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Abstract: In this study, Genipin as a novel crosslinking agent was used to prepare the crosslinked Bacillus subtilis alkaline protease

aggregates (BAP-CLEAs). Using the recovery rate of enzyme activity as the main indicator, the optimal processing conditions for the

preparation of BAP-CLEAs were determined: mass concentration of the crosslinking agent 0.50%, crosslinking temperature 35 °C and
crosslinking time 12 h. The recovery rate of the enzyme activity of the BAP-CLEAs prepared under the optimum condition was 55.04%. The
characterization results of the BAP-CLEAs by SEM and FTIR showed that Bacillus subtilis alkaline protease was successfully crosslinked with
the aid of genipin. Compared with the free enzyme, the optimal pH of BAP-CLEAs shifted towards the alkaline direction (from 9.4 to 10.3), and

a relatively high enzyme activity was maintained in wide pH and temperature ranges. In addition, BAP-CLEAs still had 86.42% of the initial

enzyme activity after 5 repeated uses in a casein substrate at 2%. The above catalytic characteristics indicated that the Bacillus subtilis alkaline

protease could be successfully crosslinked to form CLEAs with the aid of genipin. The BAP-CLEASs had superior pH stability, temperature
stability and repeatability compared with the free enzyme, thus has a good industrial application prospect.

Key words: Bacillus subtilis alkaline protease; non-carrier immobilization; genipin; crosslinking enzyme aggregates

E[BE 5

2 TR, TR A 2 AT IR A Rl AT R £ SR B 9] AR A RH, 2020,36(8):95-101

YE Qian-gian, CHEN Kai, ZHANG Ling, et al. Preparation of Bacillus subtilis alkaline protease aggregates by crosslinking with genepin
[J]. Modern Food Science and Technology, 2020, 36(8): 95-101

WS HEEE: 2019-10-19

EEWE: NAFENAREMIMAZTMASTE (20158020230001) ; ERESMALITRITEET (2016YFC0400702-5) 5 [~ HREELSUEM L tRITE
(2019B020222001)

TEBEN: MEE (19960), &, WMLHsE, WRAR: RRMTSIEEAR

BIEE: HILE (1969-), B, L, #%, W5AE: ARESBHNEIERENA, dREYEK, fRmIFERRA

95



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

BB BRI T 4R B, ERRTE . FLR SRR,
HA MK RE A A BRI s, JFRA
NN ARIRE ST, Reds— Lo BUK AR R 22 IR
SRR, HEA R RS A0 2 1 pH RasE e, R
— b B A AR AL

Uie BB B AR AEAN T [ AR e PR ZE AR
A BEBG T HAE T BRI, T s e [ 2 A
FORTT LA fRaX e s i . H ATHE) [ 2 A B N E
AL 5 A HARFITC AR [ AR o B E AR
TR REDEWEIR . Bk, RS —E
FREE b S5 0 A e s OR B VR TERRAIG,  HorhaiuiA
Tt R PO RO 2 [ B RN M HE R 1) RAON
SR E LB AR () R P, Sk R 1k

(Crosslinking Enzyme Aggregates, CLEAs) & —Fh7t
BAREEWIFHAR, SEgEEITiEMEL, HEAR
ML AT — S S R R e, R
AR, MG BITZEBEATEEL Bl R s
2O, xtwak B A R EEE, Btk o R
it A P BT TR (1 pH MG AR EYE, RUAFIY
HEMHME. CLEAs BRI HER M. 25, 1k
TA:A%0, I Cerrena sp. HYBO7 (13 CLEAs 5
ARG, ACATEARIYSCRIA,  BXF RB siE FifL
AT IR, 2 h PRERZRIEE] 90%M%,
PGP ER R, ST EUKARNE CLEAs AT LA
PREFE S, I HooT DAEE AT T A B B 7
k. Ot ARG AT R, Ak
PN IREE, P B ) B S8 I T R S Bk e
AR, BRMS AT V2 B T ol A=

