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(1. ERBERFE—BHETR BREEYEEYRESIRE, ILE T8 266061;
2. PERHTEHSEVHRR BHEADREARSAKERM IR F.O ML 999006

W OE.AH MSM A ¥ 5B 5xHE NG E W T Pantai cermin, Kalianda 1 Banyuwedang = 3 K 0 v 2 A # LR
BURABRYRSE L ERBETEA AN EaR 48 EREARE BRI ENE SR T &,
AW ISR E AN E% PBLEWREW S £ N B H B (Brevibacillus) , 3 H B F AT T
Re ZRERA WHRPBIFEAHBNRERTRENOC, HEpHEH 8 0~0. 0, EARFH AR EBMPH R
EHE,60 CREE M+ T H 30 min,70 CA M T 20 min (3R ¥ 46, 1208 . B E pHE N 5. 0~9. 0 EE WA
AETHEAARE, HEAFABENEFE IR TAER 60.53 U/mL, £ 100 CHAH T #A YT 26.37 %oy
MABE, F&T P, ClPt M Zn" " N AR OMEREA N E W WHEA. ZEAZ OB EDTASR.XF
7 Bt 4 (PMSF) . & # % fk (Leupeptin) . ¥ B (Benzamidine) f¢ § & & 8 37 # #| (Pepstain A) #F % % A& 9 B 4 A4
—EWRWHEA RAHBEEZHLAR L RARARENE Y. ERRN . RAKE IR AL # - PR EANA

NHEEFE Bk,
RKEW - HR;ERABE;ERAFAE L8
HEESEE QI3 XERIRER:A NERS:1671-6647(2012)02-0244-08

IR, BBV B B AT A 22 B AR R T S0 0 3008 6 BURY 2 R i B R RA B R E L
WriE. B 1879 4FKZ /R (P. MiqueD Mk E ZEHH A 7 B BIRETE 70 C AT A RMIFE LR, AMTES
FRERER RIS R RHE T IR T MW TN, —BIA R 55 CUL ENH R AEK
B AR DR A i AR, £ 4 AL T 2R 0 A AR TR A o A T R oy R, RGP R AR IR AE 80 C LA BRI K
e v P, HORFR A R O BT L AR I SV Y h B AR IR — R PR R X R B IR Y
B RRAE AR RA R R T A AR AR P R TS e AT SR I T IR W™ W RO R L R A Al S
B 3H L, TR B A ) [ R W vk BE AR, R I3 v] LA BRI G Bl i T RE MR . B AR 1 B8 il 1 L 2 WO i P B JEE %t
A LTS | 275 0 R 2R M50 S5 BA BGR AP, BT R, AT A RO A TR R IR AR R A Dol A 7R o U AR e Y
IR LB A T N TE RSN T E R R KA B R E N T ERFE S FERAA T A WAE
FREBF MR, B ORI BEAEARNHEZ -, XHER M TEAEABHHR R BEE N
PEFAL]

HHBR -FEZEMTEARME K, BAREKREE, £ T AT AAEFEENEM. 8k
VEEOMEZERREZ - MAEYRENEOE SR TR/IE, B RENEOES T o makif.
VP 2 g P CHA R BT B o BRI JBOR B 25 ) B AT DA 7 2 B A 9 R 1 B AT DA B B P R ALAT BT (Ba-
cillus stearothermophilus) 58 /NEWIFE™ (Bacillus pumilus) , i 2E ZERAF B (Bacillus subtilis) , BLy

