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ABSTRACT

Halophiles have a great potential in value-added compounds production such as ectoine, and use for bioremediation in
hypersaline environments. As well as the halophiles, halo-tolerant microbes could be used for the similar application. In
addition, screening and maintenance of such microbes could contribute in constructing a namely, ‘Bioresource Library’ for
achieving the sustainable development goals (SDGs). Here, we present the characterization of halophilic-, and halotolerant
bacteria, isolated from Okinawaand Hachioji, Japan, and Tunisia.

Using enrichment culture and direct isolation from environmental samplesin Tunisiaand Okinawa, Japan, totally 100 strains
were obtained as moderately halophilic bacteria. For the practical application in marine petroleum remediation, enrichment
culture with a mid-chain alkane as the sole carbon source under saline condition were further conducted using soils from
Tunisia and Japan (Hachioji, Tokyo). All the isolates exhibited a similar growth rate below 15 % of NaCl suggesting they are
hal o-tol erant bacteria. Among them, Sinomicrobium sp. belonging to CFB group wasincluded as halo-tolerant alkane degrading
bacteria from Tunisian soil, suggesting an unique gene resources for alkane degradation. For the genes related for alkane
degradation, both of alk B and P450 (CY P153A) geneswere detected from the isol ates.
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INTRODUCTION (Sahara), Salt lakelocally called “sabkhas” (Chott el

Jerid), and mountain oasis (Chebika) etc. Aswell as

Halophileshave agreat potential in value-added
compounds production such as ectoine, and use for
bioremediationin hypersdineenvironments. Particularly,
moderate ha ophiles congtitutethe most versatilegroup
havingagrest potentid for biologicd depollutionthrough
awiderangeof sainity!Y.

For the screening of such microbes, Tunisiaisone
of the interesting area for bioprospecting due to its
versatile geographic characters such as the desert

Tunisia, Okinawa, the only subtropical areain Japan,
could besuchan areafor bioprospectingand asoitis
interesting to comparether biosphereeach other. Such
Hypersaline areas are considered as extreme
environments polluted so often with hydrocarbong?.
Thus, bioremediation of these areas could be
conducted using theactivitiesof ha ophilic/ha otolerant
hydrocarbonoclastic microorganisms?. In addition,
bioprospecting for various microbes with potential
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hydrocarbon remediationisoneof thesgnificant goals
not only for environmental preservation but also
Sustainable Devel opment Goal§49.

Although bacteriafrom different generashowed
their ability to degrade hydrocarbons, themaost dominant
members belong to genera Halomonas,
Halobacterium, Marinobacter, Alcanivorax,
Hal oferax and Hal oarcula®”. Tomaintain theosmotic
baanceunder sdlineconditionsinsdethemicrobid cells,
themgjority of moderate hal ophilesusethe compatible
solute. Compatible solutes are synthesized and
accumulated by ha ophilic bacteria, including betaineand
ectoines®d,

We previously examined theisolation of moderate
hal ophilic bacteriafrom mainly soil samplesin Tunisia
and Yaeyama Islands of Japan (part of the Okinawa
archipeago), followed by the phyl ogenetic andysisfor
the isolates as the first step for the comparison of
halophilic bacterial library either from Tunisia or
Okinawd', Inaddition, genetictoolssuch asplasmid-
vector™, and integrative-vector system!*3, for
hal ophilic bacteriawasreported using strain 21a, one
of theisolatefrom thisscreening project.

In this report, screening program for microbial
growth at salinity conditions hasbeen expanded for the
use of bioremediation under high salt concentrations.
Astheresults, diphatic hydrocarbonsdegrading bacteria
with salt tolerant character were obtained from soilsin
Tunisiaand in Japan. Genetic characterization was
discussed usngtheisolates.

RESEARCH METHODSAND MATERIAL

Sampling

Samplesfor bacterid isolationwere collected from
various area of Tunisia and Mt foot of Mt. Takao,
Tokyo, as shown in TABLE 1. For the sampling in
Tunisia, Memorandum of decision onthejoint research
program have been made by the parties including
Tokyo University of Technology, and Laboratory of
wastewater and environment/Borj-Cedria Scienceand
Technology EcoPark, Tunisia.

