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Identification of a Cellulase Producing Marine Bacillus sp. GC-1 and GC-4 Isolated from Coastal Sea-
water of Jeju Island. Chi, Won-Jae!, Da Yeon Park!, Uyangaa Temuujin', Jong Yeol Lee?, Yong-Keun
Chang®, and Soon-Kwang Hong'*. 'Department of Biological Science, Myongji University, Yongin 449-728,
Korea, *National Academy of Agricultural Science, Rural Development Administration, Suwon 441-707, Korea,
3Dept. of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Technology, Taejon
305-701, Korea — Two Gram positive bacterial strains, designated strain GC-1 and GC-4, were isolated from
coastal seawater near Jeju Island in the Republic of Korea. The two strains were identified as members of the
genus Bacillus, based on 16S rRNA gene sequencing and data for physiological characteristics analyses. A
subtle difference in physiological and genotypical characteristics has led us to designate the strains GC-1 and
GC-4. The strain GC-1 showed a 99.91% similarity in 16S rRNA gene sequencing with B. tequiliensis and B.
subtilis subsp. inaquosorum and the strain GC-4 showed a 100% similarity in 16S rRNA gene sequencing with
those of B. altitudinis, B. stratosphericus, and B. aerophilus. However, both strains exhibited different physio-
logical and genotypical characteristics in many aspects from those of their phylogenetically closest neighbors
listed above, which implies that genus Bacillus has diversified into various species during its evolutionary pro-
cess.
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Cellulose ILGAE, AEjAlE, 47 /7] MEHe] F
AEO 2 A B-1,4-D-glycosidic Agtel| &3 AA= <] 9=
anhydro-B-1,4-glucose® 7%l unbranched glucose -3
o]t} CelluloseE glucoseE 33| F-8l|35l7] ¢lsiA=
endoglucanase(1,4-B-D-glucan 4-glucohydrolase)el] <] a4
celluosel] ] B-1,4-D-glycosic bond”} A +=| 31 exoglucanase
(B-1, 4-D-glucan cellobiohydrolase)ol] 2] 34 cellobioseZ
ActE]o], o]F ZHFHOZ B-glucosidase’} HwHd}od
glucose® TF== U#e] BAMEg-o] Q3T 14, 4, 6]. 3
2ol cellulosels A& A3l nlo] Qof|ebeo] gz A
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2 Ball3le] glucosed dEd B vEF oS 7

3L gle], o] F EEHeR AR & 7 ol 80| e
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- 37 = T8 AT wicke] sl B,
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2zt ol
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Isolation and culture condition of bacterial strains

T GC-13 GC-4e AFE bl 38 a2
B $eEeleh 2HE SR 10107902 3|4 sle] 242
9] 34 200 uLS Modified Artificial Sea Water(ASW)
A w) A (6.1 g Tris base, 12.3 g MgSO,4, 0.74 g KClI,
0.13 g (NH4),HPOy4, 17.5 g NaCl, 0.14 g CaCl,, 3 g bacto
peptone, 0.2 g yeast extract, and 15 g bacto agar per L,
pH 7.2)0ll =2tale] 40°CellA 2441 7F vl okatsie). Fe]€
TE2HE AZEZ cellulaseS FH|s}e T AHs)
L&A1 0.3%(w/v) carboxyl methyl cellulose(CMCYy} E3}
= A R]ol] Al sked wlokgt F 2%(w/v) congo red &
Aoz FAsIHTE. 1 M NaCl §22 23] &gt F F
24 FHef| cellulose =3l 3HS FA 3= -5 A3
A E o] Leafeke 9slA 0.3%(wiv) CMC7F E£3HE
AA R ol| A ) k8] serial dilution F LA whA] o] =2k
sle] 22UZ S L 35 e,

