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1 E: Be HISTERECEE SBA-15 BAFL S LEE (SBA-15) [EEfL p- & FETFEE (B-Glo), it Eiirmkitit
A EEDT 1. Bk RARM-ZZEEY B-Gle B L2 R MACE: SBA-15 I, LAZEGE AR BEE /NN $RFR, XT3
A AT AL SRAES BT BaE (TEM). EfsE R (SEMD. HRMA#aIMDEIE (FTIR) A1 N2 BHi-
JBR B 43 Hr v 0) [ 8 AU BEEAT RAE, FEX AR ERAT AT 58, DUE R ONRY), DS B st iR, 25 %200 e a0 ol
Wit BREN S ME S A ML, SR H)%E SBA-15 [H £ 1k p-Glc Mt pH 155 6.0, [ Ll 5 8 h, BR
BVRBE 7 mg/mL; [ & A0 B KBS 7128 439.2 pmol/(h-g), #EFEN 1.120 glg #Ak, OGR4 pH 6.0, #4650 C,
JRA R 0.5 mg/mL, F AL E] 8 h, AR S 112 2 B K R PR 2 (Vma) SN 10.24 pg/min, 2K K #(Km) 24 16.15 mmol/L,
FEEFH 5 IERATERT 80%. 451 &5 E: SBA-15 [E Bk p-Glc HlgEm . Hikfe/iim. EERAML, WTH
TR EET 1.
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Abstract: Objective To prepare the immobilized B-glucosidase in chitosan cross-linked mesoporous silica, and improve the
bioconversion of icariin to baohuoside 1. Methods The B-glucosidase was immobilized in chitosan cross-linked mesoporous silica
SBA-15 by adsorption-crosslinking method. The immobilization conditions were optimized using the enzyme loading capacity and
relative enzyme activity as the test index. Transmission electron microscopy (TEM), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), and N2 adsorption-desorption analysis were used to characterize the physicochemical
properties of immobilized B-glucosidase, and the enzyme leakage was also investigated. Using icariin as substrate and free
B-glucosidase as control, the optimal enzymatic hydrolysis conditions, enzymatic kinetic parameters and recyclability of the
immobilized B-glucosidase were investigated. Results To prepare the immobilized B-glucosidase, the optimal pH was confirmed to
be 6.0, the optimal immobilization time was 8 h and the optimal B-glucosidase concentration was 7 mg/mL. The immobilized
B-glucosidase showed a well-retained activity of 439.2 pmol/(h-g) as well as a high enzyme loading capacity of 1.120 g/g support.
The optimum hydrolysis conditions were as follows: pH 6.0, conversion temperature 50 °C, substrate concentration 0.5 mg/mL,
transformation time 8 h. The Vmax and Km of the immobilized B-glucosidase was 10.24 pg/min and 16.15 mmol/L, respectively. After
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five cycles of reuse, the residual relative enzyme activity of the immobilized B-glucosidase was more than 80%.Conclusion The

immobilized B-glucosidase in chitosan cross-linked mesoporous silica has a high enzyme loading capacity, strong enzyme activity

and good reusability, which is beneficial to the efficient production of baohuoside I.

Key words: icariin; baohuoside I; B-glucosidase; mesoporous silica; immobilization; biotransformation; chitosan; adsorption-

crosslinking method; N2 adsorption-desorption analysis method
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AL Ay 8 hy BEREWKEDY 7 mg/mL i,

SBA-Glc-CS BT /i, EIZARAT T i 2 (K[
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Table 1 Effect of immobilization pH values on enzyme
activity and loading capacity of SBA-Glc-CS (X £ s, n=23)

pH 14 AE T BEEE 11% #HlFE/(mg-g )
3.0 22.1+3.2 945.7+£25.2
4.0 69.2+4.3 945.44+34.7
5.0 87.3+26 954.14+34.5
6.0 100.0£1.9 947.5+27.4
7.0 66.0+3.9 878.44+24.3
8.0 63.4+25 853.54+25.8

-

S — bl

SBA-Gle-CS

2 SBA-Glc-CS il &t 8 nEE
Fig. 2 Principle scheme of perparation of SBA-Glc-CS

#* 2 EZEATEX SBA-Glc-CS BE/ENFHEEERIF T
(X+s,n=3)

