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Bacteria with antibacterial activity were isolated from seawater, sediments, phytoplankton, and zooplankton
of Suruga, Sagami, and Tokyo Bays and from soft corals and sponges collected from the Taiwan coast. Of the
726 strains isolated, 37 showed antibacterial activity against either Vibrio parahaemolyticus (ATCC 17802) or

Staphylococcus aureus (P209). Sediment harbored the lowest number of these forms of bacteria, and those from
Tokyo Bay did not show any activity. Attached isolates showed greater activity compared with free-living
forms. Relatively high numbers of strains with antibacterial activity were associated with phytoplankton.
Among the zooplankton isolates, cladocerans harbored the maximum number of antibacterial strains. Isolates
were more inhibitory to gram-positive test cultures. Autoinhibition was observed only among 8% of the
isolates. Marine nonproducers were more susceptible. Pseudomonas/Alteromonas species made up 81.0% of
isolates, of which 30% were pigmented strains. The absence or reduction in number of bacteria with
antibacterial activity in Tokyo Bay is attributed to its eutrophic nature, which may tend to moderate the
production of antibacterial compounds.

Many marine heterotrophic bacteria are known to produce
antibacterial substances which inhibit or kill other bacteria.
Recent studies have shown that these antibacterial com-

pounds are not only inhibitory to terrestrial bacteria but also
to indigenous bacterial strains, which is of considerable
ecological significance (17, 18). Isolation and characteriza-
tion of antibiotic components have been carried out by
various researchers (2, 3). Few reports are available on the
geographic distribution of these bacteria (2, 12, 16). The
ecological amplifications of antibiotic interactions in marine
waters remain obscure.

In the present paper, the general distributions of antibac-
terial strains, obtained from various sources, such as water,
sediment, plankton, sponges, and corals from three environ-
ments (Tokyo, Sagami, and Suruga Bays) located around
Tokyo, are presented.

MATERIALS AND METHODS

Sea water samples from Tokyo, Sagami, and Suruga Bays
(Fig. 1) were collected during the K.T. 84-7 cruise of R.V.
Tanseimaru with Niskin bacteriological water samplers.
Sediment samples from these stations were collected with a

Phleger-type gravity corer. Zooplankton and phytoplankton
were collected with G-54 and XX-13 nets (Rigosha & Co.
Ltd., Japan), respectively. Sponges and soft corals were

obtained from the southern coast of Taiwan.
Bacterial strains from Tokyo Bay were isolated on spread

plates, and colonies from Sagami and Suruga Bays were

isolated on Nuclepore filters. Double filtration units with 5-
and 0.2-,um-pore-size filters were used, and those bacteria
retained on 5-,um-pore-size filters were referred to as at-
tached bacteria, whereas those retained on 0.2-p.m-pore-size
filters were considered free-living bacteria. For sediment
samples, 5 ml of the slurry was suspended in 45 ml of
prefiltered seawater. Enumeration and isolation were carried
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out on ORI plates (20). Zooplankton samples were homog-
enized in 1 ml of seawater, and 0.1-ml aliquots were spread
on ORI medium. Phytoplankton samples were allowed to
settle and then agitated with sterile seawater in a mortar. The
plates were incubated at 20°C for 10 days. About 726 strains
were isolated from various sources and locations and were

purified and tested for antibacterial activity by the diffusion
agar method used for antibiotic assays. The test strains used
were Vibrio parahaemolyticus (ATCC 17802) and Staphylo-
coccus aureus (P209). The positive strains were tested for
their activities against 13 type cultures and a few non-
antibiotic-producing isolates to estimate their spectrum of
activity. The isolates were identified on the basis of the
Simidu scheme (21).

