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Abstract: Alkaline protease is one of the most important enzymes in industrial enzymes. It plays a very important role in
human daily life. Alkaline protease encoded gene (apr) was amplified from B. alcalophilus TCCC11006 genome. Then the
recombined expression vector pHY-apr was successfully constructed and transformed into protease-deficient strain
B. licheniformis H115. The alkaline protease gene was expressed in the recombined B. licheniformis H115. The highest alka-
line protease activity was 3 199 U/mL in LB medium, which was 1.82 times of that of the starting strain. The fermentation
cycle was decreased by 8 h. Then the hydrolyzing casein paramenters of recombined alkaline protease were optimized with
single factor and orthogonal experiments. The optimum hydrolyzing time, temperature, pH and the amount of the enzyme
were found to be 2 h, 50 ‘C, 9.5 and 4 000 U/g substrate. Under the optimal hydrolysis conditions, the yield and N/P mole
ratio of the casein peptide phosphate (CPPs) prepared were 14.8% and 8.47, respectively. Knowledge gained in the research
can be a solid foundation for the application of alkaline protease in the manufacturing of functional food.
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H T, A ZEMAT R A R A AL ok
il %5 CPP WFIE s/, Aol B4l DNA MFEB
I B B 2 R P R D 1% B B 1 il 7 b A 2R AT
W sk, itm R EREITHRE T LR
9. R FA IE 22 S 56 0 Ak B 2R w1 2 1 T K R I 2
T 228k, B m b CPP W4lifs. ST N IE
P Tt ) R RIS Tl Ak AR 7 T R AR 2 1 T i %
CPP 555 A1 B8 2 S Al

1 #MREFE

1.1
L1l A#b Ak

WE B 2F LA 18 (B. alcalophilus) TCCC11006 . b
A ZEMIFFE (B. licheniformis) H115 (ZE [ g3 A i 2
FARR) T T MBI EAK pHY 251t AHIFSE 25 0.
1.12 35k

RERR ZE AT AR KR R 3 (g/L) « R 8, Bk
BH 2, ZREAM 5,NaCl 2, Bl 17, BsEE 4,
K,HPO, 18, pH H4X.

WE B 2R M P R R SR 2L (g/L) « BERER By 17,
FRRFDERY 30, 2 2EMIKE 100, Frigmesan 3, AALss
2.6, K,HPO, 18, pH HA.

A ZEMIFT I H115 AR KRR B3R 56350 LB
Rigedt (/L) - G 10, BERHEEW) 5, NaCl 10.

TSR e 23 (/L) « THEE 8, EELHhR
Y12, KoHPO, 14, KH,PO, 6, (NH,),SO, 2, TiflEHk
20,pH7.2~74.

1.1.3  E&3KHA]
Pyrobest DNA FA i . PRI N DI . T4 DNA

HHENE . DNA Marker FIBIEHEERE MG 65548
W H TaKaRa Aw; RABEEZR . PCR ) 2lifb il 7
& /N DNA F=alifbistn & | Fmpkm Fis & 4%
Yo H A T AR TR PR A 5 Hofth /A i35
P b [ 2 A A B w) L.
1.2 FHik
1.2.1 A& LE ey g

Z: [ GenBank 1B (VETHZFHEAT TCCC11006
WARIMEE F B apr FET 41 (GenBank 5% :
FJ1940727.1) &it5l¥. LiEsl¥R 5'-CGC
GGATCCGCTGAAGAAGCAAAAGAAAAATAT-3';
N9l 5-TCCCCCGGGTTAGCGTGTTGCCGC
TTCT-3". o dE Bl s AR e 514 4 2 i A
BamH 1 Fl Sma 1 [ V)i 5. PCR JZ N 4K &
Pyrobest™ DNA 84T 0.25 uL . 10 x Pyrobest buffer
I (Mg*"Plus) 5 pL . dNTP Mixture (2.5 mmol/L) 4 pL .
Bt 1uL . EUWFSI T S 1945 1L, @akik
37.75 uL; PCR W44/ 94 °C 5min, 94 'C 30,
55°C 30s,72°C 60s,72 °C 10 min, 15 °C 60 min.
FETIEE AT RN 4] DNA BU3RHC . ki DNA Al
5B SCI13].
122 F4 54 pHY-apr ¥ HI2E | $540 5 3h4E

