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ABSTRACT: Four halophilic bacteria were isolated from a salt water tank of more than 25% above salinity used for production of salt.
HJS1 and HJS6 strains were identified as having 3-glucosidase producing capabilities at high salinity. 3-Glucosidase produced from
these bacterial strains showed the best activity at 56-79 U/mlin NaCl (0-5%], showing the highest 3-glucosidase activity at NaCl 3%. A
salt tolerant 3-glucosidase can maintain at least 75% activity of the enzyme in 0-20% NaCl concentration. The 165 rRNA gene sequences
of strains HJS1 and HJS6 shows 99.8% similarity with Roseivivax roseus BH87090". Those sequences were registered as AB971835 and
AB971836 in the NCBI GenBank. DNA-DNA hybridization test revealed that both strains showed 90.1 to 90.3% hybridization values with 7.
roseus BH87090", which was the closest phylogenetic neighbor. Major Cellular fatty acids of strains HJSTand HJS6 were Cigg, Cig1 076
Ci90 cyclo aBc and 11-methyl Cigq and the major quinone was Q-10. Their fatty acid composition and quinone were very similar to
Roseivivax roseus BH87090". Meanwhile, Rosejvivax roseus BH87090" did not produce any 3-glucosidase. Based on the molecular and
chemotaxonomic properties, strains HJS1 and HJS6 were identified as members of Rosevivax roseus.
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Achromobacter, Halobacterium, Pediococcus, Actinopolyspora,
Marinococcus, Salinicoccus, Bacillus <-0) &3H= W2 Al
Eo| Ba] B9tk Ventosa et al., 1998; DasSarma and
Arora, 2002; Das ef al., 2006). T GA|oFof] T3 A= T2
S A7 A g e ehE] 54 B AW thAF 420 £
gt A5 S o= sl ik A 9] Ao tiet A
H 12 cellulose, amylase, nuclease, lipase, protease 5-©] 1.
o, A Alatol Aibshs Bae dnt ndEo] Aibksk=
FalygAo] oAt A o = thefel 842 0] 3-8/
gt AL7F &S] A8 =] a2 It Onish, 1972; Fukami et al.,
2004; Fu et al., 2008).
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NEA} AB8-49] cellulose ZH-F| glucose S &A1 3] 82
Al7]=H] 2-g-3F= [B-glucosidase= Br=3& X7| 249k 5
A= glucoside ¥t oLy 2} alkyl-3-D-glucoside & aryl-3-D-
glucoside 5-2] B-glucosidic likage S B| &4 Tt o 2 HE|
7B Al7)= Ao 2 U A ItH Woodward and Wiseman,
1982). T3t cellulose Rt ofy 2 thefgt 7182 Q1 A1gh 4= 9]
o] A3, ool AIA 2 AlE5Y FolAl 7831 o8- aL gL
CHTamas et al., 2003). o]& B-glucosidase 2] YA 5 £
U Ee] SfRRAIARS 91 olel 71A) Hjeke] Aol of
o e} mAskAel 4 AE FHsHE A7 elol 4 B
93] 219 %] 11 9t Ketudat Cairns and Esen, 2010). 0] A&
o] XAKSH= B-glucosidase+= Aspergillus niger, Trichoderma
reesei, Fusarium oxysporum 52| 3%50|2} Saccharomyces
cerevisiae, Schizosaccharomyces pombe 5-2] A% 18|11 &

OFM| O 2 Streptomyces reticuli, Bacillus subtilis, Bacillus
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polymyxa, Bacillus circulans, Agrobacterium tumefaciens,
Cellulomonas sp. CS1-1 ¥ 2312A WA+ Pyrococcus
5 vhopet Aol Srok @5l URAA 9l ol
E0] AAFoh= B-glucosidase ] thet & 428124 -4 3t F-4}
= ot YrF K HLee et al., 1988; Kengen et al.,, 1993;
Takashima et al., 1999; Tamas et al., 2003; Kado et al., 2011).
v, S HAdTFo] ABAdst= B-glucosidaseo]| 3 A=
Bacillus 3} Gracilibacillus 450l &3= 15 94 9] 2414
A ok, Halobacterium <3} Halothermothrix 450 45)=
1A+ (Kori et al., 2011; Lee et al., 2015; Yu and Li, 2015)0]

