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A bacterial strain was screened and identified from sea sediments in Tongyeong coastal area in order to
obtain proteases or peptidase cleaving C-terminal of glutamic acid. Strain TS0611, which showed the highest

activity

from 5 isolated protease producing strains, was selected and its properties investigated. Strain

TS0611 was a gram-positive rod, 1.2 «#m in cell length, catalase positive, motility-positive, melanin-negative
and grew at 15~50C, and hydrolyzed gelatin and casein. This strain was identified as Bacillus thuringiensis
or Bacillus cereus based on results from the API system(API 50 CHB) which examined saccharides properties,
fatty acid composition of cell wall, and 16S rRNA gene sequence.
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Bacillus 2:0] AASHE ThlA 7}eRs 8 Ao tier A7 3= BAR Staphylococcus aureus V8 protease’} 324}
& 0e0de) W) ey B geladoh wad oy (Dum (000) Wb D 4 YO e
AFLORE AR g3 glew, Astn e

A 9} Ao B3 Fe ?7} =51 9t} (Beg and
Gupta., 2003; Chauhan and Gupta., 2004; Fu et al., 2008; Haddar

glutaminase (Daiwa Kasei K.K., Japan)© glutamines glutamic
acid2 A& ® olutamic acid®] THHe ddstA Rt

et al., 2009). 53] MAl(Han and Damodaran., 1998; Beg and webA 204 71Ra2e AZE 9alA glutamic acidd)
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EAS TA387) 98 API 50 CH 2 APl 50 CHB/E Medium
kit (BioMerieux Co., U.S.A)E A}&-3 A1
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o} =t HES 27C9 & 7] (WIR-250, Daihan, Korea)s]]
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IAZ At dF5E A8 AR 742 HF st
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Scientific Co., Dagjeon, Koreaydld @AM & A AE ths 454
£ XFALHO R casein B EA o] 7 ¥ #FE HE
Aislol TS0611E W JFH oz g ﬁfét
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TAE 78] AAst, AHA S 284 FAem AHESHA

o] B2jo} A ugE 93 wiREZAE 1 LY gl
(NaCl 23.0 g, KCI 0.7 g, MgClr6H,0 10.6 g, CaCly 1.1 g,
N2;S04 3.9 g, NaHCO; 0.2 g, (NH.);SO4 1.0 g, KaHPO, 0.01g,
Tris-HCI 6.05 g/l. 5745, pH 7.8)° glucose 10 g, HE S
g, % 52 | g ammonium nitrate 0.0016 g, disodium
phosphate 0.008 g5 A71g MMM A& AFE-3FAT (Lee
et al., 1997). A4S 93 B Hjedl M= 1.0% glucose
1:}}},_101] 1.5%9] starch soluble2 AFE-3F1.e™ (Puri et al,
2002), 2A| HaA A= & wief 24 20%2] agars H7}sh
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A M 112 EF3 FAAEEE (8-2500,
Hitachi, Japan)2] platec]] 3+ W2 52 3 A9 12A17 WA
4. o plateE 0.1 M CdB 7} TFE 025 M, 0.1 M, 0.05
M sucrosed] = FAIHE MG = 15 F4 WA S}l
HAEFHOE 0.1 M CdBE A3 o}ﬁt} AR FARAAR 3
9] plateS 30%, 50%, 75%, 90% % 95%9] ethanol®) Z}Zt
lS—r& E""‘}Zﬁlﬂ'. t-Butlyalcohol 2 1082 &< 33]9l] #A
FALARE 0] 7 9] plate% 1% Ax dA A4
%01 ZAAZ 3G} Plaes A2dld] mA4s T AFZH7)
FupAesel FAA T AT BYSAT,

sa|FFo| Mas S5

B Y catalase S Y| AE o] AU o}
2319 2™, API system 5742 APl 50 CHS} API 50 CHB/E
medium kit (BioMerieux Co., US.A)E A3t AAJsl4t).
Z 2 o) de FAE 38t CHBE wiA o HEd £
ob31, FEES AP 50 CH kit®] 4970 wh&-7oll 22} 55 ¥
AEate] 37Co A wl %t ATt 244177} 48412 Wt F9
A= kit manualel] ohe} AP OH, FFE database
st} T8kt