Determination of 16S rRNA gene sequence and phylo-
genetic analysis

AR 5 AAe F TAlS 358le] genomic DNA
Extraction kit(DyneBio, Korea)Z genomic DNAE F%3}
At 16S IRNA 32 53F3817] $18A bacterial uni-
versial primer(27F} 1492Ry7} AHE-E Qo 2% f-44}
o] G7IMDEA-S Genotech(Daejeon, Korea)l 238}
o] sttt 5 GC-1(1444 base)?} GC-4(1437 base)
25E Z2A%E 16S rRNA fr312ke] 971492 GenBankel|
ZF7} JF262082%F JF262083°2 2 S-=3}ich. AAE 3714
A9 A5A 7AA= BLAST program(http:/www.ncbi.nlm.
nih.gov/blast/y& AF&3le] =0, T (type strain)
E39] A (similarity) 2AF 2 #FH ¥ E2F79] 16S
rRNA F3 2} 97]A 2] 88X ExTaxon server(http:/
www.eztaxon.org/)ell A1 =8 = ¢l TH[1]. Multialignment*=
Clustal W softaware[2015- AME3le] ZAFIT 5> H 3°9]
gap-> BioEdit program[7]& AF8-3le] HA s o5
GC-12} GC-4°l| 3}t Phylogenetic treex= PHYLIP program
[31& A3} neighbor-joining *}[16}3} maximum parsimony
H[1112E 2HA=I}. Bootstrap value:= 1,0003]2] =143
H B3 2HE] AAESISL, evolutionary distance matrices=
Kimura two-parameter model[10]2] algorithmel] whglr] A
A=At

Phenotypic and biochemical characteristics

2] HefA EAE dotR 7] A Gram stain kit
(BD, USAYZ AHgsled A4Sl ptlel ule} Sahstel 33}
du|7d o= asialet. A=|shs 5442 API 50CH kit

(Biomérieux, France)2} API ZYM kit(Biomérieux, France)
£ AH83led IEBIsie). $A4E o] A8l vAE pH £
718 ol 7] SlsA, pH 4-9(pH 1 7H2)2] Aol A
F3hed 40°Coll A 297F wieksted AT Al w|A|
2xo] o3k 4, 15, 30, 37, 40, 50°CS] ZAA 2
aAfeFsle] BT, a5 13 NaCl 274 ZIA}
TAH FE0,1,2 3,5, 7, 10, 15, 20%(w/v) NaCle]
EZHE AR A] el A F8ke] 40°Col M 2d 7 wekste]
2ot

o e

Antibiotics susceptibility test

T GC-13} GC-45 ASW-YP A Aol FaF =2
g+ & Z+7be] A A (thiostrepton(50 ug/ml), kanamycin
(50 pg/ml), neomycin(30 pg/ml), ampicillin(50 ug/ml),
apramycin(50 pwg/ml), chloramphenicol(25 pg/ml))E 30
ml & 331 paper discE 2] 40041 2447 wljoFslod
paper disc FHell FA= = FH3S S

Cell growth and cellulase activity

A= 72 cellulase A2 A uRR) 2} A u =] A] vl
kated S IAFAG. FF GC-13 GC-45 0.3%(W/
v) CMC7} 23HE TR R]ol] AE3e] 40°CelA] 227} vl
oFsled 2%(w/v) congo red SHOE 2087 GAISE & IM
NaCl 902 23] S Astolet. AAu o) A5, 5
GC-13} GC-4= Zr7F 0.3%(w/v) CMC7} E3H5 A u) %]
ol A Zlehufeksial dA g A17F A= widel S A3 s}
o} 2] AL FBE 600 nmol| A SAspl, T wiek
NS AlEE] F TAE AAZ FeAS 3531 cellulase
B34S ZA3g ol Cellulase A2 bicinchronic acid
(BCA) Wi [13] whel saatlomd F4= 562 nmellA
S S8k A8 1 Uunity CMCEH-E]
157F 1 umol®] glucoseE AJAKSH= B4 ko2 319
b