Bacterial strainsand growth conditions

Cultivationswerecarried out in Minima medium
(MM) in the presence of NaCl as described
previoudy!™. Asfor thegrowth kineticswiththeisolaes,

specific growth rates (1(one)/h) were estimated by
plotting cell concentration versustimein alog-linear
plot, asdescribed by Murarkaet al. 4,

PCR amplification and phylogenetic analyses

Genomic DNA preparation, PCR amplification of
16SrRNA and 16S rRNA gene sequence-based
phylogenetic analyseswere carried out as described
previoudy™*¥. In brief, The phylogenetic treebased on
the 16SrRNA gene sequencewas constructed by using
the nei ghbor-joining method*® and the Kimuratwo-
parameter modd for distance correction™; thetreewas
constructed with the CLUSTALW program, version
1.4, PCR amplification of CY P153A-P450 genes
(producing an approximatdy 800 bp product) and kB
(anapproximatdy 550bp) were performed using primer
pairs of PA50F/P450R, and alkBwf/ alkBwr,
respectively, asdescribed previoudy*d. Generd DNA
manipulations were performed as described by
Sambrook et al .19,

Analyses

The growth of bacterial cells was
spectrophotometrically estimated by measuring the
optical density of the culture at 660 nm. Alkanes
degradation wasandyzed by GC (Shimadzu GC-1700;
Shimadzu Co., Kyoto, Japan) after extracting the
reaction solutionwith ethyl acetateat pH <1 by usinga
J&W DB-5 capillary column (length 30 m). Therun
conditionswereasfollows: start temperature, 80 °C;
ramprate, 10 °C min—1; and final temperature, 250 °C
for 4 min. The nucleotide sequences of the PCR-
amplified genesweredetermined by usngtheABI moddl
3500 and BigDyeterminator kit, version 1.1 (Applied

TABLE 1: Samplingareafor theisolation in thisstudy

Country Region Description
Tunida El Djem Soil
Tunida Mahares Soil
Tunida Matmata Dry sail
Tunisa Sahara Desert sand
Tunida Chott El Jerid Salt lake
Tunisa Chebika Forest soil
Tunida Grand canyon Forest sail
Japan Okinawa Sub tropical area
Japan Hachioji (Tokyo) Feld soil
Japan Takao (Tokyo) Mountain
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Biosystemsinc., CA), according to the manufacturer’s
indructions.

RESULTSAND DISCUSSION

I dentification of moderately halophilic bacteria
from Tunisaand Japan

Inour previousstudy, wehaveisolated ca40 strains
of halophilic bacteriafrom Tunisian environmental
samples.Phylogenetic analysisof theisolatesreveded
that theisol ates belong to phylums, y-proteobacteria
represented by the genus: Halomonas,
Chromohalobacter, Salinicola, Marinobacter;
firmicutes represented by the genus: Bacillus and
Hallobacillus and Actinobacteria represented by
Brevibacterium®. In addition, 45 strainswere obtained
from environmental samplesin Okinawawithagood
diversity asshown in TABLE 2. Theidentification of
isolate strains highlighted the predominance of
Halomonas genuswell knowon asmoderate ha ophilic
bacteria. The interest in halomonas species was
previously confirmed dueto their ability to produce
exoploysaccharides, exoenzymes, osmolytes and
bioplasticg??2,

Halo-tolerant bacteria degrading n-alkanes
isolated from Tunisia

Enrichment culture usingthe Tunisian environment

TABLE 2: | solatesableto grow on mediumwith 10 % NaCl
from Tunisaand Japan

Phylum Genus Tunisa Japan
Proteobacteria  Chromohal obacter 0 1
Proteobacteria Halomonas 3 36
Proteobecteria  Kangidla 1 0
Proteobacteria  Marinobacter 1 1
Proteobecteria  Salinicola 0 1
Proteobacteria  Vibrio 3 0
Hrmicutes Badillus 13 2
Frmicutes Halobacillus 6 1
Hrmicutes Marinococcus 3 0
Frmicutes Oceanobacillus 1 1
Hrmicutes Salinicoccus 2 1
Frmicutes Saphylococcus 2 0
Frmicutes Paenibacillus 1 0
FHrmicutes Virgibadllus 0 1
Actinobacteria  Brevibacterium 0 1

samples with n-tetradecane under high NaCl
concentration resulted in the positivegrowth only from
two samplesfrom Chebika, Tunisia. Only 2 strainsout
of 12 isolates showed stable assimilation of n-
tetradecane under 10 % of NaCl. Figure 1 showed the
phylogenetic positions of the isolates based on the
16SrRNA sequences.