(http://apiweb.biomerieux.com)S ©]&

NES Rgs x4 2

Al £ 2) AHFAFS Miller and Berger2] ¥ (1985)0 whe}
FZ399. S 70 2 AT sFAY °‘5Qrﬂ s
H(NaOH : methanol ;: 547, 15:50:50, viviv) | mLE ZE3}
o 100CY 71E EEoAM 587 7HEA7) 5, Wahet & 2§
ated thA] 100 A 258 FF vHATA T WE s Aleke
N HCl : methanol, 13:11, v/v) 2 mLE 37}l 80T oA
1087 ¥-eA7) & 354 Sufl(hexane : tert-butylmethyleter,
1:1) 125 mLE 147}0}01 1087F &3t 8= e &8
AABI 12% NaOH A AH Y 3 mLE A7sle 522 wvks}
2, A5 de) it 4L gas chromatography (Ultra-2
capillary column, 25m x 0.20mm x 0.33um, Aglient GO)& #45}
@ ek MIDI (Microbial Identification System Software) system=
B A BRe 249 AR T TR
5% HEY 24

165 RNA #32 M@ 7=F AT
Katsuta et al.2] *¥H(2005) 22 3 }ii cti PCR thermal
cycler (Takara, Japan)E o83} {FAE ZFZFAIH T} (Orphan
et al, 2001). 125 unit®] KOD Dash DNA polymerase (Toyobo,
Japan), 5 ©L2] 10 x PCR $5 94, 02 mM deoxynucleoside
triphosphates, 2+ 50 pmol®] primer, 10 ng DNA % 3%} S7/5E
o] gste] HFTHOZ 50 uLE WEUTE PCRE 96T ollA
polymeraseZ 2 H-7F ZASAIF 2, 95T A 15%, 50T
A 152, 74Tl A 1522 358] 34¢ §, vkA2e 2 74T
A 287 FEAZTE PCR AHEY] {34 A
terminator v 3.1 cycle sequencing kit (Applied Biosystems,
US.A)E A3t 2435192, RDP-I release 9 (Cole et al,,
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2005)°ll &85} CLUSTAL_X (Thompson et al., 1997y &
3 FHA NES #E3IH T

FEATH T4 2UTF 165 RNA V1M EE B
N2 Bacillus &3 A FAF S5 414 44543S DDBJ
blastE F3}e] &Y. Kimura two-para-meter modelS
0|3t FAAZLY AE 7122 3 Neighbour-joining
phylogenetic treeE #AEH o™, o] AFELE neighbor-
jointing WM& ARS8l A EH I, PHYML (version 2.4.4)
Z o] 831 (Kumar et al,, 2004; Guindon and Gascuel, 2003).

L Eye £Y

g4 Ao 242 7122 Hammersten casein®] 7}E5]
S E tyrosine B EHHOF =83} (Wrolstad, 2000). =
22N 100 2LZ 40°C2) water bathol| A 583 AL &-2-8)
1% 712 89 900 nLE H7lste 22 25ollA 60 & 5
H3AIZ TR, 10% TCA 89 | mLE AVbste] g20kg
ZA A A DA E2] (10,000 rpm, 10 min, Eppendorf C5415-
C, CE, German)3t] €& 459 200 uL9} 0.55 M Na;COs
800 «LE EFSIL 158 < LAT F, 1.0 N Folin
Ciocalteu's phenol £ 200 pL& H7}sle] 4 307 Fof
660 nmo Al FFEE SHSIAT £4 B4 OHe a4
1.0 mL7}F 1 2% ABABLE tyrosine | uM-E 1 wnit® 2 A 251y
o) Ol A2 Lowry et al. W (1951)0] wel £33 T
Al (UV-1700, Shimadzu Co., Japan)Z ©]-8-3}4] 750 nmol| A
THTE 243192, bovine serum albumin (A4503, Sigma
Chemical Co., MI, US.A)S A3 2443 TEFHo2Y
H gud s Adskdh
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Fig. 1 Plate assay for protease produced by strain TS0611.
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1023t 2ol At A5 100 L8 MMM el Aol
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Fig. 2 Cell growth and protease activity with incubation time
at 27TC.
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Fig. 3 Light mi x 400) and scanning clectron
microscopy (B, x 1,500) of strain TS0611.

el H Mty EY

e 45y FFE 2% QA & AxERA 4R 400
v golste] #AT A9, AEA Y FEE S U
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# gelating E33te 5HE 7T A}UTh
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Table 1. Morphological and physiological characteristics of
strain TS0611