< WrESHEE 2011-03-16
FENT B : P R 25 B B T 2 AR L 45 7 IR R B RGEMEY ZH 0 R 8 BT (2010G13) , B LM #
Y& Cycloclasticus spp. R X W [F] B A% =0 20 T B 2 3 35 & I B 58 (2010G23)
fEERA T 983, &, AR A BN AR+, FE B HIRIFE A Y TP 5. E-mail: wangshuai@fio. org. cn
(EHESE D
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AT EY (Bacillus mojavensis) , FHIF B 2 (Bacillus sp. JB-99) , Fervidobacterium pennivorans™,
RIS K ER AT (Pyrococcus horikoshii) s BEIEFIFF B (Thermophilic bacillus) , K 4 VE PR (Ther-
mos aquaticus) , Thermoplasma acid philum™ , B HAH B E? (Thermus thermophilus) M PR K Y
(Thermoanaerobacter yonseiensis) %5 B PV B T 4y B A4 51| & Fp S B A B IR B . 10 Huang 557 X g $URs B
FF P HS08(Thermophilic bacillus strain HS08) ik mg $h i A B 4l b X X IR K I, iR E A g
1 40~65 CRIMHAABIAF R RF @M, T 65 CTFRA 1 h TR E 75% B9 EEIE J1 5 A 4T 8 R AR
(Pyrococcus horikoshii OT3) BB BAETGHEE K 90 C,H&E pH F 8.0 1 1 F Zn  KiESBEE A
Bt » 3A BRI G AN BRI B A XU BB B I BT s IR D R AT RIIR R A B B 3 MR TR 1 B A R A
B SB11.SB31 1 SC5, /& T + 2F LA BB (Geobacillus) , o2& HBETE 51435 77 35.6,26. 1 /1 26.6 U/mL, &%
BEARKEE R 60 °C,5iE pH R 6.0, H P E#k SB31 WEHMERENIIIREE &I 80 C,mm T —Mtshil
YRBEWMEEE. B, BN TERAENPTE R TIERIZTA S, X T 5 JE 76 R 1 X A g $
BIHF T 24 R WIRTE

ABE 5T MENEEJE VI 3 it [X. A $4 R Ml KA il o Ui 0 8 R B B AR O AT 20 B Al 7R IR P B 97 v
BT AR R B 8 MSM BB SR I B UA R I L AR 1 MR VR DI BE T Ak PBLL A 5¢ &K 3L PBI
T 55 'CTH 5% 72 h, K= H H BEAY GG J7 5 I & 60. 53 U/mlL, [B] i X 5 A= 9 1 25 4 Ak A 8 B4 28 BB 1Y
S RFBGFPE AT T 50, A4 5 VB RO BERY T R FI AR R B .

1 MRSk

1.1 #EmEKR

FE SN ENE JEVE I Pantai cermin, Kalianda il Banyuwedang =~ #i [X iR K BE IR RE DL R UL AR Mg
i KRR KA JRAE LR AT RH A ST . AAKE T 4 CTFRA. 3 MK R M #b 5 KR 43
Wk 5°37'59"N,105°04'20"E,95~97 °C ;5°41'50"N,105°36'15"E,62~65 °C ;8°10'38"N,114°35'26"E,44. 8
~46 CH A,

1.2 /7 &

1.2.1 #HREHNE

MSM ¥ 3 £ (Minimal Synthetic Medium): 0. 1% K, HPO,; 0. 01% MgSO, » 7H,0; 0. 1% NaCl;
0.7% (NH,)>S0,;0. 05 BEEE#Y ;1. 5% BiiAg » 1 0 AR 05 83 .
1.2.2 B EF skl

R RIZKEERL 100 L B A Ve R WK R 3 B 5 B 100 pL ¥ A P4, 55 C3E5F 2~
3SA,MERWFLAS. WHET FRULEHITHEMAL, REBEEETNEYAEK. FTRBNEHE, 45
b5 AT 3 IR BT L Y8 K K 16S tDNA E M B K kB k. # e 5 BAR
T PR TF
1.2.3 @ 16S rDNA X B #5 PCR 33§ Fo = 4 44k

RBANTE R H 4H DNA By in) & 2% A e B 2 240 DNA 42 B & (TIANamp Yeast DNA Kit), g1k
HMRBAEYFEARBRAGRME. Bkk PB4 FREESRELE 54 DNA BAR A HI 4. 16S rDNA /Y
PCR ¥ 3% 5 /7 51 I 7€ DA B 5 G2 3k 4k 56 2 1 537 35 4 BEOMR 2 U4 ) kAT
1.2.4 HBEZRH%

Ptk PBL AN FIEE 1 A B & 50 mL MSM #5385 09 150 mL 4B M+, 7 55 C,
150 r/minfFEFFMTIRGFEF 72 h J5,H 12 000 g B0 15 min JFER BIE, B MBS .
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1.2.5 ERE G EEE N