P< L = |

[

Cellulase BAHTTF2EA] AFE dte] 42458 Hajd
TF GC-13} GC-4= Gram 94 A3} Gram AT =
HE=E YT F2YE Modified ASW AR A 242t 3]
Az} A2 wabde] Bt Mgl et Ak B3l
A T 7o) AA] mE cellulase AR &2 3 A3} A
T GC-1= vioF 18-2441 7kl HHWAZAE Heola 7o A%
o] AbH7]ell HolE wjFE EAE FA3MK AAksle] wiek
48-6071 711 cellulase®] ZHAYAKFo] A= (Fig. 1A).
v, F5F GC-4= wiokzr]el 3438 AR Hed wiek 9
Al A Bl F F43 A fEE
H(Fig. 1B). Cellulase AR vl k27| 3E MA3] S7)s)
of o] shAgk A 7ol HASUE Wil wiek 244 7HA)



IDENTIFICATION OF A CELLULASE PRODUCING MARINE BACILLUS SP. GC-1 AND GC-4 99

12 - - 30
1.0 L25
=
£
-
, L =
-~ 038 20 5
g N
a &
g 0.6 - L 15 E
o)
£ H
%]
_§ 0.4 - U
= =
o o)
© 02 Ls Q
0.0 e 0

3 6 9 18 24 48 60 72 96 120

Cultivation time (h)

1.6 12
14

10 g
—_ 12 =
S =

3 -8
2 10 - 2
e g
& 08 - L6 &
z 2
% 0.6 - )
= g
55} =
3 04 =
3]
|- 2 o

0.2 -
0‘0 1 1 1 1 1 1 1 1 1 0
3 6 9 18 24 48 60 72 96 120
Cultivation time (h)

Fig. 1. Cell growth and cellulase production of strain GC-1 (A) and GC-4 (B). (Upper) Cellulase activity on the modified ASW plate
was observed by staining with congo red. (Lower) Cellulase production and cell growth (Ago) depending on cultivation time was mea-
sured in the modified ASW broth containing 0.3% (w/v) CMC. -@-, cell density; -H-, cellulase activity.

FHAYALFS Holal o] F AA3] AAtge] Fol= AL
2 IAFHARFig. 1B). F TF EF 24A7F oo
stationary phased] 5o17h= whE RS Holed], o= A}
43k wiA] (modified ASW)l il &44(0.3% CMC) 2
A 4%1(0.3% bacto peptone, 0.02% yeast extract)®] o]
o, o) 4 7hsat edokio] maHe] WAT Avw Bk
s},

API 50CH kits- AH8-3td A=1d 545 #M3 23,
F GC-12 glycerol, L-arabinose, ribose, D-xylose, D-
glucose, D-fructose, galactose, D-mannose, mannitol, alpha-
methyl-D-mannoside, o-mehtyl-D-glucoside, N-acetyl-glu-
cosamine, amygdaline, arbutine, esculine, salicine, cellobiose,
melibiose, saccharose, trehalose, (-gentiobiose, D-tagatose
5 A RS Hla(Table 1), F5 GC-4= gly-
cerol, L-arabinose, ribose, D-glucose, D-fructose, D-mannose,

inositol, mannitol, alpha-mehtyl-D-glucoside, amygdaline,
esculine, melibiose, cellobiose, saccharose, trehalose, inuline,
D-raffinose, D-turanoseol] o 3fA] FAduE-8-& H gjch(Table
1).

TF GC-13F GC-47} #¥]3H= 45 API ZYM kitE:
o] 8-3fe] ¥-A3t A}, ¥ GC-1- alkaline phosphatase,
esterase(C4), esterase(C8), leucine arylamidase, acid phos-

phatase, naphtol-AS-BI-phosphohydrolase, o-glucosidase, [3-
glucosidase 52 EAREg-ol WA FAEES Bl
(Table 2), ¥ GC-4+= alkaline phosphatase, esterase(C4),
esterase(C8), acid phosphatase, naphtol-AS-BI-phospho-
hydrolase, B-glucosidase 5] EAHFg-ol] dlsljA] FAIut-S-
S BJTH(Table 2).

