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Identification of an Alkalophilic Bacterium Producing
an Alkaline Protease from Soil

Hyungjae Lee, Ji-Seung Yoo, Young-Seo Park', and Dong-Hoon Bai*

Department of Food Engineering, Dankook University
!Department of Food Science and Biotechnology, Gachon University

Abstract

An alkalophilic microorganism, strain DK1122 producing an alkaline protease was identified. DK1122 was isolated
from soil collected in central Korea. The strain DK1122 was Gram-positive, 0.7x2-4 um in size, and its colony was
yellowish white, The strain DK1122 was found to be spore-forming, catalase positive, oxidase positive, caseinolytic,
and reduce nitrate to nitrite. The protease was produced aerobically on Horikoshi I agar medium (pH 9.0) with 1%
(w/v) skim milk at 40°C for 24 h. Through 16S rRNA gene partial sequencing, the strain DK1122 had the 99.7%
sequence similarity to 16S rRNA gene sequence of Bacillus pseudofirmus. Based on the biochemical and physio-
logical properties as well as phylogenetic analysis, the isolated strain was named as Bacillus sp. DK1122. It is
expected that Bacillus sp. DK1122 may be a promising candidate for a proudcer of an alkaline protease applicable

to the food and detergent industries.
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(Kumar & Takagi, 1999). &2 13| § 4 (protease)= A
&M Zslo)] Slojx 7HE 2714 VeSS B R 4
st o, A2 proteaseE = VAE 7Y ww
o FEFol Jon Fod Hof ZdF ot B
CaLEAp @A e] g 713e] gle A Ee S
protease -H]5<] 9|W] = amylaset} lipase 53+
O 2oz d3Fd Qo A7 4& 4 ot
%93 o|n 2 YePItHKim et al., 2002). ZvjA o]
protein®] 1} peptide®] WF-oll Ex|3}= peptide bondE &
ast7] wjEoll peptidase®t F27]% sk, olw] &4}
Z}-2-3l= amide bond2] $ X9 wElA  exopeptidase}
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endopeptidase= 7319, Pl EC] A2 HH|SAY &
o] FHE FH|eh= thFE9] protease= endopeptidase
of £3THKim et al., 2002). ¥Z2]A protease= 19743
Linderstrom®} Othesen®| Bacillus licheniformis25-€ &7
2]/ protease?] subtilisin novo (Subtilis in BPN)E 27
3 TH(Choi et al., 1996). 1971dol= T4 A A<l
Bacillus sp. 258 4Z2]/4 protease (Horikoshi, 1971)7}
WAEJL, o] F o] AFNES AA, A57H, &
234 Toll JdojM dZAed did Fajase] gdst
AR sl &0 =47, A H Zh= 22
o5 Ade] Be =388 7]go] $th(Nakadai et al,
1973; Kobayashi et al., 1985; Durham et al., 1987). gt
ol Jol 3k #u]7]ZH(Delepelaire & Wandersman,
1989), 22} 7-Z(Wright et al., 1969; Duman & Lowe,
2010), &4 7]1ZH(Diermayr et al., 1987), T

W ok 24 Q1A 3l(Pantoliano et al.,, 1987), W
812 H] 2T (Hugenholtz et al., 1984), o}n| =2k wjd S
A 2 W E-2(Nedkov et al., 1985), A3 =2 (Tanizawa
et al., 1990), F2} == 2 & (Power et al., 1986) 5
of #ate] FHL A7} o] FA KT ELZE A protease
a7 MLl pHAlA HZA S-S 7, tiiol
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bacteria, Kobayashi et al. (1985)2 Pseudomonas maltophilia,
Nakanishi et al. (1974 Streptomyces sp., Bang & Jeong
(2011)2 B. pseudofirmus HS-54°01* S &4Z2] A protease
7b EHlE T Barskith AA A s A B A
o] =] MAE AP o g Fofe] A FAYA AL
273 okl dolMe frefEd el Zall, oAFHAA, s
2 AiE A ], sAEoke] Aol nde A %
nAE HEEA 83 gEo] oA Aol thAl o
U T Foll o] &AL vk ERE TR A% Zokl
A AF A7, Ba TOE ol8HE F B A EoF