K I A0 3 6ot B -Folin By AW 28 I BEML B W RO BE IS . BEIS JHLALRY & L. 7E 40 C,pHER 7.5 &Y
KT BB E AR A 1 pe MERMTRABYHE D 1 AR (U/mL),
1.2.6 BFH AR
1.2.6.1 EEEEERZENRBAE R

B 500 pl BERE T 2 mL BOE ¥ 500 pL RESEN 2 NHBEE QB RAENIRY - A 1 mL 0. 4
mol/L ) =& LB (TCAYZ LB K, 3 A Folin By v& W 7€ 2 B BB AH BB VR O B80S . HF BB TE R R IR BE T
(40,50, 60, 70, 80, 90, 100 C) # 17 L &, 4 B 4£ 1| 10, 20, 30, 40, 50, 60, 120, 180 min 5, I A 3T &
0.4 mol/L=F ZBM& Ik K ¥ ,12 000 g BI.0> 15 min, WU & BE TG » LA 5 A B 1% 1 1 R 40 X G 0% 14 100 %6, LAFR
A% Y Bl VEAE A PR B IR S HE AR AT .
1.2.6.2 ZEmE pH ® & UK pH RT

LR B H0h 2 SR BE T L WAE A IR » ] Folin iy ) s 78 | BML B VR RO B S . R IRIAY pH Z2 bk
# :Na, HPO,-#7#% 88 , pH 5. 0~7. 0; Tris-HCl,pH 7. 0~9. 0;Glycine-NaOH,pH 9. 0~12. 0, ¥ 500 pL [i§
WEAE pH Z g 1A% pH J5 MBS R J SR, 4351 T 10,20, 40,60,80 min f5 I B 1 , DA KBETE
B A B B 5 100 %6, AFRI 4% (9 B 06 R4 0 WA B pH BB I8 AR
1.2.6.3 BB FME BN A BTN

FEEABS KO RMAER T, MAASRNSEEF (Ca®, Mg™ , Mn™ , Fe’* , Fe’*, Cu™™ , Zn™",
Ba®™ ,Sr*") , i H LR E 435 & 5 mmol/L 1 10 mmol/L; i AZE I BE#I #1577 (EDTA, 2 F 2L ik 98 PMSF,
EIESRK Leupeptin, & & E B 77 ] 5] Pepstain A F17% Bk Benzamidine) ZX ¥k BF 43 %1 & 0. 5 mmol/L F1 1
mmol/ L, DA IATAT £ 8 B F0 28 [ B ) 5 RO B V& O 100 06 A D L 80 AR Bl 0%

2 # R

2.1 EHHSBEAL

KL ENJE JEPE W Pantai cermin.Kalianda #l Banyu wedang 3 N Hi X ) #4R K B VR RE LA R UL AR 4 4 S A
MSM 5 523 455 5% 43 B M A5 R8T, A & S B PR .7 55 CHRETHESR 1~2 4B
Bk PBI BB7E MSM ZEE SR sr £k b= AW il WA E I B, B I B R TR v AR LR 6. 4.

2.2 HHHERE

2.2.1 BEHOBEFER

X RPEEEEEA, R RBEE, WE VR EEERIE, %5, AEW, RE6HE TR %K.
BB R R AR, R (1~2) X (4~T7) pm,
2.2.1 BhEkx

K P45 R 7E GenBank H13#£47 Blast HXT, Wbk PBI 4314 16S rDNA 73| 5 M 5 )8 Brevibacil-
lus borstelensis strain Mq-17(GU201855)RJ 16S rDNA FEF][FE MK 1375/1375(100%) ., WA, X 8% HE
¥R 5 JE AT B B AR (Brevibacillus) , iy 45 4 PBL, LB Y 16S rDNA 73 € £ %] GenBank I, /7315 R
HQ166187,
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2.3 e EXEE W S0 L ks

25 | -e-EHEMK 60
1 'L, BBk PBI 7 MSM e 0
12 h i AXHECH 630 W L WO TR e B o ke o 2 o B
A B A BIRE I 0 R BT, 15 0 2
48 h R EER A TR AT PBLEAE 4 10 , B
FPESERERAAEMRRR24~60 . F=F o "
HATE A B Y B 1 4 5 60.53 U/ml, . o .

