4 2 3
2 4 106 /g

2 4
2

 
2 1 PCR 25

7 8
1 2 1 2

 1/9* 11  9/10 90  4/10 40 1/10 10  
0/10 0  8/10 80  0/10 0  1/10 10  
0/10 0  9/10 90  0/10 0  1/10 10  

*: /
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2 1 7 8
1 2 25

2 2 A 1 26 7 12 8 12 20
3 20
PCR

26  
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 2 4 A 1

PCR 26

2 3 A 1
18S rDNA 26
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24 374 12G 14G

0.5g
0711 1

A  

  

2 2 Edwardsiella tarda
4 31.3

54.5%
12G

5 105 /g
2 3

12G 14G
106 /g 93%

2 4 106 /g
 

 

2 2 24
39

 
 cm  

 
g  

 
 

 
cm  

 
g  

20 13.4 18.1 16 80  14.3 25.5 

20 12.8 16.2 20 100  13.9 23.8 

20 12.8 16.2 19 95  13.7 22.5 

12G 20 12.9 16.4 20 100  14.1 24.7 
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2 3 25  

*  
104 /g  

 
 

 
12G 18G  

 2/7** 4/7 1/7 
5 0/1 0/1 0/1 
20 50 3/5 3/5 3/5 
50 100 3/3 3/3 1/3 
100 500 8/8 8/8 5/8 
500 1000 8/8 8/8 8/8 
1000 2500 7/7 7/7 7/7 
* 0711 1  
**  
 
 

2 4 26
* 

 
×104

/g  

PCR* 
(

/g) 

** 

12G  14G 

1 2 3 4 
 

 

15 ND 3.36×106  
1.72×109 2/15*** 1/15 2/15 2/15 2/15 

 
8/15 

7 10 36 3.87×106  
1.10×109 1/7  1/7 2/7 2/7 2/7 

 
3/7 

15 100 730 7.29×107  
1.67×1011 15/15 14/15 14/15 15/15 14/15 

 
14/15 

5 1,150
4,755 

1.60×1010

 
6.53×1010 

5/5 5/5 5/5 5/5 5/5 
 

5/5 

3 11,135
25,075 

3.79×109  
7.28×1010 3/3 3/3 3/3 3/3 3/3  3/3 
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0711 1 0.5g
PCR

 

2
30 1

=
1.0 105 2.5 107 /g 5

n n=5, 4, 3, 2, 1

1
 (Den) 1

0 0 1

n 1000
1000 0 1 n

 

n n=5, 4, 3, 
2, 1

2  (Den) n
 (Mas) 

1 0 0

1 2

1000
1000 0 1 2

0 -16±3.27 1 3.43±0.7
2 1.02±0.42  
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1~5
2 5 1
Den 1.0×105~1.50×106 /g

1.0×106 /g 1 2
5 2 5  

10×104~150×104 /g 10 20 50 100 150mg

1 Den
10×104 /g~150×104 /g 2
6  

106 /g
50mg

2 10-20mg/  
 

 
 
 

2 5
26  

        

0 1

1 -17.255223 4.2437704 
2 -18.21066 4.6688191 
3 -16.11798 4.2433753 
4 -16.1591 4.2776895 

5 -16.06837 4.2664578 
 
 
 

P(occurrence Den)=1/1 - 0 1 Den …  
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P(occurrence Den)=1/1 - 0 1 log(Den)+ 2 log(Mas) … 2  

2 5 ( 26 )

2 6 ( 26 ) 
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Hoechst 33342 (HO)

propidium iodide (PI)

3 1 HO & PI
Caco-2

3—1 24
HO & PI

80 10 25%

10 l/ml
16% 0%

3 2 3 6 Caco-2

3 7
25

 

3 2

HO&PI
1

3 2 3 8 3 9 24
25
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0

3 10 3 16 26
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Hoechst 33342 (HO) 
propidium iodide (PI)

TB Caco-2  
HO 1 mM 50 l PI 0.02 mg/ml 25 l PBS 25 l

30
UV G UV HO

G PI
100 PI

 
TB 0.4%TB PBS 1:1

100 TB
 

80 80 100 W
300 W 5% 100% 10 l/ml 5 60 0% 16%

HO & PI
Ohnishi et al., 2013 Caco-2

 

