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Abstract

Thirty types of microorganisms were cultured in an alkaline soybean meal medium. The alkalotolerant
Bacillus sp. B12 was able to grow and produce the highest protease level. It is a Gram-variable, rod-shaped, spore-
forming and oxygen required bacterium and produced catalase. Protease of the strain BI12 was highly stable in
commercial detergents such as P1, P2, L1, L2 and L3 when incubated at 50°C for 1 hr. Bacillus sp. B12 could
grow in the 0.5% soybean meal medium and produced high protease at pH 7.0 to 10.0. The most suitable
condition for alkaline protease production (0.44 Unit/ml) was pH 9.0 at 37°C, and shaking at 250 rpm for 24 hr.
Alkaline protease produced by this strain was found to increase along with the cell growth. The crude protease
had an optimum pH from 8.0 to 11.0 and maintained its stability over a broad range of pH between 6.0 and 11.0
for 1 hr. The optimum temperature for crude protease activity was from 30 to 80°C. The protease was stable
between 30 and 60 °C for 1 hr. To evaluate the protease action in improving the washing efficiency of the
detergents, the pieces of white cotton cloth soiled with cow blood stain were washed with L2 and L3 detergents
in the presence of the crude protease from Bacillus sp. B12. It showed the increases in bright values from 77.22
and 71.73 to 80.24 and 75.83, respectively and the decreases in red values when compared to the washing only
with detergents L2 and L3. Therefore, crude alkaline protease from Bacillus sp. 12 was a good candidate to be

applied in detergent industry.
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12.0 0.00 450 x 10° 0.00
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sp. B12 Wuideiigasnisemalumsiady Seusununindindesualugrsanudaduiafuding wi fu
38 uazeandiauimang wsngos apialuldlunsnsaliieinseiunananlsie 166 uay
Farudiniuzssnmniaviesiouay 05 o Nansondnlusie 1(%3»1 JAWINAY 044 miioraliadans Wie
inziReslusnsiidinindnassuasesas 05 89 2.0 manaasamladlusiie seufosnasiniion v
finnudaduzasnindndsssnnniniosas 3.0 nsnandaaladlusfie teann Fee1adl ANHIINNIN
FrndesualulSanasnilinisasaeveseendiulusmawizidsadoanas Wawsalddosiwin
Tusfie ddes Fe9a1nnansnn ey wifimemanmoeads et 1) nuindensyliluiifionnia us
T wnsandaluiibiienne Snauanilserafumszifirnudsdusssniniamass siitfanunsn
pxdlud szuusglusmsmainndamssunanniiuludslnesu (repress) lalliinis $1lusie 1fin
%uiuﬂiwngn'ﬁaiﬁl,%‘ﬂndﬁ end product inhibition [10 &z 11] S99 nn1sfnsnzesnasun s 13aus [12]
wuindeuwzidee Bacillus sp. B-2 Tupnawaniisl udsenevasdus Fuulalalasiaure windouay
0.1 ngla 3ouas 30 uaznnduvassdouas 30 1 wsawAnlUsie 16 9 A uenanil Joo uazAmy
[13] 578931 Bacillus horikoshii ta5nuaznandaalatilyssie 1 ”\1LﬁaW\nzLgﬂﬁumm‘smnﬁamﬁm
ouaz 1.5 9w adendudavar 1.0 waslud Foavle windeuas 0.1 Aifitow 9.0 grungil 34 avApaldy
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5uR 4 nazadUSunamninAsssan1Inanlusile 289 Bacillus sp. B12

3.4.3 MInAnlUsAle Aszazafneg

diounzides Bacillus sp. B12 Tupmawainindamassuadssar 05 Moy 9.0 wasifiu
fptefinafneg wuihnsesuuasdaTnisnanisfie 209188t TIAE T lawd 6 B
16 Fnusfinawdnlusiie Wantudndosseninedalueil 16 v 48 uaznfide wnsnRsuuacnanllsh
10 mu@ﬁ’u‘[ﬂé"’m,wimo lag phase U~y A% log phase 819 uldInawdalysfie P09danintiin
anifuuuy growth-associated enzyme wazwuinEe nnsnesld 9 qm’[uﬁ'ﬂmﬁ 20 LAazN1IATan
avauiivialuedl 36 nasaniumsesyanassunnsningslueil 36 fv 40 uazanavidniiaeseringdlaei
40 T 48 o "ansowdnlustie 1 maﬁauﬂ”wmﬁﬁauﬁ%ﬂmﬁ 16 quiivialaeil 48 H9a1n TeeuTee
Keay uaz Wildi [14] wuiflmdalusfie uasdaaladlsfiie an Bacilus spp. ulva) gn 319l
248NN Y Lﬁamaﬁﬁw;s:ﬂ:m‘s 39 Ue$ wanifafnsany “wiusseninefies funan
wuhemsapsdefimfileranasnni Alute 6 Falaausn Tasudsuan 9.0 Wu 7.5 dou asluguil 5
Famsidfiezanasaraiinanluszninvmaady  Weld 1saslulawseiiifussdusznavluninds
wdsvivenar 31 [15] lusswivmandyuazutsead  13n15lulawmanasgnees soluiduhna e
iyl Huunsondony Sadeundd asndn 1suseteiifiauiunsndu Wy citric acid, o-ketoglu-
taric acid, succinic acid, fumaric acid, malic acid W&z oxaloacetic acid L{ufu [16] Folugrgaanfivaiu
fudasinmandn 1978 aBuseeinms “essd 1sBuindude wins mﬂﬁwmangiﬂ Wi lH
Wauunasndsnuuaziiunsafinnnndy Fefinavilidfiesanas windeandalusdt 6 Husuly dd
LOBADE Lﬁu”oﬁu 81NNz uIuMINALBATNANg  SnsAsuudaciiie “uasisd Sesniu
MSUMIRSeEAnTeaEouda Mntu wu nseevilu nielasu nsndaedsn Judu vilEinisdy 9
i affiduse wu wealiils ssnwandu vseiaainnandaninannistey mmfﬂmanQTﬂ anad
iasann Wimﬁu‘l,almmLLa:ﬁwmaﬂgTﬂ ’[umnﬁ"’;mﬁmgnﬁlﬁawmLLé"sﬁoﬁ’u 19717 wriRdusnefinde
Fudefimanlieniios ”oﬁu
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35U 5 Time courses 289N3L30Y nMawAnlUsite  uazilevwes Bacillus sp. B12
Wamnziaesluavnsmainndmaasuaiasay 0.5 Moty 9.0