Partial 16SrRNA sequence analysis(ca 750 bp)
with the strain 21-3 and 22-1 showed significant
homology to Snomicrobium oceani SCSIO 03483
(99.86 %, accession no. JQ352762), and
Mycobacteirumaubagnense (98.93 %, AY 859683),
respectively. Inaddition, geneanadysisresponsiblefor
akane degradation wasexamined with degenerate PCR
for akB and P450, those were responsible genesfor
the initial hydroxylation of alkanes under aerobic
cultivation (TABLE 3). Asaresult, clear PCR DNA
fragment wasamplified with TN22-1 genometemplate
when using degenarete primer-set for P450. Sequence
anaysisfor thefragment (658 bp) revealed 82.67 %
identity with nucleoti de sequence of Mycobacterium
chubuense strain NBB4 (accession number
GU174754) and 82.38 % identity with primary
sequence of Mycolicibacteirumsp. (WP 044524727).
In contrast, no positive DNA fragment wasamplified
fromgenomic DNA of sranTN21-3 nather with P450
or akB primer-set, suggesting that thegenesresponsible
for the akane hydroxylase could beanovel onesince
alkanes degradation of Snomicrobiumsp. haslittle
been reported.

Halo-tolerant bacteria degrading n-alkanes
isolated from Japan

Screening program for the alkanes degrading
bacteria under high salinity condition was further
examined using environmenta samplesin Japan. Overdl,
72 strainswereisolated from the enrichment culture
with n-tetradecane (nC14) asthe sole carbon source,
followed by the degradation test for nC14 at 10 %
NaCl. Asaresult, 3strains(namely MHA3a, MHA4a,
and MHA5a) showed a stable growth withnC14 as
the sole carbon source under high salt concentration.
AsshowninFgure2, they showed asignificant growth
at high NaCl concentration as 10 %, although no
growth observed with strain Rhodococcus sp. 11B[2¥,
atypical n-alkane degrading bacteriaunder the same
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Figurel: Phylogenetic analysisof theisolatesbased on the 16Sr RNA sequence. Bootstrap probabilitiesareindicated at the
branch points. Theaccession number sar eshown in par entheses. Cytophaga fucicola NN015860 (A J005973) wasused asthe
outgroup.

TABLE 3: Summary of thecharacterization of theisolates

PCR
1 niNn* 1 * ok -
Srain Origin Top match (acc. No.) Degradation akB  P450
TN21-3  Tun Sinomicrobium oceani SCS0 03483 (JQ352762) C12-30 X X
TN22-1  Tun Mycobacterium aubagnense CIP 108543 (AY 859633) C12-30 X 6]
MHA3a Jpn Bacillus cereus | AM 12605 (D16266) C10-16 X X
MHA4a Jpn Corynebacterium variabilis NCDO 2097T (X53185) C12-20 (0] X
MHA5a  Jpn Brevibacterium permense VKM Ac-2280 (AY 243343) C10-20 (0] X

* Origin of the isolate: Tun;Tunisia, Jpn; Japan; **Carbon number of the n-alkanes
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Figure?2: Effect of NaCl concentration on thecdlular growth
of theisolates. Closed circles; srain MHA 3a, closed squares;
MHAA4a, andtriangles; MHA5a. Datafor non-salt tolerant
alkanedegrading bacteria, Rhodococcussp. strain 11B (open
sguar es) wer ealso shown.

condition. Accordingto the profilesinthereationship
between NaCl concentration and specific growth rate,
all of them were suggested to be salt-tol erant, but not
halophilic bacteria

They assmilated broad range of alkanesfrom C10
to C20, fatty acid, and trigriceride (data not shown).
Gendticandyssresponsiblefor thedkanesdegradation
reveded the presenceof dkB gene but not P450, which
wasfoundin thehal o-tolerant bacteriafrom Tunisaas
described above.

CONCLUSION

Inthisreport, we haveisolated and characterized
akanesdegrading bacteriaunder salineconditionsfrom
environmental samplesin Tunisiaand Japan. These
microbial library might be useful for petroleum
remediation of the contaminated sea or wastewater
treatment with high salt concentration.
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