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Abstract A total of 139 2-haloacid degrading bacteria

strains were isolated from the marine sponge Hymeniaci-

don perlevis using a modified enrichment medium and a

pH indicator method. After screening on indicator agar and

2-chloropropionic acid (2-CPA) liquid medium, 11 isolates

with high degrading activities were characterized and ini-

tially identified. Seven of the 11 isolates were able to

degrade 2-CPA at 8% salt, and four isolates (DEH 66, DEH

99, DEH125 and DEH138) degraded 2-CPA at 15% salt.

Eight of the 11 isolates utilized all four types of organo-

halogen compounds used in this study. The DEH99 and

DEH138 isolates exhibited the best enantioselectivity

towards (S)-2-chloropropionic acid (S-CPA) and (R)-2-

chloropropionic acid (R-CPA), respectively. The dehalo-

genase activities of DEH84 against racemic CPA, DEH99

against S-CPA, DEH138 against R-CPA and DEH130

against racemic CPA were 0.16U/mg, 0.06U/mg, 0.12U/

mg and 0.19U/mg, respectively. Based on 16S rRNA

sequence analysis, the 11 isolates were clustered into the

Rhodobacteraceae family of a-proteobacteria and the

Pseudomonadaceae family of c-proteobacteria. To our

knowledge, this is the first report detailing the isolation of

organisms of Pseudomonas stuzeri sp. and the Rhodob-

acteraceae family with 2-haloacid dehalogenase activity

from marine sponges.

Keywords Bacteria � Marine sponge � 2-haloacid

dehalogenase � Salt tolerance � Enantioselectivity

Introduction

The 2-haloacid dehalogenases catalyze the dehalogenation

of 2-haloalkanoic acids to produce 2-hydroxyalkanoic

acids. Three groups of 2-haloacid dehalogenases have been

described based on their substrate and stereochemical

specificities (Fetzner and Lingens 1994). R-2-haloacid

dehalogenases and S-2-haloacid dehalogenases specifically

act on R and S enantiomers of 2-haloacid, respectively.

R,S-2-haloacid dehalogenases are able to dehalogenate

both enantiomers of 2-haloacids. 2-haloacid dehalogenase

is important to environmental and industrial technologies

(Kurihara and Esaki 2008; Swanson 1999). Microorgan-

isms capable of producing 2-haloacid dehalogenase have

frequently been isolated from soil, but very rarely from

marine environments or organisms (Olaniran et al. 2004;

Tsang and Sam 1999).

The ocean is a vast reservoir of organohalogen com-

pounds and microorganisms that have the ability to degrade

such compounds (Gordon 1998; Smidt and de Vos 2004).

Marine sponges (phylum Porifera) are sessile filter feeders

that acquire a wide range of particulate matter, including

organic matter, bacteria and phytoplankton (Larsen and

Riisgard 1994; Riisgard and Larsen 1995). The ability of

sponges to concentrate large numbers of microorganisms
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make them excellent candidates for isolating novel marine

bacteria that may be used for research involving drug

discovery or novel industrial enzymes (Taylor et al. 2007).

Many aquatic animal species are resistant to toxicity and

have the ability to generate an economic return following

remediation activities (Gifford et al. 2007). Indeed, the

sponges have been reported to be suitable bioremediators

for organic matter and microbial contaminants (Donovan

et al. 2009; Fu et al. 2006; Fu et al. 2007; Longo et al. 2010;

Zhang et al. 2010). However, investigations on removing

organohalogen compounds are rare. As an earlier study

reported, degradation of halogenated chemicals occurred

within the marine sponge Aplysina aerophoba (Ahn et al.

2003). Antibiotic inhibition of dehalogenation activity

indicated that the microbes, not the sponge, were respon-

sible for the dehalogenation activity; furthermore, a large

population of anaerobic dehalogenating bacteria was found

inside the sponge body. Therefore, it is rational to investi-

gate the dehalogenase-producing bacteria isolated from

marine sponges in an attempt to identify potential new

bacterial strains for bioremediation and other purposes.

The sponge H. perlevis inhabits the estuarine intertidal

area of the Chinese Yellow Sea. Based on earlier reports,

high microbial diversity, especially of Actinobacteria, was

found within this sponge (Dharmaraj 2010; Sun et al. 2010;

Xin et al. 2008; Xin et al. 2009; Zhang et al. 2006; Zhang

et al. 2008; Zheng et al. 2005). Our preliminary work

showed that the sponge was a good source for the dehal-

ogenase producing bacteria isolation (Huang et al. 2010).

Here we report the isolation of 2-haloacid degrading bac-

teria from H. perlevis. The isolates were initially identified

by 16S rRNA sequence comparison, and they were then

tested for potential dehalogenation activity. Such activity

may be useful in furthering industrial and environmental

applications.