Table 3. Composition of fatty acid of cell wall of the starin
TS0611

Characteristics strain TS0611
Growth of cell(C) 15-50
Gram staining +
Shape of a cell Rod
Length of cell (um) 1.2
Cataiase +
Motility +
Melanin pigment -
Casein hydrolysis +
Gelatin hydrolysis +
Table 2. Biochemical characteristics of the strain TS0611
by APl 50 CHB system
Test Test Test
1. Glycerol(b) + {17, Inositol{a)(b) +133. Inufin -
2. Erythritol - [18. Mannitol - | 34. Melezitose -
3. D-Arabinose - 119. Sorbital 35. D-Raffinose -
4. L-Arabinose - |20. a-Methyl-D- mann05|de - | 38. Starch(b} +
5. Ribose + {21, a-Methyl-D-glucoside - |37. Glycogen +
6. D-Xylose - |22, N-Acethylglucosamine + [ 38. Xylitol(b} -
7. L-Xylose - |23. Amygdaline - |39. B-Gentiobiose -
8. Adonitol - |24. Arbutin +40. D-Turanose -
9. B-Methyxycloside - |25. Esculin +|41. D-Lyxose -
10. Galactose - |26. Salicin +142. D-Tagatose -
11. D-Glucose +|27. Cellobiose +|43, D-Fucose -
12. D-Fructose + |28. Maltose +|44. L-Fucose -
13. D-Mannose(b) + |28. Latose - |45, D-Arabitol(b} +
14. L-Sorbose - 130. Melibiose - |48, L-Arabitol -
15. Rhamnose - |31. Sucrose(a),(b) - |47. Gluconate -
16. Dulcitol - {32 Trehalose +148. 2-Ketogluconate -
49. 5-Ketogluconate -
+, positive ; -, negative

The results suggested that the strain TS0611 was Bacillus
thuringiensis.

el @ Fol ¥ 5432 API 50 CH kitsh API 50
CHB/E kit2 &% 38|31 (Table 2), database (http:/apiweb.
biomerieux.com)S 538t 58+ A3 Bacillus thuringiensis
9} Bacillus cereus 5 %°) FRAA. B. thuringiensis$} B.
cereus® AL 74F0] A, Bacillus 49 THE TE
Zo]| A 7}2 @ol] B3 H 20| Bacillus cereus F017] W,
Bacillus & AT W, S 4 $ASH 2& dFE
B. cereus —6-01 FAEHST (Miller and Berger, 1985; Kreig,
1989). WetA £ A3 AN E F Fo] A THE FAer
FAE R}, Bacillus thuringiensis (ACTC 1033) 3 (Seong et
al, 1992)3= 27 9} vkSollx] Aol St o1, Bacillus cereus
(ATCC 11778) (Jin and Ryu, 1995)9H= 7708} whg-Foll A
TS0611 strain®} FolstAtt. o] 22 Fao] HlFo] API 50
CHB kitS ©]-83F strain TS06119] A3}3}18 &9 B cereus
& BURE B thwingiensis E°) B 7PHE Zl0E FAHAC
MEo| Rgat x4
e vezore] AZoe) 503 PHAAR, ALTE
7150 Fa3 A4S Gt At Axde] Fa AF
AAHN A, GagFolt 87 T ThFF EARFel
EAstnz, X A A B79 ARE de] 83

rlo s

Fatty acid Compasition(%)

12:0 ISO 1.44
12:0 0.65
13:0 iSO 8.96
13:0 ANTEISO 1.81
14:0 180 6.41
14:0 2.70
15:0 {SO 22.80
15:0 ANTEISO 5.92
150 0.57
16:1 w7c alcohol 1.26
Sum In Feature 2 3.78
16:0 I1SO 8.53
16:1 wilc 0.46
Sum In Feature 3 9.02
16.0 5.76
150 20H 0.75
1ISO 17:1 wiGc 2.77
ISO 17:1 wh 414
17:1 ANTEISO A 1.16
17:0 iSO 7.61
17:0 ANTEISO 1.78
17:0 0.44
16:0 20H 0.47
18:0 iSO 0.39
18:0 1.08

Total 100.85

Table 4. 16S rRNA sequence of the strain TS0611

Score 1633 bits (824)

Expect 0

Identiies ~ 831/832 (99%)

Gaps 1/832 (0%)

Strand Plus/Plus

AGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGA
CGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGT
AGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTA
TTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGAT
GTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAAC
TGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATG
TGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGT
GGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGEG
CGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTC
CGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCT
GGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAA
AACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGAC
AGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTT
GCCATCATTAAGTTGGGCACTCTAAGTGACTGCCGGTGACA
AACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACA
AAGAGCTGCAAGACCGCGAGGTGG

Sequence




Table 5 Similarity scores between Bacillus sp. TS0611 and the highly matched type strain

¥ 88 Bacillus sp. TS06119] €443 54
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identified by NJ analysis(Fig. 4)

%

Species Accession .. . . Definition Source
Similarity

Bacillus thuringiensis 784593 99 Bacillus thuringiensis 165 rRNA gene, strain WS 2614. '1’3'9;' Syst. Bacteriol. 48, 1373-1382,

Bacillus thuringiensis EFi7g440 g9  Decilus coreus sirain 1Re107 165 ribosomal RNA ) so wicrobiol, 104 (1), 91-104, 2008
gene, partial sequence.

Bacillus thuringiensis EF432658 99 Bacillus thqnnglenSIs strain xjul-8 16S ribosomal RNA Unpublished
gene, partial sequence.

