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Microspheres immobilized snailase prepared by method of microemulsion-
coacervation for transform icariin
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Abstract: Objective To prepare microspheres immobilized snailase, then optimize the method for making microspheres immobilized
snailase and the process conditions for transformation of icariin. Methods The snailase was embedded in barium-alginate by the
method of microemulsion-coacervation. The preparation process was optimized by orthogonal test. Moreover, to optimize and
compare the conditions for transforming icariin, such as temperature, pH values, ratio of substrate, and concentration, and to
investigate the properties of snailase. Results Sodium alginates (1.0%), BaCl, (1.0%), and emulgator were used for making
microspheres immobilized snailase by emulsified and immobilized method. Compared with the free snailase, the stability of
temperature and pH value of microspheres immobilized snailase was improved. The optimized conditions of microspheres
immobilized snailase were 50 C, pH 5, microspheres immobilized snailase mass ratio of 3 : 1, icariin concentration of 0.4 mg/mL,
conversion 2 h, conversion 3 times, transformational ratio up to (53.84 + 3.41)%. Conclusion Microspheres immobilized snailase is
stable and reusable. Besides, the process of transform icariin is moderate, so it is important and fundamental for industrialization.
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LRk al, AChREAK, RN A el
2 AEEER
21 EEENEINE

DAEESERE TP AR, AR R S SRR (44
25, 37. 50. 60. 70 C), pH{H (2. 3. 4. 5. 6.
7.8), EML (1:2.1:1.2:1.3:1.4:1),
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0.8 0.9. 1.0 mg/mL) M4 N 1h, BUEREKR
IR, 0O 5 PR I HR I 2% 1k S N, A EEA i, HPLC
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HOMHCN 1.0%, ZEWKHEAS 30 min Pk,
5 3~5 RN A R sk o A
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Fi¢ “2.37 TJT IR BRI 2 AL -l K 280K

7 VRS B0 BRI, ARG SR
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FEAE, LA/ B IR S A B AAAR (X, WG EEAE
KPR (YD) ZeiflbrdE 2k . R PRUE ik 5T
HESERROUER TP LB IR B S, B R
P2l Y=0.000 9 X+0.1512, r=0.999 1.
E i 20 Tl AR R [ 2 A g 21 S50 4 il 5 S A 1 oL
HHOH 11, IHATEEMR SR ISER, RV 1 h
JEHURE, BN HREL L )N, HPLC ilE, T
Tl 1 565 300

H1e 1 a0, a2 B A IR BT 0.1~
0.4 mg/mL I, 73 RRANER (1) A0 Jt SR
1 0.5~1.0 mg/mL I, HALBRZEHECN, E5
JURIRE N 0.4 mg/mL W ERRE AN (71.25+
357) %. WHFBEW A EIREANT 0.1~04
mo/mL I, 55 EERAIKIK 45 5 ROR BT, A
T 0.5~1.0 mg/mL i, &5 ERHREETIRN, R4
SR N 0.4 mg/mL I &5 A R0R I Kl (63.71+
3.52) %.

F 1 MRHEEIA IR 2K E M REK E E K IR 4 B 59 52N
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Table 1 Effect of snailase at various concentration on
microspheres immobilized snailase ( X %5, n = 3)

BRI, ORI A A [ZEREPEAUER

(mg:mL ™) i (/% W45 65 20 %
0.1 14.06+1.79 10.19+0.94
0.2 32.81+2.38 26.67+1.63
03 46.88+2.54 38.06+2.41
0.4 71.25+357 63.71+3.52
05 67.31+3.15 58.25+2.91
0.6 60.78+3.06 51.55+2.62
0.7 51.48+2.76 46.92+2.14
0.8 45.19+2.25 34.64+1.75
0.9 37.83+1.53 26.34+1.26
1.0 23.57+1.82 12.54+1.38

