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A Gram (-), rod-shaped bacterium 2.3~2.8 x 0.45 pm in size which exhibited growth-inhibiting ef-
fects against a cyanobacterium (Anabaena cylindrica) was isolated from Daechung Dam Reser-
voir. This isolate was identified as Moraxella sp. and designated Moraxella sp. CK-1. Hollow
zones formed around bacterial colonies on the cyanobacterial lawn. In a mixed-culture of A. cyl-
indrica and the isolate, each microorganism grew inverse-proportionally, and the cyano-
bacterial vegetative cells completely disappeared within 24 hours. On treatment with Moraxella
sp. CK-1, cell walls of A. cylindrica disappeared, but sheathes remained in a more electron
dense form. The unit membrane such as thylakoidal membrane was stable to bacterial lysing ac-
tivity. This bacterium showed a broad action spectrum against cyanobacteria. The growth-in-
hibiting activity of Moraxella sp. CK-1 against A. cylindrica is believed to be performed through

the excretion of active substances.
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Blooms of planktonic algae are common in many
freshwater lochs and reservoirs around the world
(18, 19). The most noticeable blooms are usually of
cyanobacteria, a group of gram-negative photosyn-
thetic prokaryotes which create many problems
such as formation of surface scums, deoxygenation
of the water, production of offensive odours, death
of wild and domestic animals, ete. (3, 14, 21). It is
also well-known that cyanobacterial toxins may pro-
voke serious troubles in man (3, 11).

The inhibition of the growth of cyanobacteria is
very important with regards to water supply and
public health (15, 16, 20). The most frequently used
algicides are copper sulfate and simazine which
block photosynthesis (20). However these algicides
are expensive and occasionally exhibit harmful ef-
fects on other organisms in water (15, 16, 21, 31).

A more suitable alternative would be the use of
biological control agents to regulate cyanobacterial
blooms (15, 16). Bacteria have been recommended as
effective pathogens against cyanobacteria because
they are not only abundant in water columns, but
also less specific in their host range (5, 15, 16, 20).

This paper describes a strain of Moraxella sp. iso-
lated from Daechung Dam reservoir, which excell-
ently inhibits the growth of cyanobacteria through
the excretion of active substances.

* To whom correspondence should be addressed.

Materials and Methods

Cyanobacterial cultures

Anabaena cylindrica M-1, Microcystis aeruginosa
M-176, Microcystis flos-aquae M-178, Nostoc car-
neum M-35, Oscillatoria animalis M-75, and Syne-
chococcus leopoliensis (Anacystis nidulans) M-6
were obtained from the Institute of Applied Mi-
crobiology (IAM) culture collection of Tokyo Univ-
ersity. Synechococcus sp. (13), Anabaena flos-aquae,
Phormidium sp., and Oscillatoria sp. were isolated
in Korea. Anabaena variabilis ATCC 29413,
Synechocystis sp. ATCC 27184 and Chlorogloea
fritschit CCAP 1411/1A were gifts from Dr. K. S.
Lee, Department of biology, College of natural
sceinces, Paichai University.

Culture conditions of cyanobacteria and bac-
terial isolate

BG-11 culture medium (22) was routinely used
for the growth of cyanobacteria except for An-
abaena cylindrica which was cultured in BG-11,
medium (4), the BG-11 medium without sodium ni-
trate. The cyanobacteria were cultured under con-
tinuous illumination of cool white fluorescent
lamps giving an incident light intensity of 25 pmol
photon m?s* at 25~28°C.

Isolated bacteria were cultured in BG-11C medi-
um (5, 7) consisting of BG-11 medium and 0.2%
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casitone (Difco) at 37°C with agitation at 150 rpm
on rotary shaker. Solid culture plates were pre-
pared by adding 1.5% agar (Difco).

Isolation of a cyanobacterial growth-inhibiting
bacterium

The ‘cyanobacterial lawn' technique (17, 23, 25)
was used for the isolation of active bacteria. To 5 ml
of BG-11 medium containing 0.8% agar adjusted to
50°C after autoclaving, 1ml of Anabaena cylindrica
culture containing about 10°~10 cells/ml was added.
1 ml of water samples obtained from Deachung Dam
reservoirs was then added, after which these mix-
tures were poured on to pre-made BG-11 agar plates.
After incubation for about 5~10 days in the growth
chamber, the active bacteria were isolated from
plaques which had developed on the cyanobacterial
lawns. The isolated colonies were streaked on BG-
11C agar plates several times to ensure pure cul-
tures. Among these isolates, one was selected on the
basis of its growth-inhibiting activity.