o AA =] &8 U} wEbA STEZLE]A protease

¥ 7F, AFekA], FAL ] H,
AS AFH sk GZEd wiA
o455 AT &5 AE e EY

1 g& A4 94 10 mLol eI 305
Fx]8F & A5l 100 uLE Horikosh 1 HFuj=]ol] =
235ttt Horikosh 1 WiA = HEZ EHE 1% (W)
glucoseE A9t 2 Ha® YA AE(0.5% (w/v) poly-
peptone, 0.5% (w/v) yeast extract, 0.1% (w/v) K,HPO,,
0.02% (w/v) MgSO, - TH,0, 1% (w/v) Na,CO;, 2% (W/V)
agar, pH 102)3 E3tate] Az LeANRS w2
% 40°C W|F7101A] 24A17) B 48A17F vl Fate] A3t
s #FE 1AE AT 12 AR #5E
Z gud Belad B4 B0 95k 2% (wh)
skim milk”} 3 Horikosh 1 H#8jA] o] E2E dFE5
HET F 40°Coll A wiFsted o] e F2lell clear
zone®] A EH HFE protease S zte= 452 2%}
XA sFATE 23 AAE #5+= Horikosh T v =] o) =)
&3] 40°CellA] 24-484]7F XIBHH (200 rpm)3+ - 1l
& FEoel EAlcte S d Faj e S48 A sk

Hod o EARYEI} Be #FE AF AESGT,

Ch 5 B A

ogd sheRa e 71" 2= azocasein (Sigma, St.
Louis, MO, USA)S A&-3}%Th 10 mM sodium phosphate
buffer (pH 9.0)ol =<1 2% azocasein 250 pLol & A~H
150 pLE #H7Fste] 60°CollA 107 WA A azo”?] S
FE A AT o719l 600 pLe] 20% (w/v) trichloroacetic
acidS 718l HEBA S ATAT|IL, 9,000xgol A 105
F AAEE 3] HES-81R] &S azocaseine A, A A
Atk A5 450 Lol 700 uLe] 1N NaOHE &3stx
spectrophotometer (UV-1201, Shimadzu, Tokyo, Japan)E
o]-g3te] 440 nmollX FBEE SA AT ojw] &4 &
B 1 it 1027 Wl st fre] ¥l azo”]ol 9
& 440 nmel XS] FFEE 0.001 S7HA7IE Fo= A3t

et

Fe SE S

o9 Fejst el E4L Gram staining 3 3 &30
< o] g-3sted #AEITE S FAFAH] 7 (scanning electron
microscope, SEM; S-800, Hitachi, Ltd., Tokyo, Japan)<
o] g-3lo] FAFEN S W} AA3] AZsA T

FF| MatsE Sy

479 F8 Asted 542 Bergey's manual of
systematic bacteriology (Vos et al, 2009)2} Methods for
general and molecular bacteriology (Gerhardt et al., 1994)
o Fale] EAFA FF, catalase, oxidase, nitrate $-IAd
2 casein, gelatin, starch 7}FE3] S 43 AT R E
Asterd A&S B pseudofirmuss 2L Z M| W3}
AT

A A 559 AP Strain DK1122 A 8 g
AF-E FHated 100°CAA 2027+ FE3kATh ©1E 100
puL # 3l Horkosh I BiA]ol pour plate™ &2 7 F 3}
37°CoNM 24N 75 v SFete] 1 g RE A A
TS AT gk WFol2 FAE FH3 slide glassell
2517 malachite green® 2 G 3F] 30%27F F7] A&
T FHTE AFR e, o & safranine OF 20x7+
Ajste] gt dAn7ow gt xAFE 7S A
Sttt Catalase teste= oA AHF-E S D sk BFo]
2 F3l slide glassoll =23te] 20 plLe] 30% H,0,5 A
z2d A 7hg vhg 712 A8 FFE Eelsith
Oxidase test= #AE 39 Bogh WFo|2 FHsl| oA
of Z2A =E3 F 1% tetramethyl-p-phenylenediamine
dihydrochloride A|9FS 2-3W-2 71she] 10% ou] Ao] ¥
Moz Male AL Ao = 39 Nitrate LA L&
Horikoshi T #iZ]el] 0.1% KNO,9} 0.2% agars 713t &
TFE HEsI] 40°ColA 24417 gt oF2 712X
e gQlste] 12 AAS skl 71E o] gRld

o @ Kl oo
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F 24 BAL 99, A 97 B &1L Az F @)
%ol 100 uLel A §93} B 84S 1 mL¥ 7}ste] Al
U BENS HE AL PO BTHAL A S

