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In this study, euryhaline marine microorganism, Bacillus sp. strain EBW4 isolated from polychaete (Perinereis
aibuhitensis) of Suncheon Bay was physiologically, biochemically and genetically characterized. Based on 16S
rRNA sequence, EBW14 was found to share 98.25% similarity with Bacillus hemicentroti JSM076093", 97.96%
similarity with Bacillus hwajinponensis SW-72" and 96.28% similarity with B. algicoa KMM3737", respectively.
The temperature range for the growth of strain EBW4 was 4-40°C, NaCl concentration range 0-17% and pH range
PH 579, revealing that EBW4 was euryhaline bacterium. Major fatty acids in strain EBW4 were composed of anteiso
Ciso (48.2%), iso Cieo (12.1%), anteiso Ci7 (11.6%) and iso Ci4o (9.4%). EBW4 was found to have DNase,
amylase, protease and lipase for the degradation of macromolecules such as DNA, carbohydrates, proteins, lipids,
etc. The enzyme activities of alkaline phosphatase, esterase (C4), leucine arylamidase and a-chymotrypsin were also
found in strain EBW4. Analysis of the biodegradation ability of EBW4 for organic hydrocarbons under different
salinity conditions using synthetic water waste revealed that EBW4 exhibited the ability to degrade organic
hydrocarbons very quickly, suggesting strain EBW4 may be a good candidate for the application to various

industries.
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Il Al Bacillus T2 2] s A& HABst=A
© 2 d2A JthKennedy et al., 1998; Hovda et al., 2007). 78
Aol 27| AN Aot ANPER ¢4 BHE A
sleted] 2 982 5= Ao 2 UHA QoW (Vigneswaran et
al., 1999; Palacios and Timmons, 2001; Campos et al., 2002;
Davidson et al., 2008), =4 &7 ZYEHLS 3t A ZAYEZ
= AMEE| o] gkth(Bryan and Gibbs, 1987; Fourcy et al., 2002;

Pérez et al., 2004). 3] Perinereis sp.& 8|53t o2 £2] AA]
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FolEY f71= ol&&°] Hold A& U#A $lof(Fujioka
et al., 2007) Alet2] F¥EHe 75T BATAN = AR Fol&
gz g A7t £ WA 3= o] Yrk(Prieur ef al., 1990;
Gili and Coma, 1998; Orejas et al., 2000). ZAX|F | Sabella
spallanzanii= %] 873 ° 22 ¥| BacillusE ¥]|&E3}o] thofst
AFE 2257 55T 4 Ut So| 9hgo] wad v ot
(Stabili et al., 2006).

Gatesoupe (1999)= Bacillus7} 231419} HIAAE
530] Qo] Z2}o] 2.2 A(problotics) 2 AT 4+ S
1388} Q) 2™, Bacillus subtilis'= T2, Er3HE, X2 23
B 5O AAES AR ¢ Sl 5O R st 59

A 43 Ggof 71o5k= AR g4 th(Verschuere et

SAloh




al., 2000; Ziaei-Nejad et al., 2006). ©|2]ol| = B. subtilis= 31|
RAEAE BABEAY ¥t 370l gt RS B3t AAH
HAuEo] o3t Hf & HASh= 7|5k e Ae= LA
Qlth(Vaseeharan and Ramasamy, 2003). 3|9F o]Fol| A 314
UER}E= B. pumilus (Sugita et al., 1998)+= A|322] T2 H|o}A|,
ofdztold|, MEetolA] 5 43 5] THE T8 5LFE
(Ghosh et al., 2002), 18] 3L B. licheniformis+= 10| H2A| =S
A= Ao 2 Hi1E o] 9lth(Arena et al., 2006). Bacillus=
o1F 9 9o 22 FAPAE 851 BT & Y A
o2 dBA Qlew, B. subtiliss B. licheniformis £+ B.
pumilus€} 7| Fojof] FAstE uf S0l Jda W A7
AL FIANE £ Sl d=A $lil(Raida er al, 2003;
Bagheri et al., 2008), Bacillus®] BE £ A& oF2|of| A gAY
Al HAAZ A2t= 2 lch(Banerjee et al., 2007).

