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Host specificity of cyanobacteria-lytic gliding bacteria
isolated from Lake Suwa

Atsushi Mitsutani*?, Aritsune Uchida *3,
and Yuzaburo Ishida™?®

Seasonal changes of the abundance of cyanobacteria-lytic microbes have been studied in
relation to that of bloom-forming cyanobacteria Microcystis aeruginosa at Mesocosm sited in
Lake Suwa in 1985 and 1986. Anabaena cylindrica (in 1985) and M. aeruginosa (in 1986) were
used as hosts for the detection of lytic microbes. The number of the lytic microbes correlated
well with chlorophyll-a concentration in surface water in 1986, when M. aeruginosa was used
as the host. No correlation between them was observed in 1985, when A. cylindrica, which had
never been a dominant species in Lake Suwa, was used as the host. Twenty-one strains of glid-
ing bacteria, which occupied the majority in the lytic microbes, were isolated. Eleven strains
isolated in 1985 indicated specific lytic activity against cyanobacteria belonging to order Hol-
mogoniales including A. ¢ylindica, and 7 of these strains could not lyse M. aeruginosa. Ten
strains isolated in 1986 indicated specific lytic activity against cyanobacteria belonging to order
Chroococcales including M. aeruginosa. These results suggest that gliding bacteria which have
lytic activity against M. aeruginosa increase in number as a rise of the bloom of Microcystis in
Lake Suwa. These bacteria possibly contribute to the degradation of the bloom.
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Fig. 1. Sampling sites in Lake Suwa.
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Table 1. Changes of the abundance of cyanobacteria-lytic microbes, the abundance of cyanobacteria and some
environmental factors in Lake Suwa in 1985
*1 #2 *2
Sampling Date Nun;gf;l?rf plligl;e Cell}\;;f:}zeztgf Concentration of Water pH
sites (PF%) aerugi:osa chlorophyll-a  temperature
(Enclosure Water Sediment
number) (PFU/ml) (PFU/g wet wt.) (cells/mZ) (eg/l) ()
11 Sep. 1985 3.0X10! 1.3X10° 69.7 24.2 9.7
1 28 Sep. 1985  1.6X10? 7.1X10* 45.5 17.8 9.8
50ct. 1985  1.7X10? 1.5%10* 11.7 17.1 ND*3
11 Sep. 1985 1.1X10? 1.7X10° 3.4X10* 66.4 24.2 9.3
5 28 Sep. 1985  8.7X10* 6.7X10? 1.0X10° 71.4 17.8 9.1
5 Oct. 1985 1.1Xx10? 5.7X10 7.8Xx10* 59.7 17.1 ND*3
11 Sep. 1985 1.0X10* 6.7X10° ND*3 ND*2 ND*3 9.5
Lake Suwa 28 Sep. 1985 6.7X10! 8.7X10? ND*3 ND*3 17.9 8.8
50ct. 1985  6.7X10" 1.0x10* ND*3 ND*3 17.1 ND*?

*1: Anabaena cylindrica M-1 was used as a host
*2: from routine datal3, 14)
#3: not determined
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Fig. 2. Seasonal changes of the abundance of cyanobacteria-lytic microbes in the
surface water () and on the surface of sediment (&), and the abund-
ance of chlorophyll-a (&) in the surface water in Mesocosms at Lake
Suwa in 1986. Microcystis aeruginosa NIES-99 was used as a host.
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Table 2. Origin of cyanobacteria-lytic bacteria isolated from Lake Suwa in 1985

Strain number Sampling site Sampling date Source
LS-1 Lake Suwa September 11 Sediment
LS-2 Enclosure No. 5 September 11 Sediment
LS-3 Enclosure No. 1 September 11 Water
LS-4 Enclosure No. 1 September 11 Water
LS-5 Lake Suwa September 11 Water
LS-6 Enclosure No. 5 October 5 Sediment
LS-7 Enclosure No. 5 October 5 Sediment
LS-8 Enclosure No. 5 October 5 Sediment
LS-9 Enclosure No. 5 October 5 Sediment
LS-10 Enclosure No. 5 October 5 Water
LS-11 Enclosure No. 5 October 5 Water

Table 3. Origin of cyanobacteria-lytic bacteria isolated from Lake Suwa in 1986

Strain number Sampling site Sampling date Source
LS-12 Enclosure No. 6 August 19 Water
LS-13 Enclosure No. 6 August 19 Water
LS-14 Lake Suwa August 19 Water
LS-15 Lake Suwa August 19 Water
LS-16 Enclosure No. 3 August 19 Water
LS-17 Enclosure No. 3 August 19 Water
LS-18 Enclosure No. 3 August 19 Sediment
LS-19 Enclosure No. 3 August 19 Sediment
LS-20 Enclosure No. 6 August 19 Sediment
LS-21 Enclosure No. 6 August 19 Sediment

Table 4 Some taxonomical characteristics of cyanobacteria-lytic bacteria isolated from Lake Suwa in 1985

