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Isolation and characterization of culturable bacteria from tropical coastal waters
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Abstract

In this study we isolated and characterized some culturable bacteria from tropical coastal waters of Peninsular Malaysia. We
obtained between 0.23 and 1.85 x 103 cfu mL™! in the Zobell 2216E medium, and cultured 0.04% to 0.12% of total bacterial
counts. Different bacterial strains were then selected by 16S rDNA RFLP using four restriction enzymes (Ddel, Hhal, Rsal, and
Sau3Al), of which Hhal gave the most RFLP patterns. A total of 54 unique strains were obtained and these were identified by
their 16S rDNA gene sequence. These bacterial strains could be divided into five classes: 38 strains of y-Proteobacteria (61.1%);
3 strains of a-Proteobacteria (5.5%); 2 strains of the Cytophaga-Flavobacterium-Bacteroides group (3.7%); 3 strains of high
GC, Gram-positive bacteria (5.5%); and 13 strains of low GC, Gram-positive bacteria (24.1%). These isolates have good
potential for further biotechnological studies since about 56% of the isolates exhibited amylase activity, whereas 36% and 18%
of the isolates had protease and lipase, respectively. Most (>70%) of the isolates also produced poly-f-hydroxybutyrate.
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Resumen

En este estudio se aislaron y caracterizaron algunas bacterias cultivables de las aguas costeras tropicales de Malasia
Peninsular. Se obtuvieron entre 0.23 y 1.85 x 10° ufc mL™! en medio de cultivo Zobell 2216E, y se cultivaron 0.04% a 0.12% de
los conteos totales de bacterias. Se seleccionaron diferentes cepas bacterianas mediante RFLP del gen 16S rDNA usando cuatro
enzimas de restriccion (Ddel, Hhal, Rsal y Sau3Al), de las cuales Hhal produjo mas patrones de RFLP. Se obtuvieron un total
de 54 cepas singulares, las cuales fueron identificadas por su secuencia 16S rDNA. Estas cepas bacterianas fueron divididas en
cinco clases: 38 cepas de y-proteobacterias (61.1%), 3 cepas de o-proteobacterias (5.5%), 2 cepas del grupo Cytophaga-
Flavobacter-Bacteroides (3.7%), 3 cepas de bacterias Gram positivas con alto contenido de GC (5.5%) y 13 cepas de bacterias
Gram positivas con bajo contenido de GC (24.1%). Estos aislados tienen un buen potencial para futuros estudios
biotecnoldgicos ya que 56% de ellos presentaron actividad de la enzima amilasa, mientras que 36% y 18% presentaron actividad

de las enzimas proteasa y lipasa, respectivamente. La mayoria (>70%) de los aislados produjeron poli-B-hidroxibutirato.

Palabras clave: 16S rDNA RFLP, bacterias marinas, Estrecho de Malaca, Mar de la China Meridional, ZoBell 2216E.

Introduction

There are 12 x 102 prokaryotic cells in the open ocean
(Whitman et al. 1998), representing a large pool of both
genetic and physiological diversity. Before the 1990s, the
diversity of bacteria was assessed by phenotypic tests and
numerical taxonomy of isolates grown on microbiological
media (Fry 2000). However, only 0.001% to 0.1% of marine
bacteria have been cultured (Oren 2004), and most of the
marine microbial community remains unknown. During the
last two decades, the analysis of bacteria in the environment
has shifted from culture-dependent to culture-independent
approaches like 16S rDNA-based molecular techniques (e.g.,
Yeon et al. 2005) and metagenomics (Theron and Cloete
2000). The culture-independent approach has allowed us to
understand the physiology of unculturable bacteria, such as
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Introduccion

En el mar abierto existen 12 x 10? células procariotas
(Whitman et al. 1998), lo que representa un gran capital natural
de diversidad tanto genética como fisiologica. Antes de la
década de los anos noventa, la diversidad bacteriana se eva-
luaba mediante pruebas fenotipicas y la taxonomia numérica
de los aislados cultivados en medios microbiologicos (Fry
2000); sin embargo, sélo de 0.001% a 0.1% de las bacterias
marinas han sido cultivadas (Oren 2004) y atn se desconoce la
mayor parte de la comunidad microbiana. En las ultimas dos
décadas el analisis de las bacterias en el medio ambiente ha
cambiado de técnicas que dependen del cultivo a técnicas que
no dependen de éste como la identificacion molecular basada
en el gen 16S rDNA (e.g., Yeon et al. 2005) y la metagenomica
(Theron y Cloete 2000). Las técnicas independientes del
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Ferroplasma type II and Leptospirillum group II from acid
mine drainage stream (Tyson et al. 2004).

Nevertheless, culture-dependent approaches remain rele-
vant. Culturing bacteria allows phenotypic characterization
that is required to fill the gap between function and identity
obtained by molecular approaches (Martinez-Murcia et al.
2005). Culturable bacteria also provide fixed reference points
in molecular taxonomic databases that are useful even for
culture-independent approaches (Spiegelman et al. 2005).
Although a culture-dependent approach does not reflect total
bacterial diversity (Oren 2004), many culturable micro-
organisms are still unknown (Pinhassi et al. 1997, Suzuki et al.
1997). By varying the media and using novel isolation tech-
niques, new isolates are being obtained (Connon and
Giovannoni 2002, Goltekar et al. 2006). Moreover, isolation
and culture of bacteria from the environment is still a cheaper
and easier approach when compared with culture-independent
approaches.

Peninsular Malaysia is located on the Sunda Shelf, and is
surrounded by the Straits of Malacca and South China Sea.
Although these waters are rich in marine life biodiversity
(Callum et al. 2002), the microbial diversity remains poorly
understood. Published reports of marine bacteria in these
waters remain limited to microbiological studies of seawater
impacted with thermal effluents (Lee 2003), island waters
(Bong and Lee 2005), and coral symbionts (Kalimutho et al.
2007). However, the identification of these bacterial isolates is
based on biochemical tests and the identification of many
remains unresolved.

The present study is a pilot research to determine the bacte-
rial diversity in these coastal waters. As a preliminary
approach, we isolated and cultured marine bacterial strains
from coastal waters of Peninsular Malaysia. Isolates for
subsequent analysis were selected by 16S rDNA restriction
fragment length polymorphism (RFLP), and identified via their
16S rDNA sequence. In order to determine their potential for
biotechnology, selected isolates were characterized according
to their production of extracellular enzymes and poly-p3-
hydroxybutyrate (PHB). All the sequences obtained were
deposited in GenBank under the accession numbers EF491975
to EF492033.

