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Abstract: Chitinase degrades chitin which comprises an important source of carbon and nitrogen in the marine
environment. The aim of this study was to evaluate the population of chitinases in the marine sediments in
southwest Japan. We collected marine sediments from eutrophic mner bay and offshore. Chitin-degrading
bacteria were enriched from both sedunents. Metagenomic DNA was 1solated from the enriched
chitin-degrading bacterial cell culture. At the same time, 25 chitin-degrading bacteria were 1solated from the
enriched culture. Partial fragments of chitinase genes were successfully amplified with degenerate primers
designed for the glycoside hydrolase 18 family. We analyzed chitinase gene sequences of about 500 clones
from metagenomic DNA prepared from chitin-degrading bacteria. Based on translated amino acid sequences,
chitinases were grouped into five groups. Chitinases in groups IT and ITT was most abundant and close to
chitinase genes of several species of proteobacteria. On the other hand, chitinases in groups I, TV and V were
unique and distinct from the known chitinases. These results indicate that the marine sediments used in this
study contain diversity of chitinase genes.
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arthropods, in the peritrophic membranes of anmelids and
in the shells of mollusecs (Cauchie, 2002). Chitinases
(EC 3.2.2.14) hydrolyze bonds between GleNAc residues

Fig. 1: Chitin degradation by chitinase

releasing oligomeric, dimeric (chitobiose) or monomeric
products (Karlsson and Stenlid, 2009). Fungi and bacteria
are thought to be important degraders of chitin in soil and
thereby contribute to the recycling of carbon and mtrogen
resources in soil ecosystems (lkeda et al., 2007). In
bacteria, the primary role of the chitinases 1s thought to
digest and utilize chitin as a carbon and energy sowce
(Cohen-Kupeic and Chet, 1998). Bacterial chitinases are
often associated with the outer membrane or are secreted
as extracellular enzymes which suggest that they
adapted to the function under the
physicochemical conditions of  the
(LeCleir et al., 2004).

must be
environment

Chitinases are divided mto two different glycoside
hydrolase families (18 and 19) based on amine acid
sequence similarity (Fukamizo, 2000). The vast majority of
bacterial chitinases fall within family 18. These two
families share limited sumilarity at the amino acid level and
have different three-dumensional structures and moods of
action (Li and Greene, 2010). Chitinase can display either
exo or endo activity, depending on the structure of the
catalytic site (Van Alten et al., 2000).

Glycoside hydrolase family 18 18 subdivided mto
three groups, ChiA, ChiB and ChiC, based on the
differences in the amino acid sequences of their catalytic
domains (Suzuki et al, 1999). ChiA and ChiB are
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processive chitinases that degrade chitin chains in
opposite directions, while ChiC is a nonprocessive
endochitinase (Horn ef al., 2006). Due to their prevalence
in nature, ChiA have been used for studying the diversity
and distribution of chitinolytic bacteria in both terrestrial
systems and aquatic environment including the marine
environment (Cottrell et al., 1999, Metcalfe et al., 2002,
Ramaiah et al., 2000, Tsujibo et al., 2003).

Information on microbial chitinases has
prominently restricted to a few culturable microorgamsms
belonging to B and ¥ proteobacteria, gram-positive
bacteria and the domain Archaea (Cottrell et al., 2000,
Gao et al., 2003; Tanaka et al., 1999). The use of chitinase
genes as demonstrated the
presence of a large pool of uncultured chitinolytic
microorgamsms in the marine and soil environments
(Cottrell et al, 2000, Metcalfe et al, 2002; Ramaiah et al.,
2000). In this study, we have exploited the metagenome
which was extracted {rom marine sediment and we have
mvestigated the diversity of chitinase genes using the
molecular method. The 168 rDNA and chitinase gene were
analyzed with the enriched cultures from different marine
sediments with colloidal chitin,

been

molecular markers has

MATERIALS AND METHODS

Sampling sites and sediment sample collection: Sediment
samples were collected from two different locations at
Kochi prefecture in Japan on November 20, 2006, February
27, 2007 and June 28, 2007. One was coastal site of
Uranouchi Bay, where maximum depth 1s 18m and another
was about 20 km distance from the coast, offshore, where
maximum depth is 200 m. Marine sediment was collected
with a core sampler with 30 cm 1n length and sliced into
5 com slices. The sediment samples were cooled
immediately on ice and stored at -80°C for molecular
analysis.