Identification of the cyanobacterial growth-in-
hibiting isolate

General characteristics of the isolate were det-
ermined according to Methods for General and Mo-
lecular Bacteriology (26) and Bergey's Manual of Sys-
tematic Bacteriology (27). Transmission electron mi-
croscopy (TEM) followed Stewart and Brown's
method (30) using a Hitachi H-600 electron mi-
croscope.

Mixed-culture of A. cylindrica and Moraxella
sp. CK-1

Broth culture of A. cylindrica in the log phase
growth was centrifuged (9,000xg, 15°C, 15 min),
washed twice with fresh BG-11, medium, and ino-
culated in 100 ml of the same medium contained in
a 500 ml flask. Moraxella sp. CK-1 was inoculated
in this culture medium to a density of 5.0x 10° cells/
ml. At intervals during incubation in the growth
chamber, of cyanobacterial and bacterial cells were
counted. Cyanobacterial cells were counted using a
hemocytometer under a light microscope in which 1
mm of cyanobacterial filament was assumed to
contain 200 cells. Bacterial cells were counted us-
ing colony forming units (CFUs) on BG-11C agar
plates. The growth of A. cylindrica in the same
medium free of lytic bacteria was measured as a
negative control.

Action spectrum of Moraxella sp. CK-1

The cyanobacterial host range of the Moraxella
sp. CK-1 was determined by the agar-spot method
(9, 28) and mixed culture in BG-11 broth media (1).
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Agar-spots were made by dropping 25 pl of bacteria-
suspended BG-11C media containg 0.75 % agar on
the cyanobacterial lawns formed on BG-11 agar
plates.

Electron microscopic observation of lytic ac-
tivity

The lytic mechanism of Moraxella sp. CK-1
against A. cylindrica was observed by transmission
electron microscopy (TEM) following the method of
Stewart and Brown (30) using Hitachi H-600 elec-
tron microscope at 75 kV.

Subcellular localization of the active substance(s)

Subcellular fractions of Moraxella sp. CK-1 were
prepared by the method of Watt and Clarke (32).
The extracellular fraction was prepared as follows:
300 ml of bacterial culture medium, in which Morax-
ella sp. CK-1 was in log phase growth, was cen-
trifuged (6,000xg, 4°C, 15min). The supernatant
was then saturated 80% with ammonium sulfate
(Sigma), and centrifuged (20,000xg, 4°C, 20 min).
The pellet was suspended in 5ml of 20 mM HEPES
buffer (pH 8.0).

Each fraction was dialyzed against 20 mM HEPES
buffer (pH 8.0), and the volumes were adjusted to be
15ml with same buffer solution. After drying and
resuspending in 2ml of the same buffer, 0.5ml of
each fraction was added to BG-11, medium in which
A. cylindrica was growing exponentially. The chan-
ges in the turbidity of culture media containing each
subcellular fraction were determined spectrophoto-
metically and the growth-inhibiting activities were
compared.

Results

Isolation and characteristics of Moraxella sp.
CK-1

Some plaques began to form on cyanobacteiral
lawns about 5 days after incubation (Fig. 1). From
these plaques, a bacterium which efficiently in-
hibits the growth of A. cylindrica was selected and
characterized. This isolate was a Gram-negative,
rod-shaped bacterium 2.3~2.8x 0.45 pm in size (Fig.
2). This bacterium produced oxidase, catalase,
amylase, protease and nitrate reductase. It was
sensitive to the antibiotics of penicillin, chloram-
phenicol, ampicillin, kanamycin and tetracycline,
but was resistant to carbenicillin and streptomycin.
The isolate was so sensitive to penicillin that it
could not grow in the medium containing 0.1 unit/
ml of penicillin, which is the typical characteristic
of Moraxella species (27). The bacterium did not
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growth temperature and pH of the isolate were
37°C and pH 8.0, respectively (Table 1). From these
results, the isolate was identified as a Moraxella sp.
and designated Moraxella sp. CK-1 in this report.

Growth-inhibiting activity of Moraxella sp.
CK-1 against A. cylindrica

The growth of Moraxella sp. CK-1 was inversely
proportional to that of A. cylindrica in a mixed-

Table 1. Physicochemical characteristics of Moraxella sp.