Material and methods

Seawater samples were collected from different types of
coastal environments along the Straits of Malacca (estuarine
waters at Klang [03°00.1' N, 101°23.4" E] and coastal waters at
Port Dickson [02°29.5" N, 101°50.3" E]) and the South China
Sea (Kuantan: estuarine waters at Ktn Stn 1 [03°48.4" N,
103°20.6' E] and coastal waters at Ktn Stn 2 [03°48.7" N,
103°22.4" E]) (fig. 1). For the physico-chemical analyses, we
sampled from six to twelve times over a one-year period
(table 1), whereas bacterial isolation was carried out three
times at each site.

In situ measurements of temperature and salinity were
carried out using a salinometer (YSI-30, USA). About 100 mL
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cultivo han permitido entender la fisiologia de bacterias no cul-
tivables como Ferroplasma tipo I1 y Leptospirillum grupo 11 en
las descargas de aguas acidas de minas (Tyson et al. 2004).

No obstante, los métodos cultivo-dependendientes siguen
siendo relevantes. El cultivo de bacterias permite la caracteri-
zacion fenotipica necesaria para llenar la brecha de informa-
cion entre la funcion y la identidad obtenida por técnicas
moleculares (Martinez-Murcia et al. 2005). Las bacterias culti-
vables también dan puntos de referencia fijos en las bases de
datos de taxonomia molecular que son utiles inclusive para las
técnicas independientes de los cultivos (Spiegelman et al.
2005). A pesar de que un enfoque cultivo-dependiente no
refleja la diversidad bacteriana total (Oren 2004), atin faltan
por conocer muchos microorganismos cultivables (Pinhassi et
al. 1997, Suzuki et al. 1997). El utilizar diferentes medios y
nuevas técnicas de aislamiento ha permitido obtener nuevos
aislados (Connon y Giovannoni 2002, Goltekar et al. 2006).
Ademas, el aislamiento y el cultivo de bacterias del medio
ambiente sigue resultando mas economico y facil que las
técnicas independientes de cultivos.

Malasia Peninsular (o Malasia Occidental) se localiza en la
Plataforma de Sunda, rodeada por el Estrecho de Malaca y el
Mar de la China Meridional. A pesar de ser aguas ricas en bio-
diversidad marina (Callum et al. 2002), existe poco conoci-
miento de su diversidad microbiana. La literatura sobre las
bacterias marinas de estas aguas se limita a estudios microbio-
logicos de aguas marinas impactadas por descargas termales
(Lee 2003), aguas insulares (Bong y Lee 2005) y simbiontes
coralinos (Kalimutho et al. 2007); sin embargo, la identifica-
cion de estos aislados bacterianos se ha basado en pruebas bio-
quimicas y muchos no han sido identificados aun.

Este trabajo es un estudio piloto para determinar la diversi-
dad bacteriana de estas aguas costeras. De manera preliminar
se aislaron y cultivaron cepas de bacterias marinas de las aguas
costeras de Malasia Peninsular. Se seleccionaron aislados para
su posterior analisis mediante polimorfismos de la longitud de
los fragmentos de restriccion (RFLP, por sus siglas en inglés)
del gen 16S rDNA vy se identificaron por su secuencia 16S
rDNA. A fin de determinar su potencial biotecnologico, se
caracterizaron los aislados seleccionados segiin su produccion
de enzimas extracelulares y de poli-B-hidroxibutirato (PHB).
Todas las secuencias obtenidas fueron depositadas en el Gen-
Bank con nimeros de acceso EF491975 a EF492033.

Materiales y métodos

Se recolectaron muestras de agua de mar de diferentes tipos
de ambientes litorales en el Estrecho de Malaca (aguas estuari-
nas de Klang [03°00.1’' N, 101°23.4" E] y aguas costeras del
Puerto Dickson [02°29.5" N, 101°50.3" E]) y el Mar de la China
Meridional (Kuantan: aguas estuarinas en la estacion 1
[03°48.4" N, 103°20.6" E] y aguas costeras en la estacion 2
[03°48.7" N, 103°22.4" E]) (fig. 1). Para los analisis fisicoqui-
micos se realizaron de seis a doce muestreos durante un
periodo de un afio (tabla 1), mientras que el aislamiento bacte-
riano se llevo a cabo tres veces en cada sitio.
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Figure 1. Location of the sampling stations.
Figura 1. Localizacion de las estaciones de muestreo.

of seawater were collected from 15 to 20 cm below the water
surface with sterile bottles for bacterial isolation, while sam-
ples for bacterial total counts were preserved with glutaralde-
hyde (1% final concentration). For the chemical analyses,
about 2 L of water were collected. The samples were stored on
ice and processed within 3 h of sampling.

For the nutrient analysis, seawater was filtered through pre-
combusted (500°C for 3 h) Whatman GF/F filters, and the
filtrate was kept frozen (—20°C). Dissolved inorganic nutrients
(nitrate [NO;], ammonium [NH,], phosphate [PO,], and silicate
[SiO,]) were measured according to Parsons et al. (1984). The
coefficient of variation for NH,, PO,, and SiO, analyses was
<5%, and for NO; analysis, <10%. Total suspended solids
(TSS) were measured as the weight increase in the GF/F filters
after drying. Chlorophyll a was extracted with 90% ice-cold
acetone and determined using a spectrophotometer (Parsons et
al. 1984).

Bacterial abundance was determined by the direct count
method using an epifluorescence microscope (Olympus BX60,
Japan) with a U-MWU filter cassette (excitor 330-385 nm,
dichroic mirror 400 nm, barrier 420 nm). Samples were filtered
onto a black 0.2-pum pore size Isopore filter, and then stained
with 4’'6-diamidino-2-phenylindole (DAPI, 1 ug mL-!' final
concentration) for 10 min. A minimum of 15 microscope fields
or 300 cells were observed. In order to exclude phototrophs
from our counts, we also viewed each field under the U-MWG
filter cassette (excitor 510-550 nm, dichroic mirror 570 nm,
barrier 590 nm) for the autofluorescence of chlorophyll a.
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Table 1. Sampling stations and periods (n, number of samplings), and physico-chemical variables (mean + standard deviation) measured in this study: surface water temperature, salinity, total

suspended solids (TSS), ammonium (NH,), nitrate (NO;), phosphorus (PO,), silicate (SiO,4), chlorophyll a (Chla) concentration, and bacterial abundance.

Tabla 1. Estaciones y periodos de muestreo (n, nimero de muestreos), y variables fisicoquimicas (media + desviacion estandar) medidas en este estudio: temperatura del agua superficial, salinidad,

sélidos suspendidos totales (TSS), amonio (NH,), nitrato (NO;), fésforo (PO,), silicato (SiO,), concentracion de clorofila a (Chla) y abundancia bacteriana.