Extraction of metagenomic DNA: Sediment was
suspended in 100 mL of artificial seawater (T etraMarin,
Tetra, Germany ) with stirring for 30 min at 4°C at moderate
speed. After removal of soil, microorgamsms were trapped
ona 0.3 pm membrane filter and then dispersed m 5 mL of
artificial  seawater. Cells were collected  with
ultra-centrifugation at 35,000 rpm for 30 min at 4°C and
stored at -80°C until use. Microbial metagenomic DNA
was extracted using SoilMaster DNA extraction kit
(Epicentre, Madison, WI, USA) according to the
manufacturer’s protocol with slight modification. Cells
were suspended in the buffer and bead-beated with
1 mm beads for 30 sec at 4,500 rpm using MS-100 Micro
Smash (Tomy, Tokyo, Japan).
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Enrichment of chitin-degraders: Microorgamsms trapped
on the membrane filter were suspended in 100 mL. of 4%
colloidal alpha chitin (from crab shell, Sigma-Aldrich, St.
Louis, MO, USA) and incubated at 25°C for 7-28 days,
until chitin solution became clear. Microorgamsms were
spread on agar plates containing colloidal alpha chitin and
incubated at 25°C for 7 days, until halos were formed
around the colomes. Colomies were suspended i LB
media and incubated overnight at 25°C. Chromosomal
DNA was extracted using AquaPure Genomic DNA Kits
(Bio-Rad Lab. Hercules, CA, USA).

Multiple displacement amplification: Metagenomic DNA
was amplified by Multiple Displacement Amplification
(MDA) uwsing GenomiPli DNA  amplification kit
(Amersham Bioscience, Piscataway, NJI) following the
manufacturer’s recommendations.

PCR amplification of chitinase gene fragment:
Degenerate PCR primers (chiAF21): 5'-
GGAGACAUCGTGGACATGGGGARTWYCC-3'  and
chiAR2TT:  5-GGGAAAGUCCCAGGCGCCGTAGAR
RTCRTARSWCA-3") designed according the
conserved regions m the catalytic domain of glycoside
hydrolase family 18 were used for amplification of
chitinase gene fragments. PCR primers (chiAF2: 3'-
CGTGGACATGGGGARTWYCC-3' and cluAR2: 5'-
CCCAGGCGCCGTAGARRTCRTARSWCA-3') were used
for chitinase gene detection. Average sizes of the
amplified fragments were 200-300 bp. PCR condition was
an mitial denatiration for 5 min at 85°C, followed by
30 cycles of 95°C for 45 sec, 58°C for 1 minand 72°C for
1 min. PCR products of chitinase gene fragments were
cloned using USER Friendly System clomng kit (New
England Biolabs, Beverly, MA, TUSA) according to the
manufacturer’s protocol.

to

Phylogenetic analysis: The 165 rDNA was amplified by
PCR with primers (PrORU 5'-
GGAGACAUAGAGTTTGATCMTGGCTCAG-3'  and
QUTRU S-GGGAAAGUCCGTCAATTCCTTTRAGTTT-3).
Sequence analysis was conducted with a big dye
Terminator ver. 3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, USA) using primer, RV-M
(5-GAGCGGATAACAATTTCACACAGG-3)orM13-47
(5-CGCCAGGGTTTTCCCAGTCACGAC-3"). Nucleotide
sequences were determined by an ABI PRISM 3100-
Avant Genetic Analyzer (Applied Biosystems). The 163
rDNA was classified using Ribosomal Database Project
(Wang et al., 2007). The phylogenetic tree was
constructed using the V1-V5 regions of the amplified 165
tDNA  sequences with the Weighbor Joming method
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(The Ribosomal Database
msu.edwindex jsp). The known 163 rDNA sequences are
retrieved from GenBank / EMRBL / DDBI databases.
Bootstrap values with 100 replicates are shown for

branches.

Project, http://rdp.cme.

