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We isolated culturable bacteria that have inhabited on natural marine biofilms, and identified them by
phylogenetic analysis using 16S rDNA sequences. In marine environment, biofilms cover most of subtidal
and intertidal solid surfaces such as rocks, ships, loops, marine animal, algae, etc. The bacteria in most
biofilms are embedded in extracellular polymeric substances that comprise mainly exopolysaccharides. The
main component exopolysaccharides are excreted from multiple bacterial species, therefore, biofilms are
good source for screening exopolysaccharide-producing bacteria. Total 31 strains were cultured, among them.
14 strains were overlapped and 17 strains were finally identified. Phylogenetic analysis using 16S rDNA
indicated that the 17 strains belonged to a—Proteobacteria (Ochrobactrum anthropi, Paracoccus
carotinifaciens); y-Proteobacteria (Pseudoalteromonas piscicida, P. agarovorans, Pseudomonas aeruginosa
Shewanella baltica, Vibrio parahaemolyticus, V. pomeroyi); CFB group bacteria (Cytophaga latercula,
Tenacibaculum mesophilum); high GC, Gram positive bacteria (4rthrobacter nicotianae, Brevibacterium
casei, B. epidermidis, Tsukamurella inchonensis); and low GC, Gram positive bacteria (Bacillus macroides,
Staphylococcus haemolyticus, S. warneri).

Introduction

Bacteria can adhere to natural or artificial surfaces, and form sessile multicellular communities known as
biofilms. The natural and artificial surfaces that are covered by biofilms, include animal and plant cells, soils,
sediments, pore in glaciers, thermal vent, pipelines, heat exchangers, separation membranes, filters, etc. In
marine environment, biofilms cover most of subtidal and intertidal solid surfaces such as rocks, ships, loops,
marine animal, algae, etc. The bacteria in most biofilms are embedded in extracellular polymeric substances
(Lawrence et al., 1991). The extracellular polymeric substances offer microniche with stable arrangements
and a certain degree of homeostasis (Wimpenny, 2000). The extracellular polymeric substances can
sequester nutrients from the environment and is, thus, part of a general microbial strategy for survival under
oligotrophic conditions (Decho, 2000). Extracellular polymeric substances also have the potential to
physically prevent access of certain antimicrobial agents by acting as an ion exchanger, thereby restricting
diffusion of compounds into the biofilm (Gilbert et al., 1997). Extracellular polymeric substances have also
been reported to provide protection from a variety of environmental stresses, such as UV radiation, pH shifts,
osmotic shock, and desiccation (Mayer, 1999). But the composition and chariacteristics of the extracellular
polymeric substances have been studies from few model organisms such as Pseudomonas aeruginosa
(Wingender et al., 2001).

Extracellular polymeric substances comprise mainly exopolysaccharides (40-95%), protein (1-60%),
nucleic acids (1-10%), and lipids (1-40%), which form hydrogel matirces (Davey and O’Toole 2000). The
main component exopolysaccharides are excreted from multiple bacterial species; therefore, biofilms are
good source for screening exopolysaccharide-producing bacteria. The bacterial species forming biofilm
community are largely unknown for most natural biofilms, and members of exopolysaccharide-producing
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bacteria has scarcely been cultured and identified. Biofilm formation may require coordination with,
interaction of, and communication between multiple bacterial species (Davey and O’Toole, 2000).

In this study, we isolated and cultured bacteria that have inhabited on natural marine biofilms, and
identified them by phylogenetic analysis using16S rDNA sequences. This is the first step to screen marine
bacteria producing exopolysaccharides that have good prospect for industrial and medical applications.

Results and Discussion

Total 31 strains were cultured, among them, 14 strains were overlapped and 17 strains were finally identified
(Table 1). Phylogenetic analysis using 16S rDNA indicated that the 17 strains belonged to a—Proteobacteria
(Ochrobactrum anthropi, Paracoccus carotinifaciens); y—Proteobacteria (Pseudoalteromonas piscicida, P.
agarovorans, Pseudomonas aeruginosa, Shewanella baltica, Vibrio parahaemolyticus, V. pomeroyi); CFB
group bacteria (Cytophaga latercula, Tenacibaculum mesophilum); high GC, Gram positive bacteria
(Arthrobacter nicotianae, Brevibacterium casei, B. epidermidis, Tsukamurella inchonensis); and low GC,
Gram positive bacteria (Bacillus macroides, Staphylococcus haemolyticus, S. warnert).