25 WIKEEWIRGEREESRE

FIFH Shimadzu SS-550 #1411 i E (SEM)D
WG R ] AT (0 A T 45480 o IORE Aok A [ 4
S EE, %4eh, TR 15 kY, THS
SAF NRHATRAE, W 1. ORI 2 A0 R T R
AR 2 fLehb), HAT LRI RE S, A
UE LR UFIG S5 K 70 o Hefl,  TRIESS, Bk e A g =
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A and B of microspheres immobilized snailase at different
microscope magnification; the microsphere morphology in A is at
100 times light microscopes

1 WEKEELIRGEERY SEM

Fig. 1 SEM photograph of microspheres immobilized

snailase

T 2 FLE R R T = DR ORI, AT DA g i
SEAIR T B IR B AR . SBR[ 2 A B 28 1 SR SCRE
A2, k42 R (157.334+2.01) pm (n=5),
26 WMIKEEHWRG IR EFEENIZE&N
ik

2.6.1  FRK [T 5 A 2 A A Vo o 2 T 11 0 s Y.
WRE PRI B RS SOk e i A, /5 pH
{824 5 R Eh 2z i th, 3T 4. 25, 37, 50,
60. 70 CiREE&M N, WEETMEIRE 01
mg/mL, MESEFRETEEON 3 01, BEiREE
FETF, SOV 1 h JEHUORE, SN 2L Je 3, HPLC
W . MR 2 ar%n, Ui & AR ] E 4 24 g 7
50 Co&M MR ERET N, 3 IEE ) 5m,
PRI, i P25 FR K ] A 2 T 8 = 2 7 1) e
TNV EYIA 50 C. S sl EE AL, ek
li] 5 A0 2 B AN [) s LRSI ) AR AR DN,
7t 25, 37, 60, 70 CE&AT, JAINTEEE 139
S T R A . SRR A IR, iR eSS,
it S5 I ) i BV T AR B, B A T T AN IR RS
AT A5 T AR e A SO

#2 REGREXMEENRIEM (X £s,n=23)
Table2 Effect of temperature on enzyme activity (X s,n=23)

i FHXEE J1/%
i EIC -
W9 2 il TR 8] 5 A 04 4 iy
4 23.86+1.14 24.314+1.25
25 27.77+1.26 42.89+1.84
37 48.89+1.63 71.78+2.56
50 100.00+2.99 100.00+3.21
60 29.86+1.37 68.51+2.67
70 26.34+1.41 64.21+2.48

2.6.2 R IV S A i/ AR o PR i S
PH L PRI 53 125 S ek [ 5 e a1 g, 75 B

SONHETR, AR pHH (2. 3. 4. 5. 6.
7+ 8) FAFMBER BRI, AT RIS
0.1 mg/mL, BESEFREFIREILIEN 311, M
FEERETE, BV Lh JFHURE, BN A28k J Y,
HPLC 5. 4 3 A%, i 2 FIAaek [ e 1 2
WEAE pH 6 MIREIR Eh 22 i 1 g Al F 28 TN, — %
(B ) B, AHAESERG I RE R R, (/RN pH
KT 6 I, B ] s Al 2 i A 2200 Bk R V3 At
(A, AR F B =N, X 5 RS IR
(K] pH UG IO, BRI, ERROR I 5 A 2
il P B 3 S N pH B R 5o 537 Bl A BEAL LL, Tk
] 72 A A= BT AN 7] S8 pH A B 1 A2 AN,
ER S pH L (2 3D 454 F ok I i 4 s 211 117)
FEOGS BTG 1) i U g -y, HAT R R, 5K
9 5 R NG MG, B RN IFIE . pH {HYE
AR5, ] LA R SR EAN ) pH A& R
etk

F3 b pH EXEEE DB (X £s,n=3)
Table 3 Effect of pH values on enzyme activity (X s, n =3)