AL W10 5 A 1) % 1] 5 A g ) T % v i B A
FMA, H WS BRI R g . PSR B RN
PEZE, BRI RAEE . FEf S CLEAS e,
— PR I I S IR, RS R I R A G
B IS R SR, DX DAk — g ATk
7 H) Bk B (B CLEASs, e KB BIUCR AN
22.6%. 1T 3L JE P a1 40 1 0 B B K A s 1)
W, e L R IIRBAEYZZHGR, AMEREETE AR
JE [FAZ BRI, B0 S0 22 I R A T — %
10000 {504, o AVt R A E 52 SR ER AR K,
HR NS, X RENTEREAT ek, R8Tk
P06 g/L, ACBRRAEEN 55 SCECIEITTE] 8 h i,
SEBEII LIS iR, O 4.31 Ulg, ORI R
TRENSIGRIIE L. EfI% CLEAs MIdAEd,
R IWENA R R A SSIGRIAHSOR, T
PATHNSE R SRR, Al -MiEaRD, &
T B BIACHE, B AT 7E% F 58 AR A

96

AT 5K T Y A8 B0 3 JE 1 b Ay ST R i
HE A (Bacillus subtilis alkaline protease, BAP) k47
EH, il R oA E Ll BAP-CLEAS, Ff
XT il 24 o AR R s e R R AT RAE T A
BAP-CLEAs JKARMEALES S H AR~ T, T 5
FHECAF BB 2R S A M B AT AL, itk —2
W7t CLEAs FF RN FR ALK AR o

1 MR5RE

1.1 #MEE{YES

111 #H

Fili B ZE T R B 4 B I (BAP)D, T 45 (H
) BRAF e, WT 2 S EMRHEAR A
HABRT A Al L R A, FEIESE T TR
BRAEERF
112 B

DF-101S AL AR NI Jifibtds, Lifgng
Bl K AR AT ; DHG-9030A Y HH G K T-15:
i, big—fERHEEIRA R VERTEX 70 ZYfd HLH-2E
LT AMEREA, {5 E Bruker ] .

12 SOR7EE
1.2.1 ERAME R G 85 R 4K (BAP-CLEAS) )
&

HX 1 mL AUEETR (40 mg/mL), A& &R Al
&2 Q0% B AR R AT, KR A ITE 0 T F
JIFEAR LA 200 r/min FEEFERFEITEE 20 min, IIAE
BICHAR S, SN — B TR is, ik
ITEOHE, HEBKREELHEE 3 Ik, 152
CLEAs, “PAT 3 K. B G BIGeAEm & I —
&, e LERERNEAREE, DarEmEkES
M4 G W RS O TR TIE N € BAP-CLEAS
(RIREETE, 115 BAP-CLEAS [RIERE E IS .
1.21.1 CHREEXT BAP-CLEAS S4M I 5T

UL BAP-CLEASs [ R A N AL a4,
BRI AR EXT BAP-CLEAs HI52M. HL 1 mL 40
mg/mL FIBEE R BT 20, FRINN 5 mL Al
2R Q0% I AIBRER A, 200 rimin BIZ&1F R HiHE
DU 10 min, MA@ & MRS e, HHAR
IR A 0.25%, 43 {E 25 °C. 35 °C. 45 °C. 55 °C.
65 °CHIZA: FHFER N 12 he SRJE N HBEHTE O
B, R ZRAK RSB T-5,  CERSBR e &
EEFRSE, FNsE BAP-CLEAS VTiE e HEgE
.