Materials and methods

Sponge collection

The sponge H. perlevis was collected manually from the

intertidal coast of the Chinese Yellow Sea near Dalian

City. This area in particular is highly polluted with a wide

range of chlorinated intermediates and products discharged

from surrounding industrial sites. A tissue suspension was

prepared by grinding approximately 1 g of sponge tissue in

10 ml of sterile, natural seawater with a mortar and pestle.

Medium and culture condition

The enrichment medium was minimal medium (Brunner

et al. 1980) supplemented with 0.04 g bromothymol blue/l

(as pH indicator) and 20 ml of 1 M 2-CPA solution. The

indicator agar was prepared as enrichment medium sup-

plemented with 1.5% (w/v) agar. The 2-CPA medium (pH

7.0) consisted of enrichment medium supplemented with

1.5 g KH2PO4/l and 10.5 g Na2HPO4
. 12H2O/l. The 2-CPA

solution was prepared at 1 M concentration, neutralized to

pH 7.0 using 1 M NaOH and sterilized using a Millipore

filter (Type HA, pore size 0.22 lm). All cultures were

incubated in the dark at 28�C , and all cultures in liquid

medium were carried out in an orbital shaker at 200 rpm.

Isolation and screening

Enrichment cultures were made by inoculating 1 ml of

tissue suspension into 250 ml flasks containing 100 ml of

enrichment medium. The cultures were grown at 28�C with

200 rpm shaking. The degradation of 2-CPA in the med-

ium was monitored using the pH indicator method. After

being sub-cultured for 3 times, serial dilutions were plated

onto indicator plates. The isolates showing significant

growth and yellow color were inoculated into liquid 2-CPA

medium. After 3 days, the degradation of 2-CPA in the

culture was measured using HPLC. The isolates that

degraded more than 50% of the total 2-CPA were purified

and selected for further research.

Degradation under high salinity

To test each isolate’s ability to degrade 2-CPA under high

salinity, the isolates were inoculated on 2-CPA agar, which

was prepared as 2-CPA medium supplemented with 1.5%

(w/v) agar and the following salt concentrations: 0, 3, 8 and

15%. The growth of each isolate on the medium was

observed.

Substrate selectivity

The substrate selectivity of each isolate was assayed by

investigating the growth of the isolate on different mineral-

based mediums using 1,2-dichloroethane, 3-chloro-1,

2-propanediol, 2,2-dichloropropionic acid and 2,4,6-tri-

chlorophenol as sole carbon sources. The four kinds of

compounds were supplemented (0.5 g carbon per liter) in the

mineral-based medium.

Investigation of stereoselectivity and activity

The cells from each isolate were cultured at 28�C in 2-CPA

liquid medium containing 20 mM 2-CPA. Cells were har-

vested by centrifugation and suspended in 100 mM phos-

phate buffer (pH 7.5) containing EDTA (1 mM) and

dithiothreitol (0.01% w/v). The re-suspended cells were

disrupted by ultrasonication (400 W for 20 min), and a
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crude enzyme extract was obtained by centrifugation

(15 min at 12,000 g and 4�C ).

The stereoselectivity of the isolates was estimated by

separately measuring the initial rate of dehalogenation of

two pure enantiomers under the same conditions. The assay

mixture (1 ml) contained 1 ll 2-CPA, 50 mM Tris-H2SO4

buffer, 0.01% w/v DTT and 100 ll of crude enzyme

extract. After incubation at 30�C for 20 min, the reaction

was terminated by the addition of 10 ll of phosphoric acid

(1% v/v).

The dehalogenase activities of the isolates were deter-

mined using a 1 ml assay mixture containing 10 mM

substrate, 100 mM phosphate buffer (pH 7.3), 0.01% w/v

dithiothreitol (DTT) and 200 ll of crude enzyme extract.

After incubation at 30�C for 20 min, the reaction was

terminated by the addition of 10 ll of phosphoric acid. One

unit of the enzyme was defined as the amount of enzyme

that catalyzes the dehalogenation of 1 lmol of substrate/

min. The protein assay was done using the Bradford

method (Bradford 1976).

Analysis method

The 2-haloacid dehalogenase activity of each isolate was

determined by measuring the consumption of substrate

using a reverse phase HPLC method (Rampazzo 1986).

The conditions for the analysis were as follows: column,

Hypersil GOLD column (8 lm, 250 mm 9 21.2 mm i.d.),

(Thermo, America); mobile phase, acetonitrile–water

(20:80) (pH 2.1) containing 10.5 ml phosphoric acid (1%,

w/v); flow-rate, 1.0 ml/min; wavelength, 210 nm; and

temperature, 25�C .

