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Table 18. Pathogenicity of the culture filtrate of iso-
late from ”Suminori” diseased nori thalli

Isolate Pathogenicity*!
RS-5LY 11-3095*2 heavy*?
Cotrol none none

*1 Tested at 3 hours after immersion into the culture
filtrate.

*2 Percentage (%) of burst and discharge ratio of
protoplasm after dipping into fresh water for 10min.

*3 Hypertrophy of vacuole.
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Ui

Fig. 35. Micrographs of burst and discharge of proto-
plasm after dipping nori thalli into fresh water
for 15 min. Nori thalli immersed in the cul-
ture filtrate of RS-5LY for 3 hours. Scales=
10 pm.
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Table 19. Changes in pathogenicity of culture filtrate

after chemical treatment

Hours after treatment

2 5
100°C (10 min.) —* () *2 —(++)
121°C (15 min.) —(+) —(++)
Dialysis (12,000) —(=) —(=)
Dialysis (5,000) —(=) —(=)
Dialysis (1,000) —{(=) - ()
Gel filtration
L. G. C(5,000) +(+) +(++)
Lyophilization +(+) +(++)
Control +(+) ++(++)

*1 Percentage (%) of burst and discharge ratio of
protoplasm after dipping into fresh water for 15

—,none; +,> 5%; ++, 5-10%.

—, none; +, light; ++,

min.
*2 Hypertrophy of vacuole.
heavy.
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Fig. 36. Pathogenicity of fraction separated by gel filtration, Sephadex G-15.

Void volume, 90 ml.
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Fig. 37. Light micrographs (A-C), scanning electron micrograph (D) of symptoms. Burst and discharge of protoplasm
after dipping the infected nori thalli into fresh water, A, B, for 10 min ; C, for 40 min ; D, after dried at 38°C,
humidity 45% for 2 hours. Scales=10.m. '
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Fig. 38. Thin-layer chromatographs of fractions
obtained from gel filtration. Developing sol-
vent, Distilled water; A, 1 -Butanol -Acetic
acid -Distilled water (3:1:1); B, Chloroform
~Methyl alcohol- Distilled water (68 : 28 : 8).
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Fig.41. Maps of thr inner part of Ariake Bay and
Karatsu Bay at Saga Prefecture, showing nori
culture farms and the locations of experimen-
tal culture (St. 3), sampling stations (St. 3-5).
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FORBEMENESRREL CTHRIET 588D 2D TR
muhkEZ oNL, £, TOLDIREEERTH
B VERCHEL T, BT LLRRT 5 3RS
oD, FRIIREEESERE LTS L TWwE 2
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Table 20. Composition of bacterial flora on normal and ”Suminori” diseased nori thalli