LS-1 LS-2 LS-3 LS-4 LS-5. LS-6 LS-7 LS-8 LS-9 LS-10 Ls-11

Gram-stain - - - - - - - - - - -

Motility Gliding Gliding Gliding Gliding Gliding Gliding Gliding Gliding Gliding  Gliding ~ Gliding
Shape Long rod Long rod Long rod Long rod Long rod Long rod Long rod Long rod Long rod Long rod Long rod
Size (¢m) 0.8 0.8 0.8 0.8 0.2-0.4 0.4-0.6 0.6-0.8 0.4-0.6 0.6-0.8 0.6-0.8 0.4-0.6

X4.0-5.6 X4.0-5.6 X3.2-4.8 X4.0-7.2 X3.2-4.8 X4.0-5.6 X3.2-4.0 X2.4-3.2 X2.4-3.2 X3.2-4.0 X3.2-4.0

Colony color Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow
OF-test

Fermentative + + + + + + + + + + +
Oxidative - — + — + — — — _ _ _
Oxidase + + — + + + — + + _ _
Catalase — + — + + + — — — —_ —

+, positive; £, weakly positive ; —, negative
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Table 5. Host specificities of cyanobacteria-lytic gliding bacteria isolated from Lake Suwa by using Anabaena

cylindrica M-1 as a host in 1985

Lytic bacteria

Host organism

LS-1 LS-2 LS-3 LS-4 LS-5 LS-6 LS-7 LS-8 LS-9 LS-10 LS-11

Cyanobacteria
Hormogoniales
Anabaena cylindrica M-1 (IAM) + + + + + + + + + + +
A. solitaria (Lake Biwa) * + + + + + + + + + + +
A. solitaria NIES-80 (Lake Kasumigaura) * + + + + + + + + + + +
A. affinis NIES-72 (Lake Kasumigaura) + + + + + + + + + + +
A. variabilis ATCC 29413 - + — — + - + — + + +
Cylindrospermum licheniforme ATCC 29412 + + + + + + + — + + +
Plectonema boryanum M-101 (IAM) + — — + - — + — — — —
Phormidium tenue (Lake Biwa) + + + + + + + + + + +
Chroococcales
Synechococcus sp. ATCC 27344 - - — + - — - — — — —
Microcystis aeruginosa NIES-99 (Lake Suwa) - — — — — — — — + + +
M. wesenbergii NIES-105 (Lake Kasumigaura) + + — + - — — — + + +
Green Algae
Chlorella pyrenoidosa C-28 (IAM) - + — - — + — + — + +
Chlamydomonas reinhardtii — — — + — — + — — - -

Bacteria
Escherichia coli TFO 3366
Bacillus subtilis ATCC 6051
B. megaterium ATCC 19213
Micrococcus lysodeiktics ATCC 4698

I
|
I
I
I

I H o

Results were read after 14 days of incubation.
inhibition; —, no lysis.
* : These hosts were tested in liquid culture, others were on double layered agar culture.

Lytic activity in each test noted as: +, good lysis; *, weak lysis or growth
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Table 6. Host specificities of cyanobacteria-lytic gliding bacteria isolated from Lake Suwa by using Microcystis

aeruginosa NIES-99 as a host in 1986

Lytic bacteria

Host organism

LS-12 LS-13 LS-14 LS-15 LS-16 LS-17 LS-18 LS-19 LS-20 LS-21

Cyanobacteria

Hormogoniales

Anabaena cylindrica M-1 (IAM)

A. affinis NIES-72 (Lake Kasumigaura)
A. variabilis ATCC 29413 -
Cylindrospermum licheniforme ATCC 29412

(s
I H

Plectonema boryanum M-101 (IAM) + +
Phormidium tenue (Lake Biwa) — -
Chroococcales

Synechococcus sp. ATCC 27344 + +
Microcystis aeruginosa NIES-99 (Lake Suwa) + +
M. aeruginosa NIES-44 (Lake Kasumigaura) - +
M. viridis NIES-102 (Lake Kasumigaura) - +
M. viridis NIES-103 (Lake Kasumigaura) + +

M. wesenbergii NIES-108 (Lake Kasumigaura) —

+ £ + £ £ + £+ %
- - - - - - & &
+ + o+ o+ = = = 4
+ 0+ o+ 4+ £ £ 4+ 4+
+ o+ o+ o+ o+ o+ 4+ o+
+ o+ o+ o+ 4+ o+ 4+ o+
+ 0 o+ 4+ 4+ o+ o+ o+
+ 0 o+ 4+ o+ o+ o+ o+
+ o+ o+ o+ 4+ o+ o+ o+
+ 0+ o+ - 4+ o+ =+

Green Algae
Chlorella pyrenoidosa C-28 (IAM) - -
Chlamydomonas reinhardtii — —

Bacteria
Escherichia coli IFO 3366 - -
Bacillus subtilis ATCC 6051 - -
B. megaterium ATCC 19213 - -
Micrococcus lysodeiktics ATCC 4698 - -

Results were read after 14 days of incubation.
growth inhibition; —, no lysis.
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