Phylogenetic diversities of the isolates

To sequence the 16S rRNA gene of each isolate, total

genomic DNA was extracted from bacteria using a simple

method (Mahuku 2004). The 16S rRNA gene was ampli-

fied with two universal primers, 8F (50-AGAGTTTGATC

CTGGCTCAG-30) and 1492R (50-GGTTACCTTGTTAC

GATCC-30). PCR products were purified and sequenced by

TaKaRa Biotechnology Co., Ltd. (Dalian, China). Related

sequences were obtained from the GenBank database using

the BLAST search program, and sequences were aligned

with CLUSTAL W software (Thompson et al. 1994).

Evolutionary distance matrices were calculated using the

algorithm of Jukes and Cantor with the DNADIST program

within the PHYLIP package (Jukes and Cantor 1969). A

phylogenetic tree was constructed using the neighbor-

joining method (Felsenstein 1985) as implemented within

the NEIGHBOR program of the same package (Saitou and

Nei 1987).

Results

Isolation and screening

To further utilize the enrichment media in this study, a pH

indicator medium was developed. In this medium, 2-CPA

degradation yields a linear pH change that results in a

linear color change, which can be measured at an optical

density of 616 nm (OD616). As shown in Fig. 1, the

OD616 value of the enrichment medium decreased from

1.08 to 0.408 when the 2-CPA in the enrichment media was

degraded by approximately half of its original total

(10 mM). Thus, when the OD616 value of the enrichment

medium decreased to approximately 0.4, the enrichment

medium was sub-cultured.

Using this method, a total of 139 isolates that were able

to use 2-CPA as the sole carbon source were isolated.

Among them, 28 isolates that consistently showed deep

yellow color and different morphological characteristics on

the indicator agar were selected for further screening in

liquid 2-CPA medium. To investigate the 2-CPA degra-

dation abilities of the isolates in liquid 2-CPA medium, an

HPLC method was developed and adapted to analyze the

consumption of 2-CPA in the medium. After being cultured

in 2-CPA medium for 3 days, the residual 2-CPA in the

medium was analyzed. As shown in Table 1, the degra-

dation rates of the isolates ranged from 36.3 to 100%.

Among the 28 isolates, 11 isolates showed a degradation

rate greater than 50%. Among the 11 isolates, the DEH84

and DEH130 isolates degraded the 2-CPA completely. The

11 isolates with high 2-CPA degradation rates (above 50%)

Fig. 1 The pH and OD616 value showing 2-CPA degradation profile

in the enrichment medium. The degradation of 2-CPA was simulated

by the presence of hydrochloride and lactic acid at different

concentrations, corresponding to products released by 2-CPA

degradation
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were selected and stored as glycerol stocks at -70�C after

purification on 2216E marine agar.

Degradation under high salinity

With regard to degradation abilities of the 11 isolates under

high salinity, the growth of each of these isolates on 2-CPA

agar with different salinity was investigated. As shown in

Table 2, all 11 of the isolates were able to grow on media

containing 0–3% salt, but isolate DEH116 could not grow

on 0% salt medium. Isolates DEH66, DEH84, DEH90,

DEH99, DEH125, DEH130 and DEH138 were able to

grow on 8% salt. Among these seven isolates, four isolates

(DEH 66, DEH 99, DEH125 and DEH138) grew on 15%

salt. No isolate was able to grow on 20% salt.

Substrate specificity

The substrate specificity of the isolates was investigated

using four kinds of common organohalogen compounds of

different structures. As shown in Table 3, eight of the 11

isolates (DEH66, DEH84, DEH90, DEH99, DEH115,

DEH116, DEH130 and DEH138) utilized all four kinds of

organohalogen compounds. The other three isolates uti-

lized only two or three compounds. The DEH78 isolate

could not utilize 2,2-dichloropropionic acid. The DEH72

isolate could not utilize 2,2-dichloropropionic acid and

2,4,6-trichlorophenol. The DEH125 isolate could not

utilize 2,2-dichloropropionic acid and 3-chloro-1,2-

propanediol.

Investigation of enantioselectivity

The enantioselectivity of the isolates was investigated by

analysis of the isolates’ dehalogenase activities against

different isomers of 2-CPA and expressed using the value

of [(VR - VS)/(VR ? VS)] 9 100%. The positive value

represents R-selectivity, the negative value represents S-

selectivity and the absolute value represents the strength of

the selectivity. As shown in Table 4, the DEH116,

DEH130 and DEH138 isolates showed R-selectivity,

whereas the other isolates showed S-selectivity. The

DEH99 and DEH138 isolates exhibited the best selectivity

towards S-CPA and R-CPA, respectively, which could only

degraded one isomer of 2-CPA in this study.