<= 58 & ¥ Proteobacteria Al 52 TH-/JAI2] o
F71 A= 394 B-glucosidase o] gt H.114= 1] $- 1
A ek 2 OC‘%LOﬂ A= 2H7d B-glucosidase S 44
= E3}7] 9l5to] @72 25% o]
O E A8l = ﬁ Ao TR w2 Fits o)A
= AL s gt TFA Al £851aL B-glucosidase &4~
% 5ol nAE § 0202 s}

Sfuriosus

mlop

R

SEY Mzl 22

A Aok Aloj% 2] ¢(35°35'43. 64"N 126°36'44.
S67E) 2] IO AL 2% ol 1
Al s ) BHE AR YRtk AT o
A= A2E210g x%ako].oz] 90 ml 2] B F2o] Wil 281}y
(Sonics VCX750, Vibra Cell) 2 30 Wol A 287 BAF % 2|5}
Uk FA A 23 AR E 9 ml et ol 22 0.2 5]4]51G)
t}. 34 A& 100 ulE 10% NaCl= 3 7}8F marine agar (MA)
i x| of| t=hs}ar, 28°Cof| A 7 A7t ulj FshH A Fu =] Aol
B =Y At 22U E Aleskar 2eskinh &2 €
% 220% NaCl 713t MA s 2ol 4 A4 715ah 22
S AFOR SdRelsher.

B-Glucosidase EM7Fo| £2|

S AA Ml+2] B-glucosidase a4~ S E215H7] 95
3%, 10% 12|11 20%2] NaCl =& % 7}3tesculin agar H|| X|
(Difco Co.)oll ZH2F 1%-5171 28°Col A 39 Feb wfjogh %
Smafato] A2 20 R WA Al
< B-glucosidase A ot 5== 2] 513t}

esculing 7

&3l Al Als1d Al2E

B-Glucosidase 4 =3

l

225 B-glucosidase A #+52] a4 XL Hong 5
(2000)9] B2 g sko] 2askgic. AEAt AAT A
NS Z@FAMO T 0]83}4 AL, p-nitrophenol 8H(Sigma-
Aldrich)& o8] TE 2 3|43t T 450 nmoj| 4] Q] TP =& =
Asto] T2 A5 TE 7]12-& sodium acetate/acetic acid
L9(50 mM, pH 5)of p-nitrophenyl-B3-p-glucocyranoside
(Sigma Chemical) 9] ‘5=7} 5 mMo] B =2 g-3f A]7]1 3, 70 ul
o] A Ao of 714801830 ul 7Fste] 37 CoflA] 104 52t
HR2-5}9I Tk 100 wl 0.5 M Na,CO & F95fo] vk =4 /\]
71 &, 450 nmoj| A =4 =& =7 5}o] p-nitrophenol =&
FATk &4 A (unit)2 14 52 pmole 2] p-nltrophenol
S Ay B Ao oo & AFE3ItH(Na ef al., 2009; Jang
and Kim, 2010).
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NaCl sE0| [}2 B-glucosidase &M =X

F&0]L0] 3t B-glucosidase 2] & AZHA WIS 25}

7] f18ke] ARk
£0,1,3,5,10,15,20,25 1831 30% A7}oll a4 S
223}tk B-Glucosidase &4 o] 1] %|+=NaCl = 2] J3F
S AES7| Y8l WS-8 o] NaCl=2 0-30%744] 47}s}
o] T8}510] 37 Col| A 1A|7HHFSA|A T 40 TAL 245}
Atk T3 NaClof tat oFg AL 243114} 0-30%2] =
of w2l NaCl& 371t RH-g- b8 Mt A5 37 C oA 14]
ZHEoF AR A7 B 7)WL Hslo] A AETAL =