2 dAFtolAds At AdoA f71E Eslisol Wf g
Ao 2 AR AR O|(Perinereis aibuhitensis) oA E2]H F
A A4, Bacillus sp. EBW4F-2] E4 9 okl G7]|& B3
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FFollA= A gl B34 75S Etke Ae=
SHA Sz ARIHON(P. aibuhitensis)E w37 Aol A JHF]stod
o|ZHE n|PES E3Itt AR F oS BM buffer (Mikesell
et al., 1993) 30 ml7} E&E conical tubeo]] E-& 3 wHI7] oA
AE5HA Al | AT £, 70% ethanolof| A A ThA] g ¥ Al
Hstsieh. AFe QA Pol 2 BFG MR PA ol o] By
£ A3 3, BM buffer 50 m17} 3235 conical tubed]] 2o] 2
oA wrtsto] Az o] WA vl Eo] bufferdte = whA 1t
97 SHch ololH AXToIE AAT F 12,000 pmOE U
ABste] AAELS 2E T 2 mlo] BM bufferE Frlshe] 2+
A2 %100 u&A Marine Agar (MA) (BD Difco, USA) Hj=]o]
AFsto] m =S vigstsT

=
=T
H
i

16S rRNA |RTX} H7[ME U AlSEHA 2

5 EBW4E 50 ml9] LB v 2| o]| 3k 30C 2 ulek
71914 180 rpm &= 24 X171 FF v ket & LA4E22(5,000 rpm,
10 min, 4C)3t] N ZE 485t & genomic DNAE £2|31%]
t}. 345 WOk EZ 5 ml TES buffer (0.1 M Tris-HCI; pH
7.0, 0.01 M EDTA, 1 M NaC)Z A&EHs}1, Iysozyme (10
mg/ml)< 200 ul F7}sted 37°C oA 1587 WA 10%
SDSE 100 ul F7lskar & 4oj& & 50 ul proteinase K (20
mg/ml)2} 5 pl RNaseE 7}sto] 37T oA 3027t ¥HEAI R
t}. 5 ml TES buffer?} 10 ml2] phenol-S H7}ste] 2 4]0]F41
ot HAHEYE B8t ol A AL FHolo] 2L tube 2
271 & E39] phenol/choroform/isoamyl alcoholZ 23],
chlorofrom . & 13] X g]s}gct AR HL Fste] AJ=Z-& tube
Z 271 ¥ 1/10 volume2] 3 M sodium acetate (pH 5.4)2} 2-3
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volume 2] 100% ethanol-S & 7}5te] 30827t A- 20| A W28}
ot AR * A AE w2] L, 70% ethanol& Z|2]ste] AF
E Aol =, oA 2 ARk A AS wEa 3]
Zol|A] ethanol-& A AT &, A& 500 ule] ool o ot
= Aol AF&5H3ITh Total DNA S| AA|E ¢18f crude DNAE
10 ml cesium chloride (CsCl) €A &2 & ethidium
bromide (EtBr)E Z7}ste] +79] 70| 0.2 um 9 A&
]85t 3047+ FA95te] DNA 8L 3]pdte] 5535 & &
A AR FE = SRS AT AEE AMSSFAT

A2} 16S iDNAE FE3517] 93l 752 HA| WA oA
30C oA 2-3Y F<t st & o] 2R E F&H genomic DNA
9} 27FS} 1520R 2 o] Rol7] 3 A|E9| SefolniS ALgste] o]
0] 4217 W ol Wt PCRE =35k th(Lane, 1991). PCR &F
$-2 GeneAmp PCR System 9700 (Applied Biosystems, CT) S
ARESE] B, B 272 95 C ol A 5ETE 27] EAF
E T 5, 95C oA 18, 55C oA 148, 72 C oA 1824 309 5t
5ho] nhx]uolis 72°C 4] 1087 2lg 3 4T o)A Bkt
A}t £=Z % DNAE 1.0% agarose gelof|A] 217|953 Z gel
extraction kit (SolGent, Korea)©]| 2|3 3l4==| 1t} 3]4=% DNA
= pGEM-T easy vector (Promega, USA)¢]| ligation3t - E.
coli IM1099] FAAZ It FAATE 29 EgpavE
DNAE EZ3t & promoter primertt SP6 promoter primerE
o] &3}to] ABI 377 AEE7|AE EX47]|(Applied Biosystem,
USA)oj|A] oFelgF o 2 DNA sequencing= 335} t).