Bacteria
(% 106 cells mL™1)

Chla
(ugL™

TSS NH, NO, . Sio,
(mgL™ (1M) (UM) (uM) (UM)
1.74 £ 1.60 578 £8.62

Salinity

Temp.
(°C)

Sampling period
(month/year)

Station

42+23

11.01 £8.50

13.50 £10.09 3.08 £2.83

280 + 20

264 £5.1

30.0£0.8

09/2004-08/2005

Klang

(n=12)

07/2004-06/2005

(estuary)

30.7£1.0 284 + 31 4741474 020£0.10 048+022 8.72+2.09 232+1.00 1.2+£0.2

30.0+1.1

Port Dickson

(n=12)
07/2005-08/2006

(sandy coast)

2.8£0.8

5028 353+£4.03 058+£023 0.53+022 1225%£3.89 5341405

23.8£9.7

28713

Kuantan Stn 1
(estuary)

(n=11

07/2005-07/2006

23£03

0.53+£0.27 057+£027 891+£5.64 3.73+2.59

1.24£0.71

+29

30914 49

29.6 £0.6

Kuantan Stn 2
(sandy coast)

(n=0)
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Culturable bacteria were isolated by spread plating on
Zobell 2216E medium (0.5% peptone, 0.1% yeast extract,
0.01% FePO,, prepared in seawater) (ZoBell 1946), and incu-
bated at 25-30°C for several days. Colony forming units (cfu)
were counted, and colonies with different morphology were
further purified for DNA extraction. For DNA extraction,
Gram-negative bacteria were lysed chemically using SDS and
lysozyme, whereas Gram-positive bacteria were lysed with an
additional freeze and thaw step (Ausubel et al. 2002). We used
the phenol:chloroform:isoamyl alcohol (25:24:1) extraction
and ice-cold ethanol precipitation method. DNA was resus-
pended in Tris-EDTA (TE) buffer (pH 8.0) and stored at —20°C.
For all isolated strains, one pair of universal primers was used
for the amplification of the 16S rDNA gene: the forward
primer, 27F (5'-AGAGTTTGATCMTGGCTCAG-3"), and the
reverse primer, 1525R (5'-AAGGAGGTGWTCCARCC-3").
Polymerase chain reaction (PCR) was performed in a 15-uL
reaction mixture containing 10x PCR buffer, 1.5 mM of
MgCl,, 0.4 uM of each primer, 3 uL of DNA template (approx-
imately 200 ng pL"), 0.2 mM of dNTPs, and 0.5 U of Taq
polymerase (Finnzymes DyNAzyme™ II, Finland). PCR
amplification was carried out according to the following
conditions: initial denaturation at 94°C for 2 min; 35 cycles of
denaturation for 30 s at 94°C, annealing for 40 s at 55°C, exten-
sion for 90 s at 72°C; and a final extension at 72°C for 7 min.
PCR products were then purified using the QIAquick® PCR
Purification Kit (QIAGEN, Germany).

For RFLP, the restriction endonucleases Ddel, Hhal, Rsal,
and Sau3Al (Roche, Germany) were used to digest the 16S
rDNA amplicon separately, and then resolved in a 2.0% aga-
rose gel at 3.8 V cm™!. Restriction patterns were analyzed using
the AlphaEaseFC™ software (Alpha Innotech Corp., USA),
and strains showing different RFLP patterns were selected for
sequencing at Macrogen (South Korea). The nucleotide
sequence of the samples was submitted to both the Advanced
BLASTn search program (Altschul et al. 1990) of the National
Center for Biotechnology Information (NCBI) and Ribosomal
Database Project II (RDP-II) (Cole et al. 2005) for identifica-
tion of the closest related bacteria.

We also checked the taxonomic position of the bacterial
isolates via a phylogenetic tree. The sequences were first
aligned via MUSCLE 3.6 (Edgar 2004), and any misalign-
ments were corrected manually. A neighbour-joining tree
(Saitou and Nei 1987) was constructed from a matrix of pair-
wise genetic distances calculated by the Jukes-Cantor algo-
rithm (Jukes and Cantor 1969) using Bosque, a software
system for phylogenetic analysis (Ramirez-Flandes and Ulloa
2008). Bootstrap analyses of 1000 replicates were also per-
formed to assess the relative stability of the branches.

To determine the potential of these isolates for biotechnol-
ogy, isolates were screened for the extracellular enzymes
amylase, protease, and lipase (Leifson 1963, Austin 1982).
Screening for PHB production was also carried out according
to Ostle and Holt (1982).
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Se realizaron mediciones in situ de temperatura y salinidad
con un salinometro (YSI-30, EUA). Se recolectaron alrededor
de 100 mL de agua de mar entre 15 y 20 cm bajo la superficie
con botellas estériles para el aislamiento bacteriano. Las
muestras para el conteo total de bacterias se preservaron en
glutaraldehido (1% de concentracion final). Para los analisis
quimicos se recolectaron alrededor de 2 L de agua. Las mues-
tras se almacenaron en hielo y se procesaron en menos de 3 h
después del muestreo.

Para el analisis de nutrientes, el agua de mar se filtr6 a tra-
vés de filtros Whatman GF/F prequemados (500°C por 3 h), y
el filtrado se mantuvo en congelacion (-20°C). Se midieron
nutrientes inorgdnicos disueltos (nitrato [NO;], amonio [NH,],
fosfato [PO,] y silicato [SiO,]) de acuerdo con Parsons et al.
(1984). El coeficiente de variacion para el analisis de NH,, PO,
y SiO, fue <5%, y para el andlisis de NOs, <10%. Los soélidos
suspendidos totales fueron medidos como el incremento en
peso en los filtros GF/F después de secarse. La clorofila a se
extrajo con acetona helada al 90% y se determiné en un espec-
trofotometro (Parsons et al. 1984).

La abundancia bacteriana se determiné mediante el método
de conteo directo bajo un microscopio de epifluorescencia
(Olympus BX60, Japén) con un casete de filtro U-MWU
(excitacion, 330-385 nm; espejo dicroico, 400 nm; barrera,
420 nm). Las muestras se pasaron por un filtro negro de mem-
brana Isopore de 0.2 um de tamafio de poro, y luego se tifiieron
con 4'6-diamidino-2-fenilindol (DAPI, concentracion final de
1 ug mL") por 10 min. Se observaron un minimo de 15 cam-
pos microscopicos o 300 células. A fin de excluir las bacterias
fototrofas de nuestros conteos, también se observo cada campo
bajo un casete de filtro U-MWG (excitacion, 510-550 nm;
espejo dicroico, 570 nm; barrera, 590 nm) para la autofluo-
rescencia de la clorofila a.