 
TB 3 1

3 1 HO & PI  
0 4 3

80 10 3 2
3 3 100 W 170 W 15

300 W 10 500 W 5
25% 1

3 4 25% 5

10 l/ml 5

16%
3 6
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HO & PI 80 10 25%

5 10 l/ml 5 Caco-2 

3 7

 
3—1 HO & PI TB

H24  

  
HO & PI  TB  

 90 98 
75 1  0.3 3.7 
20 4  0.3 10 

0  83 96 
50 1  0.3 90 
70 1  0 2.7 

100 1  0 1.7 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

3 1 Caco-2 105

3 TER H24
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3 2 (H25
) 

3 3
H25  

3 4 1
H25  

3 5
H25  

3 6 5
H25  

3 7
Caco-2

H25  
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20 /1 /2 /4
33 /20 CAS 53 /15 3D 40 /10 4 /24

/48 /96 3 /24 /48 /96 1 /24 /48 /96
8.4/84/840ppm/1 120/1,200/12,000ppm/1

0.4/4/40ppm/2 2mA/10 20mA/1 /5 180mA/10
100V/30 29 32 /1 14 50MPa/1

100MPa/1 /5 150MPa/1 200MPa/1 /5 24

HO&PI

3-2

 
3 8

3 9

3 2
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3 2 24 25  

-20 1 55.0%
2 0.2%
4 0.0%

-33 20 0.0%
CAS -53 15 0.0%
3D -40 10 35.7%

4 24 78.5%
48 75.0%
96 67.1%

0 24 79.4%
48 66.8%
96 75.2%

-1 24 79.4%
48 82.2%
96 82.6%

-3 24 80.5%
48 79.0%
96 81.5%

20 10 1 63%
29 4 1 61%

29–32 24 67%
48 77%
72 25.2%
144 8.1%
240 0.0%
336 0.5%

29 2 72.1%
3 77.3%
4 89.7%
5 70.6%
7 55.8%
9 75.0%

8.4ppm 15 /1 78.6% 93%
84ppm 15 /1 63.0% 93%

840ppm 15 /1 0.0% 89%
0.1ml 76.0%

EP 5% 2,300ppm/2 / 67%
120ppm 15 /1 75.1%

1,200ppm 15 /1 70.9%
12,000ppm 15 /1 0.0%

1ml 76.7%
0.4ppm 25 /2 66%
4ppm 25 /2 72%
40ppm 25 /2 59%
2mA 10 73%

20mA 1 72%
5 83%

180mA 10 58%
100V 30 83%
7 25 0

12 15 0
8 20 60%

6%NaCl 1 1 58.4%
50MPa 1 72.9%

100MPa 1 69.3%
5 72.0%

150MPa 1 63.1%
200MPa 1 30.4%

5 2.6%
24 64.6%
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70 20
35

11 /30 0 /1
73 ATP 111

5 /21
50 30 /19

 

110 K 20 35 t P 
0.05 3 10

P 0.001 3 11
P < 0.001 Steel-Dwass

35 20 3 12
0 110 230

3 13
3 14

3 15

0

20

40

60

80

100

0 2 4 6 8 10

%

mm

20 /60min

20 /120min

20 /240min

40 /10min

0

20

40

60

80

100

1 10 100 1,000

%

ppm

3 8
H26

3 9
H26
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0

0.5

1

1.5

2

2.5

0 2 4 6 8

N

2035
4 /23hr

3 13
H26

3 12 H26
 

0%

2%

4%

6%

8%

10%

0 2 4 6 835 2035 20
0%

20%

40%

60%

80%

100%

35 20 35
/

35
/

20
/

20
/

Hx
HxR
IMP
AMP
ADP
ATP

3 11
H26  

3 10 K ATP
H26  



 
 

 47

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

45

21

3 15
P < 0.001 H26

38.3%

14.9%10.6%

36.2%

n=13

31.8%

22.7%9.1%

36.4%

n=9

3 16
H26

3 14
** < 0.01  *** < 0.001

H26  

3233

1

44

22

** 3530

1

18

45

3

***
29

36

1



 
 

 48

 
 

  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

24 26
64.3g 78kg 5.4kg 427

28S rDNA PCR
 41.7%

PCR
101 105 g

2
4 1 4 1

PCR
4 2

24 26

1138
PCR

50 PCR 3
1 106

4 3 4 2 24 26

9 19

7

4 3 24
7

4 4, 4 5

25
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ITS

1 4
6

DNA

1
DNA 4
7 2

4 8
PCR-RFLP

Hpy188I
Hpy188 3

4 9 26
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24 26 427
1

DNA 28S rDNA PCR
PCR 1.0 g

100 l PBS 5 l
90 l 5 l

 
 