IN HCl 100mL®| 0.02 g N-(1-Naphthyl)ethylenediamine
dihydrochloride S n7}0}°f] AzstRon, B &2 100
mL 1N HCIYl 1¢g HS0E d7lstel Alzsiich. 23 &
QIAl Aol Wsl7t #AAE R kS 739 zinc powders
7vsted 32} gR1E sh=d, ofu] Ao] MahH AR #
ot AstyE QleA] FHoE AsIth Casein,
gelatin, starch®] 7Fi-3l 232 Horikoshi 1 Aol Z}z}
0.5% casein, 20% gelatin, 1% starchE 37}l AFE-3F
th #AE HESF] 40°CoN A 24A17F v ket 5 casein
gL clear zone2| A4 O%HE ol 2, gelatin

2o

Bl g vlg 5 4oCe] ALof W51 gelatin®] 93}
o2 =2 Fol&tyth. Starch 3184 iodine solutionS 7}
ko] kA 7] F clear zoned] A A H-Z F2l5i ).

THQ| X2 =N B
Strain DK1122 AJ3Z 9] AWt 242 gas chromato-
graphy (GC, HP 6890, Hewlett Packard, Palo Alto, CA, USA)
E /\]-&5]—01 23519t BFF 2 2 Hewlett-PackardA}
o] EFA|WAH(free fatty acid calibration standard)S ©]-&
o}?&lﬁr. #59] v]%-2 Horikoshi [ BIA| S AR5} 40°C
oAl 244 7F FRF v SFE #AE Al@ el F3W saponifi-
$35le] reagent 1 (45 g sodium hydroxide, 150
mL methanol, 150 mL deionized water)= 1 mL 7}sk3L 30
E7F 100°CAM T8 3 32+ 22 W59t Methy-
lations 913t reagent Il (325 mL 6 N hydrochloric
acid, 275 mL methanol)Z 2 mL 7}3F 3 80°CollA 10%
7F WESA1713L B2 Eof WSSt Extractions 93}
o] reagent III (200 mL n-hexane, 200 mL methyl-+-butyl
ether)S 1.25 mLE 7}st & 10827 42014 A3 15
st & 35 AE A A3FATE Washing reagent IV (10.8
3 mL 7}

cation

g sodium hydroxide, 150 mL deionized water)E
3to] sE7F HHs) Aesion, &= B2 ¢
NaCl €9 500 uLE 7tste] E2|¥ 45e

& AEE AFEEATE o]A S GCE #4 § Sherlock
program (MIDI Inc., Newark, DE, USA)S ©|-83}o] &4
a3k

mlo

16S rRNA R&A 47| MY 24

16S rRNA 3742 71X LE E43t7] 918+ strain
DK11225 Horikoshi 1 ¥l%] 5 mLol HF ko] wj7]
(KMC-8480S, Vision Science, Seoul, Korea)o| 40°C, 250
rpm O & 24X 7k FF ') Fataitt. m S 13,000xg,
1087F A Eg sty #AE 3431, strian DK11229]
chromosomal DNAE  lysozyme-sodium dodecyl sulfate-

2] - ukEE

proteinase K "% (Sambrook & Russell, 2001)°.2 2|3t
%, polymerase chain reaction (PCR)2 %3 16S rRNA
FHARE FZ317] A% template® AHE-3FATE PCRO A
&4 RNA FA72 S| AL&et=
universal primer set (forward primer: Eubacterial 27F: 5'-
AGAGTTTGATCATGGCTCAG-3';
sal 1492R: 5'-GGATACCTTGTTACGACTT-3") AM8-311
t}. PCR W3] AL 10uL template (50 ng/uL), 5
pL 10x reaction buffer (100 mM Tris-HCI, 400 mM KClI,
500 ug/mL BSA, pH 83), SuL 1.5mM MgCl,, 5uL dNTP
(2.5mM each), Z+Z} 1 uL primer (100 pmol/uL), 22 uL<]
it 32 SR E¢et] HAF s0uL®E ST o
&3NS thermocycler (GeneAmp 9600, Perkin Elmer,
Waltham, MA, USA)E AF&-3to] S3613it 353 919
PCR Z7-& 94°Coll4] 187} denaturation, 60°CoA] 18
7t annealing, 72°ColA4] 1.5% <t polymerizationdh=
702 30 cycles AR, FF 72°ColA 1087
Z AT 0. 8% agarose gelllA] PCR product Z71& &
3ttt E1%El PCR product= Bio 101 gene cleaning kit
(Bio-Rad, Hercules, CA, USA)E A3l A &,
pCR™4-TOPO® vector (Invitrogen, Carlsbad CA, USA)°l
2=