W38 ke i m P B SRR R B S Rk pHY
Sy RIEATEEY) , glifh, PR TR, SR AT AL Ll
HAE T AR ZE AT HILS b, JRE S A
20 pg/mL RARE: R (WS R e 1 7 2 Exr b+
AT | B IE.
123 FHHGEIE

TESA 20 pg/mL RAREE 2 A MK &R L1 R4 |
Xof B AY 7 EA T . WLEEAT J0 3 I R .
1.2.4 FHHBEE GG FL

WIS UEIE A 1 S RN RS A 20 pg/mL KA
B2 M 30 mL LB yiAEEFRHH, 37 °C . 200 r/min H%
FER G, HME 2% BR8] S0 mL LB K1
R h A T R ESES , B 8 h HURE, BURE IR &
12 000 r/min B5.0> 10 min, 5E IR RS 7.
12,5 BB Q#EE /1 m E

F2HE GB/T 23527—2009 N 2 1% 77, 1 ANl
TG 10 (U) J& 1 mL BEAE 40 'C . pH 10.5 544
S 1 min P74 1 g B SRR i L0 i
12,6 EmER G BKERR G T L ARG T

Tt 2 11 7K iR J3E A0 SR PR Bl ) b 3T
R PV TR LA A I E SR P Al L ER E k.
KA E (DH) # B = (1) A7
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H=—————X100% (1)
6.25x pxH,,

Ko IR EILH & &, pmol/mL; p MR
W BA S, mg/mL, 6.25 x p JKEPHE R
i, mg/mL; Ho oA 1 g JEURHER F BT A BR AL, 1%
AR Ho oM 8.2 mmol/g.

(1) B ) P AR AL XK A BE 52 - B pH o 10.5
(RIS R AR AN MR 100 mL 2% B 2R (%
W, F I 2 000 Ulg AN £H Bk 26 (1 , 76 40 CIE
TEKVRER P EA TR A SN, BB 30 min BURE, WF5E
V) e s 2 1 7K S B8 )

(2) TRLBE B AR X K A BE A5 < pHL 10.5 B 454
KSR 2% BEER (VT SRR A R AN R
2000 Ulg, 7K 2 h, W5 AN [RIELEE T A8 7K i 2

(3)pH AR Ak X K fift B RS2 M)+ 7K A WL
50 CAAMF T /KAR 2% M ER VA, AL BPER IR
INIESA 2 000 Ulg, KM% 2 h, IEARTE pH TR
VA BUK R RE

(4) T 3 im0 28 Ak X6 K i BE B 5200 < 7E pH
10.5 KM 50 “CRIZME N IKAFE 2% FEER T,
KSF 2 b, 05 S RIS et 1 R VA RO A

(5) IEZ LW Ak « 76 3 5 R R S2 06 (14 L A
I, BEPRKARIRE  pH FIERAS NG 3 N, 43 HIHE
3 AKF, HLL Lo (3%) IEASFRMEATIEAZ L5, il )7
ZEA3 AT 1 H SR R R, DT 8 2 A I A fie 2% 1 4
G Hoh, IEASEE ABETTFNAAT R PR I 58 52 5
BIFT 3.1.1 #E17.

1.2.7 B QBRI K 69 ) & 5 FALHE T As )

TEfHKIR AT, R -2 meiye ! i 45
CPP. BBE&RAYIIE S GB/T 5009.87—2003"*f
P F ek, e - BT TE AT 2 A HL S i (i)
FIAT U 1% 26 150 (my) |, 328K (2) 31030 25 1 B R
JIRAR. 43510 5 2R B A 0 0 5 o T wp) , 452
= (3) TR A o 1) £ L.