= =
At AL 713 =2 AL 712 = NaCl L9

O T =

[e] [e]
S 100% 2 3Fo] BE-g 2 LR

sodium acetate/acetic acid 2394 of NaCl

=
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5

16S rRNA SXIx} E7 (Mg EM
seugE g F2YE FFo= Ak%}@} 23 PCR
229 35t E coli 16S rDNA

sequences 7|22

H B0l conserved
3+od 27F (5'-AGAGTTTGATCCTGGCT
CAG-3’) primer2} 1492R (5'-AAGGAGGTGATCCAG-CCGC-
3') primer& 0]£-3}91t}. PCR &2 71-& 1x PCR buffer, 0.2 mM
dNTPs, 0.2 uM primer, 5x Band doctor, 2.5 U Taq DNA
polymerase (Solgent Co.), template:=10-50 ng ©. = 3} c}.
16S rRNA PCR (GeneAMPR PCR System 9700, Applied
Biosystems) HF-3-2 94°Coj| 4] 2 27} W3- 3F th-2- 94°Coj| A
denaturation 14, 55°CoJ|4] annealing 303, 72°Coj|A]
extension 15-2-303] HH25} a1, 72°Coj| 4] 557} final extension
3}l 4°C2 Y& £ =73}tk &% PCR U352 QIAgiuck
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[3-Glucosidase AlAz=0o| Hg| al

PCR Purification Kit (QIAGEN) 2 & A A|3F% & 7] A & B4

S35}k A4 % 168 rRNA A ¢714 2L RDP
(http /frdp.cme.msu.eduw/) o 4] AlE-S B0lstal ZF oHFE=
DDBJ/NCBI/GenBank database 2] BLAST program-2 ©]-8-3
of homology 1] w1}, 7} 7] 4
(DNAStar)@} BioEdit program (Hall, 1999)& o]-&3}]
alignment =] 11 2 AgHHof 2173 MEGA 5.0 program2
o]-&-5to] AlF =S 2 sHthHall, 2013).

J

H-2 SeqMan software

@

M2l A2 - MasiM £ 2A

AHrE 2G4 o2 A - AekehA] 9l 5742 API20NE
(bioMérieux), API 50 CHE (bioMérieux)2} API ZYM (bio-
Meérieux)< ©]-8-51ith 3 HA +F5-2] A ufFollS APL kit &)
stripo]] Z3}7] Aoll AUX medium (bioMérieux)©] sea salt
(Sigma)E- 10%2 7}5}FaL bacterial suspension-& 453} A}
83T, 71 0m T A 9 wjorela SAS hlahgl
CHMcfaddin, 1980; Yang and Kim, 2002).

FR|KEAEA

A A A B A2 915)e] MB (Marine broth) B X] of] <3|
£ AF3HaL28°Cof Al sLZHul Rt & 7] o] HAIE 3]
ATt 343k oA oF 50 mg (wet weight)-2- teflonlinedscrew
cap tube (13 x 100 mm, pyrex)°l %71 &, DWE 91 JEsH
& A B8] Z 5lo] washing §F 5, Tkemoto 5(1978)2] =4
of] oJ3)] FA X HAS methyl esterS} A|AH &5} A
AF BX4.2 Microbial Identification System (MIDI; Microbial
ID, Inc.)& ©]-8-3} % th(Hadden and Black, 1986).

ol

Quinone &4

Isoprenoid quinone -A152] %2 Collins 5(1997)2] 1+
H2 o]g3fe] BT £ A Al A AEe
E& 353}, silica-gel TLC plateo]] A7[5te] FEE2T
=3} R k= HlE S Hal- A 512tk AA)E Quinone
o=} 217ke] 5222 HPLC (SPD-10AV, SHIMADZU,
Inc.)E 0]838}o] EAES E4 39 chPark et al., 2005).

DNA-DNA MM 2M

A|+tS] DNA-DNA Al5-A £-4-2 DIG-High prime (Roche
olg-ate] A 7k #52] genomic
DNAE ®HAJ A]7] 21 nylon membrane©] spotd}al DIG-labled
2 11 42°Col| A] overnight

Diagmostics)<

probe 7} ©71 hybridization solutiono]] &

sjol £43 171 F CSPDE ol 8510l FHS
filmo]] =& A Z tHEzaki et al., 1989).