2.4 RER pH X EE R S L

t/h

DIES 2 B M R W, 72 A R R BE (40~ 100 °C,
pH7. H)FIARIE pH {8 (pH5. 0~12. 0,55 “C) &4 T Il
FEBBIE 1 B R DL 2~3, i AT L, i B AR B Y
T SRR BE R 60 °C L Bl S pH fE A 8. 0~9.0,

B 1 A X B bk PBI B TS B

Fig. 1 Effects of time on enzyme activity of strain PBI
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o 100 F —8—Tris~-HC]
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20 F ®oa0r
0 1. 1 Il I 1 1 20 -
40 50 60 70 80 90 100 0 , . ) ' ' . . .
0/C 50 6.0 7.0 80 9.0 100 11.0 120
pH
Bl 2 B RIS O RS e
Fig. 2 Effects of temperature on enzymatic activity B3 pH XEEH KR

Fig. 3 Elfects of pH on enzymatic activity

120 1

2.5 ERRIRRREN
X BT ity 43 ) B T A | iR BE AR R L 35— 5 I JA] JH]

100

£ g
ORI SRR T, PR 4 T R R W
2 IR BE L B PR E 0 E 60 CARIR L0 min JF B 60

BEE T RREERAD . MEREAS B RBREET 40
[ ,60 CAtEE AT ZH A 30 min,70 C&HEF 20 min 20
PR 46. 196 RO BT 0 N

10 20 30 40 50 60 120 180
t/min

B4 EER e T

Fig.4 Effects of temperature on enzyme stablity
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80 —o— pH5.0
—o— pH6.0
et DHB.0

60 —a— pHY.0
e and le0,0

§
v —&— pHI11.0
B 40} —o— pHI2.0
e
<
g
20 F
0 1 ! I ! 1 ]
10 20 30 40 50 60 70 80 920
t/min

K5 WERy pH g
Fig. 5 Effects of pH on enzyme stablity

2.6 pH {Ex1 B3 E MK F0

KEEBRSAR pH EHZWRIES WE pH E, B 500 uL F 60 CHRMH4 NRIE—E R R G, s g
HEIEMRTE . A 5 AT, 78 60 CHRAT X BE7E pH (N 5. 0~9. 0 i [ (9 52 w98 A X B 1 22 51 A
R UL FEX A pH B Vi 1] B8 A X A5 » BEE I 1R B 24, BB TG 7 B T K, 2 80 min I e R 5 £ FEAIR
B 20% . FEMEAYE (pH {4358 10.0,11.0,12. 0) 48 F 4 B4R IR 20,40,60,80 min J5 , 4 X BE 15 A
B A, F ELREE pH E A, T MR IR E MR ok .

2.7 &RBEFHEENRM

AL T Cat ,Mg™" ,Mn*t ,Fe’t ,Fe’t ,Cu®t , Zn*" ,Ba®" 1 Sr*t 2 & )8 B 7 X PBI & #k ™ 1 #4
FE G ERN W, LR 45N A 5 mmol/L Al 10 mmol/L RFEFIEH &8 B 1 H W, 4K br ot 2
EEAME . ERLE L, JUEH ERWE Fe' (5 mmol/L) X By IE 4 JLF- B A B . (B & 1k FE 1) 0%
m,Fe*t Mk E K 10 mmol/L &, BGRY FHXTIEMEALRIAR 10754 G . Fe'™ ,Cu™ I Zn™* X W 7R L BEA 8058
(R4 P L 25 3 R R B FURBE R 5 mmol /L A, AR B I 1 43 B AR 64. 2304,51. 20000 46. 1504, B+
WREEIA ] 10 mmol/L B JLP V] (8 A BGE M 2 2B &l HR UM &R B FRFEE —EMMEIEN.
1 EEBETFHBAEOHEENEN

Table 1 Effect of metal ion on thermophilic protease activity

SRETWE AAXT B/ %

/mmol + L1 Ca?t Mg+ Mn2t Fett Fett Cuzt 2t Ba?*+ St

5.00 86.18+3.55 97.63+2.81 88.42+2.93 101.4943.63 64.234+2.17 51.2040.93 46.15+0.66 97.20%3.39 95.70£3.32