Sampling station, Genus Total Cells
date, ™ ™——__  F PA M P A Ac V GC GR U (% /g
symptom Color of colony
Light yellow  6.2%0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.2 8.0x10°
St. 3 Yellow 11.8 8.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.6 2.7x10°
Oct. 31, 1990 Orange 85 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.7 1.7x10°
normal White 0.0 0.0 22.1 0.0 5.6 0.0 56 0.0 0.0 0.0 33.3 4.3x10°
Others 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.6 0.6 7.8x10*
RS-5LY 26.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.2 3.4x10°
Total (%) 52.7 13.0 22.1 0.0 5.6 0.0 56 0.0 0.0 0.6 100.0 1.3x107
Light yellow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 0.0 5.6 1.1x10°
St. 3 Yellow 0.0 9.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 1.8x10°
Nov. 8, 1990 Orange 51 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.6 1.3%x10°
normal White 0.0 0.0 0.0 0.0 0.0 0.04 0.2 0.0 0.0 0.0 40.2 8.0%x10°
Others 0.0 0.0 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.9 9.8x10°
RS-5LY 33.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.7 6.7x10°
Total (%) 38.8 10.5 4.9 0.0 0.0 0.0 40.2 0.0 5.6 0.0 100.0 2.0x10°
Light yellow 26.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.9 3.0x10°
St. 3 Yellow 0.2 0.0 0.0 00 0.0 0.0 0.050.0 0.05 0.0 0.3 3.3x10*
Nov. 7, 1991 Orange 2.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 3.3x10°
normal White 0.0 0.0 4.7 9.4 0.0 0.0 2.3 0.0 4.7 0.0 21.1 2.3x10°
Others 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 8.3 8.3 9.1x10°
RS-5LY 40.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.4 4.4x10°
Total (%) 69.8 0.7 4.7 9.4 0.0 0.0 2.4 0.0 4.8 8.3 100.0 1.1x10°
Light yellow 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.3 2.1x10°
St. 3 Yellow 44.6 22.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 66.9 2.7x10°
Dec. 10, 1991 Orange 14.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.4 5.8%10°
normal White 0.0 0.0 0.0 0.0 0.0 3.75 3.75 0.0 0.0 0.0 7.5 3.0%x10°
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.6 2.4x10*
RS-5LY 53 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 5.3 2.1X10°
Total (%) 69.6 22.3 0.0 0.0 0.0 3.75 3.75 0.0 0.0 0.6 100.0 4.0x10°
Light yellow 6.8 0.0 0.0 0.0 0.0 0.0 6.8 0.0 0.0 0.0 13.6 2.3x10°
St. 3 Yellow 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.35.6x10°
Dec. 10, 1990 Orange 51 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1 8.7x10°
Suminori White 0.0 0.0 2.0 0.0 6.2 0.0 0.0 0.0 0.0 0.0 8.2 1.4x10
Others 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
RS-5LY 67.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 67.8 1.1x10°
Total (%) 83.0 0.0 2.0 0.0 6.2 0.0 6.8 0.0 0.0 0.0 100.0 1.7x10°
Light yellow 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 4.4x10°
St. 4 Yellow 55.2 2,59 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.8 5.1x10
Dec. 13, 1991 Orange 31.8 7.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 39.7 3.5%x10°
Suminori White 0.0 0.0 0.0 0.0 0.0 0.0 0.050.0 0.0 0.0 0.054.4x10
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RS-5LY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Total (%) 87.0 11.0 0.0 0.0 0.0 0.0 0.05 0.0 0.0 0.0 100.0 8.8x107
Light yellow 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.9x10*
St. 5 Yellow 57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.7 2.7x10°
Jan. 13, 1992 Orange 25.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 258 1.2x10°
Suminori White 0.0 12.1 12.1 0.0 12.1 0.0 30.2 0.0 0.0 0.0 66.5 3.2x10°
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.6 7.7x10*
RS-5LY 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Total (%) ~ 81.9 12.1 12.1 0.0 12.1 0.0 30.2 0.0 0.0 1.6 100.0 4.8x10°

F, Flavobacterium ; PA, Pseudomonas-Altermonas; M, Moraxella : P, Pseudomonas ; A, Altermonas; Ac,
Acinetobacter ; V, Vibrio ; GC, Gram (+) cocci; GR, Gram (+) rod; U, unidentified.
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Fig.43. Schematic diagram of the procedure to deter-
mine resistant bacteria.
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Summary

Cultivation of “nori”, laver Porphyra spp. (Rhodophyta), is an important fishery industry of Japan. Nori
culture farms of Saga Prefecture facing Ariake Bay in Kyusyu island is one of the places where nori is
produced intensively. Though techniques for nori production have been developed, yet many difficulties
remained, for example, economy, culture environment, disease etc. Recently, "Suminori” disease has occurred
in the nori culture farms throughout Japan and inflicted great damages.

The present study was performed on the nori culture farms during a period from 1981 to 1991 to investigate
the occurrence, symptoms and damage caused by “Suminori” disease. Furthermore, the pathogenicity,
bacterial properties, bacteriology and prevention of the disease were also studied. The results obtained in this
study are summarized as follows;

The diseased thalli contained less viscous substance on the surface, thus were less glossy, discolored and
fell easily from the culture nets, but could rapidly develope at the expense of the rest of the thalli. The
diseased dried nori are classified into "betsu” grade, means lusterless black. Intercellular space and vacuoles
in the cells developed extremely and the arrangement of vegetative cells became irregular. The number of
rod shaped epiphytic bacteria, called "needle bacteria”, increased on the surfaces of the edge. By erythrosin
staining intercellular spaces were dyed clearly, whereas cells were dimly dyed. Cells were quickly burst or a
protoplasm immediately discharged from the cells after dipping the diseased nori thalli into fresh water. The
ratio of burst and discharge depends on the degree of the disease. Its symptoms were classified into 3 groups
on the basis of patterns observed under the light microscope. They were as follows: PP pattern, peptization
of the protoplasm ; CN pattern, continuous coagulation necrosis ; BC pattern, burst of cells. Roughness of the
surface of the diseased thalli and dried nori were observed by scanning electron microscope. The diseased
dried nori, called ”Suminori” was caused by this roughness.

During 1981 to 1991, occurrence of the disease were observed in nori culture farms at Saga Prefecture,
facing the inland of Ariake Bay. Developmental stages as well as the extend of damage and yields after the
prevalence of the disease were studied. The disease first occurred at the nori culture farms on the offing of
east or west within 17 days after setting frozen-nets. Thereafter, the disease spread to the central and the
coastal farms, respectively. The development of the disease appeared to indicate the proliferation of
facultative bacteria as described later. The disease was divided into 4 types on the basis of the following
features, disease development, maximum damage ratio and yields. The 4 types were as follow: type I,
severe occurrence year ; type II, occurrence year ; type III, west occurrence year ; type IV, slight occurrence
year.