The translated amimmo acid sequences of glycoside
hydrolase 18 family of chitinase genes, encoding catalytic
domain, aligned with CLUSTAL W
(Thompson et al, 1994). The phylogenetic trees were
constructed by using neighbor-joining method and
visualized with tree view software (Page, 1996). Clitinase
of Bacillus circulans No.4.1 (AAF23368) was used as an
out-group. The known chitinase sequences of Fibrio
parahaemolyticus RIMD?2210633 (NP-800687), an
uncultured orgamsm ChiCSR14 (AAU12436), Vibrio sp.
CI11027 (AAV3R107), Vibrio proteolyticus (BAF76068),
Vibrio cholerae V51 (EAZS50998), Moritella sp. PE36 (Z.P-
01898217), Pseudoalteromonas sp. 39 (AACTI66T), a
marine bacterium EE36 (AAF21119), Aderomonas
hydrophila TP101 (AAGO09437), Shewanella denitrificans
08217 (ABES5418), Shewanella woodvi ATCC
51908 (ZP-01540956), Burkholderia cepacia AMMD (YP-
773320), Epiphyas postvittana NPV (NP-203279),
Reinekea sp. MED297 (ZP-01113517), an uncultured
bacterium GG1-1 (BAE94857) and Cellulomonas uda
ATCC21399 (AAG27061) are retrieved from
GenBank/EMBL / DDBT databases. Bootstrap analysis for
100 replicates was performed to estimate the confidence of
phylogenetic tree topologies.

were

RESULTS

Diversity of bacterial population in marine sediments
of two different locations was analyzed by using 163
rDNA sequences. In southwest Japan, Uranouchi Bay 1s
a eutrophic inner bay and the offshore is 20 km far away
from coast which is poor in nutrient. Metagenomic DNA
1solated from marmne sediments was treated with MDA
and partial fragments of 165 rDNA were amplified and
cloned. We randomly analyzed 163 rDNA sequences of
186 clones from Uranouchi Bay sediment and 48 clones
from the offshore sediment. The 165 rDNA sequences
were assigned to the bacterial taxonomy (Table 1) using
naive Bayesian classifier (Wang et al., 2007). The most
abundant phylum was unclassified bacteria for Uranouchi
Bay and protecbacteria for the offshore. These results
indicated that bacterial population in the marine sedunents
of the bay and offshore were quite different. This might
reflect that Uranouchi Bay is nutrient rich and the
offshore 13 nutrient poor.
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Table 1: Bacterial population in the sediment
Population (%)

Phylum' Uranouchi Bay (n=186) Offshore (n =48)
Nitrospira O 6
0OD1 4 4
Spirochaetes 1 0
Lentisphaerae O 6
Bacteroidetes O 6
Planctontycetes 2% 15%
Actinobacteria 8 0
Protecbacteria 28 36
Firmicute 2 0
Acidobacteria 7 4
Chloroflexi 8 4
unclassified Bacteria 40 19

‘Based on naive Bayesian rRNA classifier of the Ribosomal Database Project
(Wang et al., 2007). *p-valuefor the Student's t-test was less than 0.01
which indicates that two values are significantly different

Sediment samples were enriched with 4% colloidal
alpha chitin and after several passages, metagenomic
DNA was extracted. Smce enough numbers of bacterial
cells were obtained, we did not apply MDA for these
metagenomic DNAs. Partial fragments of 165 rDNA were
amplified and cloned. We randomly analyzed 165 rDNA
sequences of 113 clones from Uranouchi Bay sediment
and 45 clones from the offshore sediment and assigned
1658 DNA sequences to the bacterial taxonomy (Table 2).
Unlike the results with non-enriched sediments, all the
clones were assigned to the known phyla. More than 60%
of the bacterial clones enriched from Uranouchi Bay were
identified as Rhodobactereaceae which was not detected
from the offshore sediments (Fig. 2). On the other hand,
more than 70% clones isolated from the offshore belong
abundant m the ocean
environment (Table 2). These results indicated that
different populations of chitin-degrading bacteria were

to Vibrionaceae which 1s

enriched from the different marine sediments.

Bacterial cells grown in the chitin-enriched culture
were spread on agar media containing colloidal alpha
chitin. We isolated more than 40 strains as chitin
degraders which formed halos around colomies. Isolated
bacteria were classified based on 16S rDNA sequences
and there was no significant difference between species
isolated from Uranouchi Bay and the offshore (Table 3).
Almost all strains belong to the familyVibrionaceae.

