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This study compared the characteristics of five Bacillus strains capable of aerobic and anaerobic
growth, CBW3, CBW4, CBW9, CBW14 and EBW10. They were isolated and selected from a poly-
chaete, Perinereis aibulitensis, which is known as a good degrader of organic compounds in marine
wetland. Based on a 165 rRNA sequence, CBW3 and CBW14 were found to share more than 99.8%
similarity with B nanhaiensis, B. arsenicus and B. barbaricus. CBW4, CBW9 and EBW10 shared 92.7%,
99.8%, and 99.8% similarity with B anthracis, B. algicoa and B. thuringiensis, respectively. The temper-
ature, salinity, and pH ranges of the cell growth of the Bacllus strains were 4-45C, 0-17%, and pH
5-pH 9, respectively. All Bacillus strains were found to exhibit enzyme activities for the degradation
of casein and starch. Notably, strain EBW10 exhibited the enzyme activities for all the tested macro-
molecules, DNA, casein, starch, cellulose, and four kinds of Tweens, which suggests the possibility
that it had protease, amylase, cellulose, and lipase. All five Bacillus strains had alkaline phosphatase
activities, and the strains CBW3, CBW4, and EBW10 also had acid phospatase. Strains CBW3 and
EBW10 exhibited the enzyme activities both for esterase (C4) and esterase lipase (C8). The analysis
of fatty acids revealed that in all strains, major fatty acids were anteiso Ciso and iso Ciso.
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o2 AR AR o) (Perinereis
aibuhitensi)= & Y FAAA A A AA Lol
Yol EAste mAES Eedr] ] dolgles AAH el
£ Burk’s Medium (BM) buffer [31] 50 ml7} 2% conical
tubed] ¥-2 ¥ vortex mixing$ Al H A& 3 T, 70% etha-
nolell Al 2-3z3F M| H3toicth B e AEEE Al AAF
oo B2g =3 A o Ao v gL vtz Aud
3, BM buffer 50 ml7} £3+8 conical tubedl] ¥ o] 2 E3}A
vortexingdte] AR o] WA W&o buffer P2 WAL}
SA a3t olofA AAH ]S AAZ F 12,000 rpm O
FAE2)3}] pelletS F.oF 2 mle] BM buffers 37}3fe] 2
412 % 100 ul® 1A Bacto marine agar 2216 (MA) (Difco)
Aol HEste] v YRS wgStATE MA A= 1107} 12
Z 345 ujA g AetA] e wAE FA ARE-so]
HjeF el oete]l 48 4 Sle vAE dFES wolaA
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7b EAste FE2 A FMo =z WAl starch £3)%5 0l sttt

A T4 FHS FHUVF YEye 202 amylase £4%

& ZAFFAAL, Casein #allse o WY § FEd A4 Zont gl

AR5 A} Tweens w3lldte o2 Tweens X3}

= WAl A g A Fo] BEA wste Ao g9l Z4X|>0| W& Bacilus spp.2| ASEA

o SATH43] AAHo] FEES HE MA iAo Bgste] Yehd

Hehs dlste] Sl get 3 165 IRNA G714 Eell 7] %38}

Mol XAt B4 of A% A3 12 w77} Bacllus <5 (genus)oll TFE = FO
ol gk AZAA £4-& MIDIE ©] &3t ¢ 2 Y] th(Data not shown). 7L & 57|44 3 74 Z3°]

P3tATt o5 fste] £ FFE MA Ao A 25T ol A] AN B A /5@ 5 05, CBW3, CBW4, CBW9, CBW14

72A17F Fob vkttt B4V RAE §A A|2H 133 EBW10S A3 3 1295 bp< 16S rRNA E71AE-&

(Microbial Identification System MIDI, Microbial ID. Inc., 2R AETEFE Y ATBAE E4SATHEFg. 1).