W (R IS 2 =%x100% 2)
ERTRI R L = 23] (3)
Wp x14
2 HER54H5W

21 WEEBBER apr g
FEBUETRZEMUAT B TCCC11006 ZL ik DNA, DX

REBEBREER B35 Hsl

AR, apr-F Fl apr-R 54 PCR 4 36t 4
B apr. FrP R BURA/NA 1100bp A4, 5
FRIEIE (1 060 bp) AHAF (- 1)

M 1

1.5 kbp

1.0 kbp 1.1kbp

M. 1 kbp DNA ladder; 1. 88125 1§ apr BEH Y PCR =4

1 FEFZFAEFTE TCCC11006 apr EEH PCR 18
Fig. 1 Amplification of apr gene encoded alkaline prote-
ase from B. alcalophilus TCCC11006

2.2 EHRN pHY-apr BIHE

¥ PCR #1509 B4l BamH 1 V)5, 54
i BamH 1 F1 Sma 1 BVIMFRRERIR pHY &, R
MR AT ik NRZ B, 755 A R R
)T 2 A B e b+, o, K pHY-
apr WIFHEE T AN 2 iR,

Sma |
BamH 1

Sma 1 apr(1.1 kbp) BamH 1

Km (1)

1 Sma |

apr
/
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Fig.2 Diagram of the construction of the recombined
plasmid

2.3 EAERFIEMEE

HH L BamH 1 #1 Sma 1 XSV 5152
25 KNG R 4.6 kbp i1 1.1 kbp 45747 (1 3) , &M
HIZER E 246 AR pHY 24k I, BrixEA w4
4 pHY -apr.
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TR IR AR 2% BEAE R, HoK i
£ (DH) Fifi 5 i B A2 fb a3 an &l 6 Bz, i 6 /f
L, KRR R 0.5 ~ 2 h, ZK i FE it 25 I a] R 28 o i
ARR. UK fRIHE A 2 h B, KR IRE] 15.6% . 4k
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Fig. 3 Identification of recombined plasmid through

double digestion with BamH 1 and Sma 1

2.4 EHEWIE

P& B R 8RS A & H R R B
23 B AHA ZE AT R S, 15 2 AL 0 BITE RS £
e TR A T, 55 32 h, G5 R WK 4 PR,

1. B. licheniformisH115/pHY-apr Tk ;
2. B. licheniformisH115/pHY Tk

B4 EHRLEE

Fig. 4 Identification of the recombined bacteria

25 EARSHAEKRNEKFLE

R B RETR, B0 8 h JEATEURE, IE HIiE
S 71, AU H115/pHY-apr £ LB KR
KE 56 h B, BE kB, A 3 199 U/mL; 1 i
K WPk TCCC11006 7 & 64 h B [ T& J1 LN
1758 U/mL ( 5).
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Fig. 5 Comparison of the activities of alkaline proteases
from the recombined strain and the starting strain
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Fig. 6 Effects of time on the hydrolysis of casein
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AR, B & KAk anEl 7 fr
JN. TE 35~ 50 CHYRLEEVE P, 18R 11 A 7K i
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Fig. 7 Effects of temperature on the degree of hydrolysis

2.6.3 pH /KA E 6%

ARl pH XK A#EERISZ AN 8 Fras.
pH k%] 9.5 B, HOKMEER AR, h 17.6% . ()2, b
SOV pH 34 R B8/, HOK AR BES BHTE /.
2.6.4 BEEFmE xSRI G R

AN [ Il 74 o6 %k K A JBE RS2 MR S5 RN 1A 9 BT
N AE—E BN IR AT LN, I A OK SR
Bl i PO T AE . S INRETE 1000 ~ 4 000 U/g
T FRIA, ZKAf 2 AR AL B 0, L2 Ak 1 e F) 745
I, HOKAR AR AL,

IR A BE 1%
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Fig. 8 Effects of pH on the degree of hydrolysis
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Fig.9 Effects of the amount of enzyme on the degree of
hydrolysis
265 EXERE
MAE I R LR AR, B BUREE (A)  pH (B) | i
B (C) PEATIEAS SR Bt , E— BB 545 IR
i 25 UK AR BE 52N IESSSRIG AR IR 1.

