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Abstract: In this paper, the catalytic efficiency of different kinds of enzymes on the acylation reaction of puerarin was studied in
non-aqueous phase. Among 8 kinds of enzymes, immobilized lipases Novozym 435, Lipozyme ™TL and Lipozyme ™RM could efficiently
catalyze the acylation reaction of puerarin and conversion rate was as high as 98%, but the activity and efficiency of other free lipases catalyzed
the acylation of puerarin were very low. Under the same conditions, the conversion rate of puerarin catalyzed by porcine lipase was about 67%,
pancreatic lipase and CRL lipase showed low catalytic activity, and peptidase and protease did not exhibit catalytic activity. And Novozym 435
showed the highest catalytic activity. Using Novozym 435 as catalyst, the optimum reaction medium, dosage of lipase catalysts, mole ratio of
substrates, initial water content and reaction time were determined as THF, 1:30, 2 mg/mL, 0 and 6 h, respectively. Under the above reaction
conditions, conversion of puerarin reached 99.5%. The products were purified and structurally identified using HPLC, mass spectrometry (MS)
and fourier transform infrared spectroscopy (FT-IR) which showed that the lipase catalyzed the acylation of puerarin, the resulting product was

puerarin propionate monoester, where the regioselectivity reached 98%.
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1 HRSES
L1 A

Novozym 435, k& Candida Antarctica, type B;
Lipozyme ™TL, KT Thermomyces lanuginosus;
Lipozyme ™RM, 3k T Rhizomucor miehei; Novozym
435, Lipozyme ™TL. Lipozyme ™RM. J&HgHi
CRL B HiE4ES A s FERRRTRG. RS, B&EA
B AR TR 2R R 1 O B

MR E i Aladdin 2 7] ; R 2 )& (VP),
% E Sigma AF]; HEE, 1WHEAEE Merck AH],
Al PUSUVRIR . NON- L A . — R AR
WTEE. . SR 2-FASEPUSRIRG . A
FEpt. RN A RET RPN AR], 1)
NS4
12 FENHER%

Waters {5 80HAH 500, FL#% 600 FH 45. 2996
JEHL IR HERE PDA S4MalEs . 717 Plus H ZhiERE
2. il RE: 4.6x250 mm(5 pm) Zorbax SB-C18 44T
i (Agilent Technologies Co, Ltd, USA); ¥iAH
SR, 5 7890A/5975C, M ZHEE
2\ H]; Bruker AV600 BURZRAILIRAN, Fi AT & e A ;s
FEik (20 uLy 100 pL 200 uL. 1 mL A1 5mL): £
Eppendorf A#); FA2204B BT RAF: _Eigksaifl
AT PR A F]; TW-3021HR WA B UL, 2230
IR RA R AR Bl O, 3£ Thermo AHl;
HZQ-F100 210 B RG R 7748 o

1.3 ey

1.3.1  RREAF LB B AR F B A AL
7E 5 mL W EE=AAMA I 1 mL PUERKE. 20

mmol/L EIRZE . 600 mmol/L NI Z Ml (VP), 47l
FHRIHIAIN 40 mg/mL B, EMEIRSAIGFRA IR
M. (40 “C. 200 r/min). ERHAHE 100 uL, 12000 r/min
B0 Smin J5, BL20 uL &R, H 63% F BE- /KR
PR 50 £, A L F SR AR 20 uL, HE534T.
132 RERE. ERMFEIE. RRkFH
a3t 5
1321 NHHEE Voff (Initial rate, mmol/(L-h))

FRARE S N FEARR B, BT A ] P B AR 2% b =
Kook B oM R OBOE o R N Y] OE B
Vo(mmol/(L-h))=(Ag-Aj)/te

HF Ag AS A RTREAE B ARE 69 A (mmol/L ),
t AR IR (h).
1322 JEEALHE (Conversion, %)

R S B ST i i 28 PR T AR ) 2 4B 5 I S
AT B AR R UG TIAN 2 LU SRR A R

HALF C(%)=(S0-S1)/Sex100%.