FHXS B 01%
pH {4 ——
g il DR ] 5 A% 711
2 4.40£0.97 11.824+1.26
3 8.46+1.13 43.301+1.82
4 21.30£1.99 60.65+£1.75
5 77.76 £2.68 87.35+2.51
6 100.00£3.36 100.00£3.14
7 70.83£2.79 68.31£2.83
8 28.57+1.64 52.71+2.09
2.6.3 TR 5 Ao 2 P IR V27 = Y 1) R 1 A

bt FREUE f il 25 Sk B e Al A g, 7 i [
PV FE AN IS [ Y. pH B4 T, R EIR
fE2 0.1 mg/mL, B 5 F R a0 1 2,
1:1.2:1, 301, 4:1, BEMREEEETR, RN 1h
JEHORE, BN HREL L )N, HPLC e . R
4 TR Y WA A SR SRR R L 10 20,
BE3S Sy dper, WGBSR R LL I N,
B ) B BRI e A A AT
TELRETF R LE A 3 ¢ 1 I, MR ) d5 e o [N
e B 2 AR 2 2 T I SR IS g VR R
LA 102, Bkl il e e g 24 ol i oo = 2 1 (1) B



* 3330 -

¢ %% Chinese Traditional and Herbal Drugs 35 46 % &5 22 #] 20154 11 A

Fx 4 TREEBSEYRE EMEE DM (X £s,n=23)
Table 4 Effect of different reaction ratios on enzyme
activity (X s, n=3)

Bl L e HARTHGIR 1o
BIAHE ORI RN
1:2 100.00+3.47 45.17+2.07
1:1 56.90+2.39 64.95+2.79
2.1 29.34+1.78 78.05+3.14
3:1 20.39+1.84 100.00+3.56
4:1 17.78+1.17 93.79+3.77

Wi GYR AT R 30 1. SEER SRR, S
B BEAR L, Pk ] g 21 B 7R IR AR R P A
S HBUEARE

2.6.4 TR ] 58 A A B AR S RS T (M S IR )
IR FRIOE S 2 Ak e s -, 7e
B I S NS . Bl RN pH (E . d RS R
TR, B EET RS0 0.1,
0.2. 0.3. 0.4, 0.5, 0.6, 0.7. 0.8, 0.9. 1.0 mg/mL,
BEARVECREEE, N 1 h JEHCRE, BN HI Rk
SNV, HPLC M5E. 132 5 w40, BEFHIEFAT R
S RE IO, Vi R R ] S A g 2 il P S )
BB o S B A AR L, R
WREERR IS AR b, Pk ] o A 2= Wl Il 7% 7 B A1
GRS . X GRALETK PSR G,
FREFIKIEZE, AR EESRM N, Rl
TN, HARCRE . IR AT LR 1T 8

® 5 AREKYMREREMNBREFEFTNEZM (X Ls,
n=3)

Table 5 Effect of substrate at various concentration on
enzymatic hydrolysis icariin (X s, n = 3)

R WREEA RORREDE R T

JENmg-mL™) WEERE J3/% REARXT RS /% Heiti%
0.1 100.00£3.17 100.00+333  22.61+4.66
0.2 83.72+3.05 93.16+3.14  4213+4.28
03 63.28+2.18 8493+267 57.61+534
0.4 51.73+2.82  75.19+389  68.10+5.78
05 49.94+266  65.08+245  7357+4.90
0.6 47.14+136  56.92+2.93  77.21+586
0.7 43244204  5234+358  82.84+4.16
0.8 4346+249 4774196  88.61+592
0.9 42.03+2.33  46.42+187  94.46+3.74
1.0 4320+241  4423+277 100.00+554

HIAELRE, EHFLETN, BEETHI R
BV T IR I e . Rk, 2R
FETR 2 T (B AR R AR 2 A 0 R T,
S e IR PR IR LR I PR YR S 0.5 mg/mL.
2.7 WEKEENIRFEEIEIEFEFMEE MR
RAE