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

1.2.1.2  AZHRIN )% BAP-CLEAS S4B 4T

UL BAP-CLEASs [P RIS AR MR Fa A,
TRIT A [F A BRI TE) % BAP-CLEAS 54 . B 1 mL 40
mg/mL FOBRPE R ARG T 20, RN 5 mL Hifn
J& 9 90% MU FIR R V33, 200 rimin f2&2F F i+t
PUGE 10 min, IA—E &G e, FHAER
JB RN 0.25%, £ 35 CCHIZFA T 73 Al HE S . 6.
10, 12, 16, 20. 24 h. ZRJEXTHAATEOE, F
FAZEBAK R BT, AR GRBRIIE I E B o
G, [FINhUEE BAP-CLEAS TVEN & HlgiE e .
1.2.1.3  ZCHGF X BAP-CLEAS SR 7T

UL BAP-CLEAs (MBS PERISCRIE AL TEDR,
BRIF A EAS AR B2 5 BAP-CLEAS 540 . B 1 mL
40 mg/mL FIRE MR ARG TR OB, A S mL i
FIEE N 90%I 1 ML AIER B, 200 rimin 12514 NI
FEDUIE 10 min, IIA—E R, Ak
ARIFEIRE 7 5N 0.1%. 0.25%. 0.50%- 0.75%. 1%,
1E 35 CCHIZEAF FHEFERN 12 ho SR 5 HE AT B0 53
B, R ZRAK RSB T, ARG &
EEFSE, FR4E BAP-CLEAS JTiE e HlHE
P,

122 &G REFBEE G %

TR AR Bradford™hEit T e, f# LR
M3 AR EE bR . DIEEECAIRY), e
g1 BAP-CLEAs [MBHEE, HE4M TN E
660 nm SRR AVELNE, 1E 40 °C 5Bl AR
EAFAE 1 pg BRER, & XN LA R AR et
AT (R A2 T ARG TG 018 71543 A L () i

(2).

e o PEREREA (1)
S TN T iR T T
HRtE 1 o= e AT PIOREE) o, (2)

RGN T S )

123 %A agm zle

DA Gly-Gly-Tyr-Arg PUIRAFRAE S I EARAEHIZE,
F 10%(m/V) i) =& L BRUTIE & KA 1K 41
BAR, £28 08, 16 LRI GE RS,
T 540 nm llsEH OD fH, 4kIMfE Gly-Gly-Tyr-Arg
VURARE 2k F & H AR I 2 S &
1.2.4 BAP-CLEAs #925#) & 4T

SEM W AAKCH 8GR, 5 — W )
BAP-CLEAs V&, 7l Hm e FEHIRE & b,
ARG R0, HTmiebss, SRS T SEM W
K.

FTIR MlsE: %185 KBr A 1:100 [ ELfI 2 Hik

BAP 5 BAP-CLEAs #17 [& F4b R, 2% (X REA KB,
BB RN 4cm™, W5 IKA 400~4000 cm™, 34
UCECH 32 IRk, AT FTIR $34#4.
1.2.5 &8s 5 BAP-CLEAs #8552 45 5F 7

AR A OAEREEY,  Zemiit B A Bl K R R
TR, W EEEA BAP-CLEAS FUREAEE, s
Wi I f i pH, B il B A0 B A P AR E 1
1.25.1 & pH

Wi e AN bk e R 25 ARl 46 () BAP-CLEAS &
F pH 43% 4 55, 65, 7.5. 85. 94. 10.3. 11.0 [
A% (pH 5.5, 65~7.5, 85, 94~10.3, 11.0
43924 20 mmol/L 1 BEFR A —AN-FTIE IR, BERRE
-WEIR A, Tris-2hIR, BREREA-BRIREUN. TRIRE
N-EEENANGITIETD T, RV pH BTN
FHRLEBE pH B, AR I e 1) oAt 2% A
SR 5 BAP-CLEAS FBgIE /13347 & .
1252 HoEHEE

i B Wi AN 44fX) BAP-CLEAs, Z3:I{E 25 °C.
35°C. 45°C. 55°C. 65°C. 75°C. 85°CF, Ak
BRI ST I AR 2 A, X Bl S BAP-CLEAS
(R Sy AT E
1.25.3 BAP-CLEAs f & 8§ et