EF: Sy SABRTREAE BARE thik @ AR,
1323 XHEEFEME (Regioselectivity, %)

A B I~ TR BT A oA =) Fr
TR PR SR H S S 1 [X kg -

X Ik F 1 Regioselectivity(%)=Wi/Wiow

£ W AT B B W EPEBR, Wiea RTHIA BE
1o = i E AR A,
133 Zaugta et (HPLC) 447

{3 3%: Waters m=R0BAHEE(: i PDA 4h
K es, Kl KoN 254 nm;  BREFE: 4.6x250 mm,
5 um Zorbax SB-C18 73 Hr fihAE

TBhAH: 63%HEE- K (5 0.1%0KEER D) s i
#: 0.5mL/min; H3i: 30 °C; HEFEE: 20 uL.
134 FiheinBaiesgmis

FIHEZ @3 (TLC) XPedpitir o sditk.
g6, BEENIEFI R SIRAYICE 10000 r/min &
O, BRENRDIESAETR, BCEZ R, A7
RAGHAT AR ZE0E, 7% 2~3 Ik, 152k,
BT — 2B, TR%EME, £ 15000 r/min
B E, BURTER. RIS AR AT o s Al
1k, EHETE GF254 2575 mm Rl b #E e P LE
%, FAE GF254 100x200 mm [ &0 b skE, K
MR 1 pL, RS 3~5 IR MZENE ARG, HE
AMT (254 nm) WERIRMIA =5k, WS
(RERCURL, PRV, TR, BT
Bh, HATHEE 24 h BRI MR ERRES.

FARFEFNNIR CIRBEI =4, &7 H
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I HPLC TR S e Ja, FHRE S 7 CATIN [ i
i (TOF-MS). HHEMZ4MERE (FTIR) BT 451
AT,

FT-IR A&ill: #RE 1~2 mg &0t TLC 4ifbif s54R
R, 5 200 mg A HISALERTEE S 5], BT
BLEA, HE RV R BOE R, K=
RERESAE L, BT BT, DLESRER
XTHEAH
1.3.5  REARATBEAEAC B ARK B84 AR §Y
EAG

TEZ /S 5 mL Ay 2E =M 2 AN 1 mL — H 3
AL (DMSO). NN-HIEEHE (DMF). Z

(acetonitrile). ¥ (methanol ). 2- F & P & 5k MR

(2-Me THF). JUE MM (THF ) 4] B¥(tert-Butanol )
FENEE (isopropanol). 1 iHIfE (petroleum) FF bt

(isooctane), FHAKIKAMIA 20 mmolV/L EHZE. 600
mmol/L AR ZJ#ME (VP), &%, I 40 mg/mL
Novozym 435 65, TEMEESHR T P IRG R
I (40 °C, 200 r/min). SR U 100 pL, 12,000 r/min
20 5min J5, B 20 uL BiEWRL, H 63% F BE- /KR
FikE 50 £, HPLC HERE 20 uL, HEATHEIN 55047 .
1.3.6  RORL A 18] AF BAEAY B AR Z BEAL BB 497
")

£ 5 mL A ZE =M 1 mL YERRAE. 20
mmol/L ERE. 600 mmol/L N ZMlE (VP) F12
mg/mL Novozym 435 fiEALANRAII5], TEIER SR
FERHRY SN (40 “C 200 r/min). ERTEUEE 100 pL,
12000 r/min 0> 5 min J&, H20 pL F3HW, FH 63%
HBE- /K AR RE 50 %, YBUMH (i E ShilbRERR HERE 20
uL, 5.

1.3.7 Ky EatBafg i BARE Be & AR AL 1
G
£ 5 mL i ZE =AM 1 mL PUERERE. 20

mmol/L EiRZE. 600 mmol/L NIR LIGHEE, WREHE];
43 B0 0 pL/mL. 10 uL/mL<20 pL/mL+30 pL/mL.
50 uL/mL; AN 2 mg/mL Novozym 435 AL FITTUA &
N, BTSERREIR FRY (40 °C, 180 r/min).
SERFEURE, 12000 r/min 250 5 min 5 HL 20 uL B
FH 63% FRE- /KRS 50 %, HPLC #6f 20 uL, i3k
TR 2T
1.3.8 &R RILATBRAEAL B AR Z B8 & R
AR

