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A total of 114 halophilic and halotolerant bacteria were isolated from marine
sediments. Phylogenetic analysis of the isolates showed that they belonged to 23 OTUs.
63, 52, 47, 57, 74, 15 and 4 isolates were able to produce protease, amylase, lipase,
pectinase, pulluanase, xylanase, cellulase, respectively. Combined hydrolytic enzyme
activities showed that fifteen strains presented one hydrolytic activity, 32 strains presented
2 hydrolytic activities, 21 strains presented 3 hydrolytic activities, 26 strains presented
4 hydrolytic activities, 11 strains presented 5 hydrolytic activities and 2 strains presented
6 hydrolytic activities. The highest rates for production of protease, amylase, lipase,
pectinase, pullanase, xylanase and cellulase were observed in members of B.
baekryungensis, Hallobacillus sp., B. pumilus, B. megaterium or P. chungwhensis, B.
amyloliquefaciens, B. pumilus, B. baekryungensis, respectively. However, the higher
activities of protease, pectinase and pulluanase were frequently produced by the members
of Halomonas sp. B. amyloliquefaciens or P. chungwhensis, and Vibrio sp. respectively.
This investigation showed that the diversity of halophilic and haotolerant bacteria from
marine sediments may as a potential source of hydrolytic enzymes for industrial
applications.
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Halophilesare organismsthat livein high
salt concentrations. According to the extent of their
hal otolerance, halophiles are categorized asslight
hal ophilesthat grow optimally at 2%-5%, moderate
halophiles that grow optimally at 5%-20%, or
extremehalophilesthat grow optimally at 20%-30%.
Moderately halophilic bacteriausually are defined
asagroup of halophiles ableto grow optimally in
mediacontaining 3-15% NaCl*. Hal ophilesrequire
thesalinity to survive, while hal otolerant organisms
do not require salinity but can grow under saline
conditions. Halophilic and halotolerant
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microorganismsarewidely distributed inthe Earth
ecosystems with a range of salt concentrations,
such as the ocean, the Great Salt Lake, the Dead
Sea, saline soils and evaporation pondst.
Halophilic and halotol erant
microorganisms have attracted considerable
interest due to their considerable capability of
producing compounds with great industrial
potential> 3. One of the most important
biotechnological applications of these halophilic
and halotolerant bacteria is focused on their
production of diverse extracellular enzymes, such
asamylase, lipase, caseinase, xylanase, inulinase,
pectinase, cellulase, pullulanase, gelatinase, urease,
glutaminase and asparaginase’, asthe bacteriahave
the desirable physiological properties of stability
and solubility at high salt concentrations, which
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facilitate their usein the areas of food processing,
feed additives, biomedical sciences and chemical
industries®>7. Moreno et al.8 summarized anumber
of halophilic bacteriashowing hydrolytic activities
have been isolated and characterized from different
hypersaline habitats, such as solar salterns, salt
lakes, saline deserts and saline deposits. Both
Gram-positive and Gram-negative bacteriadisplay
avariety of hydrolytic enzyme activities’. Themost
diverse and abundant physiological group among
hydrolytic producers are found in isolated
environments, and multiple extracellular hydrolytic
activities produced by one strain vary in different
species. Even though considerable research into
the hydrolytic activities produced by halophilic
and halotolerant bacteria has been conducted,
screening of the novel and higher activity
produced halophilic and halotolerant bacteria is
still ongoing.

In this study, we describethe diversity of
hal ophilic and hal otol erant bacteriaisolated from
different marine sediments and their capabilities
for producing different extracellular hydrolytic
enzymes associated with the environments and
strain species. This data will provide valuable
information about their potential utilization in
industrial scale process.

MATERIALS AND METHODS

Samplesitesand sampling

Marine sedimentswere collected from the
tidal zonesof Beidaihe (BDH, N119°312 18.893 and
E39°502 11.903), Qingdao (QD, N120°22252.733
and E36°03240.343), Hainan (HNS, N20°00229.183
and E110°322 33.343 ; HNI, N19°252 27.073 and
E109°592 05.863 ) at the coastal line of Chinain
July, 2013. The marine sediments consist mainly of
mud at BDH, sand at QD, mud at HNS, and silty
sand at HNI. All samples were collected from the
top layers (10 cm depth) of sediments and
immediately transferred into the sterilized 50 ml
centrifuge tubes, then stored at 4°C for subsequent
analysis.
Halophilic bacteria isolation and culture
conditions

One gram of each sample was suspended
in autoclaved salinewater at 5% NaCl and diluted
appropriately. One hundred milliliters of each
diluted samplewas plated on theisolation medium

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.