ZAAH A7]4 €L Ribosomal Database Project-1I (http://rd
p. cme.msu.edu)2} GenBank (http://ncbi.nlm.nih.gov) 2] database
£ o83t 451t |74 Go] 2 E nAd=E9 AsA
= EZtaxon servers 0|83} type #552] 16S rRNA A7]A]
gdite] #AE YeEM A Chun er al., 2007). Alignment=
CLUSTAL X 1.83 (Tiubel et al., 2003)0]] 2] 2= =] g} .o,
H714E 7t gap2 BioEdit ZRIHE o|-§ate] HAYFIH}
(Hall, 2007). AlS-=+ MEGA 5 program (Kumar et al., 2008)
9] neighbor-joining ¥#(Saitou and Nei, 1987) 2.2 I3 31, #|
E 9] AL bootstrap AL E3) 7=t} (Felsenstein,
1985). 71el A55}1A] gh2 EAMEEEH A2 olu| & =3
HHH (Maniatis et al., 1982)°] wa} =331 T
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To A= iR Ao Rt 2%, pH, G% 5 Al 7HA
Ae geistel Faol AR olig At WA
AA52 Marine Ager (MA), Luria-Bertani (LB), Tryptic
Soy Agar (TSA), Nutrient Agar (NA), R2A ujjx]of|A] 30°C o]
ujoFste] 2ALSH OH, B Difco AES ARSI 22
T B2 MA 1A X0 4F T 4-42°C H oA vt
o] ZARSFATE viFe] A pH= AA|44S] Marine Broth (MB)
(Difco) v A] Al A] 10 N NaOH2} 6 N HCI-S- o]-8-5}] pH 3-117}
A pH 14 2}olE T 97) tubeo]] 22+ HF 72A13F v st
SO g A 2] fRE A2 =2 o A2
HjR] A2 Al NaCl7h A& 23] g2 MA vz 24 &

R
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9o NaCl 558 0-12% 2 Z4ste] 252 wjeFstol it
Ak o) A ol B AT T 24 R A4 A 2
oA 5UZF HlaFstu A gl g shlshint.

Mol HEel®|, 2| - Mty Ed 2o

Aol W) @ Ae - AserE S48 RS 99 25
=2 3% sea salts7} A7} LBSS ILA|u] x| of] HZ35}e] 25T 9
A diegelgict. WA 579 Bt vieksteA B v 22
vl Fe, A7, 2718 B 259 Felet Al 1%
BAE AT T T FHJAA SAJAA TEskar FeAu|A
2 9 =79 ehe DS T AL Hucker] 4
(1923)2 ula} =345}tk 3FAFA(acid-fastness)-2 Ziehl-Neelsen
9] " (Bishop and Neuman, 1970)9] u}2} -2 5t & S|4
o BB TA] VRS Sofo|= Fehro] ZF4E
T GojE 2| MA Hlj R0 A st 75 Pt o15AIN
2 wA FH)E &rfolE FEtie] YA =EE & duAS &
-, Moeller®] ¥ (1891)] wa} FA3H & Hu|g o2 ykst
ek @714 270A o] A 4 U=Al= Oxoid AH2] &
714 ¥l%7] ¢oll AnaeroGen'"& go] @7]2 2AL wHEo|F
T 30T oA 48417 T2 wjeyslo] ST ShstE Ry
g 4t AR = £ AFolAe 10% lactose”} ZFHE ASS
(Ammonium Salt Sugars) "R of| 72 HE3}o] 2] AT} AE
AA o138 ZAIT, 0] BRSHES ASEA) Washe
A &otE 312} OF medium (Hugh and Leifson’s, 1953)& TH=
F 270 o] 2o FE BRE WMIHS Aol SR o
ZF4ell 2 em Zo)7kR] 4F8taL e viR] = paraffing o]-&
o 241 2 A HoRE 5 TABHATE 30 Col A Bt F 149
2 h BT, BT SEHE 04%9] agarE THAIT
semisolid HjZ| Y| 4] &1} 1, AbA tAke} A oxidase
Oxidase Reagent Kit (bioMérieux)E o]-&3slo] 21 Mo ¥
3tz BAJslGith Catelase= 3% AISteag dAo Boj=
o 71 %ol WAl $72 el