5 GC-13} GC-4= APISOCH kit2} API ZYM kit 5
ol cellobiose AFH23} B-glucosidase BAdel| FAdute-S Bl
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Table 1. Phenotypic characteristics of strains GC-1 and GC-4
and related Bacillus species®.

Characteristics” 1 2 3 4 5 6
yellow- yellow-
ish ish
irregu- irregu- regu- irregu- irregu-
lar lar lar lar lar

Utilization of (with API SOCH Kit):
Glycerol + w - + + +
D-Arabinose - -
L-Arabinose +
Ribose +
D-Xylose +
L-Xylose - -
Adonitol - -
Galactose +
D-Glucose +
+
+

Pigmentation white white white white

Colony shape regular

£ g
+
+
+

1
+ o+ + + o+ o+

D-Fructose
D-Mannose
L-Sorbose - - +
Rhamnose - - -
Dulcitol - - - -
Inositol - w - -
Mannitol + w

Sorbitol - - -
o-methyl-D-mannoside
a-mehtyl-D-glucoside
N-acetyl-glucosamine
Amygdaline

arbutine

Esculine

Salicine

Cellobiose

Maltose - - -
Lactose - -
Melibiose +
Saccharose +
Trehalose +
Inuline -
D-Raffinose -
Glycogen - -
Xylitol - -
[B-gentiobiose + -
D-Turanose - +
D-Lyxose - -
D-Tagatose + -
D-Fucose - -
L-Fucose - -
D-Arabitol - -
L-Arabitol - -

AStrains: 1, Bacillus sp. GC-1; 2, Bacillus sp. GC-4; 3, B. tequilensis
10b%; 4, B. aerophilus 28KY; 5, B. stratophericus 41KF2a"; 6, B.
altitudinis 41KF2b", Data were obtained from Gatson et al. (2006),
and Shivaji ez al. (2006)

b+, Positive; -, negative; w, weak positive. ND, no data available.

+ +

+ + +

+ + +
1

R S S S S A
1
1

Table 1. Continued.

Characteristics® 1 2 3 4 5 6
Growth in NaCl at:
0% + + ND ND ND ND
3% + + ND ND ND +
10% - - ND + + ND
15% - - ND ND + ND
Growth at:
4°C - - - - - -
37°C + + + + + +
40°C + + + - - +
pH4 - - - - - -
pHS5 - - - - - +
pH6 + w + + + +
pH7 + + + + + +
pHS + + + + + +
pH9 + + - + + -

Table 2. Determination of enzymatic activities from strains
Bacillus sp. GC-1 and GC-4 by API ZYM Kkit.

Bacillus sp.  Bacillus sp.

Enzyme® GC-1 ’ GC-4 ’
Alkaline phosphatase + +
Esterase (C4) + +
Esterase (C8) + +
Lipase (C14) - -
Leucine arylamidase w -
Valine arylamidase - -
Crystine arylamidase - -
Trypsin - -
o, -chymotrypsin - +
Acid phosphatase + w
Naphtol-AS-BI-phosphohydrolase + +
a-galactosidase - -
B-galactosidase - -
B-glucuronidase - -
a-glucosidase + -
B-glucosidase w +

N-acetyl-f-glucosaminase - -
a-mannosidase - -
a-fucosidase - -

2+, Positive; -, negative; w, weak positive.

al(Table 1 and 2), AZCL-HE-cellulose(Megazyme, Ireland)
£ 71A= 3= endo-cellulase®] B4 A= FPuks
4 X 9vi(data not shown). ©] ZHZHE B ATE 3
A FAE FF GC-13 GC-4%= celluoseS 7}p-H-3l 8}
glucoseZ AZAIZ 4= Q)= A7 &4 XS BF 2=
| EE dehE, webs -85 cellulose A} BT
L 28] 7AE Zhe AeR Zd

