
J. Mar Biol. Ass. India, 47 (2) : 154 - 159, Jul. - Dec., 2005 

Isolation and screening of mucus-associated bacteria of the gastropod, Drupa 
margariticola for antagonistic activity 

C. Chellaram*, K. Mary Elizabeth Gnanambal and J. K. Patterson Edward 

Suganthi Devadason Marine Research Institute, 44, Beach Road, Tuticorin - 628 001. Tamil Nadu, India 
E mail: coralchella@rediffmail.com 

Abstract 

The mucus-associated bacteria of the gastropod, Driipa ~nargariticola were screened for their ability to 
inhibit the human and fish pathogens. Out of the two hundred and eighty five bacterial strains isolated, 23% 
(65) were found to be pigmented, 71% (202) were identified as Gram-negative. A higher percentage of non- 
pigmented (77%) and Gram-negative (71%) strains were observed in the present investigation. 16% (46) of 
the isolates was found to have antagonistic activity against both human and fish pathogens tested and 63% of 
the Gram-negative strains (29) were found to be antibiotic producers. Antagonistic activity was found to be 
exhibited by pigmented strains too. A higher degree of inhibition was conferred by 3 of the isolates (Dl,, Dl,, 
and D,,,) against both human and fish pathogens. These strains exhibited full or complete degree of inhibi- 
tion against Eschericl~ia roli. 
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Introduction 

Bacterial infections were considered won in the late 
1960's but now antimicrobial resistance threatens to turn 
back. Resistance is spreading rapidly particularly where 
antibiotics are heavily used (Lech, 2004). The erroneous 
use of antibiotics both for therapeutic and aquaculture 
purposes has resulted in the advent of multiple drug 
resistance of the pathogenic bacterial strains. Hence the 
need of the hour is the search for novel antibiotics with 
lesser side effects. The ultimate source- the ocean, is a 
unique resource that provides a diverse of natural prod- 
ucts primarily from bacteria and cyanobacteria and inver- 
tebrates such as corals, sponges, tunicates, bryozoans and 
molluscs. Many marine chemicals often possess quite 
novel structures which lead to pronounced biological 
activity and novel pharmacology (Lei and Zhou, (2001.). 
A number of discovery efforts have yielded several 
bioactive metabolites which have been successfully devel- 
oped by the pharmaceutical industry (Kong et al, 1994; 
Faulkner, 2001; Rosenfeld and Zobell, 1947; Fenical and 
Jensen; 1993 and Fenical, 1993). The study of marine 
bacteria has also led to the realization that microorganism 
from specific symbiotic relationship with marine organ- 
isms which may be responsible for the production of 
some bio-active compounds (Kobayashi and Ishibashi, 
(1993). The marine microorganisms have had a major 
impact on the development of medical science and these 

bacteria form highly specific symbiotic relationships with 
marine plants and animals, (Fenical, 1993). There are a 
number of works reporting the occurrence of bacteria 
associated with marine fauna, in particular, the gastropods 
(Kharlamenko et al. (2001). Distel, (1998), Belkin, et al. 
(1986), Stein et al. (1988) and Windoffer and Giere, 
(1997). Recent studies have shown that these antibacterial 
compounds are not only inhibiting the human pathogens 
but also fish pathogens (Strahl et al., 2002). 

Drupa rnargariticola is one of the commonest gas- 
tropods inhabiting the reefs and may be seen adhering the 
corals rocks in large numbers. Bacteria associated to the 
mucus of this organism are being less explored as poten- 
tial sources of antagonistic compounds. This paper de- 
scribes the isolation of the bacteria associated with the 
mucus of D. margariticola and testing the isolated strains 
for their ability to inhibit the growth of selected human 
and fish pathogens i'n vitro. 

Materials and methods 

Live D. margariticola (Stenoglossa: Muricidae) were 
collected from the intertidal region of the Tuticorin port 
area (Lat. 8"45'N and Long. 7S013'E). The animals were 
immediately transported to the laboratory and placed in 
the aquaria containing natural sediment and sea water. The 
animals were washed twice in sterile seawater and the 
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shells were removed aseptically. The mucus was then Pigmented strains (65) 
collected from the animals in sterile glass tubes. Approxi- 
mately 1 mL of the mucus was serially diluted and plated 
on two different media: 1. Zobell Marine 22168 Agar 
(ZMA) and 2. Cetrimide agar (supplemented with 3.5 and 
1.75% Sodium chloride) using pour plating method. The 
plates were then incubated at room temperature for 3-4 
days. Morphologically different colonies were selected 
randomly. The number of Gram positive and negative 

77 0% % 

colonies as well as pigmented and non-pigmented colo- Non-~igmented strains (220) 

nies was noted. Axenic cultures were obtained by streak- 
ing and re-streaking on ZMA plates and subsequently Fig 1. Percentage of pigmented and non-pigmented 
stored as ZMA stab cultures at 4OC. strains isolated from the mucus of D. nzargariticola 