7Ie se) Foe) A st BAS ofe] API kit (bioMerieux,
USAYE A3t 2™, API 20E, API 20NE, API 50CHB 18|12
APLZYM kit 4]0] o 3o 72| 542 2Ashrt. of
o 5= LBSS IAjAE o]-8-5tof 25 C ol 4] 2-3U7F vl
stgom, A3 A= EHE 3% sea salt -§-Ao] @St
A4S AAlof| wet skt Q2 A FEORE

nitrate ZHYHHS, esterase (C4), esterase lipase (C8), leucine

arylamidase, acid phosphatase, naphtol-AS-Bi-phosphohydrolase,
glucose acidification, gelatin 93}, arginine dihydrolase, urease,
p-glucosidase, [-galactosidase, alkalin phosphatase, lipase
(Cl4) So] AT 4, indole A o5 S8 5 % 9Jc}. Tt
49 mannitol, gluconate, malate, citrate, glucose, arabinose,
mammose, N-acetyl-glucosamine, maltose, caprate, adipate,
phenyl-acetate 5-2] 53} o & Fof tfste] 2AFSHEITH

2] ol ik AlZAAE 242 MIDIE ©|-8-5te] =3

Sttt o] & st B F55 MA HlR|o|A 25T oA 724
7t Bt wiFetaleh. £4717)= nA8E 578 AlA% (Microbial
Identification System MIDI, Microbial ID. Inc., USA)2 A&
stgon, BEAF tlo]gli= TSBA40 (Sherlock Version 4.0;
Microbial Identification System MIDI, Microbial ID. Inc.)o]|A]
At WA 40 mgE FEE ] FHo| 3 & HghE
I SHTE LIE ZF3 89 15% AR EF] 234
A2k 1 ml& 7}sted 100°C o) A 2587 W-g-A1A A3 Wf X34k
& FEot4th 2 APHARe] WEskE $1ste 6 N HC1 2 ml
< A7FekaL 80C oA 1087 vhg- A171 & Aghe] WA H o
o, 849 Al A4S 7R A”A7]7] Yt
hexan} methyl-tert buthyl etherZ 1:1 ZgsF &9 1.25 ml
Hrke F 108 B9k AR} 499 The ARk v
oz w3 SUSHIES 891 3 miz ARE AHT F 24
71712 Estel ST
IEX 2 26l 24 84 U || Solis 24
Bacillusi= TH¥FSE TEAF B2 £3)50] 9l Aoz 48A
9lo], DNA, AE2 9 A, =1 7}A¢l 18] Tween 20, Tween
40, Tween 60, Tween 800| 3=l MA 1A ufjX|of] & &0
A B3t 7 EBW4E JE3 §, ol L&A 22 Eafjofl &
% A4, DNase, cellulase, amylase, protease ~12] 1 lipase &
Kol QAo o) ZAFBHTE. #7e] A Hals-2 DNA 2
Ao ZFHE wiR] o] HF F 30T o)A 3¢ vi¥ = 1 M HCl&
o= of FA| FHol| A== FHEFHOZ, cellulose &
352 congo red 2 3057 G4 3 | M NaClZ o]g3}o] 5E
7t GAste] PAAE FPAOE, 5 Ef= iodine S E 30+
4 = 1 M NaCIZ 587 25t FAJH Fgeko 2 wdst
Aot FHAIQ1E Tween 242+ 24, 3¢ v ksto] HTHE 4t
AS AXA g1 o2 HFE Eyko g HajleS g}lst
St B3 DA R oA ] 4 B A E T T EBW4 5
9] dut fU1E Edlle= AlFst] Hste, oln] &%l W
(Kapdan and Erten, 2007)2 &3} BM buffere] glucose}
peptone©] 4:1 H]&Z %14 10,000 mg/Le] 5= §H4 H-s
A %3 FZE NaCl =27} 0, 3, 10, 15% 7} =A| 3 &, 30C,
pH 7 274 120A]7F EBW4E djokstH A §718 BEals2
TOC% o2 ZARIAT TOCY IEFS S| floto &
4 947} TIE 1 L BM wjAlo] 35 EBW4Z HZ5ho] ujo
SHEA] off 24A17F bl 50 ml A| 25 2 F 3 & Y= OD (600
nm) ZEE ZRFR=t) ARESHET, LA 10,000 rpmefl A 10
27 94 Relgt 7, 499 e 25 B2E 50 ml conical
tubeo]] &4 -70C oA TOCE 53T Wj71A] E#stict. TOC
=72 Phoenix 8000 TOC Analyzer (Teledyne Technologies
Co., USA)E o|-&5to =351t