3.5 HATAY AMAMNIE NABNISNINIUTEIE AR lalUsALe

3.5.1 WaZAINLTABNITYINNULALL Desnwpasdanilaillushte

crude enzyme aNsaVaUlERUTRT 6.0 f9 12.0 Taeluziaefiiay 8.0 fv 11.0 Hfanssu
wasnInNidesar 95 amusiidy fusnwdefiienluti 6.0 f9 11.0 TaswdsfAanssuninnin¥asas 85
uifitey 120 Tusfite nRefanssutioann dou avluzid 6 (a) $99MN51891UP89 Kumar uaz Takagi
[2] wuindaaladlysfie 90 Bacillus spp. ulvafifienfiman: wsen1svienlugiag 9.0 89 11.0

3.5.2 WaTavUVNNAINTITHINULALL fusnmaasdanlatilusiie

crude enzyme nsavihuldiluggungfl 30 &y 80 svAoaidy  laswRefanssnmn
ni¥esar 90 usfioulsddy fusnw ”oﬁqmwgﬁs:wjfm 30 &9 60 BYATALEE  lABWMARNINTINNN
ni3enar 95 anuzflusie Anananidendails ﬁminwuﬁiaqmwgﬁﬁyon'jw 70 avANTALTY 69
w aslugil 6 () w30 wngitoulsd wnsavieuldfigungd endn 70 ssAady susd Susnm
ﬁqmwgﬁ 70 avAmwaidy Aunynesd W nlun19nse sunavheuzeseulss wulsdedsaniy
Y e B9 U wInasenedian fusnmasaeulsd (17]  wlunsdizasnisfnee Susnneesieulesd
Lau‘lﬁﬁayjif’mﬁuﬁWLWa%whﬁu Fovhlinusegaumgilaiiaandy usnaNiin1sATI IS DDLUl
THnandiss 10 wdl windu umsdne Sesnmoeseulssildna 60 uii Toealiiilogaung® ”a"'ﬁu
woulzdiasyhenldadu iasnidendseumeluluanaseseulsiuia_siuasyiliAauazenléfdu us
Turuzisiufigungil stuasihlieuledifienisi®s am dnfuiigungiinde Aanssuitinldazifue
mpasianssniiintunnsiindsuintursseulsd funisanaseshanssniiaseinnst s mw 18]
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3U# 6 WAy (a) Wiaw uaz (b) paumpll danisvieuuazl fu5n wIBe crude enzyme finAn
90 Bacillus sp. B12 nasanifiuvieulmififiiesuasgaumgisineg wiu 1 Falug

INHANINAABILL AU crude enzyme 7iWARAN Bacillus sp. B12  1a13aviulsi
ﬁqmwgﬁ”o wasdl ﬁﬂimwﬁiwﬁwqmwgﬁ 30 9 60 adATABE  1NNTAVNIULAZAL BaTnwA Ly
HrMopni e Kumar uaz Takagi [2] 5789031 Bacillus spp. wivajwandamlaiilusite fifgungi
fmanz wlumaihenlugag 50 fe 70 ssaads  uasferiivan: slumsiouegluge 9.0 f
110 msfisamlaflusite findmann Bacillus sp. B12  wnsavianuldilugefiesuazgumgil v vinli
fuwdliin funanilsie siadanlHidu un spee 1390 Seindosheuly amsfusedszan
8.0 i 120 uazgngitesndi 40 svAnoade  melunaiszann 1 7139

