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B E: (51 RAEDZTEBCERA TR EOENETERR, Hit LA AFRIAITIE S ek
EMBAEDIBFTRGTFAAE. [ 6] B FRGHRIIEMEN = REOQBRARG HL. A
BARKFFHAR, FTRIZOBTIR, AHRAATRAARERFRE, [FE] RAVESF
Foor T A Y F A T A REATAAT S E, AR LB &Ko i KI5 AR AT K B R A
BaF MR A . [4R] it —HRGFEOBEAK XC2, 2XEEHMK XC2 AREFRMH
(Bacillus subtilis). XC2 Ak = B4 th: T iEH 4.0%, FRAF 1.0%, K 0.6%, 3R E 34 °C.
w46 pH 7.0, AT £ 2.0%49 54 T 200 r/min k%3~ 13 h, AT =R G 8% k& A 638.5 U/mL.
XC2 Ff /= % & B 32 i€ R iR 60 °C, #iE pH 9.0; 40-50 °C. pH 8.0—10.0 &4 F & 42 2 M4z
Z, M’ *tEEE A REER, @ Zn*. Cut. Fe¥'. FTatBEE AR R AER. [£6] 4
HEFFOAFE XC2 ARG F b Z OB A, BEREIFO L AT,

KR BaBe, mgXE, FEHmEFRI, BFHE, FRSE

Identification and characterization of a high protease-producing
strain from soil

CAO Hui®"' ZHANG Teng-Yue"! ZHAO Long-Mei' LI Yuan®> YANG Jia-Meng'
ZHANG Peng-Zhen' REN Shi-Wei' ZHANG Hui-Hui'

1 College of Animal Science & Technology, Henan University of Science and Technology, Luoyang,
Henan 471000, China
2 Pingdingshan National Hi-Tech Industrial Development Zone, Pingdingshan, Henan 467000, China

Abstract: [Background] Microbial protease has become the main source of industrial enzyme
preparation. Screening microorganisms with special environmental adaptability has become a research
hotspot. [Objective] To isolate and screen the strain with high protease activity from the alpine meadow
soil on the Tibetan Plateau, and optimize the enzyme production conditions and explore enzymatic
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properties. [Methods] Strains were identified by morphology and molecular biological identification. The
fermentation condition and enzymatic properties were studied by single factor and/or orthogonal test.
[Results] Strain XC2 with high protease activity was identified as Bacillus subtilis. The optimum
fermentation conditions were: soluble starch 4.0%, beef extract 1.0%, K’ 0.6%, 34 °C, pH 7.0, inoculum
amount 2.0%, rotation speed 200 r/min after 13 h. The highest protease activity of XC2 reached 638.5 U/mL.
The optimum reaction temperature and pH of the protease was 60 °C and 9.0 respectively. The enzyme
activity is relative stable between 40 and 50 °C or pH 8.0—-10.0. The protease activity of XC2 was
significantly enhanced by Mn®’, but significantly reduced by Zn**, Cu*", Fe*" and Fe'". [Conclusion]
Bacillus subtilis XC2 can efficiently produce alkaline protease, with good application prospect.

Keywords: Protease, Screening and identification, Fermentation conditions optimization, Enzymatic

properties, Tibetan Plateau
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Table 1  Orthogonal experiment of liquid medium
optimization of strain XC2
7K [FF Factors

Level A Soluble starch (g/L)

B Beef extract (g/L) CK' (g/L)

1 30 5 6
2 40 10 8
3 50 15 10
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Figure 1 Colony morphology of strain XC2
R
Vo el B Ay
“ Do A S
r
i ) i TR .
* —\‘ ;‘ - - . ‘# 2
! ' s =) -
4 ‘ AT N b
- o ' ]
LiF) . I‘ o -
< ' b N .
T : 4
\ R (%) » ‘,
' : L . l' :
- ~ - . 1 -~
/ - .\ ¥ 3 i A ' ‘\
: y >
; . " \l - s . p 10 pHm
- i ‘G, i I

B2 EfkXC2HEZRREELER
Figure 2 Gram stain of strain XC2

E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2076 TEY I8

Microbiol. China

I FUESE . WRR XC2 1) 16S rRNA FE[H 751
CESE'5N MT437043) 5 EFE KR Bacillus subtilis
strain CZ-BHGO005 ) 16S rRNA K:[H (& %5 N
KT765841.1) 7 99%AHLREE, e itk XC2
M ZEHIUFT I (Bacillus subtilis) .