We used degenerate PCR primers, cluAF2 and
chiAR2 which were designed by Hobel et al. (2005) to
amplify the central catalytic domain of chitinase genes
belonging to group A of glycoside hydrolase family 18
(GH18) (Coutinho and Henrtissat, 1999). We could amplify
chitinase gene fragments from all the culturable
chitin-degrading bacteria and the size of all fragments was
215bp. 11 and 2 different deduced amino acid sequences
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Fig. 2: Phylogenetic tree based on 165 tDNA prepared from sediments enriched with chitin. A scale bar displays 0.1
nucleotide substitutions per site

Table 2: Bacterial population after enrichment with chitin

Taxonormy! Population?
Phylum Order Class Family A B
Bacterioides Flavobacteria Flabovacteriales Flavobacteriaceae 10(9) 0¢0)
Proteobacteria y-Proteobacteria Vibrionales Vibrionaceae 13 (1D 33(73)
Protecbacteria v-Proteobacteria Alteromonadales Pseudoalteromonadaceae 0 () 1125
Proteobacteria y-Proteobacteria Alteromonadales Schewanellaceae 504 0¢0)
Protecbacteria y-Proteobacteria Alteromonadales Psychromonadaceae 2( 00
Protecbacteria v-Proteobacteria Alteromonadales unclassified Alteromonadales 1(1) 00
Protecbacteria y-Proteobacteria unclassified y-Protecbacteria 0(0) 1(2)
Protecbacteria a-Proteobacteria Rhodospirillales Rhodospirillaceae 1(1) 00
Proteobacteria a-Proteobacteria Rhodobacterales Rhodobacteraceae 70(62) 0¢0)
Protecbacteria unclassified Proteobacteria 11(10) 00
113 45
(100) {100)

'Based on naive Bayesian rfRNA classifier of the Ribosomal Database Project (Wang et al., 2007). Numbers of 168 rDNA clones isolated from A) Uranouchi
Bay and B) the offshore were indicated. Percentage of clones belonging to each family was indicated in parentheses

Table 3: Chitin-degrading bacteria isolated from marine sediments

Taxonormy! Population?

Phylum Order Class Family A B

Proteobacteria y-Proteobacteria Vibrionales Vibrionaceae 11 12

Proteobacteria v-Proteobacteria Alteromonadales Pseudoalteromonadaceae 0 1

Proteobacteria o-Proteobacteria Rhodobacterales Rhodobacteraceae 1 0
12 13

'Based on naive Bayesian rRNA classifier of the Ribosomal Database Project (Wang et ai., 2007). “Numbers of bacteria isolated from A) Uranouchi Bay and
B) the offshore were indicated

were obtained from Uranouchi Bay and the offshore,
respectively. From metagenomic DNA, several different
sizes, 182, 215 and 239 bp, of fragments were amplified.
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After cloning, we randomly analyzed approximately 500
clones, from both Uranouchi Bay and the offshore.
Nucleotide sequences of 182 and 239-bp fragments
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Fig. 3: Phylogenetic tree of chitinases. Bootstrap values with 100 replicates are shown for branches with more than 50%
bootstrap support

208



Pak. J. Biol. Sci., 14 (3): 204-211, 2011

were quite different from those of 215-bp fragments. The
phylogenetic tree was constructed with deduced amino
acid sequences which were grouped into five groups
(Fig. 3). As expected, clitinase genes of the shorter
fragments and longer fragments formed distinct clades,
group IV, group I and group V, respectively. All these
novel GHI18 family of chitinase genes were isolated from
Uranouchi Bay sediment (Fig. 3). Chitinase genes
belonging togroup T and group 1T were isolated from
Uranouchi Bay and the offshore m a culture-dependent
way and culture-independent metagenome.