olr

An e o@

Z4X|2o| LHAY Bacillus sp. EBWAS| HIS2HHA|
A Po| FE2EES FE T MA vl x| 4] ABAste] et



SHcolony)& Aol 2% ket F AojR of2] 257 F 3
QA A RO 1A 7718 ool 94
AL 3 16S IRNA E7|4E 1,375-bpE 7|22 Ad 4375
7S] ASBAE EAsHHTHFig. 1). EBWd= 22 TO2 B
hemocentroti ISM076093" (Chen et al., 2011)2} 97.96% 2 7}
A =0 A= 0 VeI, B. hwanhinponensis SW-72" (Yoon
et al., 2004) Z18]1L B. algicola V2-BII-A2" (Ivanova e al.,
2004)2} 96.28% 2] =& AAEAS UEHY Tl B. hemicentroti
ISM 076093"-& A3 A|(Hemicentrotus pulcherrimus) 25| Ea]at
At o2 ¥4 WAEZA P42 4= A Utk(Chen et al.,
2011). B. algicola KMM 3737 = Zt2529] Fucus evanescens©|| 4]
Eogt AlF o2 2279 G4A7E EallE W w3 53
Hagl Aoz JH31H v} QlckIvanova et al., 2004). ThFst £579]
Bacillus 7-55-°] ZAX| 3 ©|(Periserrula leucophryna) 25-€] £g]
B uE v} QtkJoo et al., 2004). E3] Bacillus 7455 ©]-&3t
$AAs5(Kennedy ef al., 1998; Moriarty, 1998; Gomez-Gil
et al., 2000), 554 A A%(Guo et al., 2010) 12|2 F7|& AA
*5(Guncheva and Zhiryakova, 2011)-2 t)3£%¢] 333 A=
SJo) AREE ool B ATAH ARG Ao (P. aibuhirensis
O nAEe] A= AL R Busk=s A 02 wotE gl
o} wEbA & Aol A ik A AR ol =R E ThFet 7
718 Hallso] Sotal FEA AFFEE AAR= Bacillus <
3=, EBW4o] gt A19] 7137} 2ohar & = Qo

SIAXZY Bacillus sp. EBWAL| Ma| M55tz EA XA}
Bacillus sp. EBW4E 30C, 3714 @ @714 A4 574
o] th2 A& o]-&3te AAFS APttt &5 EBW4E
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MAS}R2A Hj Aol A 57148 2o et e @714 =
Ao A& n]efstA] sk A o= Uebgth(Table 1). o] gt
AL 3 EBW47F 2474 §7]4) F(facultative aerobe) Y2
A&y, F+3F EBW47F glucoseS 718t Akt @&
(oxidation-fermentation; OF) B X & ©]-&-3t &3} 5-2 o| &4}
e ZAE 23 EBWAE LS 59 S olgel AR
ettt

