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Abstract

In pharmaceutical field, the natural chiral lipase often works as the catalyst to prepare optical
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enantiomers. Lipase catalysis has the characteristics of high activity and high reactivity, but it is
easy to denaturate and even inactivate in high temperature, strong acid and strong base. In par-
ticular, lipase can be activated at the interface of oil and water. The lipase can be protected in
some special materials by the method of reactor. And the active system of oil-water amphiphilic
reaction can be created, when the enzyme can be protected and its reaction activity and stability
can be improved. Micro reactor is also conducive to the recovery and utilization of enzymes, so as
to reduce environmental pollution. The micro reactor method can be developed with the progress
of materials science which is quite different from the common immobilized enzyme methods,
such as embedding, adsorption, covalent binding and cross-linking. In recent years, a series of
achievements have been made in the method of selecting the constantly developing and innova-
tive mesoporous materials as framework to immobilize enzymes and build enzyme reactor plat-
form.
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JIE D7 B (Lipase) PR H i = BEBR /K A, mT DU A H b Bk f o0 H i AR IR « IR RGRIR) 2, 17
ETHEMEHAEY T, EREERRE, SR A IR R Z A2 T+, BAR&SHE—
P, TR 0 e T B K 2 A AE TR R M1, SR IR T 22 o i SBR[, Ak, AR
B AE 2y p A 2 N, XN R e 8 2 5K BRib. FERERIEMS RN, JEHAH
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AL RL R — LB FLARTE 2~50 nm JEEIN I Z LR M FUMELEG @A 7 rfLES M, FL
BR/NAESAT, WRAK, FLERAME ARSI T A FUA AR L 18 2 7] 2 A7 R AE AT
S RTF AL BRE 7 AU RE, T AU RHLE S A &) FUREBCR: A ALk E i
DU R AL TE S5 /R0 I B A o), Rtk s, FLAR AT S mimi )2 v . AR A 2
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i s B (ORI B0 AREATT B SEAR SR e AAEL, DA [R5 SR AT 4 &, A AR i 1
ol —— 22 BRI AL AR 7 oh, Rl — A o BRBEFTE RN “ 52T SRR, AMRITSRK,
M REGK; A ARHTREAE - KA I iEAe,  “a5 77 SM3TIF (A 1), MR, KWEAS
WAL, HEATRONI[7] [8]o W T MMM RAR IO FAEMEALT), BAT RIS ARIESEE, il —, JF
HIR B AHRAN, AN A, AR SN A KO IR PRSI SS, ASJeR a2 25 ) & AT BRI
A I 5 U N = o PN A oy 1) VA E R s AP )

Figure 1. “Lid” closed (a) and “lid” open (b) [7]
E1 “ZFXR@F “FF Fb)[7]
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Table 1. Application of lipase catalyzed reactions

= 1. BeEnBSRYHEIL R R A9 R A

it Iy gl 7 EEBEN
I 2 14 2 o 25 i Uidach oM T .1 74 I 4L 3R C ARG (90.4%) [10]
I# 58 AL fIR 1 it HAEm. Hab AT B B FE R H- I B (90%) [11]
I 5 1k Jig i g W LB AT 1L Z4E 2,185 (97.4%) [12]
R AU I o I 0 MR T T & 1R 79 17 T 6, (94.6%6) [13]

7E: 1: Novozyme 435 J& H1i#4i(5 4 5 2L 9L 5 2 435 H I8 2 AL R A -

S8 T S =] Ze ey 1] 9 Ke Sl R e S L A M | 7/ K i L 3 S A A S Do
RE i SN2, AR BT LA AR, RN thRES AL BRI & R fEARKIIA R K Z 8
PLE R, RERSHT RS MR IE ML, A RO A BB S MR s 37K TN TR, ANER
BRT B — 35, — AN RSIRERS N A FIR A, BB EBO I LA HUIA T RS 1L
R S8 R I I B s AL RDRE Pt S ) I i A 141, DAL e 25 M o Al 7 o b A S FH PP AR 2D, T AL L
B g T ) R Fe L FH AT T 1 9T 1
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1999 4FE g2 3 R EE NF I Wi B Re PR K SLAR FAE G50, BERS UM et il Ak K5 it AL
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SR LR T G, X4 R ENE T O N ERSE 25 IR & e (ELIX LRI Y e Dl 1 4
Wil BORYF RS SR, HAAREELMM, AREKI R, 2017 431505505 il it
Bk FE g Hh A P TR AU BEoR BEAT D TR 23R 20 Se IR 1 e B A AL, 92 i g 0 e e A T [ S £,
WEKER A A3 A, 2 T B E IR TR LI K[ 16].