T GC-1-= 0-5%(w/v) NaCl oA o] Fa=3)
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3 7%(wiv) ©]3e] FEe| A A o] AAIFE A EF
GC-4% 0-3%(wiv) NaCl EE0]A] %o 2Haer ubm
5%(wiv) o]de] sl M s ASe] IAHR] dgheH(Table
1). &5 GC-12 pH 6-98] A A B0 FFHT pH 5
o|3te} pH 10 o]AFe] M S| IAFA] Adstet.
TF GC-4= pH 7-99] AN E A Ao wa=
vhd pH 69 27| A ofF st A o] IHaE gl e,
pH 5 o]3ke} pH 100]442] Z7el| A= ASe] A= R] o
TH(Table 1). ¥ GC-13} GC-4= 28°C-40°C2] vk
ZZ A Ag-o] IAE T 4°C-15°C 28]T 50°C] =A
A= Ago] FAFA] AddeH(Table 1). ¥ GC-13+ GC-
4% thiostrepton(50 pug/ml)3} ampicillin(50 pg/ml)ell = 3}
o] &2 7FpAdo]l AT kanamycin(50 ug/ml)#} neo-
mycin(30 ug/mlyel] H|H= FFH4A o] FA= ). Chlo-
ramphenicol(25 pg/ml)el] Hajrl= o}F ofFst 7H4Ado] 3
2= 5 GC-12 apramycin(50 pg/ml)el] = siA 7+
FAe] IR ok b, I GC-4= o] A
9JEH(Table 1).

=SE 16S IRNA A2 @712 A HE o &35t
BLAST 734 & phylogenetic tree 2Md 2=}, 45~ GC-132}

GC-4%= Bacillus 42] w22 FAH = o] Z+Z} Bacillus sp.
GC-132} Bacillus sp. GC-42 W= (Fig. 2). F 7k
FAMZ 96.94%2 w2 A5 Holar, A=A 24 A
o M g2 zlo|E Holal gle] F T 22 Z(genus)ll
3R] 9E Th2 F(species)>E. HFE S EE 16S rRNA 4
b 9711 9S AFE3F ExTaxon server 2.1942] RFFF5
o] AFsA A AT}, 7 GC-1(1,444 bp)ye B. tequiliensis
NRRL B-41771T(EU138487)[15], B. subtilis subsp. inaqu-
osorum BGSC3A28T(EU138467)[15], B. subtilis  subsp.
subtilis NCIB 3610"(ABQL01000001)[19], B. subtilis subsp.
spizizenii NRRL B23049"(AF074970)[12] 53+ 212+ 99.91%,
99.91%, 99.86%, 99.85%°] -F-AM3-& ePitt. 5 GC-4
(1437 base)= B. altitudinis 41KF2b"(AJ831842)[18], B.
stratosphericus 41KF2a'(AJ831841)[18], B. aerophilus 28K
(AJ831844)[18] T 100%2] 23S el AL B. safensis
FO036b"(AF234854)[17]2} 99.58%2] F-AHdS vehdtt.
16S rRNA 542} 9714 9-& EZ3}F phylogenetic tree
oA, TF GC-1-= oMM AF3t Bacillus 2] v S5
= £2]5l monophyletic cladeZ- A5} gl o=z
B A2 FY 7Pl A Aes A7 =3t A

Bacillus altitudinis 41 KF2bT (AJ831842)
Bacillus aerophilus 28K" (AJ831844)

Bacillus sp. GC4
100

Bacillus sp. GC1

60

Bacillus stratosphericus 41KF2a™ (AJ831841)

98 [ Bacillus safensis FO-036b" (AF234854)
Bacillus pumilus ATCC 70617 (ABRX010000(

Bacillus atrophaeus JCM 9070T(AB021181)
Bacillus subtilis subsp. subtilis NCIB 3610T(ABQL01000001)

Bacillus tequilensis NRRL B-41771T (EU138487)
Bacillus subtilis subsp. spizizenii NRRL B-23049T (AF074970)
Bacillus subtilis subsp. inaquosorum BGSC 3A28" (EU138467)
Brevibacterium halotolerans LMG 21660 (AJ620368)
Bacillus mojavensis IFO 157187 (AB021191)
Bacillus vallismortis DSM 110317 (AB021198)
Bacillus amyloliquefaciens subsp. amyloliquefaciens NBRC 155357 (AB255669)
Bacillus siamensis PD-A10T(GQ281299)
Bacillus amyloliquefaciens subsp. plantarum FZB42T(CP000560)

