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ABSTRACT

A coral-associated bacterium was successfully seakéor secondary metabolites production
based on PCR amplification of the non-ribosomaltigdepsynthetase gene and was identified
as closely related tBseudoalteromonas luteoviolacea based on its 16S rDNAhe bacterium
was found to inhibit the growth of shrimp pathogebacterium testedvibrio harveyi. To
characterize the inhibiting metabolite, a 279 bpgldNA fragment was obtained and the
deduced amino acid sequence showed conservedwsigmagions for peptide synthetases and
revealed a high similarity to NosD (40% identitg) multifunctional peptide synthetase from
Nostoc sp. GSV224, and NdaB (44% identity), a peptidettsgtase module ofNodularia
spumigena.
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Introduction

The growth of shrimp farming spectacularly incexhever the last 20 years
because the governments and international developragencies promoted it, lured by
enormous profits to be made. Furthermore, it han bestimated that half of the world’'s
seafood demand could be met by aquaculture indsstri

On the other hand, shrimp aquaculture productiomirch of the world is decreased
by disease, particularly caused by lumin&isrio harveyi. The high density of shrimps in
tanks and ponds is conducive for the spread ofogeilns, and the aquatic environment, with
regular applications of protein-rich feed, is id&alculturing the bacteria (Moriarty 1999).

It is a widely observed phenomenon that microbédliscattach firmly to almost any
surface submerged in marine environments, growrodege, and produce extracellular
polymers that provide structure to the assemblegedd as biofilm (Kioerboet al. 2003).

It is well understood that corals harbor diverserotiial communities (Willianet al.
1987; Shashaet al. 1994; Kim 1994; Kushmaret al. 1996; Rohweret al. 2001). Their
surface is covered by muco-polysaccharides, whicbviges a matrix for bacterial
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colonization leading to the formation of biofilmrfoing microbial communities (Kushmaeb
al. 1997).

Recently many coral-associated bacteria have béanacterized as sources of
marine natural products (Moore 1999), especialtgesithe coral surface is more nutrient rich
than seawater or even sediments (Unebmal. 1994; Bultel-Poncest al. 1999). However,
colonization of coral surfaces by bacteria and othieroorganisms is mostly nondestructive
to corals (Paudt al. 1986; Coffroth 1990; Kim 1994).

Due to the close spatial vicinity of these biofifarming bacteria, it can be expected
that the indigenous microbial population is adaptedcompetitive conditions, e.g. for
available nutrients and space (Slattergl. 2001). The production of secondary metabolites is
a common adaptation of these bacteria to competedh microenvironments.

More information on coral-associated bacteria mightdesirable, as many of these
bacteria serve as sources of secondary metabioliiesliing novel antibiotics. Here, we report
on antibacterial property of a secondary metabglitelucing coral bacterium closely related
to Pseudoalteromonas luteoviolacea against shrimp pathogenic bacteriMibrio harveyi.

M aterials and methods
Sampling and Isolation of Coral-associated Bacteria. The coral was collected from Teluk
Awur (06°37°02,5” N; 110°38'21,4” E), North Java Sea, Indonesia by scubangivand
identified asAcropora sp. according to Veron (1988). Upon collectiomatdragments were
put into sterile plastic bags (Whirl-Pak, Nasco AYyand immediately brought to the Marine
Station of the Diponegoro University, where it wersed with sterile seawater and scraped off
with a sterile knife. The resultant tissues weneallg diluted, spread on % strength ZoBell
2216E marine agar medium and incubated at roomdeatyre for 48 hours. On the basis of
morphological features, colonies were randomly @icland purified by making streak plates
(Madiganet al. 2000).
PCR-based Screening of NRPS Producing Bacterial Strain. For PCR analysis, genomic
DNA of strain TAB 4.2 was taken from cell mater@ an agar plate, suspended in sterile
water (Sigma, Germany) and subjected to five cyofefeeze (-70 °C) and thaw (95 °C).
Amplification of peptide synthetase gene fragmentgs carried out with the degenerated
primers A2gamF (5-AAG GCN GGC GSB GCS TAY STG C(¢-8nd A3gamR (5°-TTG
GGB IKB CCG GTS GIN CCS GAG GTG-3) (MWG-Biotech,b&rsberg, Germany)
designed from conserved regions of various batt@eptide synthetase sequences from
GenBank (Marahiedt al. 1997).