B-Glucosidase MM SHM M| £2

A ST 20019 T A 5
a9 E|AE W U4 Al WeE S48 218l 10%
NaClo] 7}s MAHH A 01] 482 A 25 FE3t130ColA
57k ujoFst AT}, 2.4 x 10°CFU/g 0.2 Al4=E| 9l A7) 9]
b A 25 22 E Mle-E 20% NaCl 5= 2] MA B 2o
A A58 ZAFSH A3}, 4413(HIS1, HIS6, HIS9, HIS10)7}
A At e ® it H ATk

=5 T H5tol thsho] esculin &ofl5-2 2215 915k
NaCl 3%, 10% 18] 31.20%2] vj x| of| A esculinE 7| 2 & &}o
Hajshde 243 Auk HISTHIS6 2= NaCl 3%, 10%
1831 20% A7} ul R o) A] esculing- glucose 2} esculetin T
2 Balsle= B-glucosidase S AYAksle oz st gt
(Table 1).

0]& B-glucosidase A4 HIS131} HIS6 +5=o]] tlj 3} NaCl
= 0-30% A7} MBHj A of| A 54 7F vljofFs}al NaCl =90

2 AL-57} B-glucosidase 452 B2l3l ATt EaldF
(HIS1, HIS6)= NaCl 0-20%0]| 4] AJ-8-0] 7}=5}31 NaCl 1-
10% 1204 4350|2351 LERgteh. 3, B-glucosidase
o] A%, nlEe] AgT Axlslo] SIS welon],
NaCl 3%J| 4] B-glucosidase Z|tj &A= L}E‘rlﬂ a1 NaCl
15% o/do] = Aso] A asta & = S7HEA

o= Ao 2 Yeti(Fig. 1).

NaClo| S=0f| 2 LHEAM B-glucosidase Q&M

Z| o /= UEPA NaCl 3%0]| A &3 2 a4n0] a4 QF

Table 1. Isolation of B-glucosidase producing halophilic bacteria by using
Esculin agar medium

{3-Glucosidase activity using by Esculin agar

Strain

3% 10% 20%
HIS1 + + w
HIS6 + + w
HIS9 - - -
HIS10 - - -

+, Positive; w, weakly positive; -, negative.
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Fig. 1. Effect of NaCl concentration on the growth and enzyme production by isolates HJS1 (A) and HJS6 (B).

2442 715k A3}, HIS1 2 HIS6 75 NaCl 0-15% =0
A 90% ol AaBAS FAISHATE 20% NaClof A=
HIS13} HIS6 -5+ 212} 83.5%, 75.8% 2] 7+ T2 74
SHITh(Fig. 2). o) 2] A= 5 HIS13} HIS6 vt7+= vi--
SHY 3 A B-glucosidase S A A 3= 2l 0 2 FetE| Qo)
cheet g ol A H-2] El B-glucosidase B4 #F52> FE®E
1-3%l 4 28] 8-S 1o u], NaCl 5% o] 4ol 4 A48} &
2 91 A|B1E HR= 2102 e 2tk Hong $(2009)¢] €
ol oJahH A x| o\ A B2 H Weissella cibaria K-M1-4+= A
3£ B-glucosidase AA2H410] 110 U/mgo]glom, A =+7of| A
% Bacillus licheniformi w+52] B-glucosidase & AEHA]
0] 46.8 U/mg o & X 315 v} QlthJoo et al., 2009). & 1710
A B2 9 HIS1 T} HIS6 22 NaCl 3%0]| 4] 77-79 U/mg S
e NaCl 0-20%9] W2 &= " 9ol A 2-8-5= 5ol
4 Hol o] § TAstolA g o= ARG
4918 AL Tl

B-Glucosidase AMTAZF HISIT}F HISE ZFo| HEES

W4 B-glucosidase A§/dwF= HIS13} HIS6 w2 Al

120 4 (A)

100 -

—O—HJS1
—e—HJS6

80

60

40

Relative activity (%)

20 A

0 1 3 5 7 10 15 20 25 30

NaCl (%)

a2 A5 HESH] 918tod, 16S rRNA -2 H7]1A 4
(HJSI, 1,408 bp; HIS6, 1,410 bp)S ZAA5F31 NCBI/ RDP/
GenBank 9] database 2} A 542 A5 o 2= HIS13}
HIS6 «5+= a-proteobacteriaZ|'5-2] Roseivivax <:0]| 435}
], A& 99.8%9] &2 A5/dS UEh It =3 HIS1
HIS6 5= R. roseus BH87090" (FJ897782)3} 99.8%, R.
pacificus JICM1 8866 (KC018453)2}95.7% “12| 3L R. sediminis
DSM21977" (KC018453)} 94.6%2] AFEA-S Lpehfolct
(Fig. 3). A7 #7592 d714 ¥ NCBI GenBanko]] Z+2¢
accession no. AB9718352} AB971836 = 5235}t