Several species such as Arthrobacter nicotianae, Cytophaga laterculai, Pseudoalteromonas agarovorans,
P. piscicida, Shewanella baltica, Tenacibaculum mesophilum, and Vibrio pomeroyi have been reported that
they were isolated from seawater or marine organisms (Nakagawa and Yamasato, 1993; Ziemke et al., 1998;
Venkateswaran et al., 2000; Radwan et al., 2001; Suzuki et al., 2001; Romanenko et al., 2003; Thompson et
al., 2003). But Ochrobactrum anthropi, Staphylococcus haemolyticus, S. warneri, and Tsukamurella
inchonensis that are originated from human samples, they may be putative pathogen inhabited in marine
environment like Vibrio cholerae.

Most of strains cultured in this study belong to a—Proteobacteria, y—Proteobacteria, CFB, and
gram-positive bacteria (Table 1). a-Proteobacteria, y-Proteobacteria and CFB group bacteria are dominant
groups in marine environment (Kelly and Chistoserdov, 200) and also have been reported from various
marine biofilms. a-Proteobacteria, y-Proteobacteria and CFB group bacteria were dominant in dead coral
surface (Frias-Lopez et al., 2002); a—Proteobacteria, y—Proteobacteria, CFB, and gram-positive bacteria
were dominant in the shrimp-attached bacteria (Lau et al., 2002); o-Proteobacteria, y-Proteobacteria and
CFB group bacteria were associated with tubes of a worm living in deep-sea hyperthermal vent
(Lopez-Garcia et al., 2002); o—Proteobacteria, y—Proteobacteria, CFB, and gram-positive bacteria were
isolated from hydrocarbon-degrading biofilms (Stach and Burns, 2002).

Bacteria forming raised colonies are expected to produce abundant exopolysaccharides, thus, further
studies of exopolysaccharides are progressed for strains 13705, 13716, 13721, 13724 and 13731. Strains
forming convex colonies are also putative exopolysaccharides-producing bacteria. This study provides an
initial step in deciphering the bacterial diversity of marine biofilms, and in screening the
exopolysaccharides-producing bacteria.

This work was supported by grant to HKL from National Research Laboratory Program of the Korean
Ministry of Science and Technology.

References

1. Davey, M.E., and G.A. O'toole. 2000. Microbial biofilms: from ecology to molecular genetics. Microbiol. Mol.
Biol. Rev. 64, 847-867.

2. Decho, A.W. 2000. Microbial biofilms in interdidal systems: an overview. Cont. Shelf Res. 20, 1257-1273.

3. Frias-Lopez, J., A.L. Zerkle, G.T. Bonheyo, and B.W. Fouke. 2002. Partitioning of bacterial communities
between seawater and healthy, black band diseased, and dead coral surfaces. Appl. Environ. Microbiol. 68,

165



10.

11.

12.

13.

14.

15.

16.

17.

18.

Proc. KMB Annual Meeting
June 24-26, 2003, Muju, Korea

2214-2228.

Gilbert, P., J. Das, and I. Foley. 1997. Biofilm susceptibility to antimicrobials. Adv. Dent. Res. 11, 160-167.
Kelly, K.M., and A.Y. Chistoserdov. 2001. Phylogenetic analysis of the succession of bacterial communities
in the Great South Bay (Long Island). FEMS Microbiol. Ecol. 35, 85-95.

Lau, W.W_ P.A. Jumars, and E.V. Armbrust. 2002. Genetic diversity of attached bacteria in the hindgut of the
deposit-feeding shrimp Neotrypaea (formerly Callianassa) californiensis (decapoda: thalassinidae). Microb.
Ecol. 43, 455-466.

Lawrence, J.R., D.R. Korber, B.D. Hoyle, J.W. Costerton, and D.E. Caldwell. 1991. Optical sectioning of
microbial biofilms. J. Bacteriol. 173, 6558-6567.

Lopez-Garcia, P., F. Gaill, and D. Moreira. 2002. Wide bacterial diversity associated with tubes of the vent
worm Riftia pachyptila. Environ. Microbiol.4, 204-215.

Mayer, C., R. Moritz, C. Kirschner, W. Borchard, R. Maibaum, J. Wingender, and H.C. Flemming. 1999 The
role of intermolecular interactions: studies on model systems for bacterial biofilms. Inz. J. Biol. Macromol. 26,
3-16.