EBW4£ 4-40T 9] &= HollA AAstg o, A 4=
H 2= 0-17% NaCl (w/v), 237 pH H$}= pH 5-92 UEFT
EBW4&} A5 HA 7} 714 717k B. hemicentroti (Chen et al.,
2011)9] 34 2% Ho= 540, A4 d& U= 0.525%
(w/v) NaCl, 8% pH H 9= pH 6.0-10.58 471535 L=}
A= W97 5 EBWaSH ] AAshe 2O velte
U, pH 27104 5 EBWAZL oFgt 4bg 224014 A47ks
3t 554 w32l HHH, B. hemicentrotix= At F 0 2 733t &
2 27A0l] W Pse 554 2R et B8 2
& A] AM|dH(extremohalophile) 2] AAHL7F 15-30% 2= A
TS, #F EBW4E S5 84 80X % Aoyt &
° 2 gEo] §le= AN EE S8 A o] 27|7HA] of
+ F 52 He 94T 20N AFE £ Sle= AL Al
(euryhaline bacterium) 2.2 8t& %t} o]&= EBW4 437 9&
o] A §l= 2ANAFE thgFe Giol 23E 279 o=
PR Trekst A 2 HSSE AN #5 EBWA
9l 9 §4 A AFSH 27}, EBW4= alkaline phosphatase,
gelatinase esterase (C4), leucine arylamidase, a-chymotrypsin
S 7HRE= Ao g vrEFHTtHTable 1). B. hemicentroti=
EBW 57} 7}RR] ¢F2 urease, acid phosphatase, esterase

o for

0.005

Fig. 1. Phylogenetic tree of Bacillus sp. EBW4 isolated from polychaete (P. aibuhitensis) based on 16S rRNA sequence.
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Table 1. Major phenotypic characteristics that differentiate Bacillus sp. EBW4 and phylogenetically closely related strains

. B. hemicentroti B. hwanjinponensis B. algicola
Characteristic EBW4 JSM 0760937 SW-727 KMM3737
Pigment production Dark yellow Yellow Light yellow Light yellow
Catalase + + + w
Oxidase + - + _

Facultative anaerobic ~ Facultative anaerobic

Aerbic or anaerobic growth

growth
Motility v
Salinity range for
growth (NaCl %) 0-17<
Temperature range
forpgrowth (C )g ~4-40
pH range for growth 5.0-9.0
Enzyme activity
Urease -
Gelatinase +
Acid phosphatase -
Alkaline phosphatase +
Esterase (C4) +
Esterase lipase (C8) -
Leucine arylamidase +
o-Chymotrypsin +

Naphtol-AS-BI-phospho-hydrolase -
a-Glucosidase -
B-Glucosidase -

growth Aerobic growth

0.5-25 2-19(-20)

5-40 10-40(=50)
6.0-10.5 5.0-9.5

+
ND
ND
ND
ND
ND
ND
ND
ND
ND

B e S e

Aerobic growth

ND
0-3

10-45(-50)
7.0-10.0

+
+
ND
ND
ND
ND
ND
ND
ND
ND
ND

+, positive; -, negative; w, weak positive; ND, not determined

Data of B. hemicentroti ISM 076093", B. hwanjinponensis SW-72"and B. algicola KMM3737 were adapted from Chen et al. (2011), Yoon et al. (2004), and

Invanoval et al. (2011), respectively.

lipase (C8), naphtol-AS-BI-phosphohydrolase, a-glucosidase
T 24 7 Al

o5 EBW49| T B 0 2 Tt 7|4 9] o]-§ o RE A
33t A3}, EBW4+= N-acetyl-glucosamine, amygdalin, arbutin,
cellobiose, D-turanose, esculin, fructose, galactose, gluconate,
2-keto-gluconate, 5-keto-gluconate, glucose, glycerol, glycogen,
maltose, mannitol, mannose, mellibiose, melezitose, raffinose,
ribose, salicin, starch, sucrose, trehalsose, a-methyl-D-glucoside
5 0|8 4 9l 2.2 Lrehdrh(Table 2). EBWASH A
ZXE 7}A= B. hemicentroti (Chen et al., 2011)= & 49
© = N-acetyl-glucosamine, amyg- dalin, cellobiose, galactose,
glycerol, glycogen, mannose, melezitose, raffinose, salicin,
trehalsose 5-& o]-85}%] Bl Aoz Ueht Aeshd E4
of glol 5 75 7k A Kol o] gl Ao ekt