A9kE HIS13} HIS6 w572} 16S rRNA 7412 47144
B A7} 99.8%2] A4S UV Roseivivax roseus KCTC
22650' T} TLAFS= R, pacificus JCOM18866" “12| 31 R. sediminis
DSM21977" TFFo} = o)A FLEHEH] Y35l DNA-DNA
AFEA S ANSATE WA Bglucosidase A4 75 HISI
T} HIS6= DNA-DNA AFEA 94.3% 2 £0] 2.0 2 310l %] 9]
© 1, R. roseus KCTC 22650T9]— Z¥7190.3% 18] 31.90.1%2]
=2 AE/dE UEH Ol R roseus = 578 = {tH(Table 2).

(B) —o-His1
—e—HJS6

o
=]
L

Relative activity (%)
oy
L=

N
o

o

NaCl (%)

Fig. 2. Effect of reaction NaCl concentration on the activity (A) and stability (B) of B-glucosidase produced by isolates HJS1 and HJS6.
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Roseivivax isoporae sw-2T (FJ593905)

75

o [Roseivivax atlanticus 2211-S10sT (KF906718)

80
10
0.005
Roseivivax marinus ZL1367 (KF307638)

Roseivivax halodurans OCh 2397 (D85829)

99

Roseivil

diminis YIM D217 (HQ615878)

Roseivivax pacificus 22DY03T (KC018453)

|Strain HJS1 (AB971835)

Roseivi

Strain HJS6 (AB971836)
Roseivivax roseus BH870907 (FJ897782)
halotolerans OCh 210T (D85831)

100

lentus S5-5T (FJ875966)

Roseovarius indicus B108T (EU742628)

Citreimonas salinaria CL-SP20T (AY962295)

flavidus 1SL-46T (FJ265707)

giaohouensis YIM B024T (EU878003)

alba JLT354-WT (EU734592)

Pelagibaca bermudensis HTCC2601T (DQ178660)

Fig. 3. Neighbour-joining tree based on complete 16S rRNA gene sequences, showing relationships between halophilic isolates and member of the genus
Roseivivax. Numbers at the nodes are levels of bootstrap support (%), based on neighbour-joining analyses of 1,000 resampled datasets. Bar, 0.005 nucleotide

substitutions per position.

LHEM B-glucosidase MM Roseivivax roseus HIS12}
HJS6 T2l M| - Matsid EMH|w

el

WA B-glucosidase A+ HIS12} HIS6 +5=2] Hjj<
S, el U AL B 5 AR AsE 542 0
399tk B-Glucosidase A A5 HIS13}FHIS6 H-522] 2] 4] A
S 28C R gRlE|glon, 45 Col|A] A831A] oFolet.
A2 7R53HNaCl 5= 0-20%0| 1 22 NaCl 5= 3%
UPERECE A1 pHE] ¥ 9] pH 5-110] 0, 2|2 pHi= pH 72
SRl Gl FAAPARS EARE Ay, 8 A4t R
Ci6:0, Cis1 @ic, Crocyclo @8c L8] 2L 11-methyl Cig a7cS
G5t= EAS YERY 9121, isoprenoid quinone 2 HPLC
ofl ©J5} Ak 1413 2T, ubiquinone S 51z Q-10
o5 Lok o)are) A7) - Alskeb SAe vl
R. roseus BH87090" &} F-215} 7] UFehgict. W, Haj it
HIS13} HIS6-2 cyctine arylamidas, urease®]] %/J5H-S

ro o

=1

0

X
IN e

°

Table 2. DNA-DNA hybridization values of B-glucosidase producing
isolates strain HJS1, HJS6 and related species

. R roseus  R. pacificus
Strain HIST HIS6 ke 226507 JCMI18866"
HIS6 943
R. roseus
KCTC 22650" 903 0.1
R. pacificus
ICM18866" 59.4 53.6 51.2