Dehalogenase assay in crude extract

Among the 11 isolates, the DEH99 and DEH138 isolates

exhibited the best enantioselectivity towards S-CPA and R-

CPA, respectively, as well as the DEH84 and DEH130

isolates could totally degrade 2-CPA during the screening

phase. The dehalogenase activities of these isolates were

analyzed. The dehalogenase activity of DEH84 against

racemic CPA, DEH99 against S-CPA, DEH138 against R-

CPA, and DEH130 against racemic CPA were 0.16 U/mg,

0.06 U/mg, 0.12 U/mg, and 0.19 U/mg, respectively.

Table 1 The 2-CPA

degradation rate of the strains in

2-CPA medium supplemented

with 20 mM 2-CPA after 3 days

of incubation at 28�C

No. of

strains

Degradation

rate (%)

Strain

number

Degradation

rate (%)

Strain

number

Degradation

rate (%)

DEH 129 36.3 DEH 6 41.7 DEH 99 58.9

DEH 31 36.4 DEH 10 44.9 DEH 90 70.5

DEH 18 38 DEH 27 44.1 DEH 78 72.6

DEH 62 38.1 DEH 14 44.3 DEH 115 75.7

DEH 69 38.3 DEH 19 44.4 DEH 72 84.7

DEH 89 39 DEH 32 45.4 DEH 125 89.5

DEH 123 39.2 DEH 8 48 DEH 84 100

DEH 9 40.5 DEH 138 54 DEH 130 100

DEH 56 41 DEH 116 56.9

DEH 13 41.4 DEH 66 58.6

Table 2 Growth of the strains on 2-CPA medium supplemented with

different concentration of NaCl after 14 days of incubation at 28�C

No. of strains Salinity of the medium (weight to volume ratio)

0 3% 8% 15%

DEH 66 ? ? ? ?

DEH 72 ? ? - -

DEH 78 ? ? - -

DEH 84 ? ? ? -

DEH 90 ? ? ? -

DEH 99 ? ? ? ?

DEH 115 ? ? - -

DEH 116 - ? - -

DEH 125 ? ? ? ?

DEH 130 ? ? ? -

DEH 138 ? ? ? ?

?, normal growth; -, no growth
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Phylogenetic diversities of the isolates

Phylogenetic diversities of the isolates were performed

by16S rDNA sequence analysis. Sequences with the highest

similarity to the 11 isolates were downloaded from the RDP

database, and the phylogenetic trees were constructed

(Figs. 2, 3). Based on comparison of the 16S rRNA genes of

the isolates with previously published 16S rRNA gene

sequences, the 11 isolates were clustered into two groups.

Isolates of group I belong to the Rhodobacteraceae family

of a-proteobacteria, whereas isolates of group II belong to

the Pseudomonadaceae family of g-proteobacteria.

Group I is composed of six sequences (as shown in

Fig. 2) that are further divided into two subgroups. In

subgroup I, the DEH66 and DEH90 isolates share 99.5 and

99.2% sequence similarity with Roseobacter sp. RW37

EU419924, respectively. The DEH116 isolate shares

Table 3 Growth of the strains on mineral-based medium supplemented with four kinds of compounds (0.5 g of carbon per liter) after 7 days

incubation at 28�C

No. of strains 1,2-dichloroethane

medium

3-chloro-1,2-propanediol

medium

2,2-dichloropropionic

acid medium

2,4,6-Trichlorophenol

medium

DEH 66 ? ? ? ?

DEH 84 ? ? ? ?

DEH 90 ? ? ? ?

DEH 99 ? ? ? ?

DEH 115 ? ? ? ?

DEH 116 ? ? ? ?

DEH 130 ? ? ? ?

DEH 138 ? ? ? ?

DEH 78 ? ? - ?

DEH 72 ? ? - -

DEH 125 ? - - ?

?, normal growth; -, no growth

Table 4 Enantioselectivity estimation of the isolates

Strain no. [(VR - VS)/(VR ? VS)] 9 100% (%)

DEH 138 100

DEH 116 63.4

DEH 130 38.1

DEH 78 -27.4

DEH 84 -42.9

DEH 72 -44.9

DEH 125 -51.5

DEH 66 -60

DEH 115 -72.4

DEH 90 -85.2

DEH 99 -100

The assay mixture (1 ml) contained 1 ll 2-CPA, 50 mM Tris–H2SO4

buffer, 0.01% w/v DTT and 100 ll of crude enzyme extract. Incu-

bation at 30�C for 20 min

VS: initial velocity of degradation against S-CPA; VR: initial velocity

of degradation against R-CPA

Fig. 2 Neighbor-joining tree of strains DEH66, DEH90, DEH99 and

DEH116 based on 16S rRNA gene sequences. The sequence of

Ahrensia kielensis; SE79; (AY771772) was used as the out group.