WEI et a.: PRODUCTION OF EXTRACELLULAR HYDROLYTIC ENZYMES

containing (per liter): casamino acid 7.5 g, yeast
extract 109, MgS0O,.7H,0 20 g, trisodium citrate 3
9,KCl 29, FeSO,.7H,0 1.6 mg, NaCl 1009, agar 15
0, pH 7.2-7.4. The plates were incubated at 30°C
for 10 d. Based on the colony characteristics,
different bacteriawere selected and inoculated into
liquid medium containing 5% NaCl. Pure cultures
of each isolate were stored in 20% glycerol at -
80°C for further identification and characterization.
DNA extraction, PCR amplification and
sequencing

Bacterial genomic DNA was extracted
from pure culturewith thefast spin kit (Invitrogen)
following the manufacturer’s instructions.
Amplification of 16SrDNA genewasperformedin
50 pl of reaction mixture containing 0.25 mM each
primer of 27f (52- GTTTGATCCTGGCTCAG-32)
and 1492r (52- TACCTTGTTACGACTT-32),0.2
mM dNTP, L.5mM MgCl,, 5l of Taqg buffer, and 5
U Tag DNA polymerase (Invitrogen, USA), and
10-20 ng template DNA. PCR was performed on a
thermalcycler with aninitial denaturation at 95°C
for 5min. Atotal of 35cycles, at 95°Cfor 50s,45°C
for 50 s, 72°C for 1.5 min, followed by a final
extension step at 72 °C for 10 min. The PCR
products were visualized on an agarose gel, and
the bandswith the corrected size were excised and
purified by using theWizard SV gel and PCR Clean-
Up System (Promega, USA) according to the
manufacturer’s protocol. The partial 16S rDNA
fragment was sequenced on anABI 3730 automated
DNA sequencer (Applied Biosystems).
Phylogenetic analysis

Phylogenetic affiliation of each 16SrDNA
sequence was initially queried by BLAST search
to suggest the closest relatives against the
GenBank database. The sequences were aligned
with their relatives using Clustal W, and
phylogenetic treeswere constructed from amatrix
of pairwise genetic distances by the maximum-
parsimony algorithm using the MEG 4 software.
The partial sequencesof 16SrDNA genesfromthe
strains have been deposited in the GenBank
database under the accession numbers from
KF933605to KF933718.
Deter mination of extracelular hydrolyticenzyme
activity

Activities of protease, amylase, lipase
pectinase, cellulase, xylanase and pullulanase were
assayed using the media as the follows: medium
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for determination of proteolytic activity (per liter)
containsskimmilk 15 g, yeast extract 2 g, NaCl 100
0, agar 20 g; medium for determination of amylolytic
activity (per liter) contains starch 5 g, yeast extract
29,(NH,),S0,1.49,K,HPO,29,MgSO,.7H,00.2
g, NaCl 100 g, agar 20 g. pH 7.2; medium for
determination of lipolytic activity (per liter)
contains beef extract 3 g, peptone 10 g, tributyrin 6
ml, NaCl 100 g, agar 20 g; medium for determination
of pectinolytic activity (per liter) contains
(NH,),SO, 1.49,MgSO,.7H,00.2 g, K ,HPO, 2 g,
yeast extract 2 g, pectin 5 g, nutrient solution 1 ml
(FeSO,.7H,0 5 mg/l, MnSO,.H,O 1.6 mg/l,
ZnS0O,.7H,0 1.4 mg/l, CaCl, 2 mg/l), NaCl 100 g,
agar 20 g; medium for determination of cellulase
activity (per liter) contains carboxymethyl cellulose
(CMC) 59, NaNO, 1 g, KHPO, 2 g, KCI 1 g,
MgS0O,.7H,0 0.5 g, yeast extract 2 g, glucose 1 g,
NaCl 100 g, agar 20 g, pH 7.2; medium for
determination of xylanase activity (per liter)
contains yeast extract 2 g, peptone 5 g,
MgSO,.7H,00.5¢, CaCl, 0.15g, xylan 10 g, NaCl
100 g, agar 20 g; medium for determination of
pullulanase activity (per liter) containsyeast extract
2 g, pullulan5g, NaCl 100 g, agar 20 g.