271 FREREE e A B e PE IS 5 RRIUE
ST 25 SRR [ A A BT AN IR (50, 60
70, 80. 90. 100 C) £&fF FHE 1 h )5, RJE1E
BRI N A FIEAT I R NY. 1 h JSERE, I
M2 b N, HPLC MlsE. & 6 nl4n, fEANF
WRESAET, U BRI A 24 i ) A e 1 AR
WFERAFEAARL, H 55U e g - B AH LG, k[ e
Al 2= Bl AR e PR A BT i e, HAE 60, 70,
80 CHLESAM T A WM UL B2 [ 2 i J5
BAHEIF AR T, R B R A
FARMRAT o

Fz6 MERPIEEM (XXs,n=3)
Table 6 Thermal stability of enzyme (X £s, n=3)

e R, DABR ] 2 A 71
WEEIC WA TS 77/% R /9%

50 100.00+2.87 100.00+2.96

60 74.43+291 89.42+2.83

70 48.71+2.32 69.41+2.61

80 17.39+1.96 38.62+2.57

90 10.31+1.54 12.70+1.35

100 1.48+1.33 2474137

2.7.2 WOKRMEAI TN pH ERETERIFELE IR

EICIEE 00 20 R AR ] 7 A 24 i1 AN [ pH (2.
3. 4. 5. 6. 7. 8) WM RGP, ERIE M)
SR E S AR Lh, SRS LEBOE S N 45 1F R ik
ATHEME RN, 1 h JEEORE, AN FI 200 N, HPLC
E . R 7 ATEA, PRI e A B E pH {50 6
(PR 2 b b rh RS e Tk i, EAT B AR B )
2y (100.00+4.36) %, fE pHEAN 5 MR L% i ik
PRI IG ) (94.1843.52) %. 537 250 2F AL
L, Bkl e A A- B AE AN R pH (E FIEREE T
e TS 05 Bk e A A BT pH B 52
PRI .

2.7.3  TUERIE A B AR e VEI B 5 KAl
BRI E AR B BT 4. 25 CAAT TRAE, &
JEEURE 1 ORAE S0 SR N2 I IS, W o] e g
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WIS, LRI 4 5, ek i i
BRIk R e o 1 8 WA, ARER I A W 2 il
TE4 CHAATFG 7d )5, B JIIRRFZ) 90%, It
K 28 d J5, BN I IREEZ) 50%, WIILLRAE 1 AW,
TR I A g 2F g ] OR AP R AR IR, R
FEWTT) 2 28 do Tkl e A Rl 7E 25 C4-AMF T
Wil 7 d 5, WS I ORFEZ) 80%, WK 28 d JE,
T VRFEL) 40%, WIILLRAE 1 Py, TlEk e 1
A E R R AR IR, K ARAEIT R R 21 d.

=7 BRY pH EFREM (X Xs,n=3)
Table 7 Stability of enzyme pH values ( X &s, n = 3)

DHIE RS e LU
WA 719

2 6.48+2.34 26.98+2.03

3 10.79+2.56 52.36+2.97

4 30.17+2.76 77.39+3.14

5 76.34+3.15 94.18+3.52

6 100.00+4.24 100.00+4.36

7 73.53+4.09 76.67+4.99

8 40.92+2.88 51.23+3.04

% 8 WIKEEMIRFEE 4. 25 CTHIREREMN
(X£s,n=3)

Table 8 Storage stability of microspheres immobilized
snailase at 4 *C and 25 ‘C (X £s,n=3)

et X AR 1%
eI )/l
4°C 25°C
0 100.00£0.91 100.00£1.07
7 89.45+1.02 82.36+1.11
14 78.67+0.84 68.25+1.28
21 63.41+1.15 51.64+0.76
28 49.71+1.23 37.57+0.98