Las bacterias cultivables se aislaron mediante la técnica de
esparcido en superficie empleando el medio de cultivo Zobell
2216E (peptona 0.5%, extracto de levadura 0.1%, FePO,
0.01%, preparado en agua de mar) (ZoBell 1946), y se incuba-
ron a 25-30°C durante varios dias. Se contaron las unidades
formadoras de colonias (ufc), y las colonias con diferente mor-
fologia se purificaron ain mas para la extraccion del ADN.
Para tal extraccion, las bacterias Gram negativas fueron disuel-
tas quimicamente usando dodecilsulfato de sodio y lisozima,
mientras que las bacterias Gram positivas fueron disueltas
mediante un paso adicional de congelacion y descongelacion
(Ausubel et al. 2002). Se utilizo el método de extraccion con
fenol:cloroformo:alcohol isoamilico (25:24:1) y precipitacion
con etanol frio. El ADN fue resuspendido en amortiguador
Tris-EDTA (TE, pH 8.0) y almacenado a —20°C. Para todas las
cepas aisladas se utilizé un par de iniciadores universales para
la amplificacion del gen 16S rDNA: el iniciador delantero,
27F (5'-AGAGTTTGATCMTGGCTCAG-3'), y el iniciador
opuesto, 1525R (5'-AAGGAGGTGWTCCARCC-3"). La reac-
cion en cadena de la polimerasa (PCR por sus siglas en inglés)
se realizd en una mezcla de reaccion de 15 mL que contenia
10x de amortiguador para PCR, 1.5 mM de MgCl,, 0.4 uM de
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Results

Table 1 shows some of the physico-chemical variables
measured at the sampling stations. Average surface seawater
temperature ranged from 28.7°C to 30.0°C, which is typical of
tropical waters, and salinity ranged from 24 to 31. Salinity was
generally more variable at the estuaries (Klang and Ktn Stn 1),
and this is probably due to the episodic inputs of fresh river
water. Both dissolved inorganic nutrients and chlorophyll a
concentration were also higher in estuaries and highest at
Klang. Average TSS level was strikingly higher at the stations
along the Straits of Malacca (>280 mg L) than at those facing
the South China Sea (<50 mg L).

The cfu mL~" measured ranged from 0.23 to 1.85 x 103, and
was lowest at Ktn Stn 2 (fig. 2). The total bacterial counts
ranged from 1.04 to 3.29 x 106 cells mL~! and do not reflect the
cfu measurements. The percentage of culturability at different
locations was different. An average 0.12% of the total bacteria
were cultured at Port Dickson, whereas at Klang, an average
0.06% of total bacteria were cultured. The ratio of culturable to
total bacteria was lowest at both Kuantan stations (<0.05%).

In this study, a total of 91 marine bacterial strains with dif-
ferent colony characteristics were selected and purified for
DNA extraction. PCR amplification of the 16S rDNA gene
produced a single band of approximately 1500 bp. The purified
amplicons were then digested for RFLP. Of the four restriction
enzymes used, Ddel and Sau3AlI did not cut as frequently and
gave only 20 and 19 patterns, whereas Hhal and Rsal produced
59 and 58 patterns, respectively.

Some bacterial strains showed identical restriction patterns
for all four restriction enzymes and only a representative was
chosen. A total of 59 strains exhibited different RFLP patterns.

107+
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10°

10%—

10°—

(log cfu / cells mI=")
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Culturable / Total bacteria

10"
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KtnStn1 |

n=3

| Port Dickson | l

n=4
Station
[ Culturable bacteria (cfu ml~') = Total bacteria (cells mI~')

Ktn Stn 2
n=3

Klang
n=3

Figure 2. Average (* standard deviation) culturable and total bacteria
measured at the different sampling stations in this study.

Figura 2. Promedios (+ desviacion estandar) de bacterias cultivables y
totales medidas en las estaciones de muestreo de este estudio.
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cada iniciador, 3 mL de cadena de ADN (aproximadamente
200 ng puL1), 0.2 mM de dNTPs y 0.5 U de polimerasa Taq
(Finnzymes DyNAzyme™ II, Finlandia). La amplificacion por
PCR se realiz6 en las siguientes condiciones: desnaturalizacion
inicial a 94°C por 2 min; 35 ciclos de desnaturalizacién por 30
s a 94°C, alineamiento por 40 s a 55°C, extension por 90 s a
72°C; y una extension final a 72°C por 7 min. Los productos de
PCR se purificaron usando el kit de purificacion QIAquick®
(QIAGEN, Alemania).

Para RFLP, se emplearon las endonucleasas de restriccion
Ddel, Hhal, Rsal y Sau3Al (Roche, Alemania) para digerir el
amplicon 16S rDNA por separado, para posteriormente
resolverse en un gel de agarosa al 2.0% a 3.8 V cm™l. Se
analizaron los patrones de restriccion usando la paqueteria
AlphaEaseFC™ (Alpha Innotech Corp., EUA), y se seleccio-
naron las cepas que mostraban diferentes patrones de RFLP
para su secuenciacion en Macrogen (Corea del Sur). La
secuencia de nucledtidos de las muestras se sometio tanto al
programa de busqueda Advanced BLASTn (Altschul et al.
1990) del Centro Nacional para la Informacion Biotecnologica
(NCBI, EUA) como al Proyecto de Base de Datos Ribosomal
II (RDP-II) (Cole et al. 2005) para la identificacion de las bac-
terias mas cercanamente relacionadas.

Asimismo, se evalu6 la posicion taxondmica de los aislados
bacterianos mediante un arbol filogenético. Primero se alinea-
ron las secuencias usando MUSCLE 3.6 (Edgar 2004), corri-
giendo manualmente cualquier desalineacion. Se construyd un
arbol filogenético (neighbour-joining tree; Saitou y Nei 1987)
a partir de una matriz de distancias genéticas entre pares calcu-
lada con el algoritmo de Jukes-Cantor (Jukes y Cantor 1969)
usando la paqueteria Bosque para andlisis filogenéticos
(Ramirez-Flandes y Ulloa 2008). También se realizaron anali-
sis tipo bootstrap de 1000 réplicas para evaluar la estabilidad
relativa de las ramas.