Scale Bar 0.01 indicates sequence divergence
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98.8% sequence similarity with Roseobacter sp. RW37

EU419924. These three isolates were identified as Ro-

seobacter sp. The DEH99 isolate shares 99.1% sequence

similarity with Paracoccus homiensis DD-R11 and was

identified as P. homiensis sp.

Group II is composed of 14 sequences (as shown in

Fig. 3) that are further divided into two subgroups. In

subgroup I, the DEH130 and DEH84 isolates share 98.1

and 98.5% sequence similarity to Pseudomonas stuzeri sp,

respectively. The DEH138 isolate shares 97.5% sequence

similarity with Pseudomonas stuzeri sp. The three isolates

were identified as Pseudomonas stuzeri sp. In subgroup II,

the DEH72 and DEH115 isolates shared 99.7% sequence

similarity with Pseudomonas putida sp, and the DEH78

and DEH125 isolates shared 98.1 and 98.2% sequence

similarity to Pseudomonas putida sp, respectively. These

four isolates were identified as Pseudomonas putida sp.

Nucleotide sequence accession numbers

The 16S rRNA gene sequences of the isolates were deposited

in the GenBank nucleotide sequence databases using the fol-

lowing accession numbers: DEH66 (FJ713773);DEH72

(FJ713774); DEH78 (FJ713775); DEH84 (FJ713783);

DEH90 (FJ713776); DEH99 (FJ713782); DEH115

(FJ713777); DEH116 (FJ713778); DEH125 (FJ713779);

DEH130 (FJ713780) and DEH138 (FJ713781). The isolates

with potential use had been submitted to China Center of

Industries Culture Collection using the following reference

numbers: DEH84 (CICC 10428); DEH99 (CICC 10429);

DEH130 (CICC 10430); DEH138 (CICC 10431).

Discussion

In comparison with isolating 2-haloacid degrading organ-

isms from soil, one challenge for isolating 2-haloacid

degrading organisms from marine sponges is to detect the

increasing chlorine (Cl-) in seawater, which has a high

chlorine Cl- concentration (Bergmann and Sanik 1957). In

this study, the increasing concentration of H? or decreasing

concentration of 2-CPA due to 2-CPA degradation were

analyzed, but the Cl- released was not analyzed as in other

studies (NardiDei et al. 1997; Van der Ploeg et al. 1991).

In this study, the pH indicator method was used to

facilitate the preparation of enriched media. Although the

accuracy of the pH indicator method is compromised

because the pH of the medium is not only affected by

degradation of 2-CPA, this test was appropriate for this

study. To investigate the ability of each isolate to degrade

2-CPA in liquid medium, an HPLC method was adapted to

analyze the consumption of 2-CPA in the medium. The

HPLC method was accurate and suitable for high

throughput screening.

The 2-haloacid dehalogenases are involved in the deg-

radation pathways of a-dichloropropionate (Marchesi and

Weightman 2003), 1,2-dichloroethane (Janssen et al. 1994)

and c-hexachlorocyclohexane KEGG. These organohalo-

gen compounds are commonly found in contaminated

environments. The isolation of marine sponge microor-

ganisms that are able to degrade organohalogen com-

pounds may be useful in designing new bioremediation

systems because these isolates are adapted to the marine

environment. As shown by the results reported here, most

of the isolates demonstrated high salt tolerance and wide

degradation spectra. The isolates DEH130 and DEH84 can

degrade 2-CPA completely and utilize all four kinds of

organohalogen compounds. In addition, they can degrade

2-CPA and grow under salt concentrations ranging from 0

to 8% (weight to volume ratio). The dehalogenase activity

of DEH84 and DEH130 were 0.16 U/mg and 0.19 U/mg,

respectively, which is equivalent to the activity of 2-halo-

acid degrading bacteria in soil (Liu et al. 1994; Motosugi

et al. 1982). The isolation of these efficient organohalogen

compounds degrading bacteria suggest that abundant

sponge populations could have important roles on remov-

ing organohalogen pollution from the habitats they reside

in. And these features make the isolates good candidates

for bioremediation in marine environments and the treat-

ment of hypersaline wastewater.