DE)S A&3l9lon, 245 dolHe TSBA40 (Sherlock CBW39} CBW14E & 202 B nanhaiensis JSM082006',
Version 4.0; Microbial Identification System MIDI, Microbial B. arsenicus Con a/ 3T, 1831 B harfaricus V2—B]]]—A2T9]r 99%
ID. Inc, DE)°lIA A3tk # Al 40 mgS FZ= AFHE olde w2 S YEhida, CBW4E v &l
o g & WS : 5FHF(methanol : D.W) 1:1 £ Bacillus 77¢} Al @A ANA Bl A7t | Ao 2 e}
15% AU EF o] E8H AleF 1 mlg 7}8ke] 100TC ol A Wttt CBW9= B. algicola KMM 3737" 9} 99.8%, B hwajinpo-
BEZE HEGAIA A2 Aits =239 FE28 A nensis SW-72 3737'$} B, hemicentroti JSM 076093 S+ 97%

o gsts %}oq 6N HCI 2 ml< A71akat 80°Col A 1082 o] o] & 58S YEIULL, EBWI0L B thruingiensis
b A7 3 Ay YA H o, 8439 AElQl AR ATCC 10792"¢} 9.8% 9] &< 4545 Btk
e 71402 AEAIF 7] 915Fe] hexaneT} methyl - tert CBW3¢} CBWI149t =& 454 E 7V1AN+ B barbaricus

buthyl etherg 1:1 Eg &9 1.25 ml& #71et & 108 &< V2-BII-A2'E A8Y £A8t2 08 S8 AT B meg-
AAAAF] FeAe AT viAG o2 E5he FAks) aterium, B, flexus L2 3L B, cohnii®k 94% ©1738l 4Ed< 7t

=
UHEFEY 3 mlz M85 AT §F 2471718 T8t &4 A Rez oA Jri4e]. CBWISH &2 454E 7HAE
87 +CBW3
2| IcBW14
48| Bacillusnanhaiensis JSM 0820067
1480 [ Bacillus arsenfcus Con a3T
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Fig. 1. Neighbour-joining tree based on 165 rRNA gene sequences showing the phylogenetic relationships among Bacillus spp.
isolated from polychaete (Perinereis aibuhitensis) and their closest neighbours of the genus Bacillus. Bootstrap values (expressed
as percentages of 1000 replications) greater than 30% are given at the nodes.
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B algicola KMM 3737"& 2259 Fucus evanescens) 4 -2 LB agar, NA, TSA, R2A 5 571¢] B2 #jA & o] &3} 30T,
SAlToR Z2FY QAT ZaE o Fh Y-S B 71 AN TS AP A, CBW3, CBW4,
28 Aoz 48R 4] CBWIL B anthracis ATCC CBW14 12|31 EBW10-& E& Hlj x|ol| A A3} A2k CBW9

1457895 Ee AEAL /A e o #FE dFY EYF < LB M= oFgk AA-S TSACIA A743tA] 3 THTable 1).
oA Eeldh Ao AJATOE TH53} QAR Al 2 AL ol g AME & AFolA £e] AHF Bacllus EFES B
e 4o

21t}[39]. EBW10S B thruingiensis ATCC 10792 T8 5718 dFY S A E Abste 2 E F ol
9¥ 165 rRNA #F82F G714 Gl A & d7-olA wladde HHOR B ES ol &ateA] Yotru 7|HEA glu-
A 13767 ANNE T & U7t 2 2E Y Aoz coseE H7}e OF vl A & HEd 5 vt 23 CBW14

F

;szmq = 418k2 CBW3, CBWY, EBWlO—% PEE 58] FL o8
F TFY AAF |2 H Fel¥ Bacllus & AT T oAglen, ol #FELS LE AEE S A &

+ alkaline proteaseE AJAFsl= T3, Bacillus sp. [26] 5 °I 2 Ao 2 YEpsth(Table 1). £ OA 75 & CBW9 o551t

de A lout & AFAM ARG AR o (Perinereis aibuhi- o] =g oA MALE A AoE YEnT.

tensis)®] M=}l tisiA = £ :IL"ﬂj‘ﬂ HAeo g His)

© A2 2 B AY. Badlluse 74 A8 58S 53k FQ B4 U Bacillus spp.o| MES

ok B AES FANTL S FAsEd 37 A #F ZF 00CAAE 3FH 02 Fagon
a3= U]ﬂ I °1q-¢ Eifﬂ- vk ATH17, 27, 33]. H < Aol CBW14= 50Tl = v <FatAl 3313t CBW3F CBW4
T ATANE & A43t9 0™, CBW149F EBW102 23 4]