Screening of the isolates for antimicrobial activity 

The mucus-associated isolates were applied as single 
streaks on pre-poured Yeast Peptone Extract (YPE) (75% 
sea water) agar plates and incubated at 28OC for 48 hrs. 
The human pathogens (Bacillus subtilis, B. cereus, Es- 
cherichia coli, Salmonella typhimurium, Klebsiella 
pneumoniae, Staphylococcus epidermidis, S. allreus and 
Shigella dysentriae) were obtained from Christian Medi- 
cal College, Vellore. The fish pathogens (Prote~u mirabilis, 
Serratia marcescens, Aeromonas formicans, A. 
hydrophila, Vibrio harveyii, V vmlnificus, Vcampbelli and 
1.I logei) were collected from Fisheries College, Tuticorin. 
The test strains were grown on YPE (75% sea water) 
plates for three or more transfers before using them in the 
screening assays. All isolates were tested for the produc- 
tion of antibacterial metabolites using the cross streaking 
method (Strahl et al., 2002). All the test strains were 
applied as single streaks perpendicular to the marine bacteria 
without touching it. After cross streaking with test bac- 
teria, the plates were incubated for an additional 24 h at 
28OC and observed for the inhibition of test bacterial 
growth. A zone inhibition is defined as an area on the test 
streak of reduced growth or lack of growth compared 
with the control plates (streaked with non-producer strains), 
partial inhibition as significantly reduced over 3-9 mm (P) 
but not completely inhibited and lack of growth over 10- 
19mm of the streak was defined as moderate inhibition 
(M). If the test organisms did not grow, it was scored as 
complete inhibition (C) which was about 20-25 mm. 

Results 

Isolation of mucus-associated bacteria 

Two hundred and eighty five bacterial strains were 
isolated from the mucus of D. margariticola (232 colo- 
nies from Zobell marine agar and 48 colonies from 
Cetrimide agar were isolated). Out of 285 bacterial strains 
isolated, 23% (65) were found to be pigmented, 71% 
(202) were identified as Gram-negative and 29% as Gram- 

Gram ~ositive strains 

Gram negative strains (202) 

Fig 2. Percentage of Gram positive and Gram-negative 
strains isolated from the mucus of D. margariticola 

positive strains (Figs.1 & 2). The pigmented bacterial 
colonies were observed to be yellow, red, brown, orange 
and black in colour. A higher percentage of non-pig- 
mented (77%) and Gram-negative (71%) strains were 
observed in the present investigation. 

Antibacterial activity of the marine bacteria 

Out of the total bacterial strains (285), 16% (46) of 
the isolates were found to have antagonistic activity against 
both human and fish pathogens tested (Fig.3). 70% of the 
non-pigmented strains (32) and 63% of the Gram-nega- 
tive strains (29) were found to be antagonistic (Figs. 4 & 
5). Results of the screening of the isolates against human 
and fish pathogens are presented in Figures. 6 and 7 
respectively. A higher degree of inhibition was conferred 

'by 3 of the isolates (Dl,, Dl,, and D?,,) as shown in 
Figures 8, 9 and 10 against both human and fish patho- 
gens. The strains Dl,, an? D?,, exhibited full or complete 
degree of inhibition against Escherichia coli. Strain Dl, 
was able to elicit a moderate antagonism to seven of the 
human and fish pathogens tested. It was observed that 
all antagonistic strains were able to inhibit at least five of 
the pathogens tested. 

Discussion 

In the present study the non-pigmented strains (77%) 
were higher in numbers than the pigmented ones (2370). 
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Flg 3. Percentage of producer and non- producer strains 
isolated from the mucus of D. ntargaLiticoia 

Fig. 6. Percentage of producer strains showing partial, mod- 
erate and nil inhibition against human bacterial pathogens 

Pigmented strains (14) 

Non-pigmented strains (32) 

Fig 4. Percentage of pigmented and non- pigmented strains 
showing activity 

-' 
Gram negative strains (29) 

Fig 5. Percentage of Gram-positive and Gram -negative 
strains showing activity 

This observation is on par with the findings of Jeyasekaran 
et a1.(2002), who have reported that pigmented bacterial 
flora was lower by about 2-3 log counts than the total 
culturable bacterial flora observed in the marine samples 
from seawater, sediments, sea plants and bivalves. The 
finding that the percentage of Gram-positive strains was 
found to be lower (29) than the Gram-negative strains 
(71) agrees with one of the earlier works which reports 
that the bacteria present in seawater are mainly Gram- 