Bacillus sp. EBWA2| X|dit BM

5 EBW42] Hzuhe FLAsH= £ XHAEC 2 anteiso
Cis.0, is0 Ciso, anteiso Ciro, iso Cip0 S22 ZF7F 48.2, 12.1,
11.6,9.4% 8] €2 LFERTHTable 3). AE8H4 TA7} 714 7
7+& B. hemocentroti®} B. hwajinponensis 8 XWAFY 11 H]
£ o] FARE FE B} 5 EBW4S} 16S 1RNA ¢
71K Gl 4] 96.28% 2] AF5AdL Ho| B. algicola V2-BII-A2"
(Ivanova et al., 2004)2] 7%, anteiso Cis5.02] B]&°| 65.7% =
Ao uj$ 2 ujg2 eyttt x|Hkato] 0.6% 2] 2R H]
€2 YeGAT CisoTt Cisy 09ce HI A #5 5 23

EBW4oj A1t A = )ik

Table 2. Utilization of carbohydrates by Bacillus sp. EBW4 isolated

from polychaete (P. aibuhitensis)

Carbohydrates Reaction Carbohydrates Reaction
Glycerol + Salicin +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose - Lactose -
Ribose + Melibiose +
D-Xylose - Sucrose +
L-Xylose - Trehalose +
Adonitol - Inulin -
B-Methyl-D-xyloside - Melezitose +
Galactose + Raffinose +
Glucose + Starch +
Fructose + Glycogen +
Mannose + Xylitol -
Sorbose - Gentiobiose -
Rhamnose - D-Turanose +
Dulcitol - D-Lylose -
Inositol - D-Tagatose -
Mannitol + D-Fucose -
Sorbitol - L-Fucose -
a-Methyl-D-mannoside - D-Arabitol -
a-Methyl-D-glucoside + L-Arabitol -
N-Acetyl-glucosamine + Gluconate +
Amygdalin + 2-keto-Gluconate +
Arbutin + 5-keto-Gluconate -
Esculin +

+, positive; -, negative
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Table 3. Comparative analysis of fatty acid composition (%) of Bacillus sp. EBW4 and the phylogenetically related Bacillus strains. Fatty acids
amounting to less than 0.5% in all strains tested are not listed. tr, Trace (<0.5%); -, not detected.

. B. hemicentroti B. hwanjinponensis B. algicola
Fatty acid EBW4 ISM 076093" SW-72" KMM3737
is0 Ciax 9.4 9.0 11.6 5.5
Ciao 0.7 0.6 - 0.6
iso Cis:o 4.8 3.5 4.1 5.5
anteiso Cjs: 48.2 47.5 49.1 65.7
Ciso 0.6 - 2.1 2.4
iso Cigo 12.1 12.8 16.8 8.1
iso C15;1 - - - 0.9
C15;1 w9¢ 0.6 - - -
C16;1(D11C 1.2 1.2 - -
Ciso 4.0 6.0 0.9 0.9
Ci6:1 w7c alcohol 2.6 2.8 4.6 -
anteiso Cig:1 - - - 0.7
iso C17;0 - 0.9 0.6 -
anteiso Ci7. 11.6 12.9 10.3 7.0
anteiso Ci7.1 - - - 1.4

Data of B. hemicentroti JISM 076093", B. hwanjinponensis SW-72", and B. algicola KMM3737 originated from Chen e al. (2011), Yoon et al. (2004), and

Invanoval et al. (2011), respectively.
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Fig. 2. Enzyme activities of Bacillus sp. EBW4 for the degradation
of several kinds of macromolecules (A, DNA; B, casein; C, starch;
D, Tween 20; E, Tween 40; F, Tween 60).
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Fig. 3. Measurement of TOC with strain EBW4 over the incubation
time using BM buffer containing the synthetic water waste in which
glucose and peptone were mixed in the ratio of 4:1.
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Table 4. Evaluation of enzyme activities for the utilization of macromolecules
in Bacillus sp. EBW4 isolated from polychaete (P, aibuhitensis)

Macromo EBW4 B. hemicentroTti B. hwanjinpoTnensis B. algicola
lecules JSM 076093 SW-72 KMM3737
DNA + - ND ND
Casein + + + -
Cellulose - - ND ND
Starch + + + +
Tween
20 + + + ND
40 + + + -
60 + + + ND
80 - - + -

+, positive; -, negative; w, weak positive; ND, not determined

Data of B. hemicentroti JISM 076093", B. hwanjinponensis SW-72", and B.
algicola KMM3737 originated from Chen et al. (2011), Yoon et al. (2004),
and Invanoval ef al. (2011), respectively.
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