2.3 Bk XC2 REESEHRIEAL
2.3.1 FREXE XC2 FEBEEIFG

fie WP 2 X B BR AR B A R 2
(P<0.05), Horpr, DIATESYEVER MoK IEE, K
Mg 16 71 fe e s FLUCR SRR A R LB
SRt US R REE SRAR (B 3). B, kR
TEA S o A

AV MEVER S IR TR XC2 7™ 8 M B AR
SRR, JEMIRINE I 1.0%M8 03] 5.0%H] =i
BB, WA 4.0%H0 5.0% S i
(El 4). HIt, 8 4.0%1E TN HOE AR .
232 TREXEK XC2 FEBEBNTN

BRI . HR AN SE TCHLEANE N RIRES, PR
XC2 ABEIEH K Wi HLAUE RE B AR
o LA R N R RN XC2 B s (] 5).
I, BERRAR B A il AU

PRI A RS I X D AR 7 B 11 ) 5 T 2
REH, FRBEBRIMEN 1.0%0F, B b
W BEE AR WS IR, B 7 W A

A4OO—
2 350¢ ab

S 300F pF
250+
200+
150}
100}
50t

—i0
—o
—

—

Protease activity (

\mc‘oge

Carbon source

3 HRIBEXEM XC2 FEBEEMNFN

Figure 3 The effect of different carbon sources on
proteinase production of strain XC2
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Table 2 The results of orthogonal experiments of strain
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No. 4 Soluble starch B Beefextract CK'  Enzyme activity
(gh) (gl (gL) (U/mL)

1 1 1 1 205.1

2 1 2 2 347.8

3 1 3 3 359.2

4 2 1 2 193.4

5 2 2 3 371.3

6 2 3 1 342.6

7 3 1 3 225.9

8 3 2 1 413.5

9 3 3 2 366.8

ki 304.0 208.1 3204

/2 302.4 377.5 302.7

ks 335.4 356.2 318.8

R 33.0 169.4 17.7
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TS ), S 45 T N b o 2R AT 1
(Bacillus subtilis). HiH ZEAFF 2 —Fh N Tz
B, HAXTIREE AL, MREL e, XA
TR K sh A G 16 8 0 R TS, T F
b R R S AT T R 2R AT R A 7
B . VER R Tl i b N e o Iz BT
ALl 5 2 T A TR0 50%2,

XA B ZE AT TR XC2 WA T % i S5 DAk % i
SRR I EE R R, IR R B A
s ATYEPETER 4.0%, 4HE 1.0%, K
0.6%, WFIE 34 °C. ¥ILh pH 7.0, FEFhE
2.0%. ¥ 200 r/min. HRAKS % B 2 G
%1174 638.5 U/mL, BAbfbmidem 1 2.5 5. %
E M EOSE NEEN 60 °C, fxi&E pH HNM
9.0, 7E pH 8.0-10.0, 40-50 °C W% H1EaE,
SBET Mn™ | Ca™", Mg XIS 1A W
WYEA, Zo® . o’ Fe’T. Fed XS 1A
SANEIE, Hoh PRI AR

EAEBEAE T ARG ARG, 2 4
S 65%. 7 NIRGE pH 23 R NG R
P R R B A Y m R LA e
PE SR TS AN 32 52 W RN RE I A2 95 LA T 26
R, A TSR T R R Al R = —

WEFE B, DA 3 b o3 B HE 7 B 2 1
R A ZEFEFT TR TG116, ZEfiE pH M 8.5, &%
IR R 50 °C, A RIFMIREM pH g
PE, EDTA Xt A s 2L mfEm, B &1
Mg®", Ca*'\ Na', Co™". K'%X| s A —Er
IS MR R H Sz e ] o 7 10 A 2
FOUAF B A S Rl WL, AT = A vk 2 F
PEEE NG, AR IRA AWM pH 9.0, HEFhit
4.0%. 35 °C ;3% 48 h, Frpsrr e (RS N
40.39 U/mL, B8Pk RS ) 52.02 U/mL,
MBS 1 92.41 U/mLPY, Sk AiB 320
PRI TR ARG Bacillus sp. QD-1 7ELLEERE
RRIE . BN AR, WIMG pH 9.0, HEFRIEE
25 °C, HfE 10%M 54T 150 r/min $iR5 5%

48 h, PRSI EmIS 995 UmL; &M
W@ L 20 °C, fixid pH 9.0, Mn® %% 48
SRAEGEVER], Zn®' . EDTA F1 PMSF %HZEEA 4
HPEHP,

A5 AR R 2R AT R XC2 Pems B M A
JI#enk, BT AR KRR pH RSE MERTEE AR
FEME, TEVEEGR . AN Rl | 54
E A =N 2 S O A E N 1= B M W A VA S 2
Bl J5 2 TARR ST rL et BT B AR (g
PEFT Ay B e, R BRAR N A O X
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