MK BAP-CLEAs [WEE AT HMERE. Bff Rtk
BoN: pHO.5, IHJE 35 SCifEl 1.5h, JEMIKE 2%,
BEAS NI 0.9 mg/mL. FEfig4s A R #E4T 9000
r/min, 10 min &0, B RIEWIHT 2 K& S e kT
WEFRRAE . BAP-CLEAs Jlit R 1%, L5
2 NSRS
126 #IELHE

RS ERNE 3 K, G RER A PRMER
HEMRZE SD. S%H] SPSS 19.0 }% Origin 8.5 #4528
AT T

2 FER5vHS

2.1 BAP-CLEAs %Il

2.1.1 = Fxim/ExT BAP-CLEAS #9%5°R

K 1 AAFIACBEER ST BAP-CLEAS FIBHE I
RIFEM . IR TT LI H, 76 25 °CT 35 °CHATEHE A,
BAP-CLEAs [l Rl iz -, it 35 °CJF,
BAP-CLEASs [FIE [F S 3& BT . 7E 25 °CH IRk
£, BAP-CLEAs ACHAFEER K. #id 45°Cl, 1E
Tk B A v 1) SR A TR A B R N T B AR, JE BRI
BAP-CLEAs RAEMRIT K, L2, KYIARE
TR S A PR s A, I TTIE RS (TSR TH A

97



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

BRI, gl g5 miE 2 Il BAP-CLEAS i A BRI

FERf5E N 35 °C.
80 -
=2
60+
5 p—e
3
§ 40 +
Fd
3
2 20+

25 35 45 55 65
Temperature / 'C
1 NEAZERIEAEXT BAP-CLEAs Bg5E BRI/

Fig.1 Effect of different temperature on enzyme activity

recovery
212 ZKE % BAP-CLEAS ##%

80
= 60}
5 s
- ._._._._._______' —_—
g o +—* P~
= $
E
> 20+

0 fli ]IO 1I2 |I6 ZIO 2I4

Time /h

2 AN[E)3ZEXATB)%T BAP-CLEAs BEiEEISIZRARZNT

Fig.2 Effect of different cross-linking time on enzyme activity
recovery

Bl 2 AT ASHKE ]G BAP-CLEAS fIFRHE Rl
REFM . BT, 78 4~12 h i9JelEH, B8
IR0, BAP-CLEAS [IBHE ISR AT -7,
XA YBEAE I (R g, 8 e P AR R
RGBS, BRIEAREVERG SR, AT I R v ]
PR ETr. SR i 12 h f5, BEAR SRS
HHR T, (HEEERSCR AR MR, X 2R NT 2
IEGERAEAE—itS, &M BAP-CLEAS [ NI BEK,
VA MR g B SSRIRAR AR A , JRYANRE
XSGR RS, AT I B (RIS 3B A1
DRI, B AR (1§ BAP-CLEAS il # 155 A HXH 8]
A 12 he X85 R S TGV 7o 5 AL
213 EKFKEIT BAP-CLEAS 69%5°R

K 3 ARSI B X+ BAP-CLEAS B 11K
RN . INEIFATELE Y, AERIRHISUEHRE T,
B PSR BUIR,  XRE BUAFER IR B 5t e Fox
B RS R AN FE BN, By R Al s, ANV
PEEREEAR R D, i 5 TR BEIZHTHY I3 0.50060

98

BAP-CLEAs [ M AT s (L Je Pk
STt il 0.50%)5, BEE FICRIFUARHE, X
ARG N SR e P2 S8 7 RE(L, A
T AR R 20, HLAS A B R 2 ik
PHRIRTY . DRI, Bt EE I BAP-CLEAS i £ 15
FERIRFR A 0.50%

80

60

wl /,A\\

20+

Activity recovery / %

0.05 0.25 0.50 0.75 1.00
Crosslinking agent concentration / %
3 T[EIREXFIFREEXT BAP-CLEAs Bf& Bl RAIRNT