Table 2 Effect of immobilization time on enzyme activity
and loading capacity of SBA-Glc-CS (X £s,n=3)

fif fE)/h X B 31% HlE/(mg-g™)
05 86.2+25 93194253
1.0 80.6+4.0 973.0+34.8
2.0 69.8+2.1 924.7+26.4
3.0 66.7+£3.4 962.8+24.1
6.0 62.9+25 970.5+20.9
8.0 100.0£3.6 951.7+34.3
12.0 324+29 935.1+26.6

93.7%, # MRy 1.120 g/g #Ak, FE XN 92.8%,
4k R WIS T BEAC I SBA-15 ANH A & 2k [E 5 B4
RN, 6 R H R LS 7]

2.3 SBA-Glc-CS HIREIFM

231 SEM I TEM M % HUEE TR,
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#*3 EEWERERXREI SBA-Glc-CS E§;Z NMEEEM
M (X+s,n=3)

Table 3 Effect of immobilization enzyme concentration on
enzyme activity and loading capacity of SBA-Glc-CS (X £ s,
n=23)

Fig 5 B FE/(mg-mLY) RS IS 1/%

HEFE/(mg-g ™)

1.0 39.6+3.2 1945+7.7
2.0 28.6+2.1 392.6+185
3.0 69.4+2.3 564.1+26.3
4.0 63.6+3.1 763.2+25.8
5.0 64.2+2.2 947.5+28.7
6.0 81.0+4.4 1046.3+32.9
7.0 100.0+£2.7 1120.5+304
8.0 741425 1314.1+486
9.0 7431+3.6 1417.3+425

BT SEM UM, BUEERSmR, AL
IKCEERBREHUE, WTHME, FEETEE,

SHVET TEM R IR, 458 WKl 3. SBA-15
A1 SBA-GIc-CS ) SEM &1y &l R iy A5 — @ K
(I HUIREE 4, TEM B BoR 2 AMER ISR — 6
KB A FLEE ), SBA-Gle-CS & TH S8 —
BN E AR, v ReS e R AC B Ok

232 FTIR 73t HUEEF WS KBr % —E bl
REWE), &EAPURHISGERE G, 7R
LAMEIEAC BTN, S5 R LE 4. SBA-15 Al
SBA-Glc-CS ¥J7F 462, 800. 1100 cm™ 4b 53 SiO;
RRAEIR WS, 20 SRR T Si-O-Si 2 i)

3 SBA-15F1SBA-Glc-CSH#ISEM (A, C) 1 TEM (B, D)
FAEE

Fig. 3 Representative SEM (A, C) and TEM (B, D) images
of SBA-15 and SBA-Glc-CS

---=-SBA-Glc-CS

T T T T T T T T T T T T T T T
4000 3000 2000 1000
vicm™

&4 SBA-15. B-Glc #1 SBA-Glc-CS FTIR RIEE
Fig. 4 FTIR spectrum of SBA-15, B-glucosidase and SBA-
Glc-CS
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S FIIEERE | 3 (C=0 h4Rsl) M LR MI%E 1
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SN A2 R C=N BB A AEIR B, 2 IA 52 S M
ACIRERI o

2.3.3  No WePf-fii bt o0 BU& EFEMZ 100 CHL
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Uy 468.4. 313.1 m2g, KM BIH #kit5
SBA-15 1JfL%S . fLi24r 7oA 1.22 cm®/g A1 8.8 nm,
SBA-Glc-CS L2 FLIE5 1M 0.74 cm®/g A1 8.2
nm, SBA-Glc-CS MR . LA LA
SBA-15 i E R, R IIBEHE B Db [E E /£ SBA-15
A fLH