PCR was performed with an Eppendorf Mastercycl@péadorf Inc., Germany) as
follows: 2 ul template DNA, 40 pmol of each of the appropriptemers, 125:mol of each
deoxyribonucleoside triphosphatepbof 10 x RedTal" PCR buffer (Sigma, Germany), 1.2
mg mi* (final concentration) bovine serum albumin (Sigraag 0.75 unit RedTa§ DNA
polymerase (Sigma) were adjusted to a final volwh&0 pl with sterile water (Sigma). A
PCR run comprised 40 cycles with denaturing comdgifor one minute at 95 °C, annealing
for one minute at 70 °C and extension for two nmesudt 72 °C, respectively.

Cloning and Sequencing of a (putative) Peptide Synthetase Domain. The amplified PCR-
product was gel-purified using the Perfectpte@el cleanup Kit (Eppendorf, Germany) and
ligated into the pGEM-T vector (Promega, Germargfjofving the manufacturers protocol.
Recombinant clones containing an insert were pegpaising the DYEnamic Direct cycle
sequencing kit (Amersham Life Science, Inc, UK)$absequent sequencing on an automated
DNA sequencer Model 4200 (LI-COR, Inc, UK). Bothasids were sequenced twice using
M13F and M13R labeled with IRDY¥800 as sequencing primers (Messing 1983). Prior to
further analysis of the gene fragment the primegueaces on both sides of the fragment were
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removed. The deduced amino acid sequence of thefggment was compared for homology
with BLAST search (http://www.ncbi.nlm.nih.gov/btagAltschulet al. 1997).
PCR amplification and sequencing of 16SrRNA gene fragments. PCR amplification of the
almost complete 16S rRNA gene of strain TAB4.2,iffimation of PCR products and
subsequent sequencing analysis were performeddicgoto the method of Brinkhoff and
Muyzer (1997). The determined 1204 bp DNA sequerictrain TAB 4.2 was then compared
for homology to the BLAST database.
Phylogenetic analysis. All sequences used were at least 1200 bp longhylogenetic tree
was constructed using maximume-likelihood analy€ely sequences of type strains were
included in tree calculation. Alignment positiorisadnich less than 50 % of sequences of the
entire set of data had the same residues were dedlfrom the calculations to prevent
uncertain alignments within highly variable pogiisoof the 16S rDNA. Phylogenetic analysis
was performed with the ARB software package (httpuiv.mikro.biologie.tu-muenchen.de
(Strunket al. 1998).
DNA Sequence Accession Numbers. The 16S rRNA gene sequence of strain TAB4.2 has
been entered into the GenBank database underdbersee accession number AY338404, the
putative peptide synthetase sequence obtaineddi@im TAB4.2 under AY338405.
Inhibitory Interaction Test. Inhibitory interaction test of isolate TAB4.2 agsi pathogenic
Vibrio harveyi obtained from the collection of Microbiogeneti@bdratory, Department of
Biology, Diponegoro University, was performed bging the agar disk-diffusion method
(Conceptioret al. 1994). TheV. harveyi strain was previously isolated from infected sirim
from shrimp pond of Center for Research on Bracki&dter Aquaculture, Ministry of Marine
Affairs and Fisheries, Jepara, Indonesia. {0Culture ofV. harveyi in the logarithmic phase
(ca. 18 cells mi*) was spread on to agar medium. Paper digk$8 (mm; Advantec, Toyo
Roshi, Ltd, Japan) containing 10 of the primer-carrying bacterial strain was plhan the
respective agar surface. The plates were then atedbat room temperature for 48 hours.
Antibacterial activity was defined by the formatiof inhibition zones greater than 9 mm
around the paper disk.
Results
PCR-based Screening and I nhibitory Interaction Test
PCR-based screening revealed that the coral-assodimcterial strain TAB4.2 was