primer~ 16S

reverse primer: univer-

r& OIN 1-N

ligation A1 ¥, Escherichia coli competent cell®ll
Y34l PCR products FZ29 3 vectors 2zt &
4FE AE3IL, plasmid DNAS #&3 &, o]E T
vector sequencing primer (M13 forward, MI3 reverse)S
©] 83} ALFred automated DNA sequencer (Pharmacia,
Uppsala, Sweden)E A}, strain DK11222] 16 rRNA
Az @71 L85 AR 8T 2 23+ Blastn program
(http://blast.ncbi.nlm.nih.gov/Blast.cgi)2 ©]-83}%] GenBank
92} RNA database project (RDP)2] 714 &3} ] w3}
A8kt

Blastn program= ©|-&3}¢] 16S rRNA #3212 4714
g B4 239} similarity7} =2 475 SRS
A} F71ME2 GenBankol|l 553} ). Dendrogram 23
< Clustal X program3} Tree View program= ©]-8-3}51t}.

al, -rrz‘]

dn o8
SUZIE|N CHHE 2o A 2H| w2 ME
sz ATERE did Belas 848 e o
Fol M-S 53 alkaline ZANA ASse 26055 1
22 At 12 AR #5E skim milk7} 3
Horikosh 1 33 iAo HEated, A 5919] clear zone

B Frirell o magdE glste] 20dFE 22 A
Hakelnt. 22 A 7455

25E il 54848 S A9 7P 240 =2
o5 AEste] o] & strain DK11228F HH 33t
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Fig. 1. Scanning electron micrograph of Bacillus sp. DK1122.

AZo| SEIN EA

SLZAYA strain DK1122 #52] JEjehs] EAS do}
B7] 98] #AE Gram A8t B v oz st
AZ, Gram ¥/99] HFUS I8ttt gk SEMO=E
AH3AS W, 271+ 0.7x2-4 ym BEQoH, FH =

& =717F @440 IATHFig. ).

0| MBIEIN EM
S¢ZEA strain DK11229] ¥4 /5 28 2
A W Ex}o] o] H40 7 AAElo] EAYPYS
QI5kATh 30% H,0,Z5 7ot e 7| X @A o] HA] B2
O 2 HO} catalase 22 IIE AT} Oxidase test 2
I gAe] Mol HAMow Wi FPom AU
Nitrate2] nitrite22] LA A= 48417+ v &3
strain DK11227} 71 & 503 el 7)\% 1R &Ql3, 2
=2 AL 7}eE Al L7]' pink"“ o2 Hal=
AL Folsle] o= _‘L_}%o}oj\r/} Caseing 3831 )
Aol A A F9oll clear zoneo] FAHEHUSLEZ casein
3l TYol s FAT 7 AN, starch®] 5
clear zone©] P A IO W gelatin: | 3hE| =] oFo}
starch®} gelatinidl] 522 §l 222 FRI=AUT) ol
o] ANZHE E FFE Bergey’s manualol] 7]&¥
Bacillus sp.2] 545 YEFItH(Vos et al., 2009). Z 5 7}
& FAFSE B pseudofirmusE W FZ0.2 RE A3HEHH
AAES vlawste] At Lo vl 4% B
T UAUAL, AEFLLEA 7
T Sk 2o

r

PR )

pseudof rmus+< gelatin 3| &
2 FFE 50°ClA Agko, EHZ&
=Fo] 3 ’% B3

Table 1. Cellular fatty acid composition of the Bacillus sp.
DK1122

Fatty acid composition (%)

C,". ob 0.18
Cisoanremso 0.24
Ci. o1sod 1.76
Cio 0.75
Cis.om0 7.56
Cis.oanteso 61.53
Cis:0150 227
Cis.0 2.25
Ciri010 0.76
Ci7 . 0antzrso 14.15

“Number of carbon

*Number of double bond

‘Anteisomer

Isomer

A X2 =Y 2

SUZE] A strain DK11229] whole cell fatty acidE GC
2 B39t 2 23 Strain DK1122% Cyy 50 7.56%
9]— C]S:O ANTEISO 61'53%7 Cl7:0 ANTEISO 14’15%§‘ _—F_/\é% 7/‘1
o7 EAEAtK(Table 1). ©]& Sherlock program AWMt
A A g gE AelA Awte] A E Bacillus sp.
o] thE Al A WAk ¥ (Cha & Park, 2001; Kim et al.,
2009)¢t= AL Ao g yEyth mes B g s