3
PCR PCR

10 10 /g 4 1 4 1
Caco-2

Suzuki et al., 2015

1 H24 H26
PCR

H24-26  427 5391.3g(64.3g-78kg)) 178 (41.7) 78 (18.2) 10  1.1x105
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24 25
PCR 28S rDNA PCR

 

24 25
26

18S rDNA
PCR PCR

 

PCR  

4.4% PCR 4 3 PCR
0.3% 1x106 g

4 3 230g,484g, 612g
4

2
 

1.0E+00
1.0E+01
1.0E+02
1.0E+03
1.0E+04
1.0E+05
1.0E+06

500 5,000 50,000

/

4 1
(H24 26
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4 2 H24 H26  

   
 

 
g  

PCR  
  

104 /g  

 H25.1. 30 554   

H26.11. 30 508  ND  

 

 

H24.8 5 1,725  ND 
H25.1 5 1,747  ND 
H25.9 5 558   

H26.1 5 991   
H26.12 5 717  ND 

 
 

H24.8 5 6,484  ND 

H25.1 5 4,046  ND 

H26.1 5 5255   

H26.12 6 1233  ND 

 
H24.8 5 1,486  <0.01 
H25.1 5 1,003   

 H25.9 5 275   

 H26.11 17 809  ND 

* 28S  
**:  

ND:  
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4 3 H24 26  

kg  
 

PCR
*1  

1×106

/g *2 

1138 
0.97 0.01

12.9  
50 4.4  16 1.4  3 0.3  

1 PCR 18S rDNA 423 PCR
 

2 PCR 0711 1
1.0 106/g 6
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9 19

200
5 8  

7
7

 

DNA PCR ITS
28S 5.8S 18S RNA

ABI PRISM 3130xl Applied Biosystems
 

EST
PBS Percoll 2

total RNA mRNA
cDNA  

EST  
EST DNA

DNA PCR

DNA

 
 

 
6

70.1% 53.6% 7
2.3% 43.6% 4—3

5 6 7

5 5
7

7  
7

4 4, 4 5  
28S 5.8S 18S RNA
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ITS 1
4 6  

DNA 
1  DNA 4 7

2
4 8

PCR-RFLP Hpy188I Hpy188III
3 4 9  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 3
200 * p<0.05

** p<0.01
24  
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4 4 7
25  

4 5 7
25  
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4 6 4 3 2
ITS 1800

26  
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4 7 DNA ( 26 ) 
 

Japan 1 AGTTCAGCTAAGATGCTTCAGCTGGCTAAGATGAGCATGAAAGCTATCAGGCT
Korea_I 1 AGCTCAGCTAAGATGCTTCAGCTGGCTAAGATGAGCAGGAAAGCTGTTAGGCT
Korea_II 1 AGTTCAGCTAAGATGCTTCAGCTGGCTAAGATGAGCATGAAAGCTATCAGACT
Unknown_I 1 AGCTCAGCTAAGATGCTTCAGCTGGCTAAGATGAGCAGGAAAGCTGTTAGGCT
Unknown_II 1 AGTTCAGCTAAGATGCTTCAGCTGGCTAAGATGAGCATGAAAGCTATCAGACT

4 8 1 2 2
DNA 26  
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4 9 PCR RFLP
*  
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46mJ/cm2

1

1
1

 
 

 
2

14G

2 1.0 106 /
 

 
 

HO&PI
80 10 25 10 l/ml

20 4 0 16

 
 

 

105 /g
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1.0 106 /

DNA  
 

 

 
 



 
 

 63

 
 

 
 

Kudoa septempunctata

25
2013 17

Kudoa septempunctata EST

25 2013 17

Kudoa septempunctata

25
2013 47

25
2013 16  

Kudoa septempunctata

26
2014 32  

Kudoa septempunctata

26 2014 12  

 
15 2012

34-35  
 

 
 

 
 
25

24 6 20
24

25 2 7  
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25
25 6 11  

25
26 2 6  

26
26 6 13  

26
27 2 5  

 
26 6 14  

 
 