A=

54 wzol *B%W—i ;73—‘%%—% T8 TEEd AAN &S BE YR ITH(Table 2). webA CBWI4E 450T7HA] W&
g 5 e HAFem[19] B A 20| ¥o] x5 o oA A & 5 Qe T4 AdoE ERENT o+
A 7= AANE lipaseE Tg Aatshe Baallus &5 CBWIS} Al F A7} 74 7V74E B algicola [26]19] A7 &=
o] &89 & Ued K uf Qo8] mEkA & Aol WeE 1045T2 CBWIS A 2= H9jsh ARGt 165
Ao) 2 k3t Bacillus TFE0 s A=A A9 71X RNA 49X B harfaricus [48]3 AS3A 7} 7V 717k
7} aga & 4 . Aoz &# 7 CBW3= 45T A= AstH o 50T oA
A e AR Hol Aesta 5o Fds] dA|st=

HHRIH Bacilus spp.o] Y&S, Ma dd I Mat L5s Ao g Yeigtou, 2e Fo e = CBWI14S 1| ofshA|

£ A7 A& 5 TR/ Baallus 75 5714 B 50 CAXNE st B bartaricus®] A2]st2 543 25
717 239049 BG5S 30T, MA #j Aol A A8 e 43, 0& 2345 5ot
oAl 75 25 ARTS #2189 tH(Data not shown). MA. Hjx 9] A= & @elste CBW3, CBW4, CBWY, CBW14 1

Table 1. Test for aerobic growth of Bacillus spp. isolated from polychaete (Perinereis aibuhitensis) in five different media, pigment
production, and oxidation and fermentation (OF)

Strain MA LB NA TSA R2A Pigment production OF
CBW3 + + + + + - F
CBW4 + + + + + - F
CBW9 + w + - + Yellowish orange No action
CBW14 + + + + + - @)
EBW10 + + + + + - F

+: positive, -: negative, w: weak positive, O: oxidation, F: fermentation

Table 2. Effect of temperature on cell growth of Bacillus spp. isolated from polychaete (Perinereis aibuhitensio)

Temperature (C)

Strain 4 10 15 - 35 40 45 50
CBW3 + + + + + -
CBW4 + + + + + -
CBW9 - + + + + -
CBW14 w + + + + w
EBW10 w + + + w -

+: positive, -1 negative, w: weak positive
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2]l EBW10 759 AR5 #2923 0-11% 7<= 5
% w5 2 AR5 ch(Table 3). CBW3, CBW4 2] 31 EBWI0
< 11-17% F= "X 7o wheb oFzhe] Zpol7h AAAA
thobet s ot 519 sEAAME WS YEde F
394 A (moderate halophile)¥d HOZ ALZH AT

CBW3 3t CBW148} Als8AINA 7HE 77k Aes 44
E barbaricus [46]2 5% NaCl o]/¢] Fxoll A 473t &ot
o A FFE = A EA EAJo] A3 zpol7) Q)
El 53] CBW9= £ AFellA A8 Hil w291 17%00A]
/‘§ A& Aston, T3 HA Mt (extremohalophile)e] A
217} 15-30% = ﬂ% a3 EGH CBWI= ﬁoﬂﬂ

A& Aoprte #o2 @il gle SAANREH F
o °lE7 77}%] HHT I e WY 9= 7&011*1
g3 Ak CBWI9StH ﬁlfﬂil&l #A 7}
oq AXE B algicola [24]9] 9% WA 5=
2 12 B arsenicus [42]= 2% NaCloll A
OS2 ERL CBWISE o] & 5 Ztell&
LH**Oﬂ o] F7E zkelzt e AR YeTh 814
UJ CBW99l 165 rRNA A540] 97% |22 AZAA}
TW7hE Fo.2 Yehd B hwajinponensise 15% NaClol| A&
A3 o 20% NaClol A& et 3& Ao=2 A
A[51] & AFolA dojzl Ao} o= A& YAshe Ao
2 Yepgtth o] CBW9o] b2 559l Hlste thoket &

Al 2 A&PSS A

B Ao M AVE3 Bacillus T5 CBW3, CBW4, CBWY,
CBW14 183 EBW10 E5 pH 5-pH 9744 A& shs Aoz
Ho} SRANE FEZE A oA et AThTable 4). B bar-
baricus®) A7) pH 6.0-pH 9.5, B algicola®) A3 pH

70-pH 10, B arsanicus®] 2738 9] pH 55-pH 80, B. hngiinpo-
nensis®] A4S pH 5.0-pH 952 sy, ® Ao
A 22 AH Bacillus 752 A7 713 pH H 9ol A
71E A Bacillus #5759 54 48] YA