Nakagawa, Y. and K. Yamasato. 1993. Phylogenetic diversity of the genus Cytophaga revealed by 16S rRNA
sequencing and menaquinone analysis J. Gen. Microbiol. 139, 1155-1161.

Radwan, S.S., H.A. Al-Aawadi, M. Khanafer. 2001. Effects of lipids on n-alkane attenuation in media
supporting oil-utilizing microorganisms from the oily Arabian Gulf coasts. FEMS Microbiol. Lett. 198,
99-103.

Romanenko, L.A., N.V. Zhukova, M. Rhode, A.M. Lysenko, V. Mikhailov, and E. Stackebrandt. 2003.
Pseudoalteromonas agarivorans sp. nov., a novel marine agarolytic bacterium. Int. J. Syst. Evol. Microbiol.
53, 125-131.

Stach, J.E., and R.G. Burns. 2002. Enrichment versus biofilm culture: a functional and phylogenetic
comparison of polycyclic aromatic hydrocarbon-degrading microbial communities. Environ. Microbiol. 4,
169-182.

Suzuki, M., Y. Nakagawa, S. Harayama, and S. Yamamoto. 2001. Phylogenetic analysis and taxonomic study
of marine Cytophaga-like bacteria: proposal for Tenacibaculum gen. nov. with Tenacibaculum maritimum
comb. nov. and Tenacibaculum ovolyticum comb. nov., and description of Tenacibaculum mesophilum sp.
nov. and Tenacibaculum amylolyticum sp. nov. Int. J. Syst. Evol. Microbiol. 51, 1639-1652.

Thompson, F.L., C.C. Thompson, Y. Li, B. Gomez-Gil, J. Vandenberghe, B. Hoste, and J. Swings. 2003.
Vibrio kanaloae sp. nov., Vibrio pomeroyi sp. nov. and Vibrio chagasii sp. nov., from sea water and marine
mammals. /nt. J. Syst. Evol. Microbiol. 53, 753-759.

Wimpenny, J. 2000. An overview of biofilms as functional communities, p. 1-24. In D. Allison, P. Gilbert, H.
Lappin-Scott, and M. Wilson (ed.), Community structure and co-operation in biofilms. Cambridge University
Press, Cambridge.

Wingender, J., M. Strathmann, A. Rode, A. Leis, and H.C. Flemming. 2001. Isolation and biochemical
characterization of extracellular polymeric substances from Pseudomonas aeruginosa. Methods Enzymol. 336,
302-314.

Ziemke, F., M.G. Hofle, J. Lalucat, and R. Rossello-Mora. 1998. Reclassification of Shewanella putrefaciens
Owen's genomic group II as Shewanella baltica sp. nov. Int. J. Syst. Bacteriol. 48, 179-186.

166



Proc. KMB Annual Meeting
June 24-26, 2003, Muju, Korea

Table 1. List of bacterial species isolated from marine natural biofilms

Colony
Strain No. Closest match Homology (%)
Color Form Elevation Margin
13685 orange circular Convex entire  Tenacibaculum mesophilum 100
13686 yellow/orange  irregular  Convex erose  Brevibacterium epidermidis 98
13687 cream circular Flat erose  Pseudomonas agarovorans 100
13690 orange irregular Flat erose  Tsukamurella inchonensis 99
13691 white circular Convex entire  Staphylococcus warneri 100
13703 yellow circular Convex entire  Pseudoalteromonas piscicida 100
13705 ivory irregular Raised erose  Vibrio parahaemolyticus 100
13707 yellow circular Convex entire  Arthrobacter nicotianae 98
13716 yellow/brown  irregular Raised  undulate Pseudomonas aeruginosa 100
13717 white circular Convex entire  Staphylococcus haemolyticus 99
13721 ivory/brown circular Raised entire  Vibrio pomeroyi 100
13723 yellow/brown  circular Convex entire  Shewanella baltica 100
13724 yellow filamentous  Raised erose  Bacillus macroides 100
13729 white circular Convex entire  Brevibacterium casei 99
13731 yellow circular Raised entire  Cytophaga latercula 100
13733 orange circular Convex entire  Paracoccus carotinifaciens 100
13737 ivory/yellow circular convex entire  Ochrobactrum anthropi 100
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