RESULTS
The percentages of strains from various sources which

produced antibacterial substances are presented in Table 1.
The highest percentage of strains showing antibacterial
activity was observed in phytoplankton isolates, and the
minimum was observed in those obtained from sponges.
Among the total gram-positive strains, however, the per-
centage was highest for antivibrio activity in the zooplankton
isolates and antistaphylococcus activity in the phyto-
plankton isolates. In the water samples, isolates with more

antibacterial activity were obtained from the attached as

opposed to the free-living forms. Sediment harbored the
lowest percentage of antibacterial strains.
Among the three bays, the isolates from Tokyo Bay did

not show antibacterial activity, except for 5% antistaph-
ylococcus activity in strains from phytoplankton (Table 2).
No antivibrio activity was noted in free-living strains iso-
lated from the Suruga Bay water. However, antistaph-
ylococcus activity was observed in 2.3% of the strains. The
frequencies of isolates scoring positive from free-living pop-
ulation of Sagami Bay were generally higher; however, it
was less than the values obtained from attached bacterial
population of Sagami and Suruga Bays. All bacterial strains
isolated from Tokyo Bay sediments failed to show antibac-
terial activity. Similarly, those from Sagami Bay did not
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FIG. 1. Location of sampling stations.

exhibit any antistaphylococcus properties, although 1 strain
of the 19 strains tested did exhibit antivibrio activity (Table
2).
Among the different groups of zooplankton, the maximum

percentage of strains exhibiting antivibrio and antistaph-
ylococcus activities was obtained from cladocerans, fol-
lowed by chaetognaths, whereas the isolates from decapods
did not show any antibacterial activity (Table 3). In general,
the frequency of occurrence of isolates with antivibrio
activity was higher among the various groups (35.3%; Table 3).
The spectrum of antibacterial activity of the 37 producer

strains (strains producing antibacterial compounds) tended
to vary from strain to strain. Among the producer strains,
two strains belonging to the Pseudomonas/Alteromonas
genus inhibited all 13 type test cultures (Table 4). However,
the activities were not uniform even among the species of the
genus Pseudomonas, i.e., the activity differed even among
the different strains of Pseudomonas. In general, gram-
positive bacteria were more susceptible against producer
strains. Most of the pigmented strains showed narrow spec-

TABLE 1. Percentage of bacterial strains exhibiting antibacterial
activity isolated from different sources

% (no.) of antibacterial Total %
strains

Source (n)
Antivi- Antistaphylo- Antivi- Antistaphylo-
brio coccus brio coccus

Water
Free (126) 2.4 3.2 12.5 13.3
Attached (116) 6.0 6.9 29.1 26.7

Sediment (39) 2.7 0.0 4.2 0.0
Phytoplankton (40) 10.0 25.0 16.7 33.3
Zooplankton (262) 3.1 2.7 33.3 23.3
Sponges (143) 0.7 0.7 4.2 3.3
Total (726) 3.3 (24) 4.1 (30) 100 100

tra of activity. Autoinhibition was observed in three strains
(8.0%). Comparison of the spectra of producers against
producers and against nonproducers (strains that did not
produce antibacterial compounds) showed that the latter had
higher susceptibility to inhibitory substances (Table 5 and
Fig. 2). In contrast, strains isolated from phytoplankton of
Sagami Bay had no activity against nonproducer strains.
Interestingly, those strains which showed higher spectra of
activity against nonproducers had narrow ranges of inhibi-
tion with other producers and relatively higher antagonism
against type cultures tested.
The most dominant group of antibacterial strains consisted

of the Pseudomonas/Alteromonas isolates (81.0%) (Table 6).
Vibrio isolates contributed 16.3%. Among the 37 producer
strains obtained, 30% were pigmented and only one was a

TABLE 2. Number and percentage of antibacterial strians
obtained from different locations

% of antibacterial strains
Source (n) Antivibrio Antistaphylococcus

Water
Tokyo (35) 0.0 0.0

Free
Sagami (47) 6.4 6.4
Suruga (44) 0.0 2.3
Tokyo (28) 0.0 0.0

Attached
Sagami (45) 6.7 8.8
Suruga (43) 9.3 9.3
Tokyo (20) 0.0 0.0

Sediment
Sagami (19) 5.3 0.0
Tokyo (20) 0.0 5.0

Phytoplankton
Sagami (20) 20.0 45.0
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TABLE 3. Antibacterial activity obtained from different groups of
zooplankton at the Aburatsubo Inlet