Fig.3 Effect of different cross-linking agent concentration on

enzyme activity recovery

4 HamlE
Fig.4 Sample diagram

7E: a: BAP-CLEAs 0-4h L2 B ; b: BAP-CLEAS #= BAP
HTHRE,

X B (i BAP-CLEAS il b f2 i s Rl
R TR, LL Q0% AR R EA A e 71,
VUGERS 1]y 20 min, SZHEFAREE Y 0.50%, AZHk
N 35 °C, ZHAHTIAN 12 h B, BAP-CLEAs HIBES
I FRIE f KB, N 55.04%. 1677 2045 DAHGERR N
N, SR E A hE 2 e, ARSI
254 3.0%. HERERRINA TR S BRIUATRZ LN 11, i
FEBRENIT R M 00 3.000F1[E S AL )R 2 h TR 3R
K[ 5 A B [ R 23.6%. 25472521 34/ A
= LR DU A = BRI GOKRL T R TR T
BH, DA VRS IBeRIIE E ( i 2 g, 7EE



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

ININEN 7000 Ulg. OBEREN 40 °C. BRI 15h
IR KBS RICR A 48%, 76 e A8 5 A
WIRRELRFF 34.2% MBS /7. AT ermi & g
I AL, ARSI 25 ¥ BAP-CLEAS Jo#k AR mAR,
e P IRE , BERE RSO S, v TRGsR A N
1T 2

& 4a > BAP-CLEAs 0~4 h FUTIER, MATEL
fFE2h, 1h, LhXEOENBFHRES X, 7]
PAIEH 0 h i BAP-CLEASs 1RIFIINHIIE KT, AT
NREERE, BEAE I R HERS IR TIE, 2 4 h B
BAP-CLEAs CL5e4PliE, LiBEwiE . K 4b 25N
BAP-CLEAs (15) SHiEAMEEEN BAP (25)
AHTIEARSLE, LG S| BAP-CLEAS iR
WA, MEMRHEORTEG, FRWERSS
R A o e~ kAT () G2 4k [ 5 AL BAP-CLEAS i
DAk

2.2 BAP-CLEAs 5 BAP UR/ER

2.2.1 BAP-CLEAs # SEM 5 #7

CLEAs ;& —FhZ LA R EY), Frfiles isg ek
SER B BRI AL TR, WIS BARIFLIE B AR
2> FL R B B-55 R ) F Al T AR R A S5 =3t
FLIEMTRIE . T S EBETH %) BAP-CLEAS
TEASRHIE, {81 SEM X} Firihil £ 1) BAP-CLEAS K HHF
TR TSR .

L Bk e o X
5 BAP-CLEAs f4 SEM
Fig.5 SEM images of BAP-CLEAs

K 5 Jyiliit SEM W% BAP-CLEAS [HFESUEHE
K. HEIHATLAE HAHTFE )45 i) BAP-CLEAS 55
WAL CLEAs B EARIE, N2 HES
Y, BRINA V220 R ERIRE S 451 (TS
FroR), LA R BB TR — R, A2
KANA—HIFLIE, FYIFrHE ) BAP-CLEAs FIHIA
K, GFTFE SR, %y FP%RA SEM
XTHENTEE CLEAs BEATTEZARAE, 48R 2 —Em
JE 17 Bl 73T HERR OB G, ASFUNTEARIK) CLEAS-PFL
H— MRV N B Y, AR BR AR LN,
RSB, SR, PRIEAEA SR AR IBUR 64T,