£ 5 mL A ZE =AM 1 mL PYEHRR. 20
mmol/L BEZ, 43I 100 mmol/L. 200 mmol/L.
300 mmol/L~ 400 mmol/L~ 500 mmol/L. 600 mmol/L.
700 mmol/L 800 mmol/L & ZMilE (VP), A&
%o M 2 mg/mL Novozym 435 M5, FF46 N,
TEPEIR TR IR RS (40 °C, 200 r/min).
SERFEURE 100 pl, 12000 r/min 250> 5 min Ji7, B 20 uL
B, 63% M EE-/KEBMRE 50 %, HPLC #FE
20 uL, FATRI S 734
1.3.9 #IEoHT

F Excel 8 EERATS b, B
B =R EL [ FEIME; ] Origin 8.0 HAEXS AT
PAA DAL B AL b3

2 GRS

2.1 [R] Al J  B AR 3K B B R R

T SRR B e R AR AL S N T A=
fEALT, DI HLEFA RN, BIEFE T 3 Al 4
JEITTE 3 FhiiE R IR . 1 AhAKEEAN | B 8 AR
AR N LR - AR — e, MR 1A,
FEARPTA BT HE AU B AR R B SN 1K
EERFAEATRA FRIEEA R A B3
FHIE I A MIEAL o

xR 1 TEEENESRERBCAIRR
Table 1 Acylation of puerarin with VP catalyzed by different lipase®

Strains Initial rate/[mmol/(h-L)] Conversion/% 6”-Regioselectity/%

Lipozyme MRM 19.64+2.35 99.8+1.32 >08
Lipozyme ™TL 24.56+2.12 99.8+0.86 >08
Novozym 435 25.00+1.56 99.8+0.29 >98
Porcine pancreatic lipase 1.91+£2.36 67.0+2.12 >908
CRL lipase 0.72+2.05 4.8+2.45 >98
Pancreatic lipase 1.40+0.65 10.1+1.41 >98
Peptidase NA® NA NA

Pepsin NA NA NA

Er a REAMFI 131, REEM 240 bEAAARNZEY.
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Tl 55 G PO R (P AT P s S e A AR s LR
FAA% B M B 5 A 2 R 67%, 5518 e AL R AR L,
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Fig.1 Chromatograms of samples before (a) and after (b)
acylation of puerarin catalyzed by Novozym 435
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SB-C18 /i taifits: (Agilent Technolgies Co, Ltd,
USA), 63%HEE-/K OKFE 0.1%Z1R), ik 0.5

min/mL, 31§ 1 RIGFHIERVIATY) 7 B8R . 1E 254
nm FA RSB AR R K ER. WK 1 R, NEREX
NEHT AR G ], AR 1 AR AR B B )53
#& 11.6 min, MJETE 15.9 min £7 8 BB T R
Wl 2, JBJETE 20.9 min 478 BT R PR
3, MR EH ST DA H B AR 2 R Yt i LR
H, EREER 98%. SR ENTE S B AE,
PR R EAT TP SR S E
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Fig.2 The mass spectrogram of PME (a) and PDE (b)
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Fig.3 The FT-IR graph of Puerarin (a) and its esters (b)

24 R BIAR A B AR B A HUR B Y

AP R AR SR S Y S ) — N

BHRE, el SCEE s AR e, R BT
Pk AR IR, AR L R i
T 1A R0 240 PTG PR TEAS TR A ALV 7 R AR K
U281 [ gk, AT A A LT R Gi%T Novozym 435
AT R AR KB A ATE PR R AT T F.