274 TERMEE ARG E A TR S
BRI 52 A0 2 IR PR E A T IR A T, 8
ANJAISF ] A5 (0 0.5. 1.0, 2.0, 4.0, 6.0. 8.0 h)
T IAAGE  FRIUMOK T € 1 s /- g - fo o
SN GAT T B AR T, AR 2.0 h JOFE, TN
2% b O, HPLC g o 5 IR Tk & 1 i
- R AR R b 2 B, ZETROK 78430k 3 IR
MR ZAE Y, HPLC MilE, JE FilkDIE,
A FH URESON IO (1] 5 At 2 B IR 52 . FHER 9
AT RIAE SR ] 7 T A3 28 7 1) e A S N 4% A
T, 05, 1.0h JEERFETMHAZE 00 (37.31+

# 9 AEMERKEELIRFEZEEFNFLE
(X*£s,n=3)

Table 9 Conversion of icariin by microspheres immobilized
snailase at different time (X £s, n = 3)

fif [il/h PR AL RI%

0 0+0

05 37.31£2.80
1.0 71.22+3.26
2.0 100.00£5.07
4.0 100.00+3.44
6.0 100.00£5.02
8.0 100.00+4.79

2.80) %. (71.22+3.26) %, J<)J¥ 2.0 h JGiEFE1r
PR e A, DULCE AR ] 52 A 71 il 2 52 R P %5 4%
SEIG Y, PR AR E AT 2.0 h BUREII e o S0 45
AT BNk e s - B A 3 AR AT 1)
HALR 3 51l (100.00+4.18) %. (72.96+2.66) %.
(53.84+3.41) %. fEEEAFH 3 Yo, Bkl
SEALIR A BT SR FE T (1) P35 A%l 75.61%. &
Tk 22 RS R i ek ] e A 2= i R T 2 R AR g
NG SRR B, SRR AR RS
G RSN Al
28 MUFHGTEFREFEMHEXIZHNIE

FREURER [ 5 AL - 3 43, 2055 3 M iE=f
FETFLE 50 C4AF N, £E pH {Hl 5 [FBEIR £h 2% vl
o YRR REIRSE 05 mg/mL, g SRR
Fra b 3 1 1, BEMRTREAETY, B4k 2.0h,
YAk 3 ko HPLC Ml5E, ik [El i th i 4 Bl i Ak,
TR AR 5 (74.88+0.17) %,
(74.90£0.13) %. (74.83+0.19) %, FHITHEKHE
TEALIA A B AR SR RE T 0 2R, T
29 BHUUFEYRNEHETE

TUCER ] 58 A 2R I A SR T =, A
MS. 'H-NMR. “C-NMR #4707, £ MS [&]i 43
Wi, R R E TS TR g [MAH]
m/z 515.4. [M+Na]® m/z 537.5 fil [M+K]" m/z
553.4, SEFET | AN T EAY G . RSN TGE
T il b 0 22 RAHEA 200 B 7 (m/z
369.2). FEFE T OIS B A T E T M+
HI" m/z 369.1, 5¥EFRELF JCARX o T IsmAHY) &
AN SR RE T 0 R P -CyHy 53] miz
313.3 B THEH . "H-NMR. *C-NMR Wl $cdi 5



* 3332 -

¢ %% Chinese Traditional and Herbal Drugs 35 46 % &5 22 #] 20154 11 A

SCRRIRIE A — 30, R WL AL ) N
FRET | AEEE R G,
3 it

ARSI SR FH LA 09 2 T 1] V5 PR U Ak
BRep, AT H R T, SO [ E A st il
ki E /N2 157.33 um, SAL40EIRIER
FEL, BN T 110, B8N 75 Al bk
AR, AT AN AT, 98> O AR R S
WRCBRF T IR IV S A S N A0 25 2 R TR A 3R
D31, s MR ] R A/ A A
BEEPREAT TS, X i /4 5 I ok [ o At 74
ity e PR SRR T ERA, IR A K ] 7 A s
B AN F S A T R BERS ) Ay, AL R
2582 TAVALI S ERIR S AIRBR S VR E
WA RS AR

