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1.2.3 =10 mm

10 5
250 mL MES

250 mL

12 h

1.2.4
500 mL 7

23 1 500 lx
5 5 d

4 100 mL

=0.45 m
5 min

50 =3 mm
5 =6 cm

4
20 mL

24 h 1

1.2.5
200 mL

(12 000 r/min 15 min 4 )
MES

1% 5% 10%
20% MES

45

=3 mm 9
=6 cm 8
MES 20 mL 24 h

1

2

2.1
2.1.1

1

3~4 mm

2.1.2
2

1
2.2

3 d

(  -3 4)

2.3

1~2 mm
3 d

1
1.5 m

0.75 m 5 m

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


2  315

1 36 h

40% 72 h
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5 d

1.1 1010/mL
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24 h

36 h
2 3
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( ) ( )
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2
2.4
2.4.1 1 5

3~4 cm 1 cm
240 mL MES 250 mL

10 mL
5.2 109 mL
2.1 108 mL 48 h

3

1.7 1010 mL 72 h
1.4 1011 mL

2
2.4.2 2 ( =10  mm)

10 2

240 mL MES
(250 mL)

1
10 mL( 4.1 108/mL)

1.6 107/mL
10 mL MES 

12 h

24 h

3.5 108/mL
36 h

( -4
5) 9.5 108/
mL ( -6)

4
1

1 2 36 h
Tab.1 The symptoms appearing on the healthy blade disks of Porphyra haitanensis at 36 h after inoculation with pathogen

Examined item
Disks cultured with pathogen

Disks cultured without pathogen
a b c d

No. of pathological focus 5 6 17 27 0

 mm Mean length of focus 0.3 0.2 0.1 0.3 0

 mm Mean width of focus 0.2 0.1 0.1 0.1 0

 mm Length of disks 6.5 7.2 7.0 7.5 11.0
 mm Width of disks 6.2 6.4 6.5 7.0 10.6

a b c d 10 mm
Note a b c and represent the 4 ramdomly sclected disks respectively The initial size of the disks is 10  mm in diameter.
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2.6
6 d

1.56 1011 mL

MES
24 h 48 h

72 h 3
20

4
4
24 h

20% 72 h

48 h
36 h 2 5 d

2 24 h
Tab.2 Symptoms appearing on the healthy blade disks after culture for 24 h in the bacterial

 culture treated with different ways

Examination item
Different treatments

Control

Symptom  

/ind
No. of  dead cells

213 68 375 1 010 0

5 min
20 40

Note untreated bacteria culture filtered bacterial culture by 0.45 m filter boiled bacterial culture sterilized bacterial culture
control sterilized culture medium number of dead cells was the average dead cells of 20 yields 40

3 36 h 48 h
Tab.3 Number of dead cells on the healthy blade disks after culture for 36 h and 48 h in the bacterial 

culture treated with different ways

h
Culture time

Different treatments
Control

36 941 156 1 458 0

48 307 0

5 min
. 20 40

Note untreated bacterial culture filtered bacterial culture by 0.45 m filter boiled bacterial culture sterilized bacterial culture
control sterilized culture medium number of dead cells was the average dead cells of 20 yields 40 means that cells were all dead
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3

MES

3 d

 Pseudoalteromonas citrea  12

5

6 8

4 10

20

4 24 h 48 h 72 h
Tab.4 The number of dead cells appearing on the healthy blades after culture for 24 h 48 h and 72 h respectively in the 

   culture medium with different concentration of toxin solution  ind

%
Toxin concentration

h Culture time

24 48 72

0

1

5

10

20 505

40 186

60 485

80 1 447

100

20 40
Note the number of dead cells was the average dead cells  of  20 yields 40  means all cells were dead.
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250 2 h 20

3
12

3

2~3 h
20%

4 h

 1  . M .

1985 204 206.

 2  . M .

1979 1 101.

 3  . 2005 J . 

2006 10 48 49.

 4  . J .

1947 13 3 74 90.

 5  . J .

1960 26 6 543 548.

6  .

. J .

1972 38 6 561 564.

7  . 

J . 1973 39 8 911 915.

8  .

. J . 1972

38 6 565 569.

 9  . J .

1992 1 3-4 185 188.

10  . J .

1996 5 1 1 7.

11  . J .

1999 6 2 82 88.

12  . 1

J . 2002 9 4 353 358.

13  Lin D H Lin Y S. Studies on the green disease of Porphyra 

haitanensis Chang & Zheng caused by nitrogen deficiency J . 

Hydrobiologia 1984 116-117 1 453 455. 

14  . J . 