LA 5 A i s A A 30 20 1 7 e ISP 2R Sk i A 2171, A s e b e, R A EE
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MDD A A R AAIBAT 2 B T e ] AU B A #2 AL (3D 70 22 S 3008 U5 sORFEAR AR 7 eAs - Al
b 3 R e TR IR B ] 2 i g, (H B A5 W A0 A RE 24 [ R 45 B — kS, DRI 2 i e Ak
WA R 3 32 AT ZE R ORI B ST

2016 4 Sankaran % A fie i i % (15 i AT EL il 5 i T B A 2 20 B P b TG SR A T2, AT =R
il T AR BAS s 72 it 2 T ISR m AT I f il B DA 52 S0 s [18]0 WK ER 20 & Ta A BT, 2 il
r L PRIR. SRERAE AT T AR S AR R ECE R, JF HEE AR BRI, Sin dy™ s AR A B A
—MRFFIRIOBE, B MRS5S E R KA T A RE glam AL, SR ali i) 7K s 745 174 &
FERIBERCRRIR, JFHARE, BITBA TR ZER — SR Bk UM R E € B, T 18 i BE % (0]
VORI, 3RTHE AR E PEAT AL R

4. BRI ERAE

[ E AL BN C2WT T 7L 48, VMR EE, BRI 0B AR R L. it &
Be) SRR, [ E AT B A% G VR R e 2, B A B ) R G AS 13X T UA

Table 2. Common methods of immobilized enzymes
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Jii e A S 3CHR
(ERLIFS AR A G, BISR Hadi /oy 740k [19] [20] [21]
MR i PR AEHE, AR SEE AN S N AR LI [22] [23] [24]

et ik e aia, et SRS, L AR [25] [26]
IR B, SaiohEmE Oy P AR B 1 [27]

W BRI A BT B2 5 A0V 0, By vl Va i A S g E I ) SRS &, BORBUARA
—EMWRHER, JF Bl Taiaiss, oMW Ek BB .

BB Kl T B MR SRR S AR SLEE T, AT A KB - 2 g, 5 a A
el I HEOREE > T ARIANREIL K A 23k R e T4 27 12

St aiaih: W BARR IS TR B 5 80 7 L RO R AR IR S N, Sl T 245 SRR,
RGNS S AL & P R 5

WA & MICEUARE E Tk, PRI REEZE ThRE b, (M7 1 18] FLAH 45 & fE — e T L 2
B, T AR E A, I AT I A P AN [ SBR[ S A A R RO, 1592 2 B i Ak
Oy AERAERIE

5. MBI LM NE AR MEFTR

[ 5 P Y S SR A AR AL T B A R AS B BB B WU e 1 L IARRUE PERI AL A RRsE 1k,
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XHEARTT HIE 5 % 2 U2 B AT IECA S & EAR, LR TREEEANSLATRL, & BB AT
FLRR/NRENE BB 31, 0T Tl AR PR 6 0 55 R i B AR OK R e 2 a1 [28] (B LA B AT RHB S AT
JZRIE, Wi RS 1 0 LA AR E ML R, B EATI & REARIE R A A OV E 2%, i
REFA IS LR

5.1. FELSFiE MCM-41 FLiERBERFES RO E E

MCM-41 & —MONTT S L TR (A 2)s e 0572 B R H R AR R K B #vd ik,
BETT 353 NPRANBY B 55— B BOM SR PR R S PE R A DL T 5 7 A& Tep LAk o3 1 s e HLIR AR
i KRBT B AL AT ML) 5 TN KN T3 AR S S, 58— BORI A v il A A B A AL
FOPEEREANRIEE YRR, I T RERBUYAFLALIE R 3) [30], # AR IS TEF I & 7R 2
g R R o