AR RIBAE 20~45 pum JEFEIN, A5 5T BAP-CLEAS
KAREUN, AERBEAERUN, T RERIE A SR IR
AT, TR R s B -

222 INEESAT

SR AT 2R Il (BAP) MIZ gt B FAchk

(1) BAP-CLEASs #ATLLAMEHE /34T, 5 H 40 6 fis.
1680~1630 cm™. 1570~1515 cm™. 1350~1310 cm™ 4}
R A T IR I 47 (C=0) Tl I 7 (N-H) A2 i
I #5(C-N)Ifii?24, BAP #1 BAP-CLEAS 7Ei%X =4
WAL B BRI, IERA R Y S SR R
ZEF, BAP-CLEAs 250 e P AZ kS £ 1730 cm™ 4b
PL—ANET RIS, X B b CLL A B
bR (-COOCH;) M1+ A 58 4 &2 Bk 1f #% 51 A
BAP-CLEAs 7)1 i 812, BAP-CLEAS 7£ 1463
cm™ A1 1310 cm™ AbR I E SR T BAP, REIES
TR A T-F8mxt 2 A BAP 4> T-HHT AT  3X N
K R 5 o AR TR B e 21 CLL AR R X
J8%i ([ BAP-CLEAS 73 T-H15| A-CONH-) PIL) & 02
MRFERACR N, (5] BAP-CLEAS 43T 5] N\ N-H)
BT, g PR, RSP R SEIL T A ST 1 2R
I3 Ek o

‘3\'9 E— — ey |
S ) /BARCLEAS\| | /TIA A
2 \ / | Ep |
8 \ / 1 M
E H‘I/ / | W
g ' ! N h~1463 cm®
S AT
i1 i1310em?

1730 cm’! [

|
1 Il'l L. z L L
2000 1500 1000 500

4000 3500 3000 2500

Wave number / cm™!
6 LI5NIERE

Fig.6 Infrared spectrum

2.3 BAP 2 BAP-CLEAs RIS TSR

B PTG 1 5 R SR AN pH B2 DIAEDE,
IR S R R AL R, TR, PRRBE I B0E
AL pH AR T 4k #% BAP-CLEAS LR
J R AR EEE L.

231 miEMELpH

pH B SN BRS0BS54 — B [ 5 AL
WE S SEEE MG, W FECR pH 1738k
31, pH B Al BAP-CLEAS i M fry s L1 7,
£ pH 5.5~9.4 JE [ N , JiiF B -5 A kS ) BAP-CLEAS
(A B ESSIREE pH S Imsg in, I SR I i
& pH A 9.4, TEEEH) BAP-CLEAS HIfoE pH &[]

99



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

Wl fmAS, 7E pH 155 10.3 FHcdf. 7€ pH 55~9.4 7
FEl N BAP-CLEAs FRIARXI RS RS i T s, i
I RSB R BAP-CLEAS HLiiF Bl pH
(i sz, HEARTEN pH YEH

1200 o SU-CLEAs

oo =SU
80+
601

401

Activity recovery / %

20+

0

S,ISO G,SIO ?.ISO S.ISO 9_:10 10|.3 1II_0
pH

7 IREL pH 333575588 BAP 5 BAP-CLEAs SEIEAIRZNY
Fig.7 Influences of various pH value on activity of free enzyme

and BAP-CLEAs

232 mIEAENRE

TR X BB AT BAP-CLEAS T L 15 LI 8,
fE£ 25~45 “CYuH N, i 255 ] E el A MR VE e
IREERITTRIIER, /£ 45 °CI PUE BREVERIE 28
SifE, MR KT 45 °CHY, IR AR PR
B, H7E 85 °CHYHzi Ny 0, Tl e (LEGTE 85 “CHI{TY
HA 16.85% HIMEE A2 o 7 REANIR B2 7 B Y [ 24k
Bl AN BT I S e T S, IXPTRESE R T aler
SR T E B BRI B ARG B0 T R R AT,
ST 77 1 R B AZ 48T 31 A H B R P52, St B i
15 e P ACHE ) BAP-CLEAS A EU R 25 B B A 5 58
HIIREE TG, FEmli NEEARE, ABRIE.

