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Abstract: Objective To prepare the immobilized snailase on cross-linked nano-SiOa, characterize its physicochemical properties,
and investigate the optimal conditions of hydrolyzing icariin to baohuoside I and enzymatic properties. Methods The snailase was
immobilized on the glutaraldehyde cross-linked nano-SiO2 by covalent coupling method. The immobilization conditions were
optimized using the relative enzyme activity as the test index. Transmission electron microscopy (TEM), fourier transform infrared
spectroscopy (FTIR), and elemental analysis methods were used to characterize the physicochemical properties of immobilized
snailase. Using icariin as the substrate and free enzyme as the control, the optimal enzyme conditions, enzymatic kinetic parameters,
recyclability, and thermal stability of the immobilized snailase were also investigated. Results The optimal mass ratio of enzyme to
carrier was 1 © 3 and the optimal immobilization time was 6 h for the preparation of the immobilized snailase. The optimum
hydrolysis conditions of the immobilized snailase were as follows: pH 5.0, conversion temperature 60 ‘C, mass ratio of enzyme to
substrate 1 : 2, and transformation time 12 h. The Vmax and Km of the immobilized snailase was 0.43 pg/min and 0.78 mmol/L,
respectively. After repeated use for 5 times, the residual relative enzyme activity of the immobilized snailase maintained above 70%.

Conclusion The immobilized snailase on cross-linked nano-SiO> has high mechanical strength, strong stability, and good reusability.
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It can hydrolyze the icariin to the baohuoside I with a better activity. The hydrolysis process was simple, easy, and suitable for industrial

production.

Key words: immobilized snailase; cross-linked nano-SiOz; biotransformation; icariin; baohuoside I
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Fig. 1 Schematic diagram of immobilization process of snailase on cross-linked nano-SiO2
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Fig. 2 TEM images of aminated nano-SiO2 (A), cross-linked nano-SiO2 (B), and immobilized snailase on cross-linked nano-
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Table 1 Elemental analysis results (X s, n=3)

FE i N/% C/% H/%
FILYIK Si02 1924012 4.10+0.11 1.66%0.17
RN Si02 1.584£0.04 9.424+0.01 1.8940.01
LYK Si0: [l € 2.3940.07 11.9340.11 2.32£0.04

g il
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12, 24 h), ZER WK 2~5. [H 2 LRI 09 - B 1)
& pH HI N 5.0, HBIEGIREYIN 60 C, HiEH
SEMFR RN 2 (F2~4), RHEELDT
FEREARN B FIMETEE . 3R S AT %, i B
ABGAE 3 h I EEARE I S R E T MR A 2
A, FEONFEEF (7754 ng) AEEETIC (46.2
ng), BEEFEARET ] RE, FAEEH 1A AR
b, TEEEE TR A ELEG I, BEf# 24 h I,
AV FRE T 1 RN 486.4 pg, TVEF
AT ER NN 258.3 ng. [ @ LIRZEEEAE 12 h
N EEAREG AR VR, T AAEEER L
Bf# 24 h i), FET I EESEIR 956.4 ng, R
[i5] 58 A A= i PT DUGE [l 3 L B N R Lo

®2 HERSHMSEECRSBNREHE® pH |
(X £s,n=3)

Table 2 Optimal enzymatic hydrolysis pH of free and

immobilized snail enzyme (X s, n =3)

oH % 2 WA X WS 73/%
e [
2 17.324+1.09 40.33+1.87
3 21.30£0.64 43.7540.96
4 47294247 97.45+2.78
5 100.00+1.43 100.00+4.34
6 67.25+3.24 90.022.90
7 58.81+£2.72 65.09+£2.01
8 55.17£2.93 45.16+2.52
9 54.04+2.50 33.39+1.57
10 57.24+2.65 21.32+1.13

* 3 BRRFTEBSEENRTEBNREEREE (X s,
n=3)
Table 3 Optimal enzymatic hydrolysis temperature of free

and immobilized snailase (X £s, n=3)

N U 2 R G IS 0/%
wE/C — -
g I 44,
25 41.54+0.84 43.67+2.19
37 71.924+2.98 61.14+3.52
50 64.97+3.22 84.24+3.33
60 100.00=+1.49 100.00+3.74
70 61.27+3.47 81.39+4.61

x4 HERFESEENRFENRERSRYRELL
(X *£s,n=3)
Table 4 Optimal mass ratio of enzyme to substrate of free

and immobilized snailase (X £s, n =3)

i 5 R R L “m%fﬁiﬁxﬂﬁyﬁﬁ/%
T 25 [l s 4t
1:2 100.00+1.29 100.00%1.70
1:1 53.71£2.67 69.61+3.48
2:1 28.08+0.33 42.1842.05
411 1546+ 1.12 24.514+1.29

x5 SRS EE IR B RIEEEMEATE (X L5,
n=3)
Table 5 Optimal enzymatic hydrolysis time of free and

immobilized snailase (X s, n =3)

. BFE TR %
it A it ) /b — : —
it L IFi 5 1o s - i

1 96.44+4.20 18.461+0.87
3 97.401+4.36 36.99+1.53
6 98.88+3.50 67.24+4.90
12 99.34+3.08 94.14+3.39
24 102.40+3.98 95.07+3.49

25 ElEWIRGEERIEEF M EEE R

251 RSN IFESHC S PR BUE & 1 E AR
A=A B WA A, KRASE T EIRE (0.2, 0.4,
0.6 0.8 1.0. 1.2 mg/mL) [FEFEETF, % “2.1.17
T 77200 7 B R BL AR FE v UK EE )
%0 CL/IS] AR, DA AR B AT 18 R 1) 450 45
1V NI AERR, K Linewaever-Burk XS E07EAE
B, WIERFEAKKRTE 1/V=Ky/(VaalS]) +
Ve (K WAKREE, [SIHRIIKIE, Viax NI
KIEZ) T K Fl Vinaxo SR FE 6, 2 Fhillg
[ 1/v F1/[S] BRI RIGFHEHERG R R, HEE
WA AR B Ko (B WA T e Al A1, SRR
B2 AZ AR SiO, [H] 8 5 0] KA 3 2 1 IR Ml
JTIE TN, AR R ZFAZEA K.