234 BEMEETEY 2 RIFREUE & SBA-Gle 11 SBA-
Glc-CS, ¥4I BUAE pH 5.0 HIBERR Sh i,
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Fig. 5 N2 adsorption-desorption isotherms and pore size
distributions of SBA-15 (A) and SBA-GIc-CS (B)

i8] 543 BUEURE 200 uL,  [FERSAMIN 200 pL 22
W A i 28 B0 J B3 s R 1Y B-Glle &
&2, SRIE 6. RHFATRERAZELE SBA-Glc [ifi
HIFE R AL, FEHERERINSR, 524
h 1) 2R R &k 18.7%, 47 BHAC IS )
SBA-GIc-CS 1] 24 h R itittis RN 1.4%, KH7*
SRR A I P A 20k St [ A T ) ML IR L 52
24 [EZEW B-CGlc R EFEFNRERHER
% “2.1.17 TR 7730 E A pH AE (4.04 5.0.
6.0. 7.0. 8.0). JEJEF (25, 37. 50. 60 C), &KW
JREWSE (0.25. 0.50. 0.75. 1.00. 1.25 mg/mL)
KM T E AT ES B-Gle BIBHE 71, HHEARNT B
s DLEEE AR, B 5 e AT 5
B-Glc i Mg rf /e (0.5, 1. 2. 4. 6. 8. 10.
12 h), g5k 4~7. [EE AR B-Gle [ fid
pH {E¥504 6.0, Hi&iR AN 60 °C, [HEt
BN 50 °C, HIE YR R E N 0.5 mg/mL, Wi
2 B-Glc F[E 21k B-Gle HIR G B 7] 7374 4 h
8 h, EEETMHMEIYE 95%LL F, HREHH

251 —e— SBA-Glc
204 —==SBA-Gle-CS
S
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& 101
B
5-
0 ety . =
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t/min
E6 EEMKB-Glc WRITHREE (X+s,n=3)
Fig. 6 Cumulative leakage rate of immobilized

B-glucosidase (X = s, n=3)

x4 HESEENK p-Glc WRIEMME pH EER (X+s,
n=23)

Table 4 Optimal pH of free and immobilized B-glucosidase
(X+s,n=3)

FHXTBEE 711%
pH {E —
Ui 5 Bl [i5] 7€ 4. iy
4.0 20.6+35 38.81+4.8
5.0 93.1+26 62.6+3.7
6.0 100.0£2.7 100.0%+3.2
7.0 54.8+4.3 93.3+54
8.0 73136 64.7+£3.1
x5 MBESEEWL B-Glc WREMBEEER (Xts,
n=3)

Table 5 Optimal temperature of free and immobilized
B-glucosidase (X £ s, n=3)

o X R 11%
MEEIC — —

bid I 5 1 il

25 13.9+3.6 75.6+3.4

37 28.4+4.9 78.3+3.7

50 80.9+3.3 100.0+4.6

60 100.0+3.7 63.1+2.9

FEMI N R 1.

2.5 EEWK B-Glc BB ML R

251 [EsNIESH % “2.2.17 TUREEIEIE
Jii, o PR BUE B B A E E AL B-Gle, KA
[E iR (1.0, 1.25. 1.50. 1.75. 2.0 mg/mL)
PR, NS IR EAERHE MIAEPT B GEF
AR <5%) AL N EEFRHEEE,
BEASBEAR S N IR (VDo IRIESR T 5 K K
2 INV=Km/(Vmax[S]) + 1Vmax (Km NAKEKHEL [S]
IR E 5 Vinax 98 KR ETE ZEOD T Kin AT Vinaxo
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*6 HES5EZENK pClc HRERDREREEZR

(X£s,n=3)
Table 6 Optimal substrate concentration of free and
immobilized B-glucosidase (X £ s, n =3)
JERAHR E HHXS B F11%
(mg-mLY) Ui B g li] 52 AL
0.25 59.8+4.1 80.61+3.6
0.50 100.0£3.7 100.0£3.2
0.75 83.7+3.6 84.3+2.1
1.00 70.2+3.6 60.81+4.6
1.50 76.4+4.3 45.61+4.8

x 7 HES5EENL B-Glc WREMMEITEIER (Xts,
n=23)

Table 7 Optimal hydrolysis time of free and immobilized
B-glucosidase (X £ s, n=3)

‘ VLG %
B il/h _
W ol 2
0.5 755+3.3 9.8+49
1.0 88.1+2.8 21.1+5.6
2.0 92.3+3.7 42.8+45
4.0 96.5+4.6 70.3£5.1
6.0 95.8+3.0 88.6+4.3
8.0 97.4+35 955+4.6
10.0 97.8+3.2 98.6+2.9
12.0 98.1+2.7 99.1+2.0