120

-o-SU-CLEAs
- 100} -=SU
= g/\z
- _—
g 80 g—-—'—' Q
g 6ot
=
s a0t
5]
< 20t —
0 I L I I I |\\\‘i

25 35 45 55 65 75 85
Temperature / %

8 RIEIREXTiHFESES BAP 5 BAP-CLEAs JEI4AIS/NT
Fig.8 Influences of various temperature on activity of free
enzyme and BAP-CLEAs

2.3.3 BAP-CLEAs t9& 1% FIAZ R A7
BAP-CLEAs ) & ff F A2 € kA& i s Je B Ak [

EACEEIL SRR AR, BRI E AR B R A ]

PERERE [ 2 AUl — N B R, DUAEYIEIOK AR

100

RENERR N, BT BAP-CLEAs ISR
EVE, SR WK 9. K19 KW, BAP-CLEAs fEEEA(H
M5 #ik)E, FIREEETIRA 8642%. HT
BAP-CLEAs H A3 %50 & . fethly. nfE R A%
FEl, TEAEPIKAR Tl EX¥ BATE KRR /7. 577
PP D RN R, SR L s A 2
I, CESULASIREE N 3.0%. I FEREN AR S B4
FAZ R L1, IR & 50 3.0%F [ 52 fh i
249 2 h T 35K e (B R [ 23.6%.
247 PR 3 P = S R R DU R =
PEACRRL TR TAE M, DA R RS GRI E E
BRI, TERSESINEA 7000 Ulg. SR A
40 °C. [y 1.5 h I3R1G RS RIS 30N 48%,
TEREAEH 5 RLAG, MKRIRREIREF 34.2% I /7 -
FEORE T e B v B A ] A, A SR ) % 1Y
BAP-CLEAs JCHUARAS, [l b IRfE g, Hiknl
W, TR AT E A

120 -
100 -
B0+
60

401

Activity recovery / %

20+

0

Cycle
9 BAP-CLEAs /KRB EEEMEE FERAIZEM
Fig.9 Reuse stability of BAP-CLEASs for enzymatic hydrolysis

of casein
3 Z5ip

ASCR BB A WG e~ Fx BAP HETAC
ISR %, TEACHRRE A 35 °C, ACHAGTIMREE
4 0.50%, AZERHEA 12 h i, BAP-CLEAs K&k
B3 [AIUS %A 55.04%. BAP-CLEAS F%f pH Al
(i 52 1 BH AT Ui e, X B P4 1) [ A
BRFE TV HER R %K. b5k, BAP-CLEAs A
AROMESMFERRCH, EEMEH 5 #ik)E,
BAP-CLEAs [ 4 BaiE ML Re 54 86.42% L0 F. it
%5 f") BAP-CLEAs fE B ity [RZSEAT I BARR
AApE— B, (A R & A EORE,
1 A0 P B A R E AR EPE AR B, B R O I
CLEAs BIfEMEEE = T B, XA 2 AR A= e
T BA RIS )



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

W

(1]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

B2 Sk

Shankar S,
characterization of an alkaline protease from Beauveria sp.
MTCC 5184 with multiple applications [J]. Appl Biochem
Biotechnol, 2015, 175(1): 589-602

Hatta E, Matsumoto K, Honda Y. Bacillolysin, papain, and

Laxman R S. Biophysicochemical

subtilisin improve the quality of gluten-free rice bread [J].
Journal of Cereal Science, 2015, 61: 41-47

Huizhi Fan, Huimin Bao, Luyan Zhang, et al. Immobilization
of trypsin on poly (urea-formaldehyde) coated fiberglass
cores in microchip for highly efficient proteolysis [J].
Proteomics, 2011, 11: 3420-3423

Zhenyuan Qu, Kaimin Chen, Hongchen Gu, et al. Covalent
immobilization of proteins on 3D poly (acrylic acid) brushes:
mechanism study and a more effective and controllable
process [J]. Bioconjugate Chem, 2014, 25: 370-378

WRER R A T R, A AT IO SR AR A 1k e i i 70t Jre
[3]. & 5 Tl R, 2018,39(22):298-303,308

CHEN Cui-cui, HE La-bing, ZHENG Jia, et al. Progress in
improving the performance of crosslinking enzyme
aggregates [J]. Science and Technology of Food Industry,
2018, 39(22): 298-303, 308

Cao L Q, Langen L M V, Rantwijk F V, et al. Cross-linked
aggregates of penicillin acylase: Robust catalysts for the
synthesis of S-lactam antibiotics [J]. Journal of Molecular
Catalysis B Enzymatic, 2001, 11(4): 665-670