Bacilus spp.2| NEAEE 2ol 54 45
Table 5= DNA, cellulose, starch, casein Z1#]1l 4
Tween 59 L&A =4 & AH&st] 7 =4 23 &
a4 8485 =243 ZFolty. DNA E4o] x&d o
1M HCIE Eo]=% & w DNase $4S 23 e
DNAE &35l oA FHol EHelA WHsl=d CBWS3,
CBW4 CBW9, CBW14 1)1 EBW10 &5 A F#o] F8
oS 3733kl DNase &4°] A% oH, 53] CBWISt
CBW14t 717} W & FHHE FA38ke] DNase Z4 0]

¢ =25 & 5 AU Cellulose £3) RS HA&3tA}

T EIwu =
cellulose7} -8 Wl Aol & 48A1%F v &g H congo-red
01%)2 G4, 308 % 1M NaClZ A3 S & A4S B23

A7 Q2 EBWI10THo] ¢ 9ol 3Jw]gt =gt o] VEly
o]+ CBW3, CBW4, CBW9, CBW14 T F & cellulase &4<
zra QA %o EBW10T ] Cellulose £330l 223 cel-
lulase &4& 7FA 3 JS AAF|E . Starch =& casein
= S HAE o8t 1 Bales NPT AR 2 AT
A AHESH BE dFE0] R Starch el 22
amylase9l- Sl A<l casein w3 Bag Bi Ao UF
< & F JAY Tweeno] EH viA| oA 72 wieFst &
A FHol MY Wshe A& G9U% A CBWI4R
Tween #3]%5°] o & #FE52 Tween 20, Tween

40, Tween 60, Tween 80 5 EA#o] tf2 1EA F4S 2 F

7

Table 3. Effect of salinity on cell growth of Bacillus spp. isolated from polychaete (Perinereis aibulitensis)

Salinity (%)

Strain 0-11 12 13 14 15 16 17
CBW3 + + w w w w -
CBW4 + + W W W ) )
CBW9 + + + + + + +
CBW14 + + + + w w -
EBW10 + w w w w - -

+: positive, -1 negative, w: weak positive

Table 4. Effect of pH on cell growth of Bacillus spp. isolated from polychaete (Perinereis aibuhitensis)

Strain

CBW3 - -
CBW4 - -
CBW9 - -
CBW14 - -
EBW10 - -

+ + 4+ + + &

+ + + + +|o

+++++\1E~
+ + + + +|oo
+ + + + +|©
+
'

+: positive, -: negative



Aoz e

d Julol| X BAE = Bacllust S
E& 23T 4 9= protease, amylase, cellulase
o 4 S90] Sk Aoz wud ¥ T,
49, 52]. - EU]EA S CBW3 2 CBWI149} AlE 8 #A7}
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th. 53] &5 EBWI10S Al 9eh &
, protease, amylase, cellulase. lipase 52| &
[e]

oz %79

k2 3

A A
Bacilus spp.2| EtAY 0185 3 S
o] gad o] o5 AP A3 5 FF EF amyga-

lin, arbutin, cellobiose, esculin, fructose, glucose, glycerol,

glycogen, maltose, ribose, salicin, starch, trehalose, «

-methyl-D-mannoside, a-methyl-D-glucoside, N-acetyl-glu-

cosamine 5 & 0] F v ALZ YElyti(Table 6).

- FHEAE Badoz AMES 718 F erythritol,

Table 5. Evaluation of enzyme activities for the utilization of macromolecules in Bacillus spp. isolated from polychaete (Perinereis

aibuhitensis)
. . Tween

Strain DNA Cellulose Starch Casein 20 m 0 %0
CBW3 w - + + + +

CBW4 w - + + + + +

CBW9 + - w + v + + +
CBW14 + - w + - - -

EBW10 w + + + + + + +

+: positive, -: negative, w: weak positive, v: variable

Table 6. Test for utilization of carbohydrates by Bacillus spp. isolated from polychaete (Perinereis aibuhitensis)

Substrate CBW3 CBW4 CBW9 CBWI14 EBWI0 || Substrate CBW3 CBW4 CBW9 CBW14 EBWI10
Control C C C C C Esculin + + + + +
Glycerol + + + + + Salicin + + + + +
Erythritol - - - - + Cellobiose + + + + +
D-Arabinose - - - - + Maltose + + + + +
L-Arabinose - - - - + Lactose + + - + -
Ribose + + + + + Melibiose + - - + -
D-Xylose - - - - + Sucrose + + + +
L-Xylose + - - - + Trehalose + + + + +
Adonitol + - - - + Inulin - - - + +
B-Methyl-D-mannoside ~ + - - - - Melezitose - - - + +
Galactose - - - + + Raffinose - - - + +
Glucose + + + + + Starch + + + + +
Fructose + + + + + Glycogen + + + + +
Mannose - - + + + Xylitol - - - + +
Sorbose - - - - + Gentiobiose + + +
Rhamnose - - - - + D-Turanose - - + + -
Dulcitol - - - - + D-Lyxose - - - +