The occurrence of the disease was studied from the view points of water temperature, salinity and global
solar radiation. In the vears the disease occurred, the mean values of salinity and global solar radiation were
generally lower during the period of nursing culture than those in nonoccurrence years, whereas the changes
in water temperature and salinity were not stable. On the other hand, the changes in salinity and global solar
radiation were similar in the period of frozen-nets culture and nursing culture. The results suggested that the
occurrence of the disease might be influenced by the physiological conditions of the thalli during the period of
nursing culture, and while storing in the freezer. Therefore, examination of the culture conditions in the
period of nursing would be useful in forecasting the occurrence of the disease. In the year of the disease
occurrence, time of exposing the thalli to the air were shorter than nonoccurrence years. The epiphytic
bacterial number was within the range of 10°-107 cells/g on the normal thalli, whereas 10°-10° cells/g on the

diseased thalli. Bacterial number in the seawater was within the level of 10* cells/ml in the disease occurrence
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year. When bacterial number was within the level as described previously in the period of frozen-nets culture,
the disease proved to be occurred in. Furthermore, it is suggested that the proliferation of the bacteria is
associated with the development of the damage. On the other hand, change in bacterial number in the
seawater was divided into 2 groups on the basis of degree of damage, for providing useful information in
forecasting occurrence of the disease.

In 1985, 1990, 1991 and 1992, bacterial isolates were obtained from the diseased thalli. Isolates among
these were proved to cause symptoms of the disease on the thalli i vitro using procedure of inoculation. The
morphological, biological, cultural and biochemical characteristics of the isolates were studied. The results
of tests for identification showed that among the pathogenic isolates 6 and 2 isolates were identified as
belonging to the genera Flavobacterium and Vibrio, respectively. The latter proved to be a new species of
Flavobacterium sp.. A pathogenic substance was purified from the culture filtrate of RS-5LY isolate by means
of gel filtration using Sephadex G-15 column. The substance was composed of low molecular weight amino
radicals. The results suggested that the disease might be a bacterial disease caused by facultative bacteria.

During 1990 and 1991, microbiological characteristics of the bacterial disease were examined in order to
detect the major causes of the disease occurred in the nori culture farms located at Ariake Bay in Saga
Prefecture. The epiphytic bacterial number on the diseased thalli was within the level of 107-108 cells/g. The
number of RS-5LY, a pathogenic isolate identified as Flavobacterium sp., increased along with the aggravation
of the disease. However, during the nonoccurrence period of the disease, the bacteria still remained adherent
to the thalli. On the other hand, the epiphytic bacterial number on the diseased thalli of other stations were
within the level of 10%-107 cells/g. Furthermore, the RS-5LY isolate could not be found at other stations.
The results suggested that the disease may be caused by the increased number of facultative bacteria which
occurs, when the physiological condition of the thalli deteriorates due to some reasons, for example, when the
cultural environment became worse.

Culture control, which changes the exposure time of the thalli to the air, to protect from the disease were
examined by measuring epiphytic bacterial number. It is suggested that the disease might be prevented by
exposing nets for longer time to the air, because by this treatment epiphytic bacterial number decreased, thus
improving the physiological condition of the thalli. Acid treatment is a technique in which seaweeds are
immersed in seawater of low pH. Experiment was carried out to examine the changes in epiphytic bacterial
number on the thalli by iz vitro and in situ acid treatment and to study the resistance to low pH of 2 pathogenic
strains of Pseudomonas sp. and Flavobacterium sp. isolated from the diseased thalli. As results, when the thalli
were immersed in seawater adjusted to pH 2.0, the number of epiphytic bacteria decreased from 108-108 cells/
g to 10°-10°cells/g. However, a lot of bacteria still remained living after the 7 vitro acid treatment. The
presence of low pH resistant bacteria as confirmed after the acid treatment was repeated for 3 times. One
of the pathogenic strain, Flavobacterium sp., showed resistance to the low pH. From the results of this
experiment, it was possible to suggest that acid treatment of the thalli might be insufficient, because some
resistant bacteria would be selected and remained in the surroundings of the nori culture farms.

The disease might be caused by the increased number of pathogenic facultative bacteria which were
identified as belonging to the genera Flavobacterium and Vibrio, when the physiological condition of the thalli
deteriorates due to some reasons, for example, when the salinity and global solar radiation of the cultural
environment during the period of nursing were low. Mixed culture control and acid treatment were proved

to be the most effective techniques to prevent the disease.