10. 00 45.53+2.53 74.854+4.10 36.57£2.05 10.4240.65 0.00F£0.09 7.2540.48 2.4540.22 73.61%4.03 66.01£3.63

2.8 EEH G5 X B T HY R

LR T B E B E ] (EDTA R B R BE R PMSF, M EBAK Leupeptin, & 2 B Bl 5 Pep-
stain A 17N Bk Benzamidine) %Xt PBI B #k BT 7™ 18 #2185 1L 09 82 R 76 B 40 B ADA 0. 5 mmol/L Fl
1. 0 mmol/L A [ i) 5 F B4 i 7 KR vE DT S TN E SR A B 0. 3R 2 WL, IR VEE A XY EDTA
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BUR, ZHMA RS EETFEAM, FHEER (PMSE) 5% 1 B Bk (Leupeptin) 17 Bk (Benzamidine) Xt
BEE O — R AR
2 EEEGH I X R E O A

Table 2 Effect of protease inhibitor on thermophilic protease activity

TR A o 790 e BE Ax TS/ Y
/mmol « L7+ EDTA PMSF Leupeptin Pepstain A Benzamidine
0.5 69,2640, 27 84,6312, 63 93.3140.41 87.18+1.37 90. 7640, 39
1.0 47.15+1. 84 73.71+3.71 65.43+2.83 66.39+2. 87 77.784+0.333
N \/\
3 W

TEALE T, A TEEFROAEAA ZSHEE RN EBEEFRMIEETHAARE, RRILEE B &
A P EC AR 5 ) KR 46 TR TR T B IBC TR 3% SR 3, AT AR E B8 A TE 9 AR K, R IR F MISML 8% 3 R 3447 T ok O
¥, 5 LB.2216E $EFr AR L RN T H P B R U U 3 TRESEMBE R G HEE L K4
BAL, WX =TT ERATTE B 69 kS , JF NP I B8 2] 6 #k = rE A B EFAY T K

TR R AR A A LR R Y R TR S A BRI Y A AL B AR B R R R E. A RE R
EAWMPEBAERBEEROAREAAD  AHRERAFEH. Qasim Fl Ranil'™ 3 B8 i1 K ZFHLAF 5
(Bacillus mojavensis)FEAT 5T, Ho™ £ ROTRME v IR O B A BB BL &AL 1, BB IR MR 3E pH {H 2 3
60 ‘CHI10.5,7E pHEN 7. 0~11. 5 WL B NFFLE 48 h 5 A REFRYTRE M, MR 60 °C,65 CH
70 CEMET,BEM4RH 150,15 1 7 min, A Z LB E FHHM . Adinarayana U9 ) Bacillus subtilis
PE-11 5y BB 2 2 A RIET & IRMEER O, BOEEE K 60 °C,&i& pHER 10. 0, %0 10 mmol/L ¥ &
W Ca™* Ay FRE L BEREE. BB ME NFHIATEE (Bacillus sp. ELDFEMT 5B R 1 Fdk
B, RIEE IR pH E43 5124 50 CHI 7. 4, %XBEFE 40 "CLUTF 4RI 30 min BEE IS . 7E 60 ‘CLL k
BETE 2 WER . £ pH R 7. 4~9. 0 YL P AR E , M 7E pH7. 0 LUF A, B E R BEAR R, Cu®™ \Zn"
APT BB LGRS, M Fe®' (Li*" RRBUE MR LI BETE M, B8 0 EDTA W™ E M & O EE. A&
PR E R TR R PSR 1 kg E A ™4 W PBL 2R R IEMZE A 16S rDNA F 31 53 47
U5 LR RS N AT H B (Brevibacillus) , 3 %0 H 7 BE 4% 1F R B 7 M R AT DR 98 . 45 2R 3R W L BBk PBI
H B3 T iR BE D 60 °C L, i3S pH (N 8. 0~9. 0, A B R AR E A pH A3 E i , 7= 18 P2 1 BB Y 1
& 1B T3k 60. 53 U/mL,60 CH 70 “C oy B A2 733124 30 min F1 10 min, 7E 100 ‘C &AM T Y386 4R
26.37 YN RMEXTEETE . IRVWRE Fe't REIGSRMEE A B TE M, T Fe'™ ,Cu™ Ml Zn” MR E A BIEHERER
B 2 B30I VE A Ca® BV IR ISR BTG v . EDTA W] B S 300 1 B , 3 10 W 2 B VT B 2 3R IR B A/B.L T
HEDTA ZR&BEFEAGN, IESHBEANHMESES F N ZEABBEETREZEREE FEW.
7% F B B R (PMSPE) L 2 1B K (Leupeptin) FI 7 Bk (Benzamidine) X} XA E LA A — B EN W,
X ] RE A A0 5 5 O A O LA AD AT 22 IR L A B R TR B AR T 7 | S A R G5 0 kA — B R B R T Y
M T EEIE ). H 2 PR BB N A A TR EE R E L . B R OB IR (Pepstain A) (EIEHAE N
Tl 1 75 P AR U U B 1% 2 H A — R ar R IR TR B 1, O B B S BA — 2 IR A