% of antibacterial strains
Group (n)

Antivibrio Antistaphylococcus

Zooplankton (22) 4.5 9.1
Copepod (19) 0.0 5.3
Decapod (19) 0.0 0.0
Cladoceran (19) 10.5 10.5
Chaetognath (20) 10.0 5.0
Total (99) 6.1 6.1

Flavobacterium isolate; the rest were

Alteromonas isolates.
Pseudomonas or

DISCUSSION

Of a total of 726 isolates tested, 24 strains inhibited Vibrio
parahaemolyticus, and 30 strains inhibited Staphylococcus
aureus. Krasilnokova (11) tested 326 isolates of marine
bacteria from a worldwide study and found that 38% showed
some degree of inhibition against laboratory strains. When
the environments of Tokyo and Sagami Bays were com-

pared, it was observed that 100% of antivibrio strains and
94.1% of antistaphylococcus strains were obtained from
Sagami Bay. Okami (14) found that among the isolates from
both Japan sea and Pacific Oceans, only a small percentage
of bacteria had antibacterial property, whereas more than
20% of the actinomycetes showed antibiosis. Thus, the
distribution of antibacterial strains varies from area to area.
The actual reason for the suppression of antibiosis in Tokyo
Bay remains unknown. However, it could be that in shallow
areas such as Tokyo Bay, organic nutrients derived from
metabolic processes or death and decay of a massive
phytoplankton population and constant nutritional inputs
from external sources assuage the necessity for bacterial
populations to produce antibiotic compounds to survive
competition.
Among the various marine animals tested so far, it has

been shown that sponges are a good source for antimicrobial
compounds (4). Of the 16 isolates from Caribbean sponges, 7
inhibited growth of the assay bacteria (9). However, in the
present study, only two strains having antibacterial activity
were isolated from sponges.
The isolates showed varied spectra of activity, inhibiting

closely related and taxonomically distant microorganisms.
This may be due to the fact that the same strain might

TABLE 4. Spectra of activity of the 37 producers against type cultures
Activity against type culture'

Producer
Ti T2 T3 T4 T5 T6 T, T8 T1TIO T1I T12 T13

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

12 _ _ _ +

13 + + + + + + + + +
14 - + + + + + + - - + + + -
15 + + + +

16 - - - - - - - - - - + - -

17 - - - +

18 - - - +

19 - - - - - - - - - - + - +
20 - + - +

21 + - + - - - - + - - + - +
22 + + + - + - - + - - + - +
23 + + + + + +

24 - - - - - - - - - - + - -

25 - - - - - + - - - - + + +
26 - + - + + + + - + + + + -
27 - + - + + + + - + + + + +
28 - + -+ + + - + + +
29 - - - - - - - + - - + + +
30 - + - - - - - - + + - - +
31 - + + + + + - - + + - + +
32 - _ _ _ +

33 - + - + + + + - - + - + +
34 + + + +

35 - - - - - - - - - - + - -

36 + + - + + + + - - + - + +
37 _ + + + +

T1, Lucibacterium harveyi NCMB 42; T2, Arthrobacter crystallopoietes ATCC 15481; T3, Pseudomonas putida ATCC 12633; T4, Vibrio anguillarum ATCC
18264; T5, Mycobacterium sp.; T6, Bacillus cereus var. mycoides; T7, Sarcina lutea; T8, Escherichia coli; T9, Pseudomonas fluorescens; TIO, Aeromonas
hydrophila; T1l, Staphylococcus aureus P 209; T12, Micrococcus luteus TAM 1056; T13, Vibrio parahaemolyticus ATCC 17802. +, Activity; -, no activity.
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TABLE 5. Spectrum of antibacterial activity of producers against producers
Water Phytop