To screen the hydrolytic enzyme activity
produced by the bacteria, 0.5 ul of pure culture of
each strain was inoculated on the detection media
described above and the plates were incubated at
30°Cfor 5d. Thepresence of proteaseand lipolytic
activitieswas directly identifiable from the plates
asaclear zone devel oped around the colonies. For
the assay of amylolytic and pectinolytic activites,
the plates were flooded with 0.3% 1,-0.6% KI
solution, and aclear zone around the growth colony
identified an amylase or pectinase producing strain®
1, The method of detection of pullulanase activity
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was adopted by Rohban et al.*® and Ruben et al .**
with modifications. In the original report, the
interaction between pullulan and ethanol leads to
the formation of a white precipitate of non-
degraded pullulan, thus allowing identification of
pullulanase activity. In this paper, a better result
was obtained when the plates were flooded with
0.3%1,-0.6% K1 solution instead of 97% ethanal,
with aclear zonearound the coloniesindicaing the
pullulanase activity produced by the strains. For
detection of cellulose and xylanase activities, the
plates were flooded with 10 ml 0.1% congo red
solution and stained with the dye for 20 min. After
draining off the dye, aclear zone surrounding the
colony showsthe cellulase and xylanase activities
produced by the strains> ® 1°,

All theplateswere performedintriplicates
and the diameters of each halo and each colony
were measured.

Statistical analysis

Principal component analysis (PCA) was
carried out to characterize distribution patterns of
OTUs versus sampling locations using Canoco
for Windows 4.5 program®2. Ordination bioplots
include 4 variables of sampling locations and the
total number of OTUs corresponding to each site.

RESULTS

I solation and char acterization of halophilic and
halotolerant bacteria

Afterincubation at 30°C for 10d, colonies
were well-developed at  salinityonon the plates.
Based on the colonial shapes (round, irregular and
spreading or concentric), margin (entire, undulate
lobate or filamentous), elevation (flat, convex,
umbonate or umbilicate), pigment (paleyellow, pink-

Table 1. Isolation and characterization of halophilic and halotolerant bacteria

Location Sediment  Total number Number of isolates classified Number of isolatesgrowing
property of isolates by Gram staining well on NaCl containing media?
Gram positive  Gram negative 5% 10% 15% 20%
BDH mud 28 26 2 28 20 11 1
QD sand 27 10 17 27 25 24 18
HNS mud 30 30 0 30 21 12 7
HNI silty sand 29 28 1 29 28 23 4

Note: @ The growth of isolates on different salt concentration media was classified into four types, positive growth,
moderate growth, weak growth and no growth. Only the strains showed positive and moderate growth were calculated

as growing well on NaCl containing media.
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red, creamy, whiteor off-white) and density (opagque
or tranducent), 28, 27, 30 and 29 strainswere picked
from the sediments of BDH, QD, HNS and HNI,
respectively. Gram-staining showsthat most of the
strainsisolated from BDH (92.9%), HNS (100%)
and HNI (96.6%) belong to the group of Gram-
positive bacteria, while arelatively higher ratio of
Gram-negative bacteria (63.0%) wasidentified from
QD (Tablel).Atotdl of 114 strainswerere-streaked
on the media containing different concentrations
of NaCl, All strains grew well on the media
containing of 5% NaCl. When the concentration
of NaCl wasincreased to 20%, most of them ceased
growth or grew very weakly, however, 66.7% of
the strains isolated from the sandy beach of QD
grew well. When checking the strains on the
alkainepH media, al of them grew well intherange
of pH 7-8.5.
Diversity and distribution of halophilic and
halotolerant bacteria