3.6 WAYAY 1SHUENABINISNNNIUDEY crude enzyme

HansANEANENaTee 135ueran13veIuTee crude enzyme 910 Bacillus sp. B12 L a9
Tumswfl 3 wud PMSF ansdindu 1 Aadluand dudenisvhauzsclysiie 1éSeuaz 92 2u EDTA i
i anwdindu 10 fadluans sufonraviheuzssieulsdlifosas 6 Tuameil 19 iodoacetamide A
dindu 10 Aadluan$ ligudonsiauresieulssi 89n1sit crude enzyme gnéudonisvinaulédng 13
PMSF uaz EDTA 4 avliifiudn Bacillus sp. B12 1nazwan crude enzyme fisznauseiiodaniladis
Sulusie uardmdalusfie  wazn1sit 15 EDTA Lidesfinasanisvivnuzeslysie fodniudefive
wulzd ez luTdu uvsenevly 19tndnadiesen ulnalu 1sdnéeinfiusunames chelating agent
g 9
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A597 3 WaBY 195UENADNITVNNIUDEN crude enzyme

Inhibitor Relative protease activity (%)
Control 100
PMSF (1 mM) 8
EDTA (10 mM) 94
lodoacetamide (10 mM) 108

3.7 mana audse nEnnlun15e9nnAs1y nYsNYR9RNT1IRIY crude enzyme 310
Bacillus sp. B12

NWANMIMARBIIUFITET 2 Wudn crude protease 30 Bacillus sp. B12 nuuazyinaulé
Tu 1sindmaesianendensuazmad Taovienl g alu 1sndwiaman L2 uas L3 ewh crude
protease 97N Bacillus sp. B12 (0.42 wiinsafiaansu) winadly 19dndweidamad L2 uay L3 iiazdn
ATy nusnzeeindeuziiuiay 30 uii wudveulsifidsadluinii 1sinderia L2 vialdgn
fANT1Y TN 8024 My Munsldaniy 13Endwetafealiidianuey N 77.22 iy vl
Lilglste 1sndouazieuladlddaamn 9 72.79 wite uazteulzdipsasluindd 1sdngenda
L3 vlinfieanany odisdu 3 .awiiiu 75.83 v WawSsudisuiunisliani: 19tndeetnafien
warlallglats 1adndsuazioulest Sslidanue 1wy 71.73 way 7014 witemwadi wenaniny
J1din nUandigngae 199NE9 L2 way L3 9anU crude protease T#HAIAM L LA9anagaNn 5.37 uay
6.84 v U 298 uar 4.75 v ANAIGU WawSeudisuiugn nusniidngne 1sdndneieeasnaiiien
w avliffiuineulsifidsasiy 1sdngeinal 13Endwite svrliafdaauidsnssnainioiléaau
fon aslumsned 4 uazsuit 7 uas 8

A1590 4 U5z nBnmlumsadaasiy nUsnuesingie crude enzyme 970 Bacillus sp. B12

Detergent Condition Brightness Red value
L2 Control 72.79 6.30
Detergent 7722 5.37
Detergent + enzyme 80.24 2.98
L3 Control 70.14 8.15
Detergent 71.73 6.84
Detergent + enzyme 75.83 4.75

Control visnedaiAldldfnm 198ndvuazioulssd
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(A) (B) (9]

gﬂ"?‘i 7 N1I99AAIL nUINTRSANMBALDN1IAIY crude enzyme 70 Bacillus sp. B12
@A) iiauiden
B) fuiloudensede 19Fnderia L2
(C) indiowasndving 13dnesdn L2 Tawiudaelailusie

(A) (B) (€

gﬂ"?‘i 8 NMITINATIL NUINTONENFBAVBIGIY crude enzyme 210 Bacillus sp. B12
@A) idauiden
B) fuiloudenseie 19¥ndenia L3
(C) indiowasndving 13dnesdn L3 Tawiudaslailusie

4. qﬂwamﬁ%’s

alkalotolerant Bacillus sp. B12 fedausnlfainszuuihini “soeslssuiouaznizans  1wnsn
Wwiuaznandamlailyssiie 16 ymﬁquxLgmﬁlummimmmnﬁ"amﬁaam%ma: 0.5 o 9.0 igungdl
37 pornuoaidy  uu 24 Falue TeenanAnoules] “Nusiunsasy Sedaidu growth-associated enzyme
Foailad wnsowdalusiie 16 suazAsuiaeiilugne stationary phase toulnidfann wugonan
wsovieuldlugeiies 80 B 11.0 uaznusiafiteslugas 60 9 11.0 gaumgliin "ansariunas
fiv dusnw _seefluzing 30 9 60 pemwalBy 15 PMSF 1 fadluans Sufon19vieiuses crude enzyme
910 Bacillus sp. B12 1§_¢ @ uaz EDTA 10 fadluan$ dudonisinauzeslsie 1étiosnnn crude
enzyme 21N Bacillus sp. B12  wn3onusa 15ndvlévataniia uazifiowdin crude enzyme aslu 13
fndnpfiaman L2 was L3 1wnsazdnesuidsnanddefvenildfinindeld asindaievatnadien
sodudsamladlusiie Ainanan wwuf B12 39l wififfia: tansmluszendliluga mnssw s
&9
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