CK-1*
Items Result’
g Optimal growth temperature 37C
Fig. 1. Hollow zones formed on cyanobacterial lawn by the Optimal growth pH 8.0
growth-inhibiting activities of bacteria present in Deachung Gram staining -
Dam reservoir. Moraxella sp. CK-1 was isolated from these Cell morphology Rod

zones. Cell size 2.3~2.8x0.45 um
Colony morphology
grow in such a hypertonic condition as BG-11C Form Round
medium supplemented with 1.0% of NaCl. The bac- Margin Irregular
terium grew in BG-11 medium containing casitone, _ Elevation Raised
tryptone or peptone, but almost did not grow in Pigment Yellow
commonly used bacterial culture media such as Oxidase test *
. . . Catalase test +
trypticase soy, McConkgy and nutrient medla even Phenylalanine deaminase
when supplemented with ethanol, casitone, tryp- Urease
tone, peptone, casein or glucose. The optimal Cellulose hydrolysis
Starch hydrolysis +
Gelatin hydrolysis +
Hemolysis +
Nitrate reduction +
Sensitive to antibiotics
Penicillin (0.1 U/ml, 0.6 pg/ml) +
Chloramphenicol (20 pg/ml) +

Ampicillin (20 pg/ml) +
Carbenicillin (20 pg/ml) -
Streptomycin (20 pg/ml) -
Kanamyecin (20 ug/ml) +
Tetracycline (20 pg/ml)

Maximum NaCl tolerance (%) 1.0

Growth at 4°C -

Growth on
BG-11 (Casitone) +
BG-11 (Tryptone)
BG-11 (Peptone)
NA (Et-OH)

NA (Casitone)

NA (Tryptone)

NA (Peptone)

NA (Casein)

NA (Glucose)
Trypticase soy agar
McConkey

Blood agar +

+ +

H I+

*Each test was performed following the methods in Methods
for General and Molecular Bacteriology. (26)

4+, positive result; +, nearly positive result;
result.

Fig. 2. Transmission electron micrograph of Moraxella sp.
CK-1. Bar represents 0.5 um.

-, negative
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Fig. 3. Growth pattern of A. cylindrica (J) and Moraxella
sp. CK-1 (O) in a mixed-culture. A. cylindrica and Moraxella
sp. CK-1 were inoculated in BG-11, medium to a final con-
centration of 3.0x 10°cells/ml and 5.0x 10°cells/ml, respec-
tively. The numbers of each microorganism were then count-
ed at intervals during incubation. The growth of A. cyl-
indrica in a medium without Moraxella sp. CK-1 was used
as negative control (H).

culture (Fig. 3). In this condition, the cyano-
bacterial vegetative cells began to diminish after
6~9h of incubation and completely disappeared
after 18~24 h. This growth-inhibiting activity con-
tinued for about 3~5 days and was followed by
the redevelopment of cyanobacterial vegetative
cells accompanying the decrease in the size of the
bacterial population size.

Action spectrum of Moraxella sp. CK-1
Moraxella sp. CK-1 showed a broad action spec-
trum against cyanobacteria (Table 2). This bac-

A Bacterium That Inhibits the Growth of A. cylindrica 287

Table 2. Action spectrum of Moraxella sp. CK-1 against
cyanobacteria

Strains of cyanobacteria Lytic activity®

Anabaena variabilis (ATCC 29413)

Anabaena flos-aquae

Anabaena cylindrica 1AM M-1)

Chlorogloea fritschii

Microcystis aeruginosa (IAM M-176)

Microcystis flos-aquae (IAM M-178)

Nostoc carneum (IAM M-35)

Oscillatoria animalis (IAM M-75)

Oscillatoria sp.

Phormidium sp.

Synechococcus leopoliensis
(Anacystis nidulans) (IAM M-6)

Synechococcus sp. -

Synechocystis sp. (ATCC 27184) -

*The lytic activities were determined throuth the agar-spot
method and mixed-culture in BG-11, medium.
+, predominantly active; £, slightly active; —, inactive.

+

o+ o+ 4+t

terium inhibited the growth of A. cylindirca, A.
variabilis, A. flos-aquae, N. carneum, O. animalis
and Chlorogloea fritschii completely, and that of M.
aeruginosa, M. flos-aquae and an Oscillatoria sp.
slightly. However, Phormidium sp., Synechococcus
sp., S. leopoliensis and Synechocystis sp. were resis-
tant to the the bacterium.

Electron microscopic observation of lytic ac-
tivity

Typical vegetative cells of A. cylindrica have a reg-
ular appearance, being surrounded by a smooth cell
wall and containing various cellular inclusions (Fig.
4A). On treatment with Moraxella sp. CK-1, cell
walls of A. cylindrica disappeared, but sheathes re-

Fig. 4. Transmission electron micrographs showing the lysis of Anabaena cylindrica cells by Moraxella sp. CK-1. Panels: A,
Normal cell; B and C, Lysed cell. Li~Ly, Cell wall layers; CM, Cell membrane; MS, Mucillageous sheath; IS, Irregular sheath;
TH, Thylakoid; C, Carboxysome (polyhedral body); N, Nucleoplasm; B, Moraxella sp. CK-1 cell. Bar represents 1.0 um.
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Table 3. Growth-inhibiting activities of subcellular frac-
tions of Moraxella sp. CK-1 against Anabaena cylindrica*