R. sediminis

DSM21977" 49.8 46.8 47.8 40.6

EFJ|1. o™, citrate, alkaline phosphatase, Napthol-AS-BI-
phospho hydrolase o] SAJHF-3-2 LEF It Table 3). £3],
R. roseus HIS13} HIS6= W& A B-glucosidase o] EFE3t &+
AL JeH v 8|33 Roseivivax roseus BH87090"
(FJ897782)2 B-glucosidase A5 el A] gho} Al &8}
20 75U Fo| ANt £HF A Eoll= Aol 7t AS= =l
o 4= ATk
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o] o EAJslol A BT 02 L 4 Qi w2
Ho}h 7R TG Z A0 A cellobiose, acetyl cellobiose
4l cellooligosaccharide ]| 2H-8-5}0] E =S A= G4
] B-glucosidase AJA] M|+ Bacillus <, Halobacterium <,
Haloferax <0] R117} B3] S Y, a-proteobacteria®l &31=
Roseivivax £:0]) &3 w527] A A 8l+= B-glucosidase ] o]
3t A3 BuE ) gk B ool A BalE Roseivivax
roseus HIS13} HIS6 w527} AASH= Y94 B-glucosidase
N LR NP E E T P E R
A& Foto] HEA B-glucosidaseof] 7] & 4= Q& A=
Atz =)
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Table 3. Physiological and biochemical features of strain HJS1, HJS6 and R. roseus BH87090"

Characteristic HIS1
Source Sediment in salt water tank
Colony colour on MA Light pink
Growth at/with:
45°C -
NaCl (%, w/v) 0-20
pH 5-11
Enzyme activities:
Citrate -
Esculin (3-glucosidase) +
Urea
Assimilation of:
Alkaline phosphatase -
Esterase Lipase -
Crystine arylamidase +
Esterase -
Napthol-AS-BI-phospho hydrolase -
Acid production from:
Glycerol -
Raffinose -
Chemotaxonomic marker:
Ciso
Major fatty acids (>10%) C]i‘ E;C”IZ‘;BC
11-methyl Cis. @/7¢
Quinone Q-10

HIS6 R. roseus BH87090"
Sediment in salt water tank Solar saltern
Light pink pink
0-20 3-15
5-11 5.5-9
- +
+ _
+ _
- +
- +
- +
C]6:0 Cl():O
Cis dlc Cig.1 dic
Cig9 cyclo aBc Cigo cyclo aBe
ll-methyl Cls:l alc ll-methyl C]g;] alc

Q-10 Q-10

All strains are negative for Gram stain and activity of 3-galactosidase, Lipase, a-chymotrypsin, N-acetyl-3- glucosaminidase and a-mannosidase.

N 2

ARS8l 25% o)Ak s AR = G
NFE2HE SHA A 4FE B85t =8 gl =T o
A= B-glucosidase S A 3H= HIS1 3} HIS6 732 Aluts}

Atk o] & B-glucosidase AY A A2 NaCl 1-10%0f 4] 70-79
U/mg9] 2|7 &A1& YE 13T, NaCl 3%l 4] 2|t &A1
LB §1.0 NaCl 0-20% 5T of| 4] 2t &4 ZdtH] 75%
ool A4S FA8k= WAEA B-glucosidase & A4 5}
=702 3RIE it Y AHA B-glucosidase A4 HIS13} HIS6
59] 16S rRNA 3312+ A7 4 92 A E S A3, Roseivivax
roseus BH87090" (F1897782)2} 99.8%2] AFE-A]-S L}ERY]
AL A7 FFES H7IAE2 NCBI GenBanko| 7}k
AB9718359} AB971836=2 =23519ith AEsdor 2
29 Roseivivax roseus BH87090" 2+2] DNA-DNA AHE-42
vl H 23 A1} 90.1-90.3%E YEtH St ol & #59] =

P

|

N

&3l Al Als1d Al2E

8 FARAYAR Cigo, Cisa @c, Cioo cyclo aBc 1|1l
11-methyl Cis. &f7cE $H3-3}31 Quinone £ Q-102 2%
Roseivivax roseus BH87090" #-32} E£213F 218 L}El]] o]
Roseivivax roseus = ‘X =| 1t} WA, B| 1L o5 Roseivivax
roseus BH87090" %= B-glucosidase AJAJ3}%] Q= A o2 1f
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