TERTHIASEIG A, AR BT WA R R
HVAREIIRE, (BYERIE, SR LA S
ORI TR, iz RFn AU IEERA 1T
FURAMACEE gk 2 firs), FE st G ALk DMSO
FIDMF 1, B A IR VR, {2 Novozym 435
TEMEA AR R NI R SR, FEA I H A 75 1 5
TE— RO I S I B . B G HLVA 7R R
Novozym 435 fEFIRILH RIS, 2R
24 h i, AR HICA 10.3%F1 8.7%. B 1 skt
ANLE XS BRS PERI M, W] BE S IE AR
RESIE G, WELRUURY 2 TR KR S R B
JRBENBRCE AL, T SEEE LR, i,
7E DMSO #1 DMF A5 5642k 2 T Novozym 435
MEAFUITETE, TIfESF B BT BN BT AR R
— IS 7T

Novozym 435 TEMEALEFR R AIBEAL N, TEA
ML THF A1 2-Me THF R R bk, #%
R HN 98.7%F1 97.5%, NIRNEHELE THF %
FIFEE 2-Me THF 554 S0 I R FE , Novozym 435
MBS R R B B, EREA WA THF i
Wl

=2 NEIBHLIEFIXS Novozyme 435 HELEHRERL LR NS0 °
Table 2 Effect of pure organic solvents on acylation of puerarin catalyzed by Novozyme. 435 lipase®

Solvents LogP Solubility/(mg/mL) Coversion/% 6”-Regioselectiity/%
DMSO -1.3 608.6+2.2 NA® NA
DMF -1.0 569.2+2.5 NA NA
methanol -0.76 259.34£3.0 NA NA
acetonitrile -0.33 1.4+1.8 90.2+1.2 >98
isopropanol 0.33 7.8+1.4 10.3+2.3 >98
THF 0.49 30.1£1.3 98.7+1.7 >98
2-Methyl THF 1.85 12.3+2.1 97.5¢1.3 >98
tert-butanol 1.15 2.6+1.1 8.7+2.4 >98
petroleum 35 0.2£1.3 NA NA
isooctane 43 0.1+1.6 NA NA

ED a BEAMIL 131, RAEME 24h; b AAANE|EY.

2.5 RO R IB] B4R L B AR A B LR R B R

e
M 4 UL, Al AR s I TR PR3 i i 14
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KIS E], SRR B A, ONEATE
FIPHRRES . BRI, 3@id Novozym 435 fEALES L L
IR REE B 12 P HRRASIN, SOSIN T 6 h, fE1S
—eME, TERXTUFFH, Novozym 435 AL EIIRER
P B S ERAF IR AL A i T LME BT e . 3R
AITAT AfF 4512, Novozym 435 HEAFIRE = Rk A 55
MR B SN o
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20r -= Regioselectivity | 20
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Fig.4 Effect of time on acylation of puerarin by Novozyme. 435
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Fig.5 Effect of water content on acylation of puerarin by
Novozyme. 435
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Fig.6 Effect of molar ration of substrate on acylation of
puerarin by Novozyme. 435
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R )2 1a BRSO 11T . ABERE S T
PR I e 5 B L AR 1R BE /R U Novozym 435 L B R
RN 520 (B 6). VP/ESARZR IR /K B A
5 H4INE 30 (mol/mol), st NEHR A A i 144k %6 1. 2%
P, XOEFEIERA K. VPR R R IR EE A
30 H4ANE] 40 (mol/mol), St SN S B 2 J LT
BN, XIBUEFEIEARA K. B, SRG5 8
WM /R L MR R, FATEEE 30:1 (VP
BRE (mol/mol)) 1EIiZ B i) e R BE /K L,
U BAR R AL S B AR 99.5%, WIHRIH B
22.1 mmol/(L-h).

3 g

AHIFFTIN 8 FiAS [F) b 24 K A - i 8 TT DA v &%
AL B AR R TR AL S R FRIe, iz 2] 3 Fu g iy
e AU AL AR K AR B AR R IR AL B, F DL 7 1
Novozym 435 AL E R ML SO, #F5T T
SSIE] . HHUIEFIRISS . K&, YRR LA
POREZ TR Z U p3CE SR T o o P 2 VNI ES IS
WA [ S A7, 2 mg/mL Novozym 435 Jlg i, JEA:
TR 2 LA 1:30, #5200 v/min, K73 EEN0
BT, [N 6h, ERYIEALRIEE] 99.5%. X
NP S B AL JG AT T S5 %5 , RO E |
R (RIS AR, AR KR A R
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