Para determinar el potencial de los aislados bacterianos
para la biotecnologia, éstos se examinaron para determinar la
presencia de las enzimas extracelulares amilasa, proteasa y
lipasa (Leifson 1963, Austin 1982). También se determiné la
produccion de PHB de acuerdo con Ostle y Holt (1982).

Resultados

En la tabla 1 se muestran las variables fisicoquimicas medi-
das en las estaciones de muestreo. La temperatura del agua de
mar oscilo entre 28.7°C y 30.0°C, lo cual es tipico para aguas
tropicales. La salinidad varié de 24 a 31 y, en general, fue mas
variable en los estuarios (Klang y estacion 1 de Kuantan), pro-
bablemente debido a las descargas episodicas de agua dulce
fluvial. Tanto los nutrientes inorganicos disueltos como la con-
centracion de clorofila a resultaron mayores en los estuarios y
mas altos en Klang. El nivel medio de sélidos suspendidos
totales fue notablemente mayor en las estaciones del Estrecho
de Malaca (>280 mg L") que en las del Mar de la China Meri-
dional (<50 mg L).
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Table 2 shows the size fragments produced after digestion with
both Hhal and Rsal. These two restriction enzymes can differ-
entiate nearly all the 59 strains except for isolates LGP
(Staphylococcus cohnii) and LGT (S. pasteuri), which required
a further digest by Ddel (data not shown).

All 59 strains were then identified based on the partial
sequence analysis (~700 bp) of their 16S rDNA genes to their
closest relative (table 2). From the sequence analysis, only 54
distinct strains were found since five strains (LGAA2, PD1B,
PDIE, PKL, and PKP) were identical to Pseudoalteromonas
spongiae and two strains (PDIF and KK9) were identical to
Alteromonas sp. AS30. All 54 distinct strains were >96%
identical to sequences within both the NCBI and RDP-II
databases. The strains (N, %) isolated in this study belong to the
following five classes: 1. a-Proteobacteria (Stappia sp. [1,
1.9%], Ruegeria sp. [1, 1.9%], Erythrobacter sp. [1, 1.9%]);
2. y-Proteobacteria (Pseudoalteromonas sp. [9, 16.7%],
Alteromonas sp. [7, 13.0%], Shewanella sp. [3, 5.6%],
Microbulbifer sp. [2, 3.7%], Vibrio sp. [5, 9.3%], Marinobacter
sp. [1, 1.9%], Photobacterium sp. [1, 1.9%], Pantoea sp. [1,
1.9%], Pseudomonas sp. [1, 1.9%], Acinetobacter sp. [1,
1.9%], Halomonas sp. [1, 1.9%], Salinimonas sp. [1, 1.9%]);
3. Cytophaga-Flavobacterium-Bacteroides (CFB) group bacte-
ria (Tenacibaculum sp. [1, 1.9%], Cytophaga sp. [1, 1.9%]);
4. High GC, Gram-positive bacteria (Micrococcus sp. [2,
3.7%], Brevibacterium sp. [1, 1.9%]); and 5. Low GC, Gram-
positive bacteria (Staphylococcus sp. [3, 5.6%], Bacillus sp.
[10, 19.0%)]).

Table 3 shows the results of the screening for extracellular
enzymes (i.e., lipase, amylase, and protease). Amylase was the
most prevalent and was found in 56% (n = 28) of the isolates
screened, whereas only 36% (n = 18) and 18% (n = 9) of the
isolates showed extracellular protease and lipase activity,
respectively. The presence of amylase is common in the genera
Bacillus, Pseudoalteromonas, and Vibrio. Protease was found
in most of the Micrococcus, Pseudoalteromonas, and
Shewanella, whereas lipase was observed only in some
Staphylococcus and Vibrio. In contrast, PHB production was
found in most of the isolates screened (>70%, n = 26) (table 4).

Discussion

All four stations selected had different physico-chemical
conditions, and Klang had the highest level of eutrophication.
This concurs with Lee and Bong (2008) who reported high
rates of primary and bacterial productivity at Klang relative to
the other stations. High TSS was also observed at stations
along the Straits of Malacca, and this is often attributed to land
clearing activities for construction projects, mining, agricul-
tural and forest industries, and dredging operations (Lee and
Bong 2006). The cfu and bacterial counts obtained in this study
were within the range previously reported for Malaysian
waters: 100-2500 cfu mL~' (Lee 2003) and 0.1-97.5 x 10 cells
mL~!' (Lee and Bong 2008). The ratio of culturable bacteria to
total bacteria was from 0.04% to 0.12%, which is similar to
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Las ufc mL~! medidas fueron de 0.23 a 1.85 x 10° y meno-
res en la estacion 2 de Kuantan (fig. 2). Los conteos bacteria-
nos totales variaron de 1.04 a 3.29 x 10° cél mL! y no reflejan
las mediciones de ufc. El porcentaje de cultivabilidad resulto
diferente para los diferentes sitios. En Puerto Dickson se
cultivo un promedio de 0.12% de las bacterias totales, mientras
que en Klang se cultivo un promedio de 0.06%. La razon de
bacterias cultivables a bacterias totales fue menor en las dos
estaciones de Kuantan (<0.05%).

En este estudio se seleccion6 un total de 91 cepas de bacte-
rias marinas con diferentes caracteristicas coloniales y se puri-
ficaron para la extraccion de ADN. La amplificacién por PCR
del gen 16S rDNA produjo una sola banda de aproximada-
mente 1500 bp, digiriéndose posteriormente los amplicones
purificados para RFLP. De las cuatro enzimas de restriccion
empleadas, Ddel y Sau3Al se cortaron con menor frecuencia,
dando so6lo 20 y 19 patrones, mientras que Hhal y Rsal produ-
jeron 59 y 58 patrones, respectivamente.

Algunas de las cepas bacterianas presentaron patrones de
restriccion idénticos para las cuatro enzimas, por lo que se
selecciond una muestra representativa. En total, 59 cepas mos-
traron patrones de RFLP distintos. En la tabla 2 se indican los
fragmentos obtenidos después de la digestion con Hhal y Rsal.
Estas dos enzimas de restriccion diferenciaron casi todas las
59 cepas con excepcion de los aislados LGP (Staphylococcus
cohnii) y LGT (S. pasteuri), los cuales requirieron de una
digestion adicional con Ddel (datos no mostrados).