DISCUSSION

Marine sediments support high biodiversity and vast
ecosystemn services and microbial populations widespread
more in marine environment than terrestrial earth
(Snelgrove, 1999). From the ecological viewpoints of the
metagenome-based study, there were great interests that
varieties of bacterial population existed in both marine
sediments (Table 1, Fig. 2). We observed bacterial

population of 12 phyla, Nitrospira, Spirochaetes,
Lentisphaerae, Bacteroidetes, Planctomycetes,
Actinobacteria, Proteobacteria (¢, B, y and 8
subdivisions), Frimicute, Acidobacteria, Chloroflexi,

unclassified bacteria and OD1 (Table 1). The presence of
unclassified bacteria in the Uranouchi Bay sediment was
numerically higher than in the offshore sediment. In the
assessment, bacterial populations in the Uranouchi Bay
sediment and in the offshore sediment were quite different
and relatively more varieties of bacterial populations
existed i the Uranouchi Bay sediment, because
Uranouchi Bay is eutrophic. Bacterial population has
changed in response to the changing environment in a
coastal system, such as dissolved orgame carbon
(Takenaka et al, 2007). Taken together, it was
demonstrated that marine sediments are good reservoirs
of a variety of bacterial populations.

Although several novel enzymes for biocatalysts
have been screened from metagenomic libraries, there are
very few metagenomic studies targeting chitinases from
a marine environment (Steele et af., 2009). In this study,
nucleotide sequences of approximately 500 clones
contaimng gene fragments amplified with degenerate
primers for Chid (Hobel et al., 2005) were determined and
all of them were the GH18 family of chitinase genes. The
phylogenetic tree was constructed based on deduced
amino acid sequences of chitinase genes and clutinase
genes detected in this study were grouped into five
groups (Fig. 3). Clitinase genes 1solated from
metagenomic DNA of Uranouchi Bay sediment were
affiliated with all five groups. Clutinase genes 1n group I
form a clade with a clone ChiCSR14 which is isolated from
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an intertidal hot springs on the seashoreof northwest
Iceland (Hobel et al., 2005). The clone Mcht1005
belonging to group T is closest to the chitinase gene of a
climcal 1solate of Vibrio parahaemolyticus (Makino et al.,
2003). The clone Mchtl 038 belonging to group TV is
closest to the chitinase gene of Reinekea blandensis
MED297 which is collected in the NW Mediterranean Sea.

Chitinase genes obtained from the culturable chitin-
degrading bacteria and isolated from metagenomic DNA
of the offshore sediment belong to either group II or IIL
Group 1T contains the most abundant chitinase genes in
this study which exist in Fibrio sp. Group III contains
chitinase genes of several species of proteobacteria.
Chitin-degrading bacteria are isolated from sediment from
the Gulf of Eilat in Israel (Hoster et al., 2005). Most of
bacteria belong to Streptomyces and Bacillus while all the
bacteria isolated in this study were classified as
proteobacteria. This could support the 1dea that chitinase
genes are laterally transferred between groups of bacteria
(Cottrell et af., 2000). Group V consists of only two clones,
Mect1185 and Mctl 186 which have no close relatives and
form a new phylotype.

As we did in this study, Hjort et al. (2010) screen for
chitinase genes in a phytopathogen-suppressive soil in
different ways, from a microbial metagenomic library and
from bacterial 1solates with chitinase activities. Clutinase
gene groups are specifically detected in different sources
of DNA. Some clusters contain chitinase sequences from
the metagenomic DNA library and sequences from
1solates. Other cluster contains contained chitinase
sequences from the metagenomic library. This data is
consistent with present results in this study.

A total of 18 chitinase genes are detected using the
chid specific primer (Hobel et al., 2005) from deep-sea
sediment (at 5246 m depth) of a station within the Pacific
nodule province n the eastern tropical Pacific (Lian ef af .,
2007). Most of them belong to the Serratia-like chitinase
and do not show similarity to any of our clitinase
sequences. Unlike Uranouchi bay at 18 m depth or the
offshore at 200 m depth in this study, most deep-sea areas
are permanently cold region. Some clones from the Pacific
nodule province are closely related to a chitinase gene
from the lake sediment of Antarctic Ardley Tsland
(Lian et al., 2007).This could indicate the adaptation to
cold environment and this might why chitinase sequences
from two different sediments are quite different.

CONCLUSION

We could i1solate new and novel GH18 family of
chitinase genes from marine sediments in the eutrophic
inner bay, while the relatively common chitinase genes
were obtained from the offshore sediments. The novel
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chitinase genes were isolated only from metagenomic
DNA. These results indicate that the marine sediments
used 1n this study contain a very diversity of chitinase
genes and we are in progress to isolate full length of
chitinase genes.
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