A total of 114 bacterial 16S rDNA

WEI et a.: PRODUCTION OF EXTRACELLULAR HYDROLYTIC ENZYMES

sequences were analyzed and 23 operational
taxonomic units were detected (OTUs, an OTU
was defined as sequence sharing < 97% identity).
A phylogenetic tree of the 165 r DNA sequences
revealed that 16 OTUs belonged to the class of
Bacillin which included the four families
Bacillaceae, Planococcaceae, BacillalesIncertae
Sedis and Paenibacillacea, 6 OTUs belonged to
the class of Gammaproteobacteria, which
included the three families Halomonadaceae,
Alteromonadaceae and Vibrionaceae, and only
one OTU was detected in the family of
Rhodobacteraceae, lying within the class of
Alphaprotebacteria (Fig 1). OTUs belonging to
Bacillaceae showed the highest diversities, which
comprised 56.5% of the total OTUs. 94 Gram-
positive strains in Table 1 were belonged to
Bacillin, and the other 20 Gram negative strains
belonged to Gammaproteobacteria and
Alphaprotebacteria, which indicated that the
Gram-positive strains were the dominant strains

Table 2. Distribution and occurrence of OTUs and the number of isolatesin the sampling locations

Class Family

OTU of species®

Number of isolates®
BDH QD HNS HNI

Bacillin Bacillaceae

Bacillus baekryungensis (Bba)
Bacillusalgicola (Bal)
Bacilluscibi (Bci)

Bacillus pumilus (Bpu)

Bacillus amyloliquefaciens (Bam)
Bacillus sp. (Bsp)
Bacillusaquimaris (Baq)
Bacillus megaterium (Bme)
Bacillus cereus (Bce)

Staphylococcus sp. (Ssp)
\irgibacillus chiguensis (Vch)
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R

R

N RPWANNOR T W
,
oW N

Pontibacillus chungwhensis (Pch) 2

Halobacillus sp (Hbsp)
Planococcus maritimus (Pma)
Exiguobacterium sp (Esp)
Paenibacillus sp (Psp)
Cobetia marina (Cma) - 10 -
Halomonas venusta (Hve) -
Halomonas sp (Hmsp) -
Alteromonas sp (Asp) -
Vibrio sp (Vsp) -
Photobacteriumhalotolerans(Pha) 2
Paracoccus homiensis (Pho)

Planococcaceae

BacillalesIncertae Sedis

Paenibacillaceae
Gammaproteo Halomonadaceae

bacteria

Alteromonadaceae
\Mibrionaceae

Alphaproteobacteria  Rhodobacteraceae

RN
'
'

[ e N R

Note: @An abbreviation for each bacterial species in the bracket was used for the Principal component analysis. ® — no

isolate.
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among the cultured moderately hal ophilic bacteria.
Distribution of each OTU wasevaluated acrossall
theisolates associated with their samplelocations.
Out of total of 230TUs, 12,9, 6 and 10 OTUswere
detected inlocations of BDH, QD, HNSand HNI,
respectively. 91.7%, 44.4%, 100% and 90.0% of
OTUsin BDH, QD, HNS and HNI werefound in
the taxonomic class of Bacillin, recpectively.
Corresponding to each location, 0.3%, 44.4%, 0%
and 10.0% of the OTUs belonged to the class of
Gammaproteobacteria. Only 11.2% of the OTUs
detected in QD belonged to the class of
Alphaproteobacteria.

From the occurrence of each OTU inthe
samplelocations, it was shown that the total of 13
OTUs of the taxonomic family of Bacillaceae
represented 89.3%, 37.0%, 100% and 79.3% of
isolatesin BDH, QD, HNSand HNI, respectively,
which indicated that the isolates belonging to
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Fig. 1. Phylogenetic relationship of 16S rRNA
sequences of the isolates retrieved from marine
sediments and related reference sequences. The
phylogenetic tree was generated using approximately
1,500 bp of 16S rRNA genes by the neighbor-joining
method. Bootstrap values are based on 1,000 replicates
and are shown at the nodes with greater that 50%
bootstrap support. The scale bar equals 1% nucleotide
divergence.
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Bacillaceae were the dominant strains in BDH,
HNS and HNI. Then occurrence of OTUs in QD
was remarkably different from that of in the other
three locations. At QD, 2, 1 and 1 OTUs of the
familiesHalomonadaceae, Alteromonadaceaeand
\Vibrionaceae represented 48.1%, 0.4% and 7.4%
of isolates, which indicated that the isolates
bel onging to Halomonadaceae were the dominant
strains in QD (Fig. 1 and Table 2). Principal
component analysis showed that community
composition of bacteria between BDH and HNS
wassimilar (Fig. 2). Theisolates, which belonged
to OTUs of Bacillus baekryungensis (Bba),
Bacillus pumilus (Bpu), Bacillus sp. (Bsp),
Bacillusaquimaris (Baq) and Bacillus megaterium
(Bme), contributed significantly to abundance of
community composition in both of the locations.
The isolates belonging to OTUs of Bacillus
baekryungensis (Bba), Cobetia marina (Cma),
Halomonas sp (Hmsp) and Vibrio sp (Vsp) were
clustered closely together inthelocation of QD. In
contrast, the isolates belonging to the OTUs of
Pontibacillus chungwhensis (Pch), Paenibacillus
sp (Psp) and Hal obacillus sp (Hbsp) were closely
associated with the location of HNI.
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Fig. 2. Correspondence analysis of bioplots showing
associations between bacterial OTUs and sampling
locations. The bioplots were created with 23 OTUs of
halophilic and halotolerant bacteria and 4 sampling
locations. Theresulting ordination bioplots approximated
the weighted average of OTUs with respect to location
variables, which are represented as arrows. The length
of these arrows indicates the relative influence of OTU
in defining the sampling locations based on bacterial
community
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Hydrolyticactivity of isolates