252 BEEMFES o FREBUE & 0 E A e
Pty R B A A 1 7R AN [F] B3R FE (60 7080490 °C)
WA 2 h)a, #% “2.1.17 TR iR E i s
J1, GERWFE 7. A A A R RS
TIBEIRE R T 2 TR, EiRAEIAE] 90 C
B, 9 AR B S 13T 30%, 78 i 72 ]
SE I 2 i 1R AR R 8 PR B e A g JE R B R
(P>0.05),
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Table 6 Enzymolysis kinetic parameters of free and immobilized snailase

B i 7T 2 Kum/(mmol-L™) Vinax/(ug-min™")
T B U L il Y=0.537 3 X+2.218 5 0.965 4 0.36 0.45
[#] 5 10 15 21 i Y=12199 X+2.346 2 0.949 6 0.78 0.43

x7 HERFEBSEENIRFEBIAREY (X £s,n=3)
Table 7 Thermal stability of free and immobilized snailase
(x £s,n=23)

o U5 2 AR X6 B TS 70/%
HEEC —
Ui [ &AL,
60 100.00+3.98 100.00+5.50
70 46.18+2.63 39.624+1.71
80 38.29+1.12 31.824+1.78
90 18.274+0.62 27.37+1.02

253 EEAIMEESE  BUEE B E LTS T
FRFAL “2.47 WU RO MK 2R RN R,
O, Ve, BURTTIEVIIN AR FRE T kSt e B, =
5 EREE S IR, $% €217 TR iR E BEE T
RN 8, [EE s EEE EERIAT 5 05 HA
X G JIA RECRIFLE 70% LA b, 3R 9 [ 2 A i 4 il
TR R ORI, SEONE R T
RUEMIEAL -
3 it

K SiOy 2 — I EHETE M AR, BARIAK
GREIR. RIFRINUBRGRZ . BORH BRI AL
SRR AR EYE, HIWRRSAS . ZAeTCR, 2
1) 46 ] 5 AL T 1 B AR AR . 4K Si0, R IHIAFAE K&
WERERRSE, WS EAREE R (R, Bk,
I, LIRHEAE) IR RN, AT SEE
4K Sio, IR MDAl AL 55 L APTES N
TEBEMR BRI AR Si0 RIREAT A S, F LUK
TRENASHR, AR RN, e SR
*8 MEWFBSEEHRFENESFAM (X s,
n=3)
Table 8 Reusability of free and immobilized snailase (X *s,
n=3)

T U i Eﬁ¢ﬁ$ﬁxﬁvﬁﬁ/%
Ui f#l 524k
1 100-1.81 100.0044.11
2 0 75.80£5.12
3 0 74.534+2.87
4 0 62.05+4.67
5 0 70.40+2.28

B gk Si0, F M 1) 2 K A AE Schiff B BT B AE
BRK Si0, FE oI NBERE; ZZHEGK Si0, I AL
547> T L e R R A Schiff B S, AT
fsiihgs 2 il DAL 25 16 7 27 [ [ o E AS R K
Si0, P28, AE S AE AT AT A, DARAR =4
T PR R SR B 8 A, & T RSER
/NN TR] B T B/ Ak ] 5 A 2 g L8230, kg
FERSC) R T SR TR N A AL, (R T
1% SRR AR S LB T e 2, 7E SR A e fE
HHWOK K E 0, 4 3Bt EE, 22
HELRH . TAHEFTH] & A2 BRK Si0, [ 5E 1t
fig BB NRGRE, EE R 2 KE KRR IR EF
JRETEATIVERE, SRR SR E . A, HF
FHA BRI PR P ) 46 R [ AR AR B, SR SR 45
B & AT BRGK SiO, [E e b R e, BEA S
MEER,  H RS UT R R R LA AL TG

I - B 2 A2 RN K Si0, [E 58 J5 , B [RIUSCR IA
3 91.0%, HEIRETFEMA T R, (AR T
B B 77, 1 B [ S A o B A AN R e g P A
FANEE RO, SiFEIRAEEAE G, [ e -
EGE [N pH - . B 5 RV & L R EF
AR AR TE KRS B R T TR R AR K (12
h), XA RS [ E G S R B S5 A 1IN R
(K KD, FEBHE A2, (BB 5 —,
AR T IHRBUEESE R TSRS, AR =
EBYH L MBI BN R AR, B
KR | MEEER L, BRI gk, 32
FRET O A REERL N, WEET 1 WEREE
Wb, XA RE SR A S R SRR VR
K (K BN, BRI AR EET 1 X8 —
ARG PRE K i R B TG, R 2 s A il K A
FEFEE MBS R EH o [ s
Tty P KR E PR AU B M A B B R e, IR
PRI ] R A2 W 2F A B B B i b pe, FrbA&
] 52 b 5 AR VSR AN B R . [ e Al 4 g ] d
EL. R EES YR, HEERA S X
G, BRARWEHE JTHSRRFFE 70% LA F, KR$Em T
WLEBEII R 8%, fE— e R R A = A,
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