Fig. 3 Neighbor-joining tree of strains DEH72, DEH78, DEH84,

DEH115, DEH125, DEH130 and DEH138 based on 16S rRNA gene

sequences. The sequence of Pseudomonas alcaligenes (T) LMG

1224T;(Z76653) was used as the out group. Scale Bar 0.01 indicates

sequence divergence
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In addition to applications in waste treatment and bio-

remediation, the stereoselectivity of 2-haloacid dehalo-

genases can be used to selectively dehalogenate one of the

isomers of 2-CPA from its racemic mixture, producing

chiral 2-CPA and lactic acid, which are chiral feedstock

chemicals for the production of herbicides and pharma-

ceutical products (Fetzner and Lingens 1994; Kurihara and

Esaki 2008). In this study, all isolates showed enantiose-

lectivity to some extent. The DEH99 and DEH138 isolates

are S-specific and R-specific, respectively. The dehalo-

genase activity of DEH99 against S-CPA is 0.06 U/mg,

whereas the dehalogenase activity of DEH138 against

R-CPA is 0.12 U/mg. In addition, the high salt tolerances

of these isolates allow them to degrade 2-CPA under high

2-CPA sodium concentrations. In return, the high concen-

tration of 2-CPA improves the reaction and production

recovery efficiency. Identification of enzymes with

improved industrial properties is the main objective of

dehalogenase research. The enantioselectivity specificity

and salt tolerance of the DEH99 and DEH138 isolates

make them promising candidates for development in

industrial processes.

Organisms of the genera Xanthobacter, Burkholderia

and Pseudomonas that possess 2-CPA degradation ability

have been isolated from terrestrial soil (Jones et al. 1992;

Tsang and Sam 1999; Van der Ploeg et al. 1991), but

research in a marine environment or studies on the isolation

of potential isolates from marine sponges has not been

conducted so far. To our knowledge, this is the first report

on the isolation of 2-CPA degrading organisms from a

marine environment. The results of this study revealed a

difference in biodiversity of marine 2-CPA degrading

organisms and terrestrial organisms. In this study, we

report for the first time that organisms of Pseudomonas

stuzeri sp and the Rhodobacteraceae family are 2-CPA

degrading bacteria. In addition, the isolates from the Rho-

dobacteraceae family showed a wider substrate range and

higher salt tolerance than the isolates of Pseudomonas

putida sp. The latter are renowned for their ability to

metabolize an extensive number of substrates, such as

chlorinated hydrocarbons (Field and Sierra-Alvarez 2008;

Sahasrabudhe and Modi 1987). The Rhodobacteraceae

family, which belongs to alphaproteobacteria, comprises

one of the largest fractions of heterotrophic marine bacteria

(Cottrell and Kirchman 2000; Hagstrom et al. 2002). The

results of this study imply that alpha-proteobacteria might

play a significant role in the breakdown of recalcitrant

organic pollutants in marine environments.

In conclusion, the isolation of 2-CPA degrading bacteria

from the sponge Hymeniacidon perlevis resulted in the

isolation of a total of 139 2-haloacid degrading bacteria

that were screened using novel approaches. Eleven isolates

with high 2-CPA degrading ability were characterized.

Most of these isolates exhibited extensive substrate utili-

zation abilities, high salt tolerance and good enantioselec-

tivities. Hence, these isolates might be very useful in

bioremediation and industrial applications. Finally, this

study is the first to identify organisms of Pseudomonas

stuzeri sp or the Rhodobacteraceae family as 2-CPA

degrading bacteria. These significant findings will con-

tribute to a better understanding of the distribution and

evolution of 2-CPA degrading bacteria and suggest that the

marine sponge Hymeniacidon perlevis may be a useful

source for the isolation of 2-CPA degrading bacteria.

Acknowledgments The authors gratefully acknowledge financial

support from the Knowledge Innovation Program of the Chinese

Academy of Sciences, Grant No. KSCX2-YW-G-073 and National

Basic Research Program of China (973 program), Grant No.

2003CB716001 and 2009CB724700.

References

Ahn YB, Rhee SK, Fennell DE, Kerkhof LJ, Hentschel U, Haggblom

MM (2003) Reductive dehalogenation of brominated phenolic

compounds by microorganisms associated with the marine

sponge Aplysina aerophoba. Appl Environ Microbiol 69:4159–

4166

Bergmann JG, Sanik J (1957) Determination of trace amounts of

chlorine in naphtha. Anal Chem 29:241–243

Bradford MM (1976) A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the

principle of protein-dye binding. Anal Biochem 72:248–254

Brunner W, Staub D, Leisinger T (1980) Bacterial degradation of

dichloromethane. Appl Environ Microbiol 40:950–958

Cottrell MT, Kirchman DL (2000) Community composition of marine

bacterioplankton determined by 16S rRNA gene clone libraries

and fluorescence in situ hybridization. Appl Environ Microbiol

66:5116–5122

Dharmaraj S (2010) Marine Streptomyces as a novel source

of bioactive substances. World J Microbiol Biotechnol. doi:

10.1007/s11274-010-0415-6

Donovan CJ, Garduno RA, Kalmokoff M, Ku JC, Quilliam MA, Gill

TA (2009) Pseudoalteromonas bacteria are capable of degrading

paralytic shellfish toxins. Appl Environ Microbiol 75:6919–6923

Felsenstein J (1985) Confidence limits on phylogenies: an approach

using the bootstrap. Evolution 39:783–791

Fetzner S, Lingens F (1994) Bacterial dehalogenases: biochemistry,

genetics, and biotechnological applications. Microbiol Rev

58:641–685

Field JA, Sierra-Alvarez R (2008) Microbial degradation of chlori-

nated benzenes. Biodegradation 19:463–480

Fu W, Sun L, Zhang X, Zhang W (2006) Potential of the marine

sponge Hymeniacidon perleve as a bioremediator of pathogenic

bacteria in integrated aquaculture ecosystems. Biotechnol Bio-

eng 93:1112–1122

Fu W, Wu Y, Sun L, Zhang W (2007) Efficient bioremediation of

total organic carbon (TOC) in integrated aquaculture system by

marine sponge Hymeniacidon perleve. Biotechnol Bioeng

97:1387–1397

Gifford S, Dunstan RH, O’Connor W, Koller CE, MacFarlane GR

(2007) Aquatic zooremediation: deploying animals to remediate

contaminated aquatic environments. Trends Biotechnol 25:

60–65

World J Microbiol Biotechnol (2011) 27:1787–1794 1793

123

http://dx.doi.org/10.1007/s11274-010-0415-6


Gordon G (1998) Naturally-occurring organohalogen compounds—a

survey. J Nat Prod 3:141–152

Hagstrom A, Pommier T, Rohwer F, Simu K, Stolte W, Svensson D,

Zweifel UL (2002) Use of 16S ribosomal DNA for delineation of

marine bacterioplankton species. Appl Environ Microbiol

68:3628–3633

Huang JY, Xin YJ, Zhang W (2010) Isolation and characterization of

haloacid degrading bacteria from marine sponge Hymeniacidon
perleve. Fish Sci 29:166–171

Janssen DB, van der Ploeg J, Pries F (1994) Genetics and

biochemistry of 1,2-dichloroethane degradation. Biodegradation

5:249–257

Jones DHA, Barth PT, Byrom D, Thomas CM (1992) Nucleotide-

sequence of the structural gene encoding A 2-haloalkanoic acid

dehalogenase of Pseudomonas-Putida strain-Aj1 and purification

of the encoded protein. J Gen Microbiol 138:675–683

Jukes TH, Cantor CR (1969) Evolution of protein molecules. In:

Munro HN (ed) Mammalian protein metabolism, 3rd edn.

Academic press, New York, pp 21–132

Kurihara T, Esaki N (2008) Bacterial hydrolytic dehalogenases and

related enzymes: occurrences, reaction mechanisms, and appli-

cations. Chem Rec 8:67–74

Larsen PS, Riisgard HU (1994) The sponge pump. J Theor Biol

168:53–63

Liu JQ, Kurihara T, Hasan AKMQ, Nardidei V, Koshikawa H, Esaki

N, Soda K (1994) Purification and characterization of thermo-

stable and nonthermostable 2-haloacid dehalogenases with

different stereospecificities from Pseudomonas sp strain Yl.

Appl Environ Microbiol 60:2389–2393

Longo C, Corriero G, Licciano M, Stabili L (2010) Bacterial

accumulation by the Demospongiae Hymeniacidon perlevis: a

tool for the bioremediation of polluted seawater. Mar Pollut Bull.

doi:S0025-326X(10)00147-5

Mahuku GS (2004) A simple extraction method suitable for PCR-

based analysis of plant, fungal, and bacterial DNA. Plant Mol

Bio Rep 22:71–81

Marchesi JR, Weightman AJ (2003) Diversity of alpha-halocarboxy-

lic acid dehalogenases in bacteria isolated from a pristine soil

after enrichment and selection on the herbicide 2,2-dichloro-

propionic acid (Dalapon). Environ Microbiol 5:48–54

Motosugi K, Esaki N, Soda K (1982) Purification and properties of a

new enzyme, DL-2-haloacid dehalogenase, from Pseudomonas
sp. J Bacteriol 150:522–529