The ability to produce seven different
hydrolytic enzymes was tested among the
isolates. Of 114 isolates, 107 isolates were able
to produce at least one of the hydrolytic
activities, whereas 7 isolates were unable to
produce any of the tested hydrolytic activities.
A total of 63, 52, 47, 57, 74, 15, 4 isolates were
able to produce protease, amylase, lipase,
pectinase, pulluanase, xylanase, and cellulase,
respectively. Combined hydrolytic enzyme
activities were detected and the results showed
that the isolates have diversities for enzyme
production. Fifteen strains presented one
hydrolytic activity, 32 strains presented 2
hydrolytic activities, 21 strains presented 3
hydrolytic activities, 26 strains presented 4
hydrolytic activities, 11 strains presented 5
hydrolytic activities and 2 strains presented 6

WEI et a.: PRODUCTION OF EXTRACELLULAR HYDROLYTIC ENZYMES

hydrolytic activities. Among the tested strains,
Halobacillus sp. HNI111 and Halomonas sp.
QD55 showed the highest protease activity, B.
amyloliquefaciens BDH11 and BDH27 presented
the highest amylase activities, B. megaterium
HNS83 and B. pumilus BDH24, HNS77 and
HNS83 presented the highest lipase activities,
B. amyloliquefaciens BDH27, B. cereus HN198
and P. chungwhensis HN196 showed the higher
pectinase activities, Vibrio sp. QD45 presented
the highest pulluanase activity, B. pumilus
HNS74 presented the highest xylanase activity,
and B. amylolquefaciens BDH11 and HNI92
presented the highest cellulase activities.
Characteristicsof hydrolyticactivity distribution
associated with samplelocationsand strains
Hydrolytic activities of the isolates with
respect to the sample locations are shown in Fig.
3. The strains able to produce protease, amylase,
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Fig. 3. Geographical distribution and occurrence of each hydrolytic activity produced by the isolates associated

with the sampling locations
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Fig. 4. Enzymatic profiles of the isolates and comparison of the rate for production of each enzymes among the

strains
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lipase, pectinase, pulluanase, xylanase and
cellulasewere widely distributed among the sample
locations, whereas the strains able to produce
xylanase and cellulose were not, with few strains
ableto produce xylanase and cellulase. The strains
isolated from different locations showed the
different frequencies of producing each kind of
hydrolytic activity. These were as high as 70% of
strainsisolated from HNI, 60.7% of strainsisolated
fromQD, 73.3% of strainsisolated fromHNS, 76.6%
of strains isolated from HNI, 23.3% of strains
isolated from HNS, and 86.7% of strainsisolated
from HNI were able to produce protease, amylase,
lipase, pectinase, pulluanase and xylanase,
respectively. The cellulase-producing strainswere
spread evenly among the four locations, reaching
frequenciesaslow as 3.3%-3.6%.