16S rRNA SFIX} 247|Afed
34deld &5 DK11229] 16S rRNA F4#F 971449
B Az} 1,494 bpe] ErINLDE Bl 4 0T (Fig
2), °|& GenBankollA FAMS ASS A% 55€ +F
% B. pseudofirmus®t 99.7%2] FAMIS HATH 18}
Asletd EAOA B, pseudofirmusSt= gelatin -3l 532
AELEoA 2ol HIOH, Genbank database ‘gl
A 16S rRRNA S-A2F 714 do] 100% LR g3
A=A Fgtong 7|Ee] IR EA] e MEL ATE
o] Bacillus sp. DK11222 W&ttt 457k
2] GenBankoll 5% o592 16S rRNA gene= AHE-
3o dendrogram2 2HJ SR AL(Fig. 3), A G71MES
GenBank®l| 553} tH(accession number: DQ852633).

8 1 =
DK1122 #F5 EYCEYE st 48t B¢
S2HE H 2
gl Mg & a7
Gram staining?} SEMS 53} e|st2{2] E4
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AGAGTTTGATCATGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGC
GGACTGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAA
CCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACCCGTTCC
ACCTCATGGTGGAGCGGTAAAAGATGGCCTCTGGCTATCACTTACAGATGGGCCTGCGGC
GCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCGACGATGCGTAGCCGACCTGAGA
GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG
GGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTT
TCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTTGAATAAGGCGGCACCT
TGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCTCTTAAGTC
TGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTAC
AGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGATATGTGGAGGAACAC
CAGTGGCGAAGGCGACTCTCTGGTCTGCAACTGACGCTGAGGCGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGGG
TTTCGATGCCCTTAGTGCCGAAGTTAACACATTAAGCACTCCGCCTGGGGAGTACGACCG
CAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGTGGGGCATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTTTGACCACTCTAGAGATA
GAGCTTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTC
AGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAA
ATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCT
GCAAAACCGCGAGGTTGAGCGAATCCCATAAAGCCATTCTCAGTTCGGATTGTAGGCTGC
AACTCGCCTACATGAAGCCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATA
CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTC

GGTGAGGTAACCTTTTGGAGCCAGCCGCCTAAGGTGGGACAGATGATTGGGGTG

Fig. 2. 16S rRNA gene sequence of Bacillus sp. DK1122.

A7 B JFE Gram A, 702 FAEA T, Bergey's
manual of systematic bacteriology 5 3l 2 A3}
stz EAlS AES A3 EAEA, catalase &4, oxidase
%74, nitrate $HAE FHOE IRIFHATE #A o A4t
24 2A A3 Cis aamso 61.53%2 Crpp anrmso 14:15%

2 O|FA Bacillus sp.2 &8N} 16S rRNA F- 2}
A7 EEY A3 B pseudofirmusSt 99.7%2] A S
B3O, Gelatin 352 AGEA 2polE& BTt
o]%4e] A& O R FElHFE MEL ATE AT
o, Bacillus sp. DK11222} " 3}32. Genbankol] 4F&
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Lactobacillus brevis DQ523492
Bacillus acidicola AF547209
Bacillus aguimaris AY505499
Bacillus marisflavi AF483624
Bacillus algicola DQ001308
Bacillus decolorationis AT305075
Bacillus mannaniyticus AB043864
Bacillus hemicelluiosilyticus AB043846
Bacillus alcalophilus X76436
Bacillus pseudalcaliphilus X76449
Bacillus halodurans B A000004
Bacillus clausii AY960115
Bacillus akibai AB043858
Bacillus alkalogaya DQ028929
Bacillus okhensis DQ026060
Bacillus wakoensis AB043851
Bacillus alcaliinulinus AB018595
Bacillus krudwichiae AB086897
Bacillus arseniciselenatis AJ865469
Bacilius macyae AY032601
Bacillus sp. 1122 DQB52633
Bacillus pseudafirmus FTU AF406730
Bacillus pseudofirmus DSM 8715T X76439
Bacillus sp. AB043857
Bacillus pseudafirmus OF4 AB029256
0.01 Bacillus sp. AB043842

Fig. 3. Dendrogram of the alkalophilic Bacillus sp. DK1122
(DQ852633) through 16S rRNA gene sequencing.
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