Las 59 cepas se identificaron con base en el analisis de la
secuencia parcial (~700 bp) de sus genes 16S rDNA a sus
parientes mas cercanos (tabla 2). Este analisis arrojo solo 54
cepas singulares, ya que cinco de ellas (LGAA2, PD1B, PDIE,
PKL y PKP) fueron idénticas a Pseudoalteromonas spongiae y
dos (PD1F y KK9) fueron idénticas a Alteromonas sp. AS30.
Las 54 cepas distintas resultaron >96% idénticas a las secuen-
cias dentro de las dos bases de datos usadas (NCBI y RDP-II).
Las cepas (n, %) aisladas en el presente estudio pertenecen a
las siguientes cinco clases: 1. a-Proteobacterias (Stappia sp. [1,
1.9%], Ruegeria sp. [1, 1.9%], Erythrobacter sp. [1, 1.9%]);
2. y-Proteobacterias (Pseudoalteromonas sp. [9, 16.7%],
Alteromonas sp. [7, 13.0%], Shewanella sp. [3, 5.6%],
Microbulbifer sp. [2, 3.7%], Vibrio sp. [5, 9.3%], Marinobacter
sp. [1, 1.9%], Photobacterium sp. [1, 1.9%], Pantoea sp. [1,
1.9%], Pseudomonas sp. [1, 1.9%], Acinetobacter sp. [1,
1.9%], Halomonas sp. [1, 1.9%], Salinimonas sp. [1, 1.9%]);
3. Bacterias del grupo Cytophaga-Flavobacter-Bacteroides
(CFB) (Tenacibaculum sp. [1, 1.9%], Cytophaga sp. [1,
1.9%]); 4. Bacterias Gram positivas con alto contenido de GC
(Micrococcus sp. [2, 3.7%], Brevibacterium sp. [1, 1.9%]); y
5. Bacterias Gram positivas con bajo contenido de GC
(Staphylococcus sp. [3, 5.6%], Bacillus sp. [10, 19.0%]).

En la tabla 3 se presentan los resultados de la produccion
de enzimas extracelulares (i.e., lipasa, amilasa y proteasa). La
amilasa resultd la mas prevalente, encontrandose en 56%
(n=28) de los aislados examinados, mientras que sélo 36%
(n=18) y 18% (n =9) de éstos mostraron actividad proteasa y
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Table 3. Screening of some extracellular enzymes in selected isolates.
Tabla 3. Registro de algunas enzimas extracelulares en los aislados seleccionados.

Strain Closest relative based on partial sequence homology Lipase Amylase Protease
SMN Acinetobacter junii DSM 6964T + - -
RS Alteromonas alvinellae HYD757 - + -
PKM Alteromonas alvinellae str. MED76 - - -
PD2B Alteromonas macleodii DSM 6062T + + -
PKO Alteromonas marina SW-47T - - -
PDIF Alteromonas sp. AS30 - + -
KK7 Alteromonas sp. MED102 - - -
R4 Alteromonas sp. SSN-6 - + -
SMC Bacillus algicola KMM 3737T - + -
SE4 Bacillus aquimaris JCM 11545T - - -
SMSTAR Bacillus baekryungensis - + -
PD1H Bacillus boroniphilus DSM 17376T - + -
LGM Bacillus licheniformis ATCC 14580T - + -
SML Bacillus marisflavi JCM 11544T - + -
KK10 Bacillus megaterium DSM 32T - + +
SMB Bacillus neonatiensis JCM 13438T - + -
LGV Bacillus subtilis subsp. subtilis NRRL-NRS 744T - + -
KK3 Bacillus viethamensis JCM 11124T + + +
LGO2 Brevibacterium casei DSM 20657T - - -
PD20 Cytophaga sp. NBF7 - + +
MT3 Halomonas sp. B-1083 - - -
PKU Marinobacter sedimentalis R65T - - -
LGN Microbulbifer maritimus JCM 12187T - + -
PKV Microbulbifer sp. JAMB-A3 - - -
LGA Micrococcus luteus ATCC 4698T - - +
SW1 Micrococcus luteus str. D7 - - +
PKB Pantoea agglomerans WAB1969 - - +
PKF Photobacterium ganghwensis FR1311T + + +
PKN Pseudoalteromonas byunsanensis FR1199T — + +
PKR Pseudoalteromonas flavipulchra NCIMB 2033T - + -
PD2N Pseudoalteromonas luteoviolacea ATCC 33492T - + +
MR2 Pseudoalteromonas sp. NJ6-3-1 - + -
LGAA2 Pseudoalteromonas spongiae JCM 12884T - - +
PD2M Pseudoalteromonas viridis MBIC 03135 - + +
PD2Q Pseudoalteromonas viridis MBIC 03136 - + +
PD2F Pseudomonas aeruginosa DSM 50071T - - +
B5 Ruegeria atlantica IAM 14463T - - -
R2 Salinimonas chungwhensis BH030046T - + -
SMM Shewanella algae IAM 14159T - + +
KK35 Shewanella putrefaciens ATCC 8071T - - +
LGP Staphylococcus cohnii ATCC 49330T - - +
PKT Staphylococcus haemolyticus ATCC 29970T + - -
LGT Staphylococcus pasteuri ATCC 51129T + - -
PK2 Stappia aggregata IAM 12614T - - -
PKK Tenacibaculum litoreum JCM 13039T - - -
T1G Vibrio harveyi ATCC 14126T + + -
TNIY Vibrio neptunius LMG 20536 - + -
KK12 Vibrio probioticus LMG 20362T - - +
RS1 Vibrio sp. LMG 20548 + + +
MR3 Vibrio sp. NAP4 + + -
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Table 4. Detection of poly-B-hydroxybutyrate (PHB) production in selected isolates.
Tabla 4. Deteccion de la produccion de poli-B-hidroxibutirato (PHB) en aislados seleccionados.

Label Gram-negative bacteria PHB Label Gram-positive bacteria PHB
SMN Acinetobacter junii DSM 6964T - SMC Bacillus algicola KMM 3737T +
KK7 Alteromonas sp. MED102 + SE4 Bacillus aquimaris JCM 11545T +
PKO Alteromonas marina SW-47T + LGM Bacillus licheniformis ATCC 14580T +
R4 Alteromonas sp. SSN-6 + KK10 Bacillus megaterium DSM 32T +
MT3 Halomonas sp. B-1083 - SMB Bacillus neonatiensis JCM 13438T +
LGN Microbulbifer maritimus JCM 12187T + SMSTAR  Bacillus baekryungensis -
PKV Microbulbifer sp. JAMB-A3 - PD1H Bacillus boroniphilus DSM 17376T +
PKB Pantoea agglomerans WAB1969 + KK3 Bacillus vietnamensis JCM 11124T +
PKF Photobacterium ganghwensis FR1311T + LGV Bacillus subtilis subsp. subtilis NRRL-NRS 744T  +
PD2F Pseudomonas aeruginosa DSM 50071T + LGO2 Brevibacterium casei DSM 20657T