Subcellular fractions Activity”
Supernatant ++
Cell homogenate +
Cytoplasmic fraction +

Periplasmic fraction

Outer membrane fraction
Cytoplasmic membrane fraction
Peptidoglycan associated fraction

*Subcellular fractions were prepared following the method
of Watt and Clarke (1994). Each fraction was dialyzed
against 20 mM HEPES buffer (pH 8.0) and added to BG-11,
mdeium containing viable Anabaena cylindrica cells. The
activities were determined by the change in the turbidity of
culture media. However, the relative activity between each
fraction was not measured because the culture media show-
ed different OD values.

" ++, predominantly active; +, slightly active; - , non-active

mained in a more electron dense form (Fig. 4B and
(). Fig. 4C shows that the polar regions of the cyano-
bacterial cell are most sensitive to lysis. There were
some bacterial cells attached to the cyanobacterial
cell (Fig. 4C). The bacteria inside a lysed cyano-
bacterial cell (Fig. 4C) seem to have entered after
the cell ruptured. Disorganized cell contents due to
loss of cell wall appeared in the medium leaving a
mass of membranous material.

Subcellular localization of active substances
The extracellular fraction predominantly in-
hibited the cyanobacterial growth. There were
some activities in cytoplasmic and cell homogenate
fractions. However, the growth-inhibiting activity
did not appear in the periplasm, outer membrane,
cytoplasmic membrane and peptidoglycan (Table 3).

Discussion

We isolated one strain of Moraxella sp. which ef-
fectively inhibits the growth of a cyanobacterium A.
cylindrica, and designated it as Moraxella sp. CK-1.
This bacterium requires specific nitrogen sources
such as casitone, tryptone or peptone for the growth.

It is known that bacteria grow proportionally to
cyanobacteria in natural aqueous environments (6,
16, 31), but the isolate, Moraxella sp. CK-1, and
the cyanobacterium A. cylindrica grew in reverse-
proportion in mixed-culture. When the growthinhi-
biting activity was observed under a light mi-
croscope, it was noticed that the vegetative cells of
cyanobacteria lysed, whereas heterocysts and ak-
inetes dit not. Also the resistant akinetes ger-
minated when bacteria began to diminish. This
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phenomenon explains the redevelopment of the
cyanobacterial population 3~5 days after the com-
plete disappearence of vegetative cells in the mixed-
culture. The resistance of heterocysts and akinetes
to the lytic activity of Moraxella sp. CK-1 seems to
be a result of the chemistry of their cell wall com-
positions (10). Physiological recovery of cyanobac-
terial vegetative cells, which was observed in An-
abaena inaequalis treated with Cellvibrio sp. (12),
was not shown in this study.

Thylakoidal skeletons were stable against lytic
activity; no bacteria were seen in the thylakoidal
skeletons. There was some contact between bac-
teria and cyanobacteria viewed in other study (8)
when observed under an electron microscope.

Inhibition of cyanobacterial growth by bacteria
may be brought about by the excretion of active
products (1, 2, 5, 24, 29), by contact mechanisms (7,
8, 25), or by entrapment (1). Moraxella sp. CK-1
seems to lyse cyanobacteria through the production
of extracelluar products such as enzyme(s). Our
results support this view in that clear zones form-
ed around bacterial colonies, that the extracellular
fraction predominantly inhibited the algal growth,
and that cyanobacterial growth inhibition occured
when mixed culture medium was incubated with vi-
gorous shaking as well as in standing culture. Myx-
ococcus groups that have been described previously
have not lysed cyanobacteria in agitated liquid con-
ditions (7, 8, 25).

Moraxella sp. CK-1 showed a wide action spec-
trum against cyanobacteria as seen in other bac-
terial pathogens (5, 15, 16, 20). The different sen-
sitivities of cyanobacterial species to the growth-in-
hibiting activity of Moraxella sp. CK-1 seems to be
a result of the different cell wall compositions of
the cyanobacterial hosts.

Morarella sp. CK-1's characteristics such as op-
timal growth condition of pH 8.0 (this bacteria grew
even at pH 10.0 although the exponential growth
was delayed compared to that in the optimal con-
dition), inversely-proportional growth with cyano-
bacteria in mixed-culture, and wide action spectrum
indicate the possibility of using this bacterial species
to control cyanobacterial blooms. This could be done
by introducing bacteraial cultures into water
columns or by adding their filtrates to the sites
where cyanobacterial blooms are present.
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