Bacillus methylotrophicus CBMB205T (EU194897)

Bacillus sonorensis NRRL B-23154T (AF3021
100

00

: Bacillus aerius 24K" (AJ831843)
93 Bacillus licheniformis ATCC 14580" (CP000002)

Fig. 2. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains GC-1
and GC-4 and closely related species of Bacillus. Bootstrap values (expressed as percentages of 1,000 replications) >50% are given at
branching points of interest. Nucleotide sequence accession numbers are given in parentheses. Bar, 1 substitution per 100 nucleotides.
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A B AFATANAME AFEA FAdA T 2
T3 B Aol & Holal gl qH, #F GC-4% 168
RNA 5121 @714 g 2] FH 2R E 7]Eel 4= 3l
E T} 100% FAMS Holil 22 cladeS FAISIAL
BARE, A EAJA B xfo| 7} FEE o] ol o
v AFHA fFAAt 22 A5 oE Felrv 2
52| o} (subspecies)d 7FsAde] = AL E ActEe Al
Al, B. altitudinis 41KF2b'(AJ831842), B. stratosphericus
41KF2a'(AJ831841), B. aerophilus 28K'(AJ831844)= 16S
rRNA 2} 4714 FellA 100%2] FAMIS HolL 3]
AR g o2 BF¥ G-H (18], Bacilluss: 5=
okt 3ol EEo® AEe] 7hesld F o] =2
A 213 Aoz Az

A7 B Bacillus®s d5F25E] cellulase AAFe] B
= X9, skl A g cellulase AAY Bacilluss:
2 X B subtilus subsp. subtilis A-53°] E.31¥l u} glo}
[9]. CMCE 71A 2 3l =AY 9| B. subtilus subsp.
subtilis A-53 TFX 109 U/ml®] cellulase BALS Hglom,
Y ZZNA Bacillus sp. GC-1-= 24 U/ml, Bacillus sp.
GC-4= 10.5 U/mie] ®laq vk 84 3435 AAbslsit.
o|2]3l zlo|=, B oA AMEEF wlA| (modified ASW)H
9] &k49(0.3% CMC)S] =7} Yol -B. subtilus subsp.
subtilis A-532] 739 2% CMC AR A AAo] S8314]
S8 EAEE A3z Ao

ZAA| ulo| e AT 8517 SlsiME ke Ak
2] 271el|A 9] shA Ae]r} Fapeln, o]2st FshA A
2ol 7]Qlgt g o] 9 A sl EH o= 2Rgst
T 540 sourceZ= dm| A Eo] A Aoz Ay
o ot 2 Aol A Felgh dF7) vhe] eH| A s o
SRR o]l8E £ Q== 7t 757} A= cellulase
o] HA A3 F7t A7} o3

o OoF
S /M

GC-12} GC-4= sl + T 23 < wE=lopt A
F= Akt E FAENAS. o] F 5% 16S rRNA
$7 97109 BA AR B $AAE B
Bacillus <+2] ¥te|2] ol 2 7 H A 5 GC-19] 168
rRNA A2 97192 B tequiliensis$} B. subtilis
subsp. inaquosorum®] 16S rRNA FH =} 7|4 g =}
99.91%°] AsAde B, T GC-49] 16S rRNA 3
2} Q71 LL B altitudinis, B. stratosphericus 2 B.
aerophilus®] 16S rRNA 512 971442+ 100%2] A543
< Holgh a2y F a5 A=A 54 A
A3, o5 ATH FARAE Zbe B2 Bacillus 52 T
FE3) At zpol7} 9llx, web ZARR Bacillus <3
e Sl &3 7sAde] Bt ol=lst A3 Bacillus

o] A3l Foll TRt WFe = AN AR
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