PKP Pseudoalteromonas spongiae JCM 12884T + LGA Micrococcus luteus ATCC 4698T +
PD2M  Pseudoalteromonas viridis MBIC 03135 + LGP Staphylococcus cohnii ATCC 49330T

R2 Salinimonas chungwhensis BH030046T + LGT Staphylococcus pasteuri ATCC 51129T -
KK35 Shewanella putrefaciens ATCC 8071T + PKT Staphylococcus haemolyticus ATCC 29970T -
PKK Tenacibaculum litoreum JCM 13039T + SW1 Micrococcus luteus str. D7 +
RS1 Vibrio sp. LMG 20548 -

MR3 Vibrio sp. NAP4 +

TINY Vibrio neptunius LMG 20536

KK12 Vibrio probioticus LMG 20362T -

T1G Vibrio harveyi ATCC 14126T +

other reports (e.g., Lee et al. 1999, Radjasa et al. 2001); how-
ever, the cfu obtained did not correlate with the bacterial count
(P >0.50).

As the primary medium used in this study was the
seawater-based ZoBell 2216E that also contains peptone and
yeast extract, the isolates obtained are aerobic, heterotrophic,
halophilic, or halotolerant bacteria. Of the 54 unique strains
isolated in this study, only 13 (or 24%) were obligate halophilic
bacteria and did not grow in media without salt (data not
shown). The proximity of the sampling stations to the coast
could have influenced the occurrence of halotolerant or facul-
tative halophilic bacteria. These terrestrial bacteria, such as
Bacillus subtilis, are usually carried into the sea by wind,
water, animals, etc.

In order to select unique strains, we used the 16S rDNA
RFLP. All the four restriction enzymes used produced an
average of two to five fragments. Hhal produced the clearest
patterns, whereas Ddel, Rsal, and Sau3AlI gave “double bands”
(Urakawa et al. 1999). Hhal also produced the most varied
RFLP, and was alone sufficient for typing almost all the iso-
lated strains. Although the RFLP for strains LGAA2, PDI1B,
PDIE, PKL, and PKP were different, the partial 16S rDNA
gene sequence revealed that they were identical to Pseudo-
alteromonas spongiae with 99-100% of similarity value. A
full-length 16S rDNA (~1500 bp) gene sequencing for these
strains also confirmed their similarity. The occurrence of
intraspecies divergence (Urakawa et al. 1999, Jensen et al.
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lipasa, respectivamente. La presencia de amilasa es comun en
los géneros Bacillus, Pseudoalteromonas y Vibrio. La proteasa
se encontrd en la mayoria de las especies de Micrococcus,
Pseudoalteromonas y Shewanella, mientras que la lipasa solo
se observo en algunas especies de Staphylococcus y Vibrio. En
contraste, la produccion de PHB se observo en la mayoria de
los aislados examinados (>70%, n = 26) (tabla 4).

Discusién

Las cuatro estaciones de muestreo presentaron condiciones
fisicoquimicas diferentes, con un mayor nivel de eutroficacion
en Klang. Esto concuerda con Lee y Bong (2008), quienes
registraron altas tasas de productividad primaria y bacteriana
en Klang en comparacion con otras estaciones. Los niveles de
solidos suspendidos totales también fueron altos en las estacio-
nes del Estrecho de Malaca, lo cual frecuentemente se atribuye
al desmonte de terrenos para la construccién, la mineria, la
agricultura, la industria forestal y operaciones de dragado (Lee
y Bong 2006). Las ufc y los conteos bacterianos obtenidos en
este estudio estuvieron dentro del intervalo registrado anterior-
mente para las aguas de Malasia: 1002500 ufc mL' (Lee
2003) y 0.1-97.5 x 10 cél mL~' (Lee y Bong 2008). La razon
de bacterias cultivables a bacterias totales fue de 0.04% a
0.12%, lo que resulta similar a otros reportes (e.g., Lee et al.
1999, Radjasa et al. 2001); sin embargo, las ufc no se correla-
cionaron con los conteos bacterianos (P > 0.50).
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2002) probably caused the inconsistency of one or two restric-
tion patterns. Intraspecies divergence was also observed for
strains KK9 and PD1F that had different 16S rDNA RFLP, but
were identified with 99% similarity value to Alteromonas sp.
AS30 from their complete 16S rDNA gene sequences.
Although intraspecies divergence has been reported for
Vibrionaceae (Urakawa et al. 1999), our results showed that it
also occurred for P. spongiae and Alteromonas sp. AS30.

In this study, Gram-negative bacteria were the predominant
bacteria isolated. The phylogenetic tree (fig. 3) showed that all
but one strain had phylogenetic affiliation. The most prevalent
class was y-Proteobacteria with 61% (n = 33) of the isolated
strains and nine strains under the family Pseudoaltero-
monadaceae. Other members fell in the o-Proteobacteria and
CFB group. The strain MT3 did not fall within the three
classes. Although MT3 was 97% similar to the closest relative
(Halomonas sp. B-1083), further research is probably needed
to ascertain its identity. The phylogenetic tree for Gram-
positive bacteria (fig. 4) showed that all strains were well
placed within the high GC and low GC classes. Bacillus sp.
was the most dominant group.

There were two possible novel species, strains PKV and
MR3, which had low similarity values (96%) against
Microbulbifer sp. JAMB-A3 and Vibrio sp. NAP4, respec-
tively. We did not obtain any bacteria from the B-Proteobacte-
ria class. Members from this class are rarely cultured by
conventional methods (e.g., Pinhassi et al. 1997, Lee et al.
1999, Yeon et al. 2005), and Shigematsu et al. (2007) only
obtained members of the B-Proteobacteria using specialized
techniques (i.e., microplate based liquid cultivation).

The marine bacteria isolated in this study were screened for
some extracellular enzymes. Marine bacteria live in a unique
environment (i.e., low nutrient concentrations, high salinity
[high chlorine and bromine elements], etc.), and their extracel-
lular enzymes have good biotechnological potential. Our
results showed that the enzymes amylase and protease were
commonly found, concurring with ZoBell and Upham (1944)
who reported marine bacteria as a group of microbes that are
very actively proteolytic. Among the isolates screened, the
genus Pseudoalteromonas frequently exhibited amylase and
protease activity, whereas Vibrio had strains that showed the
presence of the three enzymes screened. Reports have already
shown that Pseudoalteromonas has the potential for producing
biologically active extracellular agents including proteases
(Holmstrom and Kjelleberg 1999). Our results also showed
that marine bacteria could be a potential source of PHB, as
PHB production was a common occurrence. PHB is a strong
candidate for degradable or “green” plastics, but the high cost
of production is currently limiting its application (Lee 1996).