SRR, AR ] A S AT I
TR, AHZE A5 0 2 AL « pH IR 52 1 B
IR, XTPRETEORE R, 5K T WA A AL
(3 S M, We i e fh s, FERER AR ZR P oA
WYL, ST AR R B R LL, B
WIS, Jkss T B AIVE I s, AL
S 15317800 AR, sk, [ e Al HA AT LA
HEEPEIMEN, Kl At s, 2HnTH
TR LA . el ] I
FE, T DUR A G RS IR B, IR
DT oy E AN PR, KRR T A I,
D T AP AT e ARSI RS, BT
TSR TR o A 2 i (1) 45 7%, 1B R 2 4L
S8 e P B R UK ] E A g 7= 8t v il T AR 4
O A BEERARLUR . LR TRV TR 5
Fefub b W AR FHORAE GRS, A T A R
FETFINAARALE, Ay [ o A 2 Pk A 1 24 A A
oV N PR A T B B A AN ST B 2R 5
S 3Rk
[11  BOARTEH BOVLEN, i W, S EEET OIEE Y

8% S TR 3 ORI 9 [3]. wh2h, 2010, 41(9):

1449-1453
[2] il TO705, ROME, SRR 25 B

FUERE [J]. Lkl R, 2012, 40(18): 9623-9625

3]

[4]

[5]

(6]

[’

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Wz, X6, BRARR. SEAERE T INRI. 2 s
PRV AL E U e [3]. IARZ M S5 IRIR, 2011,
26(5): 353-358.

mOE BB, B %, D EREETUEN LR
M2 R FEHEER [J]. 2j°F°F4, 2013, 48(11): 1716-1721.
Bi H, Liang Q, Busnel J M, et al. Kinetics of proteolytic
reactions in nanoporous materials [J]. J Proteome Res,
2009, 8(10): 4685-4692.

A, ZEJTIN. EEN B2 T R AL AL S
RRIAFST [J]. AEWEAR, 2009, 19(1): 68-70.
sk, N i, AEIENS, S M EERRBAE L B-HA
PEIS TR B M T [ RS iR, 2011(1):
110-115.

ZHEE, BRAIG, FaBE. Fe SRR R E b %k i R i 0 i
J LB M R IGAF ST [J]. WL ARRE, 2014, 1(3):
387-389.

FRE, ZE5RE, R, & R R VIS o
FE ) BCA LI KIE [3]. I A=A i 2
Z%id, 2013, 26(10): 1488-1492

WA, BESP, AAEnn, A IR e B4
W I 0 6 S AR Y (9], A AR kK2 R
H SR B2, 2007, 30(10): 1331-1335.

2 W, XK. TR, VI VIR R 4
SR [J]. 24%°F4R, 1988, 23(10): 739-748.
IO, B, SRR, S FEE | AUEARUEY) T
PIARIE [J]. 462200 i, 2014, 23(2): 1-5

Gupta M N, Kaloti M, Kapoor M, et al. Nanomaterials as
matrices for enzyme immobilization [J]. Artif Cells Blood
Substit Immobil Biotechnol, 2011, 39(2): 98-1009.

BB, BER, RS EEABE SR &N ).
A FIEER, 2001(2): 13-17

Ma J F, Zhang L H, Liang Z, et al. Immobilized enzyme
reactors in proteomics [J]. Trac-Trend Anal Chem, 2011,
30(5): 691-702.

Zhang X, Guan R F, Wu D Q, et al
immobilization on amino-functionalized mesostructured
cellular foam surfaces, characterization and catalytic
properties [J]. J Mol Catal B-Enzym, 2005, 33(1): 43-50.
Khoshnevisan K, Bordbar A K, Zare D,
cellulase

Enzyme

et al
Immobilization of enzyme on
superparamagnetic nanoparticles and determination of its
activity and stability [J]. Chem Eng J, 2011, 171(2):

669-673.