Fig. 7. Percentage of producer strains showing partial, 
moderate and nil inhibition against fish bacterial patho- 
gens 

negative rods (Fenical, 1993). Another study revealed that 
the bacterial strains isolated from various regimens of the 
marine environ showed that 82.8% were Gram-negative 
(Strahl et al., 2002). There are a number of reports 
pertaining to the study of mucus-associated marine bac- 
teria (Di Salvo, 1971., Ducklow and Mitchell, 1979., 
Rublee et al., 1980; Paul et al., 1986 and Coffroth, 1990). 
A smaller percentage (16%) of the bacterial isolates was 
antagonistic compound producers. This agreed with the 
report of Nair and Simidu (1987) who stated that 8.8% 
out of the 45 epiphytic bacteria isolated from different 
marine samples displayed antistaphylococcus activity. Of 
the 16% (46) of the producer strains isolated in the 
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Fig. 8. Strain No. 15 antagonistic to (a) human and (b) fish pathogens 

Fig. 9. Strain No : 130 antagonistic to (a) human and (b) fish pathogens 

f71p. 10. S h i n  No. 237 nntegon~htic to (a) human ancl (b )  f i \ h  p;~th(lycns 

(B.S- Bacillus subtilis, B.C - B. cereus, E.C - Escherichia aureus, S. D - Shigella dysentriae P. M - Proteus mirabilis, 

coli, S. T - Salmonella typlzimurium, K. p- ~ l ~ b ~ i ~ l l ~  S. M - Serratia marcescens, A. F - Aeromonas fomzicans, 

pneumoniae, S. E - Staphylococcus epidennidis, S .  A- S. 
A. H - A. hydrophila, V. H - Vtbrio karveyii, V. V - V 
vulnificus, V. C .  - V campbelli, V. L- V logei) 
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present study, 70% (32) were non-pigmented which con- Ducklow, H. W and R. Mitchell. 1979. Bacterial popu- 

tradicts the findings of Rosenfeld and Zobell (1947) who lation and adaptations in the mucus layers on living 

reported that most of the antibiotic-producing marine bac- corals. Linznol. Oceanogr.,  24: 715-725. 

teria are pigmented. However, a smaller percentage of Faulkner, D. J. 2001. Marine natural products. Nut. Prod. 
antagonistic compound producers (30%) were found to Rep . ,  18: 1-49. 
be pigmented which may be due to the reason that pig- 
ments have been associated with antibacterial activity as 
is the case for cyanobacteria (Lemos et al., 1985). Pig- 
mented bacteria are also known to be potential antibiotic 
producers as reported by Shiba and Taga (1980). One of 
the findings of the present study is that Gram-negative 
strains (29) showed comparatively higher antagonism 
against the test strains than the Gram-positive ones (17) 
which deviate from the works of Fenical (1993) who 
reported that most of the Gram-negative bacteria from the 
marine samples have chemically proven to be unproduc- 
tive. In the present study, among the producer strains, 
Dl , ,  Dl,,, D,,, were able to inhibit a minimum of 11 of 
the pathogens tested with (at least a partial inhibition) 
zones of 3-9 mm. Similar zones of inhibition by marine 
antagonistic bacteria were reported by earlier workers 
(Rosenfeld and Zobell (1947), Patil et al. (2001) and 
Chelossi et al. (2004). 

Fenical, W. 1993. Chemical studies of marine bacteria: 
Developing a new resource. C l ~ e m .  Rev., 93: 1673- 
1683. 

- - -- - - - - W and P. Jensen. 1993. Marine microorganisms: A 
new biomedical resource, Mar. Biotechnol., 1: 41 9- 
457. 

Jeyasekaran, G., K. Jayanth, and R. Jeya Shakila. 2002. 
Isolation of marine bacteria, antagonistic to human 
pathogens. Indian J. mar. Sci. ,  31: 39-44. 

Kharlamenko, V. I., S. I. Kiyashko, V.I. Vyshkvartzev. 
2001. Identification of food sources of invertebrates 
from the seagrass, Zostera nlarina community using 
carbon and sulfur stable isotope ratio and fatty acid 
analyses, Mar. Ecol.  Prog. Ser., 220: 103-117. 

Kobayashi, J and M. Ishibashi.1993. Bioactive metabolites 
of symbiotic marine microorganisms. Clzem. Rev., 93: 
1753-69. 

Marine microbes have a higher possibility of yielding KO%, G. M., A. D. Wright, D. Sticher, C. K. ~ngerhofer, 

natural products with unprecedented and interesting bio- and J.M. Pezuto. 1994. Biological activities of se- 

activity. The antagonistic marine bacteria isolated from the lected marine natural products. Plant. Med.,  6: 532- 

mucus of D. margariticola may produce antibacterial 37.  

compounds with novel structures which can be explored Lech, M. 2004. A shot in the arm. Nature, 431: 892-893. 

to generate pronounced biological activity in the future. Lei, and J ,  Zhou, 200,, A natural product 
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