Hydrolytic activities of theisolateswith
respect to the species are shown in Fig. 4.
Although all of the species, except for P.
maritimus and Alteromonas sp, produced at |east
one of the hydrolytic activities, ahigher ratio of
hydrolytic activity producing strains were
frequently observed within a number of limited
species. Higher percentages of strains belonging
to B. baekryungensis (11.4%) and Halobacillus
sp. (7.0%) were able to produce protease than
that of other species. 7.9% of strains belonging
to Halobacillus sp. were able to produce
amylase, whichisgreater than all other species.
The highest percentages of strains producing
lipase belonged to B. pumilus (9.7%) and B.
megaterium (8.7%) and the highest percentages
of strains producing pectinase belonged to B.
megaterium (8.8%) and Halobacillus sp. (8.8%).
It is interesting that only the strains belonging
to the species of Bacillus pumilus were able to
produce cellulase, and the percentage of
producing cellulase (2.6%) was also lower than
that producing other hydrolytic enzymes.
Xylanase proction was also found to be limited
to species of B. algicola, B. pumilus, B.
amyliliquefaciens, B. megaterium, P.
chuangwhensis and Halobacillus sp., and the
highest percentage strains in producing
xylanase was B. pumilus (8.8%). When compared
with other species, the highest percentages of
strains producing pulluanase belonged to B.
baekryungensis (10.5%) and Halobacillus sp.
(9.7%).
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DISCUSSION

Although halophilic and halotolerant
bacteria have been extensively studied in various
hypersaline environments!, only few studies have
been carried out concerning their diversity and
distribution in marine sediments. Weisolated atotal
of 114 haolophlic and halotolerant strains on agar
plates from the marine sediments collected from
BDH, QD, HNS and HNI. Phylogenetic analysis
indicated that all isolates were members of 23
generabelonging to 8 familiesin 3 classes (Fig. 1
and Table 2). Community structure analysis
showed that the species of B. baekryungensis (18
isolates), B. pumilus (14 isolates), B. aquimaris (7
isolates), B. megaterium (12 isolates), Halobacillus
sp. (11 isolates), P. chungwhensis (12 isolates) and
C. marina (10 isolates) were the dominant strains
among the recovered isolates, where each of the
other 16 species is represented by 4 or fewer
isolates. In a study of marine sediment from
Pichavaram, on the southeast coast of India, the
dominant types of isolates developing on agar
plates were assigned by taxonomy to the species
of Vibrio harveyi, Halomonas sp., Vibrio fluvials,
and Halobacterium sp.*®. In another study,
culturable moderately halophilic and hal otol erant
bacteria from the Moroccan mash ecosystems of
Lower Loukkos indicated that the isolates were
dominated by Bacillus aquimaris, Bacillus
megaterium, Bacillus oceanisediminis, Bacillus
hwajinpoensis, Bacillus safensis and other
unidentified Bacillus sp.*. The most concentrated
brines, greater than 20% salt, are dominated by
highly pigmented Archaea such as Halobacterium,
Haloferax and Haloarcula” **. In many cases, the
bacteriafrom hypersaline aquatic systemsareclose
relatives of marine organisms, but have increased
salt tolerance™.

Distribution of the cultured haophilic and
halotolerant bacteria showed that 16 out of 23
OTUs were members of 4 familiesin the class of
Bacillin representing 94 isolates (82.5%). It was
interesting that most of the strains isolated from
BDH, HNSand HNI were Gram-positive bacteria,
while most of the strains isolated from QD were
Gram-negative. Principal component analysis
showed that similar patterns of OTUs occurred
between BDH and HNS, which mainly consisted
of B. baekryungensis, B. pumilus, Bacillus sp., B.

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.
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aquimaris and B. megaterium. We inferred that
the two sites had similar environments as both of
them were located in the high tidal zone and had
sediments consisting mainly of mud. The sample
site of HNI, located in an inter tidal zone, was a
cross area of mud and sand. Only afew OTUs of
HNI overlapped with those of HNS, even though
they were located on the same coast. The
occurrenceof OTUsin QD wasdifferent from BDH,
HNS and HNI, with most of the QD strains
consisting of the Gram-negative bacteria, Cobetia
marina, Vibrio sp. and Halomonas sp. Thes
bacteriae could tolerate salt concentration as high
as 20% sodium chloride. We inferred that the
sediment in the QD site consisted of sand, with
the more erosionable sand causing highter salinity
inthisarea, leading to the development of amore
salt-tolerant bacteriacommunity. It wasinteresting
that the community structure of the marine mud
was mainly comprised of the genera of Bacillus,
which was extensively represented in the
hypersaline terrestrial ecosystems, such as saline
soilY”. The bacterial community of sand sediments
collected from QD was very similar with those of
hapersaline aquatic ecosystems, such as solar
salterns” %°.