NardiDei V, Kurihara T, Park C, Esaki N, Soda K (1997) Bacterial

DL-2-haloacid dehalogenase from Pseudomonas sp. strain 113:

gene cloning and structural comparison with D- and L-2-

haloacid dehalogenases. J Bacteriol 179:4232–4238

Olaniran AO, Pillay D, Pillay B (2004) Haloalkane and haloacid

dehalogenases from aerobic bacterial isolates indigenous to

contaminated sites in Africa demonstrate diverse substrate

specificities. Chemosphere 55:27–33

Rampazzo P (1986) Reversed-phase high-performance liquid-chro-

matographic analysis of chloropropanoic acids on a polymer-

based column. J Chromatogr 356:460–463

Riisgard HU, Larsen PS (1995) Filter-feeding in marine macroinver-

tebrates pump characteristics, modeling and energy-cost. Biol

Rev 70:67–106

Sahasrabudhe SR, Modi VV (1987) Microbial-degradation of chlo-

rinated aromatic-compounds. Microbiol Sci 4:300–303

Saitou N, Nei M (1987) The neighbor-joining method: a new method

for reconstructing phylogenetic trees. Mol Biol Evol 4:406–425

Smidt H, de Vos WM (2004) Anaerobic microbial dehalogenation.

Annu Rev Microbiol 58:43–73

Sun W, Dai SK, Jiang SM, Wang GH, Liu GH, Wu HB, Li X (2010)

Culture-dependent and culture-independent diversity of Actino-

bacteria associated with the marine sponge Hymeniacidon
perleve from the South China Sea. Anton Leeuw Int JG 98:

65–75

Swanson PE (1999) Dehalogenases applied to industrial-scale bioca-

talysis. Curr Opin Biotechnol 10:365–369

Taylor MW, Radax R, Steger D, Wagner M (2007) Sponge-associated

microorganisms: evolution, ecology, and biotechnological

potential. Microbiol Mol Biol Rev 71:295–347

Thompson JD, Higgins DG, Gibson TJ (1994) Clustal-W: improving

the sensitivity of progressive multiple sequence alignment

through sequence weighting, position-specific gap penalties

and weight matrix choice. Nucleic Acids Res 22:4673–4680

Tsang JSH, Sam LJ (1999) Cloning and characterization of a cryptic

haloacid dehalogenase from Burkholderia cepacia MBA4.

J Biotechnol 181:6003–6009

Van der Ploeg J, Van HG, Janssen DB (1991) Characterization of the

haloacid dehalogenase from Xanthobacter autotrophicus GJ10

and sequencing of the dhlB gene. J Bacteriol 173:7925–7933

Xin YJ, Huang JY, Deng MC, Zhang W (2008) Culture-independent

nested PCR method reveals high diversity of actinobacteria

associated with the marine sponges Hymeniacidon perleve and

Sponge sp. Anton Leeuw Int JG 94:533–542

Xin YJ, Wu PC, Deng MC, Zhang W (2009) Phylogenetic diversity of

the culturable rare actinomycetes in marine sponge Hymeniac-
idon perlevis by improved isolation media. Wei Sheng Wu Xue

Bao 49:859–866

Zhang HT, Zheng W, Huang JY, Luo HL, Jin Y, Zhang W, Liu ZH,

Huang Y (2006) Actinoalloteichus hymeniacidonis sp nov., an

actinomycete isolated from the marine sponge Hymeniacidon
perleve. Int J Syst Evol Microbiol 56:2309–2312

Zhang HT, Zhang W, Xin YJ, Jin MF, Yu XJ (2008) A comparative

study on the phylogenetic diversity of culturable actinobacteria

isolated from five marine sponge species. Anton Leeuw Int JG

93:241–248

Zhang XC, Zhang W, Xue LY, Zhang B, Jin MF, Fu WT (2010)

Bioremediation of bacteria pollution using the marine sponge

Hymeniacidon perlevis in the intensive mariculture water system

of turbot scophthalmus maximus. Biotechnol Bioeng 105:59–68

Zheng L, Yan X, Xu J, Chen H, Lin W (2005) Hymeniacidon perleve
associated bioactive bacterium pseudomonas sp. NJ6–3-1. Prikl

Biokhim Mikrobiol 41:35–39

1794 World J Microbiol Biotechnol (2011) 27:1787–1794

123

http://dx.doi.org/S0025-326X(10)00147-5

	Phylogenetic diversity and characterization of 2-haloacid degrading bacteria from the marine sponge Hymeniacidon perlevis
	Abstract
	Introduction
	Materials and methods
	Sponge collection
	Medium and culture condition
	Isolation and screening
	Degradation under high salinity
	Substrate selectivity
	Investigation of stereoselectivity and activity
	Analysis method
	Phylogenetic diversities of the isolates

	Results
	Isolation and screening
	Degradation under high salinity
	Substrate specificity
	Investigation of enantioselectivity
	Dehalogenase assay in crude extract
	Phylogenetic diversities of the isolates
	Nucleotide sequence accession numbers

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