BB, B2 B 3K 15 1Y g HORIAR o V8 BB A ) B B0 TE A S TS i , BT & BLRY A 5C v PR BEIE B AR X U R
FERE AN, EREOBREIHESL HEFRAES FREEER T T B %N, i E W E
B R 2 T 32 X RO 5 1F &% 60 "CRYIR . 72 V8 BB ML RY SR & 10T G 70 OO, X R a1 Hl R &5t
BB SRR AERRAR , B0 T REFE, AE TP AT E R AR E, WA T IS, BEAR T ¥ Sl 72 o X B 45 B 5 AR T
e , [ B PR R AR A 2R B AR A S TT RAK KW & B AR S i % 7= 4 B s e
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Screening and Characterization of a Crude Thermophilic Alkaline
Protease From an Isolated Strain of Brevibacillus
PBI in Indonesia’s Hot Spring

WANG Shuai', LIN Xue-zheng', HUANG Xiao-hang', ZHENG Li', ZILDA Dewi Seswita®
(1. The Key Laboratory of Marine Bioactive Substances, The First Institute of Oceanography. SOA,
Qingdao 266061, China; 2, Research Center for marine and fishery product processing and biotechnology »
Jakarta 999006, Indonesia)

Abstract; Thermophilic bacteria strains were isolated from water samples, soil samples and sediment sam-
ples of three Indonesia’s hot spring area (Pantai cermin, Kalianda and Banyu wedang) by using MSM oligo-
medium. A strain of bacterium, by detecting hydrolysis halos of protease and its activity. The protease be-
longed to thermophilic alkaline protease, which showed high-temperature stability and pH stability. In ad-
dition, the results revealed that the optimal temperature and pH were 60 “C and 8. 0~9. 0 for protease ac-
tivity, respectively. The enzyme activity decreased faintly at 60 C for 10 min, the enzyme stability de-
clined with increasing temperature, the enzyme half-life is 30min at 60 ‘C, enzyme activity remained
46.1 % at 70 °C for 20 min, the enzyme activity was relatively stable in the range of pH5. 0~9. 0. And the
highest protease activity was 60. 53 U/mL. At 100 °C, the protease still remained 26. 37 % relative enzyme
activity. The effects of different metal ions (Ca®’t, Mg*t, Mn®’", Fe’t, Felt, Cu*t, Zn*t, Ba’" and
Sr’t) and protease inhibitor (EDTA, PMSF, Leupeptin, Pepstain A and Benzamidine) on thermophilic
protease activity were investigated. It was found that low concentration of Fe** could promote the produc-
tion of thermophilic protease. In contrast, the protease activity was inhibited markedly by Fe*™, Cu®" and
Zn**. The thermophilic protease was sensitive to EDTA, its activity was decreased with the increased of
EDTA concentration. And the protease activity was also inhibited in a certain extent by PMSF, Leupep-
tin, Benzamidine and Pepstain A, it showed that the enzyme activity declined was due to the effects of ser-
ine, cysteine residues. Based on the above results, the strain PBI had shown interesting properties in pro-
ducing thermophilic protease.

Key words: hotspring; thermophilic bacterium; thermophilic protease; identification
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