Halophilic microorganisms have been
investigated for their potential biotechnological
applicationsin various fields, such as production
of compatible solutes, biopolymers, enzymes, food
biotechnology, and biological waste treatment?.
Moreover, increasing concerns focus on the salt
tolerant extracellular hydrolytic enzymes produced
by moderately hal ophilic and hal otol erant bacteria®
4.8, Halophilic and halotolerant bacteria are an
excellent source of enzymesexhibiting salt, pH and
temperature tolerance®® °. In this study, 114
halophilic and halotolerant bacteria strains were
investigated and higher rates of production of
protease, amylase, lipase, pectinase, and
pulluanase, but much lower rates of xylanase and
cellulase, were observed among these strains. This
was somewhat different from Rohban et al.*°, who
reported higher rates of production of amylase,
lipase, protease, xylanase, and inulinase, but lower
rates of pullulanase, pectinase, and cellulase
production, among the halophilic strains isolated
from Howz Soltan Lake. Weinferred that thiswas
due to the different strain species fostered by the
different environments. Among the cultured
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strains, most of them presented the combined
hydrolytic activities and similar results to those
reported by Rohban et al.*° and Sanchez-Perro et
al.’®. We also noticed that most of the strains
producing of hydrolytic were Gram-positive and
of the class of Bacillin for the (Fig. 1 and Fig. 4).
The genus Bacillus is well known as an enzyme
producer and species belonging to this genus was
frequently have been used in commercial
production of enzymes®.

Geographical distribution of hydrolytic
activities showed that activities of protease,
amylase, lipase, pectinase, pulluanase and cellulase
production by theisolateswerewidely distributed
among the sampling locations. The strainsisolated
from HNI showed the higher rates for production
of protease, pectinase and pulluanase, the strains
isolated from QD presented the highest rates for
production of amylase, and the strains isolated
from HN'S showed the highest ratesfor production
of lipase, while lower rates for production of
xylanase and cellulase were a common
phenomenon distributed over all of the sampling
locations. The each location presented different
enzyme-producing activities by the isolates was
clearly related to the different species community
at each site. The highest rates for production of
protease, amylase, lipase, pectinase, pulluanase,
xylanase and cellulase were for members of B.
baekryungensis, Hallobacillus sp., B. pumilus, B.
megaterium or P. chungwhensis, B.
amyloliquefaciens, B. pumilus, and B.
baekryungensis, respectively (Fig. 4). Rohban et
al.° reported that most amylase, DNase, and lipase
producers were members of the genera
Oceanobacillus, Halomonas, and Gracilibacillus
respectively. Cellulase producers were detected
among members of Gracilibacillus, Virgibacillus
and Halobacillus. Kakhki et al.® reported that
under their conditions Halorubrum was the
predominant genus showing the highest rates of
amylase, lipase, pullulanase, inulinase and DNase
production. Our datawas much moresimilar to the
results reported by Berrada et al.'*, in which
Bacillus was the predominant genus showing the
highest production ratesfor amylase, lipase, DNase,
protease and cellulase. It was interesting that
highest average rates for production of the
enzymes by a certain genus did not necessarily
mean that the highest enzyme-producing activity
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belonged to a strain from the same genus. For
example, even though the highest average rate for
production of protease was the species B.
bakryungensis, the highest protease activity was
observed inthe strains of Halobacillussp. HNI111
and Halomonas sp. QD55, which belong to the
genera of Halobacillus and Halomonas,
respectively. For pullulanase, although the strains
belonged to the genera of B. baekryungensis and
Halobacillus sp. showed highest average rates
for production of pullulanase, a strain of Vibrio
sp. QD45, belonging to the genus of Vibrio,
presented the highest pullulanase activity (Table
2andFig. 4).

Finally, although a variety of halophilic
and hal otolerant bacteriawas distributed in various
environments and most of them presented
enhanced extracellular hydrolytic enzyme activity,
more work needs to be done with respect to
industrial applications, such as characterization of
the hydrolases, and isolation of the encoding
genes for their use in genetic engineering’® 19,
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