Cabirol F L, Hanefeld U, Sheldon R A. Immobilized
hydroxynitrile lyases for enantioselective synthesis of
cyanohydrins: sol-gels and cross-linked enzyme aggregates
[J]. Advanced Synthesis & Catalysis, 2006, 348(1213):
1645-1654

Devi B L AP, Guo Z, Xu X. Characterization of cross-linked
lipase aggregates [J]. Journal of the American Oil Chemists'
Society, 2009, 86(7): 637-642

Pelt S V, Quignard S, Kubac D, et al. Nitrile hydratase
CLEAs: the
industrially important enzyme [J]. Green Chemistry, 2008,
10(4): 395-400

Yang J, Xu X, Yang X, et al. Cross-linked enzyme aggregates

immobilization and stabilization of an

of cerrena laccase: preparation, enhanced NaCl tolerance and
decolorization of remazol brilliant blue reactive [J]. Journal
of the Taiwan Institute of Chemical Engineers, 2016, 65: 1-7

PO, TR, TRAE, S 4% T K R B ST I R A A

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(CLEAS) i %% [J]. th %44, 12,2018,47(3):19-20

HE Xue-shan, ZHANG Yan-mei, ZHANG Xiang, et al.
Preparation of epoxy hydrolase cross-linked aggregates
(CLEAs) from mung bean [J]. Shandong Chemical Industry,
2018, 47(3): 19-20

Wang M F, Jia C X, Qi W, et al. Porous-CLEAs of papain:
application to enzymatic hydrolysis of macromolecules [J].
Bioresource Technology, 2011, 102: 3541-3545

DX IR PH, B SR, 32K, S5 R P 2 G S ISR AR AR 1 ) 4%
HALPERERT T[] & i B A R 4%, 2019,37(3):33-40
QU Xiao-yang, ZENG Ying-jie, PENG Fei, et al. Preparation
and catalytic performance of alkaline protease crosslinked
aggregates [J]. Chinese Journal of Food Science and
Technology, 2019, 37(3): 33-40

U 25 W I, 55 AT TG B 5 B P AR S e 5
BELHZA TRE S BRI [0]. b B B AR 5,2009,17(3):
217-220

CAO Zheng, HU Yun-yu, PAN Wei-min, et al. Effect of
crosslinking temperature on tissue engineering scaffold of
collagen/chitosan [J]. Chinese Journal of Orthopedic Surgery,
2009, 17(3): 217-220

JESR A B P AS LA 58 SR OER ) ) 26 K ) [ 5 £k
[D] bl T K %,2013

TANG Rong-hua. Preparation of genepin cross-linked
magnetic chitosan microspheres and immobilization of
enzymes [D]. Changsha: Hunan Normal University, 2013
Sun S Q, Wang S J, Qiu-Shun L I, et al. Coomassie brilliant
blue method based protein content determination in milk [J].
Shandong Science, 2011, 24(6): 53-55

SB/T 10317-1999, 2 FIFEI & [E FARHES]

SB/T 10317-1999, Standard  for
Determination [S]

B AR, R AR M. 2 B KRR T 2 IR S R E Tk
[7]. & i A}2#£,2005,26(7):169-171

LU Wei, REN Guo-pu, SONG Jun-mei. Determination of
polypeptide in hydrolysate of protein [J]. Food Science, 2005,
26(7): 169-171

VAL, ZEVETE, AR R AR L AR A B AT IO AR R &=
2 fe 2 il S BT SR A S ) O AIT 72 [9]. 80 T R4, 2013,
34(13):66-69,74

SUN Li-mei, LI Lian-lian, CUI Jian-dong. Effect of bovine
serum albumin assisted crosslinking on phenylalanine

National Protease

ammonia-lyase crosslinking enzyme polymer [J]. Food
Industry Science and Technology, 2013, 34(13): 66-69, 74
(4% 152 7D

101