Bacillus cereus EF095218 99 Bacillus cereus strain BNM0343 16S ribosomal RNA Unpublished
gene, partial sequence.

Bacillus cereus EFt78440 9o  Docilus cereus strain TRe107 16S ribosomal RNA ) a0y wricroiol. 104 (1), 91-104, 2008
gene, partial sequence.

Bacilus sp. CCBAUS1490  EF377314 g9  Cocilus sp. CCBAU 51490 165 ribosomal RNA gene, ;. pjicheg
partial sequence.

Bacillus sp. MHSQ01 DQY93325 99 Bacillus sp. MHS001 16S ribosomal RNA gene, partial ~ Soil Biol. Biochem. 38 (9), 2371-2378,
sequence. 2007

Bacillus cereus EF095218 99 Bacillus cereus strain BNM0343 168 ribosomal RNA Unpublished

gene, partial sequence.

9T} (Park et al,, 2004). B3 S) Axy 22k 24

gas chromatography 2 #433}31 (Table 3), +4 Z#& EEHE
MIDI system= ©|-83l4 #F5 TSI At A&
o] 4ol C12 - C17 & HIgo] HA Pﬂw-ﬂ 98% o3&
A&, AMLo EH FollA o] AA 9 anteiso FE 7}
;q;q]A 50%S L—]o} —5011_101 :LaL O]:/H A—]]«?{‘,,] E}\-]O 1,]_]:,]_1)4
T AT (Seong et al., 1992). MIDI system &7 ZI= API
kit system®] 54 A3x}e} vl VAR B, thuringiensis®t B.
cereus7t A FAHJTY. B. thuringiensis2t B. anthracis®]

A abak zZALs ]Lif_:} o) <¢k7le] Rjol= 0131,} B
thuringiensis®t B. cereus 2 B. cereus var. mycoides ¢ A|3EH
A dak 240l Tr/\}O}E‘r_x_ B3t 2m (Kaneda, 1968;
Niskanen et al., 1978), B. thuringiensis (ATCC 35866, ATCC
35646) T &9 AW (Adams et al,, 2005)F B Ao
2| strain TS06119) A4t 24 o] FAHE Ao o] Fof
Agletd B3 vlAVMAE B dF£E B thuringiensis S
B. cereusd ALE FAEAH

16S rRNA Y7 MY EAM T
g w5 oS 48 F4E
Be)ste] PCRE FEA1A 165 IRNA @71 EE A8t th
(Table 4). 871488 GenBankE %3 t}2 @557 F-3%}
o) BAMAE AR (Table 5), H2] 3 strain TS06112
Bacillus thuringiensis 784593 (99%)9} EF432658 (99%) %
Bacillus cereus EF095218 (99%), Bacillus sp. CCBAU 51490
@S} 717 Thslom, O e FEIE Ee A
< Yetlidct weba] 2 7oA 28§ strain TS0611-2
A2 O Z Bacillus sp. 22 FASIATH 18ln B FF9
AT fA0l ATte B ASEE HA4T A

Bacillus sp. TS0611S- B. cereus 2 B. thuringiensis® 3 717k
Aglel YAI8IATH (Fig. 4).

Bicillus catenulatus (DQ8YE281)
Bacillus pumilss (DQ118016)

Bacilius p is (EU122054)
% Bacillus circulans sirain ATCC 4513 (AV724690)
428, Brevibacilius sp. J53 (AY372923)
ggﬁiciﬁu: firmus (D16268)
Baciltus sifvestris (AJ006026)
Halobacillus sp. SBC-HbI (AB198761)
mHa!obaciHus sp. CNF895 FLO4 (DQ4A4RT63)

Bacitfus ghsonii strain SAFNEQIS {AY167315)

799

397

929 Bactthus hwaginpoansis (BF541966)
—{995

Bucillus baekryungensis (AY505500)

Bagilius aguimaris (AY505499)

lBaEleus marigflavi (DQ105973)

AF577292-Bacillus ceraus strain B 204 (AI577292)

mUUBacz'Hus cereus (EF095213)

719

o1 190
Eaeillus thuringiensis (£84593)
P12 Bcittus thuringiensts (EF432655)
678 Baciltus sp. CCRAU 31490 (EF377314)
a2 Bacillys cersus (EF178440)
o7 Eacillus thuringlansis sevolype Héade (DQ286359)
485 Bacilius sp. MHS00] (DQ993325)

752
Bacillus mypeoidas {234391)

01

Fig. 4 A Neighbour-joining phylogenetic tree based on 16S
rRNA gene sequences of strain TS0611. Numbers at modes
are percentage bootstrap values based on 1000 replications.
GenBank/EMBL/DDBJ  accession numbers are given in
parentheses. Bar, 0.1 substitutions per nucleotide position.
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