capable of producing secondary metabolites, iniqudar a non-ribosomal polypeptides. As
indicated in Figure 1, bacterial strain TAB4.2 pssses the NRPS gene as represented by the
occurrence of a single DNA band similar to the fhesicontrol on the agarose gel. Further
inhibitory interaction test showed that strain TAB4inhibited the growth of shrimp
pathogenid/. harveyi.
DNA Sequencing and Phylogenetic Analysis

A comparison of the 16S rRNA gene sequence ofrsfféiB4.2 with sequences
from GenBank demonstrated that this strain isiaféd to the familyPseudoalteromonas
within the orderAlteromonadales. The phylogenetic tree shown in Figure 2 indigatihat
isolate TAB 4.2 is most closely related wiBseudoalteromonas luteoviolacea (accession
number X82144) with a homology of 98%.
Cloning and Sequencing of a (putative) Peptide Synthetase Domain

To investigate the genetic potential of strain TAR to produce secondary
metabolites, a 279 bp long DNA fragment was obthirehe deduced amino acid sequence
indeed showed conserved signature regions for geepdiynthetases. A comparison with
proteins in the GenBank database revealed a higilagsty to NosD (accession number
AAF17281; 40 % identity), a multifunctional peptidgnthetase fromlostoc sp. GSV224, and
also to NdaB (accession number AAO64402; 44 % itdgnt peptide synthetase module of
Nodularia spumigena.
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Discussion

Inhibitory interactions among coral-associated &d&tthat occur on the coral surface
are of great interest to search for secondary mételproducing bacteria. Isolation and
screening for secondary metabolite-producing becter coral reef ecosystems have been
strongly neglected until now. Our results highligimte coral-associated bacterium (TAB4.2)
carrying the NRPS gene. This bacterium is 98% idehto Pseudoalteromonas luteoviolacea
based on its 16S rRNA gene sequence. Alteromormadafed Vibrionales of thed
Proteobacteria were among the dominant produceesiibiotics on marine snow from the
Southern California Bight (Long & Azam 2001).

Growth inhibition ofV. harveyi by NRPS strain TAB4.2 was 11.75 + 0.014 mm which
demonstrates the so far uncharacterized secondatgboiites of strain TAB4.2 lead to
antagonistic activity and, may hence lead to adchge® in the competition for space and
nutrients with other coral-associated bacteria. @tfieient inhibition of pathogenic bacterium
V. harveyi by strain TAB4.2 may further reflect the potentiale of coral bacteria in
controlling shrimp disease. A further work is nedttewever, to confirm the effectiveness this
strain in the shrimp culture.

Not all proteins are synthesized on ribosomes, amdll polypeptides can be
assembled by peptide synthetases just as otherozomdp. Most non-ribosomal peptides from
microorganisms are classified as secondary metabolihey rarely play a role in primary
metabolism, such as growth or reproduction but havelved to somehow benefit the
producing organisms (Neilagt al. 1999). Products of the microbial non-ribosomal tjoEp
synthesis include the immunosuppressautosporine and other antibiotics such gsamicin
S tyracin A andsurfactins (Kleinkauf & von Dohren 1996).

The comparison of the derived amino acid sequehd¢bkeoputative non ribosomal
peptide synthetase of strain TAB4.2 revealed a liighmology to sequence fragments of
known peptide synthetases. Highest similarity weanél with sequences of organisms
belonging to the phylunCyanobacteria, from which most genera possess non-ribosomal
peptide synthetase genes (Christianseral. 2001). Neilanet al. (1999) mentioned that
Cyanabacteria produced a myriad array of secondary metabolitesluding alkaloids,
polyketides, and non ribosomal peptides, some afhware potent toxins.