1991 10 2 144 148.

15  . J . 2003 2

40 44.

16  . J . 2005 25 6

103-105.

17  J . 

2007 2 64 65.

18  . 

J . 2005 29 2 166 172.

19  . 

-I J . 1986 17 3 217 221.

20  . M . .

2002 287 288.
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Study on a bacterial red-rotting disease of Porphyra haitanensis (Bangiales
Rhodophyta)

YAN Xing-hong HUANG Lin-bin ZHOU Xiao Li-lin
Ministry of Agriculture Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecosystem E-Institute of Shanghai 

Municipal Education Commission Shanghai Fisheries University Shanghai 200090 China

Abstract A serious red-rotting disease was found on the gametophytic blades of wild Porphyra haitanensis 
collected from the coast of Pingtan Island in Fujian Province. In the foci of the diseased blades most of the dead 
cells were reddish brown in color some of which were isolated and became green or white in color. When the 
diseased blades were co-cultured with the healthy blades grown in the lab the latter were infected and appeared 
the same symptoms after 3 days of culture. This result indicated that the disease was not caused by physiological 
and/or ecological factors. While the bacterium isolated from the diseased blades was inoculated on the healthy 
blades the same symptoms appeared on the healthy blades after culture for 3 days. This result showed that the 
obtained bacterium was pathogen of the disease. The pathogen has weak ability to degrade agar of the solid 
medium and can secrete toxin to kill Porphyra cells. When the Porphyra blade was cultured in the sterilized or 
boiled culture of the pathogen it was found that much more cells of the blades were killed than those cultured in 
the untreated culture of the pathogen indicating that much more endotoxin was released after the cell walls of the 
bacteria were broken during sterilizing or boiling. This bacterial disease was named bacterial red-rotting disease 
of Porphyra blade for that the pathogen secretes endotoxin to kill the blade cells and the dead cells were reddish 
brown in color. Journal of Fishery Science s of China 2008 15 2 313 322
Key words Porphyra haitanensis gametophytic blade red-rotting disease pathogen endotoxin

 
1 2. 1. 2. 3 4. 3. 4.

5 6. 5. 6.

7 8. 7. 8. 9-10. 9.

10. 50 m 3 10

Explanation of plate 

1 2. Blades cultured in the untreated pathogen culture 1. Foci appearing on the edge of the blade 2. dead cells 
appearing in the central part of the blade 3 4. blades cultured in the filtrated pathogen solution 3. dead cells of the 
edge part 4. dead cells in the central part of the blade 5 6. blades cultured in the boiled pathogen culture 5. dead 
cells of the edge part 6. dead cells in the central part of the blade 7 8. blades cultured in the sterilized pathogen 
7. dead cells on the edge part 8. dead cells on the central part of the blade 9 10. control group 9.  dead cells 

appearing on the edge 10. dead cells on the central parts of the blade . Scale bars = 50 m figures of 3 10 were 
amplified similarly.
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1. 2. 3 4.

3 3. 4. 5. 

50 m

Plate  Symptoms of red-rotting disease of Porphyra haitanensis and the results of co-culture of deseased 
blades and healthy bladcs
1. Foci on the diseased blade of wild P. haitanensis 2. foci and dead cells of the diseased blade 3 4. symptoms appearing on 

the healthy blade after co-culture with the diseased blade for 3 days 3. foci appearing on the blade edge 4.infected cells of a 

focus 5. symptoms of green-rotting disease of P. haitanensis blade. Scale bars=50 m. 

YAN Xing-hong et al Study on a bacterial red-rotting disease of Porphyra haitanensis Bangiales
Rhodophyta
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1. 2. 20 000 3. 48 h

4 6. 2 4. 2 36 h 5. 

6. 2 0.5 m 5 50 m

Plate Isolated pathogen and re-infection test
1. The purified isolates of pathogen 2. pathogen under TEM 3. rotting foci appearing on the blades after inoculation with the 

pathogen for 48 h 4 6. the second re-infection test 4.rotting foci appearing on the blades after inoculation with the pathogen for 

36 h 5. microscopic symptoms of the infected blade 6. disks of control. Scale bar 0.5 m in plate 2 and 50 m in plate 5.

YAN Xing-hong et al Study on a bacterial red-rotting disease of Porphyra haitanensis Bangiales
Rhodophyta
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 36 h

Plate  Symptoms of the healthy blades after culture for 36 h in the medium of pathogen culture treated with different ways

 320 . Explanation of plate   in page 320.

YAN Xing-hong et al Study on a bacterial red-rotting disease of Porphyra haitanensis Bangiales
Rhodophyta
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