LK 8, 2 RhEEM LV KA U[S]E B
PAERR, SIFEEEHE, FE B-Gle i Kn{i4E
Ko Vimax HAZ/N, £ B-Gle & & J5 X I8 F i
(FISEFI S0 BT R %

252 EBELFMMEELE BUEEMHEE B-Glc HiE
FEET R “2.47 DUNBOEHHRAMRBE, B,
Ve, WEEVRMIMNE LB RN, EH
WEAE 5 K, $ “2.0.17 TR VRN RS 41, 4
5 IRSEES AR BEE 7043 (100.0+£2.1) %,

%8 MEMETL p-Glc MBS NESH

Table 8 Enzymatic kinetic parameters of free and
immobilized B-glucosidase

- S 2 Km/ Vimax/
(mmol-L™1) (ug:min)

5 p-Glc Y=0.2314 X+0.05400.9156  6.33 18.52
ZEEEE Y=1.0677X+0.097709941 16.15 10.24
1k B-Gle

(89.2+4.5) %. (84.0+3.2) %. (82.943.1) %.
(81.0£2.7) % (n=3), [&zE B-Glc FEHEKZFIH 5
UG IR AR AN B S 1T AR FETE 80%LA b, ThiiE &
g HRERIH 1k, S5RKRLTH SBA-15 [ & 1L,
ISR R B-Gle MRIHACE, (bR LT
AW

3 g

YIBRIR BER — R TR RN, SRS REERE 1
Jiik, BB AR, T . AR
BRI A, TR 0855 A R R 0 i5 AL
A MNTTORFE T 3 5 A B A s (P B (e W%, (AR
AEAERG Sy MR Fo e P A 22 55 ) - 240 g -2 B
FRHEE AN —MEEEEN TR, ZriEe
DS R AE AR AT 0 26 A N B4, RERERCLT Hh
TRFEEEEG 77, SCRER 1L B i s-26],

SBA-15 & —F B A5 4T 5 R RRIR G R A
FUHE,  FCARRRR (1)K 38 38 A FL A Bl P R B [ e it T
LN [ e P e = R A = B R R
A EE . BRE ). FREMERYIMER, HIARE
NTREIE E B 7 R, TIBRERH 2 # A e itk N
FLIEPY, IR E RS LR B KT FE
BEEIRT 231 RSE s UL 3e 3t R R 1 R [ 5 PRI AR 25 55 A
FLIEH MR, 1 ROEEE ) R EARR E R 2, R
ARAE AN [FI B4 RO e B0 J ALAR A FLEE 200
FEOT8, Ak, [E I pH E IR A TR
AEAC i S5 R 2Rt £ S 35 R[] 5 i 1) 8 g R g
G771, HEEE RS, BRI —E MR, XA
REAE BTk 2 Rl 23 T3 70 AL AR Y F L
B, MBEAT TR 55 Wi 78 40 He ik g B

AT SBA-15 22 No WK F- i B 20 Al
& HALEA 8.8 nm, KT B-Gle 11431 R~ (M
X4y Fi 130 000, 6.7 nm) [0, ZE A 4 A R il
FIE E AL B-Gle BIEE & =ik 1.120 g/g #ifk,
5 /1A 439.2 umol/(h-g), W SBA-15 [ %
B-Glc [MHRAREAM . AT EERERIMIR, A0 5T A
I B RARFE RN A FLEE A, KIIE &)
70 T A I AT 2 PRI T 2 AL B-Gle FE it &,
[F Fof 35 8 25 e R A L R 77 202 AR A G R
7o MR I B T ], AR AR Te v o
W, BRI NS EEN L, ARTFIRYS T
HNFLE SR E RN . Sl SR, 2R
Xk SBA-15 [EEALI B-Gle B 7 1 I Hod
L pH B DI RFEAAS,  Sod I A BT
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B-Glc Affl# TE MM, HMER. 5T 70 &,

R tEas . ATERA MY, AR 5 K5
(1T AR TS R AR ORFFAE 80% LA L, AR R 4L
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