Interestingly, the organism closest related to TAB4Pseudoalteromonas
luteoviolacea, owns a non-ribosomal peptide synthetase, whicldymes thesiderophore
alterobactin (Reidet al. 1993; Denget al. 1995). Although the biological function of the gen
product remains unknown, the feasibility that teepective gene detected in strain TAB 4.2
codes for a non ribosomal peptide synthetase Is hig

In conclusion, a symbiotic coral bacterilseudoalteromonas luteoviolacea TAB4.2
carrying the a 279 bp long NRPS gene fragment axtedor its antibacterial activity against
shrimp pathogenic bacteriuvfibrio harveyi.
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Figuresand legends
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Fig 1. PCR-based screening of NRPS producing-TAB#&in.
+ control Pseudomonas fluorescens DSM No. 50117); M: DNA markers.
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alpha-Proteobacteria

Shewanella hanedaii CIP 1032077 (X82132)
_LF Shewanella putrefaciens DSM6067T (X82133) | Shewanella
Shewanella benthica ATCC 439927 (X82131)

—r Moritella viscosus NVI 88/478T (AJ132226) | ;
Moritella marina NCIMB 11447 (X82142) Moritella
Alteromonas macleodii DSM 60627 (Y18228) | Alteromonas

Pseudoaiteromonas mariniglutinosa KMM 36357 (AJ507251)
Pseudoalteromonas prydzensis CIP 1058207 (U85855)
Pseudoalteromonas denitrificans DSM 60597 (X82138)
Pseudoalteromonas ulvae CIP 1071237 (AF172987)
Pseudoalteromonas tunicata CIP 1059287 (Z25522)
Pseudoalteromonas citrea DSM 87717 (X82137)
Pseudoalteromonas aurantia DSM 60577 (X82135)
~ Pseudoalteromonas issachenkonii KMM 35497 (AF316144)
Pseudoalteromonas ruthenica KMM 3007 (AF316891)
Pseudoalteromonas phenolica O-BC30T (AF332880)
Pseudoalteromonas sp. str. TAB 4.2 (AY338404)
Pseudoalteromonas luteoviolacea DSM 60617 (X82144)
Pseudoalteromonas flavipulchra KMM 36307 (AF297958)
Pseudoalteromonas maricaloris KMM 6367 (AF144036)
Pseudoalteromonas piscicida ATCC 150577 (X82215)
Pseudoalteromonas peptidolytica CIP 1070667 (AF007286) Pseudoalteromonas
Pseudoalteromonas rubra DSM 68427 (X82147)
Pseudoalteromonas tetraodonis DSM 91667 (AF214730)
_leseudoalteromonas agarivorans KMM 2557 (AJ417594)
Pseudoalteromonas distincta KMM 6387 (AF043742)
Pseudoalteromonas nigrifaciens DSM 88107 (X82146)
Pseudoalteromonas undina DSM 60657 (X82140)
Pseudoalteromonas haloplanktis DSM 60607 (X67024)
Pseudoalteromonas transiucida KMM 520T (AY040230)
Pseudoalteromonas antarctica CECT 46647 (X98336)
Pseudoalteromonas paragorgicola KMM 35487 (AY040229)
Pseudoalteromonas elyakovii KMM 162T (AF082562)
Pseudoalteromonas espejiana DSM 94147 (X82143)
_l Pseudoalteromonas atlantica ATCC 192627 (X82134)
Pseudoalteromonas carrageenovora DSM 68207 (X82136)

0.1

Fig 2. Phylogenetic tree based on comparative 1BNAr gene sequence analysis of
Pseudoalteromonas species showing the phylogenetic affiliation ofast TAB4.2.
Selected sequences from the alpha subclas¥ abéobacteria were used to root the
tree. Accession numbers of the 16S rRNA gene segseare given in parenthesis. The
bar indicates 10% sequence divergence.
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