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 - - + + +
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D-arabinose, L-arabinose, D-xylose, sorbose, rhamnose, dul-
citol, inositol, mannitol, sorbitol & 2 2 #F EBW10%t],
D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabi-
tol, gluconate 5 F CBW147to] o] &3 4 QI3 B
-methyl-D-xyloside= CBW37Tto] ©]-&& & SIqit}. wj¢- &
|3 H& B larturicus [48]7 AZ AT} M Ve Aoz
&% CBW33 CBW147H] ©h4: o] 8§50l glof A43dh o]
7} Atk CBW14+= CBW3 #5of Hls) 84 Be F79
NAES BAUOE o] 8T F e AR Yeutth CBWI
o} F548E M= B algicda [24]< ribose, D-arabinose,
D-mannose, gluconateE ©] 8314 £l Ao YEIFO

1}, CBW 9% D-arabinose, D-mannose, gluconate™ ©|-&-3}7|

Z3A L riboses ©]&E F e AoE YEY 2 FF
ole Aeled 4o 25 tE AR YENY. B thur-

ingiensis [5]9} 7} FEA0] & A0 g Yehd #F EBWI0
T s B 7Y EES BAYORE o8 F YT
APL ZYM kit o] &8} AX|F ool A 2] A= 5 w52
Fagds NP 29 i} #F 5 T EF alkaline phos-
phatase 242 7420, CBW3, CBW4 2|31 EBW10-& acid
phospatase 4% Ao 7IA= ZAL2 UE S THTable 7).
CBW3, CBW9 1¥] 3 EBW10-2 arginine dihydrolase %73
HE-§-&, CBW49} CBW14+= arginine dihydrolase /%8
UERiTh A3 #F 5 CBWARH achymotrypsin &4 %F
S 23, CBW3, CBW14, EBWI10L esterase (C4) A&

oo o

~

Table 7. Enzyme assay for major biochemical reactions in Bacillus spp. from polychaete (Perinereis aibulitensis)

Enzyme assayed for CBW3 CBW4 CBW9 CBW14 EBW10
Acid phosphatase + + +
Alkaline phosphatase + + + + +
Arginine dihydrolase + - + - +
a-Chymotrypsin - + - - -
Esterase (C4) + - - + +
Esterase lipase (C8) + - + - +
Gelatinase - + + + +
B-Glucosidase - + - -
Leucine arylamidase + + - - +
Lysine decarboxylase - - + - +
Naphtol-AS-BI-phosphohydrolase + - - +

+: positive, -1 negative

Table 8. Fatty acid composition (%) of Bacillus spp. isolated from polychaete (Perinereis aibuhitensis).
Fatty acid CBW3 CBW4 CBW9 CBW14 EBW10
iso Cigo 94 6.6 8.6 9.4 6.4
Ciao 0.7 0.7 0.6 0.6 0.9
iso Cis1 AT 0.7 - - 0.5 -
iso Ciso 19.0 46.9 5.5 17.0 228
anteiso Ciso 42.8 222 55.7 47.1 45.7
Cisp 2-OH - - - - -
Ciso 0.9 0.5 24 12 0.5
Ciga07¢ 3.7 - - 2.8 1.2
iso Cieo 71 6.2 9.0 6.0 -
Cig109¢ 24 18 12 2.8 1.6
C1(,;1(,011C 28 13 1.8 24 1.2
Cigo 20 0.5 0.9 12 1.0
Ci107c alcohol 26 8.0 6.4 32 7.6
iso C17;0 - 0.8 - 0.6 -
iso Ciz1w10c - 12 - - 2.0
anteiso Cizo - 3.2 7.3 2.0 18
anteiso Ciz1 A 26 - 0.5 038 12
Summed Feature 2 1.1 - - 15 38

‘Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed
feature 2 contained one or more of following fatty acids: iso-Cisx I and/or 2-OH and/or Ciy 3-OH. Fatty acids amounting to
less than 0.5% in all strains tested are not listed. tr, Trace (<0.5 %); -, not detected. All data from this study.
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