Producer
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Water
1
2
3
4
5
6
7
8
9
10
11
12
13

+
+

+ + +

+ + +
+ + +

+ + +

+

+ +

+
+

+
+
+

+ +

+

+

+
+

+
Phytoplankton

14
15
16
17
18
19
20
21
22
23

Animal/zooplankton
24
25
26
27
28 +
29
30
31
32
33
34
35
36

Sediment
37

+

+ + +

+ +

+
+

+

+

produce different antibacterial compounds, depending on the
culture medium (15). However, the production of antimicro-
bial compounds might be advantageous in competition for
food and space, depending on the area and source of initial
isolation. Gauthier and Flateau (8) observed that acidic
polysaccharide antibiotics produced by marine violet bacte-
ria played an advantageous role in the adhesion to the
substrate (5). Autoinhibition was exhibited by three strains.
This phenomenon had been observed in marine bacteria (1,
13). Autoinhibition could act as a sort of controlling factor in
maintaining species diversity by perhaps allowing population
to partially limit itself and coexist with competitors (6).
Among the antibacterial substance-producing isolates ob-

tained, Pseudomonas isolates were the dominant strain.
Rosenfeld and ZoBell (17) reported that the majority of
species exhibiting inhibitory capabilities belonged to the

FIG. 2. Inhibition of marine nonproducers by producers. Inhibi-
tion ranged from none (Ol), poor (n), moderate (0), to strong (E).
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TABLE 5-Continued
lankton AnimalVzooplankton Sediment
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

+

+ + + + + +
+

+

+ +

+ +

+

+ +

+
+ +

+
+

+
+

+
+

+ +

+ +

+ + +

+ +

+

+ +

+

gram-positive bacteria. Nonetheless, later studies showed
that gram-negative producers also occur (7). Okami and
Okazaki (16) studied these bacteria from different locations
of the Sea of Japan and found that 35% of Pseudomonas
showed antimicrobial activity. A high degree of antibacterial

TABLE 6. Classification of antibacterial substance-producing
bacteria

No. of antibacterial strains in genusa
Source Pseudomonasl b F

Alteromonas Vibrio Flavobacterium

Water 12 1
Sediment 1
Phytoplankton 5 5
Zooplankton 10 1
Sponges 2

a In all, 81% were PseudomonaslAlteromonas isolates, 16.3% were Vibrio
isolates, and 2.7% were Flavobacterium isolates.

activity (81.0%) was obtained from PseudomonaslAlteromo-
nas isolates in the present study, suggesting that this genus
would be interesting in future studies of marine antibacterial
compound-producing strains.
Pigments have been associated with antibacterial activity,

as is the case for cyanobacteria (13). A high percentage of
pigmented bacteria with antibacterial activity was reported
by Shiba and Taga (19). However, in the present study, only
30% of the producers were pigmented and these did not
show much variation in their spectra of activity compared
with that of the nonpigmented. It was seen that gram-
negative nonpigmented forms had antibacterial properties,
with Pseudomonas/Alteromonas forming the dominant
genus.
The distribution of these bacteria varied with location and

source. Their marked absence or presence in low numbers at
Tokyo Bay suggest that high nutrient levels may not neces-
sitate or inhibit synthesis of antibacterial compounds in
bacteria. It is also possible that these microorganisms are not
competing for the same nutrients or other resources. Among

+

+

++ +

+ +

+
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+ +

+

++

+ + + +

VOL. 53, 1987



2962 NAIR AND SIMIDU

the three bays selected, Tokyo Bay was highly eutrophic-
ated, with frequent outbreaks of red tide (10), compared with
the less fertile Sagami and Suruga Bays. Further studies on

the comparison of antagonistic properties in both copi-
otrophs and oligotrophs from their respective realms would
help confirm the above hypothesis linking elaboration of
antagonistic properties to oligotrophy.
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