Our study showed that though we could only culture a
small fraction of the bacteria in the sea, we were still able to
obtain 54 unique isolates from the Sunda Shelf waters. Culture
method is still relevant although future studies will have to
employ more variation in media, incubation conditions, and
isolation techniques (Connon and Giovannoni 2002, Goltekar
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En vista de que el medio de cultivo principal empleado en
este estudio fue ZoBell 2216E preparado con agua de mar, el
cual también contiene peptona y extracto de levadura, los
aislados obtenidos fueron bacterias aerdbicas, heterotroficas,
halofilicas o halotolerantes. De las 54 cepas aisladas distintas,
solamente 13 (24%) fueron bacterias halofilicas estrictas y
no crecieron en medios sin sal (datos no mostrados). La
proximidad de las estaciones de muestreo a la costa podria
haber influenciado la presencia de bacterias halotolerantes o
halofilicas facultativas. Estas bacterias terrestres, tales como
Bacillus subtilis, son generalmente transportadas al mar por el
viento, agua, animales, etc.

La seleccion de las cepas singulares se realizé mediante
RFLP del gen 16S rDNA. Las cuatro enzimas de restriccion
empleadas produjeron un promedio de dos a cinco fragmentos.
Los patrones mas claros se obtuvieron con Hhal, mientras que
Ddel, Rsal y Sau3Al presentaron “bandas dobles” (Urakawa et
al. 1999). La enzima Hhal también presentdé mayor varia-
bilidad de RFLP, y permitié tipificar casi todas las cepas
aisladas. A pesar de obtener diferentes RFLP para las cepas
LGAA2, PDI1B, PDIE, PKL y PKP, la secuencia parcial del
gen 16S rDNA indico que eran idénticos a Pseudoalteromonas
spongiae, con un valor de similitud de 99-100%. La secuencia-
cion completa del gen 16S rDNA (~1500 bp) para estas cepas
también confirmé su similitud. La divergencia entre especies
(Urakawa et al. 1999, Jensen et al. 2002) probablemente caus6
la inconsistencia de uno o dos patrones de restriccion. Tal
divergencia también se observo para las cepas KK9 y PDIF,
las cuales presentaron diferentes RFLP de 16S rDNA pero
fueron identificadas con un valor de similitud de 99% con
Alteromonas sp. AS30 a partir de sus secuencias completas de
este gen. Aunque se ha registrado la divergencia entre especies
para la familia Vibrionaceae (Urakawa et al. 1999), nuestros
resultados muestran que también sucedio para P. spongiae y
Alteromonas sp. AS30.

En el presente trabajo predominantemente se aislaron
bacterias Gram negativas. El arbol filogenético (fig. 3) indico
que todas las cepas menos una presentaron afiliacion filogené-
tica. La clase mas prevalente fue las y-proteobacterias con
61% (n = 33) de las cepas aisladas y nueve cepas de la familia
Pseudoalteromonadaceae. Los otros miembros pertenecian a
las o-proteobacterias y al grupo CFB. La cepa MT3 no cay6
dentro de alguna de estas tres clases; a pesar de presentar una
similitud de 97% con su pariente mas cercano (Halomonas sp.
B-1083), se requiere de mayor investigacion para confirmar
su identidad. El arbol filogenético para las bacterias Gram
positivas (fig. 4) mostré que todas las cepas se encontraban
claramente dentro de la clase con alto contenido de GC o la
clase con bajo contenido de GC, siendo Bacillus sp. el grupo
dominante.

Se encontraron dos posibles especies nuevas, las cepas
PKV y MR3, las cuales presentaron valores de similitud bajos
(96%) contra Microbulbifer sp. JAMB-A3 y Vibrio sp. NAP4,
respectivamente. No se obtuvieron bacterias pertenecientes a
las B-proteobacterias. El cultivo de los miembros de este grupo
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Figure 3. Neighbour-joining tree showing the phylogenetic relationship based on partial sequence of 16S rDNA derived from Gram-negative
bacteria isolated in this study. Bootstrap values (1000 replicates) =50% are shown on each branch. The tree was rooted with an Archaea
Haloterrigena sp. ABH32. The scale bar represents 0.02 substitutions per base position.

Figura 3. Arbol filogenético con base en la secuencia parcial del gen 16S rDNA derivada de las bacterias Gram negativas aisladas en este
estudio. En cada rama se muestran los valores de bootstrap (1000 réplicas) =50%. El arbol se construyd con base en Haloterrigena sp. ABH32.
La barra de escala representa 0.02 sustituciones por posicion de base.

164



Lee et al.: Culturable bacteria from tropical coastal waters

100 - LGA
100

100 SW1

o8- LGP

PKT

100~ KK10
Bacillus megaterium DSM32T

00 PD1H

1
——1 " Bacilus horoniphilus DSM17376T

99, SMB
Bacillus neonatiensis JCM13438T

100

50

SMC
SMSTAR

100; LGV

LGM

77

91— KK3

0.02

65 SE4

Micrococcus luteus ATCC4698T
4100'_7 LG0O2
Brevibacterium casei DSM20657T

Staphylococcus pasteuri ATCC51129T
Staphylococcus cohnii ATCC49330T

Staphylococcus haemolyticus ATCC29970T

8oL Bacillus algicola KMM3737T
Bacillus subtilis subsp. subtilis NRRL-NRS744T
100" Bacillus licheniformis ATCC14580T

SML
Bacillus marisflavi JCM11544T

Bacillus vietnamensis JCM11124T

100! Bacillus aquimaris JCM11545T

High GC
Gram positive
bacteria

Low GC,
Gram positive
bacteria

Haloterrigena longa ABH32
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Haloterrigena sp. ABH32. The scale bar represents 0.02 substitutions per base position.

Figura 4. Arbol filogenético con base en la secuencia parcial del gen 16S rDNA derivada de las bacterias Gram positivas aisladas en este
estudio. En cada rama se muestran los valores de bootstrap (1000 réplicas) 250%. El &rbol se construy6 con base en Haloterrigena sp. ABH32.

La barra de escala representa 0.02 sustituciones por posicion de base.

et al. 2006, Shigematsu et al. 2007). Our study also showed
that the restriction enzyme Hhal produced the most varied 16S
rDNA RFLP, and was sufficient for typing almost all of the iso-
lated marine bacteria. The isolates obtained in this study also
showed good potential for further biotechnological research.
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