F1 KBEEXXBHEZRKFMER
Tab.1 Factors, levels and results of orthogonal experi-
ment of the degree of hydrolysis

Hit's A/C B c/(U-gh Kt E 1%
1 45 8.5 2 000 16.9
2 45 9.5 3000 17.3
3 45 10.5 4000 17.5
4 50 8.5 3000 19.2
5 50 9.5 4000 20.4
6 50 10.5 2 000 18.3
7 55 8.5 4000 19.4
8 55 9.5 2000 18.6
9 55 10.5 3000 19.2
k 17.233 18.500 17.933
k> 19.300 18.767 18.567
ks 19.067 18.333 19.100
R 2.067 0.434 1.167

HI8 1 AT, S0 T B K i B2 1) S /N
Wy R A>C>B. il IEA I E T mefdK g%
4« KSR 50 °C, pH 9.5, BSR4 000 U/g.

REBEBREER B35 Hsl

2.7 EREBOBIERRKAIEIZ
271 B G ERRR KATF

Z P BEDITE L T A MR I BEIR AR, 2 ¢
[ A i 1) 2 3 o A e B A R K R A
THEATIKAR, St TR A5 SIS BRI OHL L Y
JEHE A 0.296 g, f55H 14.8% .
272 BAERGBBRKRFEY TGS

i H G 1 O TR P 5 R R O 0 S s
TiE , B BRI AN A S o 11.9% , BE S &k
3.11% , AW B Ll 8.47.

3 i i

AT R NE R FARESE apr BN AHBACZE
JEFFE H11S o, Sl T4k, 78 LB WiiAk:
FR 5L (50 mL/250 mL) H AT 48 & I, o dm K G
J1709 3 199 U/mL, & & RAREEG A9 1.82 1%, [RIEY A&
T R A5 1 R T MR 4 T 8 h, Bt B PR RO
BRAE P BEE T — A [ LA,

1% 25 A BER IRV M ThRBME B ST F], H 2532
FIAAMTEH. BT, CPP 4™ E 58RI T 3
(BB EE T, (E M B o L SRV B 4% L 1R IR
25— ZF|HEY (FERE I EHE CPP R HIE
FERIN, T T2 B R ARSI A P8
E MR CPP, I, FHE 41 & IR K% 2%
Tk 2 LI VR, it o /A A B 1) 2R 38 o, K e
WA, MKt RIAE] 2 h J5, HoKf A
HEFFLE 15.8% AiA7 ;s PR EEXHREE R pH Al
&, W B, SR B I REAE 50 'C.pH A 9.5
B, HOK A BE R, mT e DR R 2 B 2 A 2 A T
JER pH ANIEEMIAEE T, AR k24 ek, fi
o 20 il 57 B [FIREE OS2, S BUK A I AR
FEN, BT SRS G AT — o R, B Ok
HEG A I AT R B, BRI I AE 4 000 U/g
if, oK A Bk Bl e K, I AAS IR 9% e R 30 AS ) e
ISR K AR IA] 2 b, KARIREE 50 °C, Kfit pH
4 9.5, BESANHEEA 4 000 Ulg.

1)) 2 1 Pl e DU K A 45 T K
fisZE il % CPP, CPP MR 14.8% , ABEY R
bl 8.47, BARER SIRE ARG 17% MH LR A
RN B, AHIE S A A U R 4
CPP, HA WA EBE Y ) b, 4l o i, IR 2
FAMRFEA 2 ) 193 5 5, iR 585 5 1 iy RE
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