MCM-41

Figure 2. Schematic diagram of MCM-41
molecular sieve [29]

& 2. MCM-41 B F s R =R [29]

RUCENING I 3 i IEEES
. A ! \‘ :r ’
R
T

Figure 3. Schematic diagram of synthesis process of mesoporous molecular
sieve [29]
3. MLy FiEE TR RERE[29]
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MCM-41 731~ e K FRIRF e A 7T LA o e 2 v i 7 g 0 RE SR 5 20 T ALAR KD, AL
PV AE 1.5~30 nm Z IR, HATAHECN 2 i a LKA 4 nm; MCM-41 8 W] il 15 2% Hofth 2
T40 Tiv B, Fe SRR HABMMI B AVER . FHEE AR “MaK” BoRl#E MCM-41 %, 2
JerRE A5 2 1 B B R rp AT KA, 13 BIZRZLH MCM-41 7310, 55 Ja R W B2 g o g ]
SEAE MCM-41 7y 1 fLIE Lo Zeid— RAIRAL, [ 5E (R 7 55 90 25 AR T M AE 70 C PR G2 i S by — B
WFIA) S, AR T 0 e T RE e, W B T B S B, T[] 58 A IR 10T B PR AT BE W PR ERAE. 80%
AL, EWIE E ALl A E B 1R T B8 LR T 5 90 2 IR T A L B AL 33T Y, DR Dl 8 Mg i g
DA RN R T REE, 5 SN (B A T AR AL 1T [T A O O s 1 2 31 5 A LA R AT 20 O
PR A AR, ORI IR 2> TR, A5 RIE[29]

5.2. f+FL9F0% SBA-15 FLiER ISR BRI E E

SBA-15 73 1 LA 5 MCM-14 75§ AH R [E A LR G5 4, (B 5 2 AR )42 SBA-15 FHRIRAL 2 T8
FEAERAL, FLESMEEA T, B TS, BALEEERE, FLAR KT A6 — &l 4). 44 SBA-15
777, 5 MCM-14 —FE382R K #GE G B (HARFZ SAB-15 SR fEIRIE4MF T, DIRE LM - K
AN - RE O = BOLERY)(P123) &8 1 R v VRN BAR,  IEAERR S B NI & B [31]: FLAE W]
7E 4.6~30 nm Z[AT, FABGE AR E MUK EN:, WREFAERERER. 2018 Kb X% il
T 0 IR 7 T A AP BB A I U7 T A B T B R TR IR T e B S s e, IR BT e
Aspergillus terreus )55+ XIRAEM LG DR X € SUPERFT, KIL T ER ISR T (A0 1 5 = 1
JEWiEG, RS EWAFTH TR, WEE NG SBA-15 7 Fiiithi, NAEiEEIEat 7 R i rmtt
HEALIAEE[32] .

Figure 4. Schematic diagram of
SBA-15 molecular sieve [31]

[& 4. SBA-15 o> Fis = E[31]

5.3. SBA-16 43T 1if E ¥ is B it 18

SBA-16 & FI /K A#E, DL=ikBIL RV A LRk - REA N IERE - REA CIBBENBNR], ERERR
CBENREIR, FERBENUNINN, TERRIESME T AR SREIR BN SBA-16 HITESUA BRI, Rl sk
560 I8 AR AR R BE , I LS G A P 0 B e, 75 D0 23 5 s Ak 2 T0 2 B e B T3 SBA-16 43T [33],
I — R LR AT 8 SBA-16 HAA =4k ehiy, HIEARSUNIRIE, G 77418, El-Nahass
M FH SBA-16 SR ER IS S AL, I W B2k i AL R e 7E FLFLiE B [34], [H3E SBA-16 —FET] LA R
[ F AR Wi, T DM AR B B e e v, S SRS T mEE 1, (R R G T R R R BRI N 12 RS R T B
A, BEMS AL I 7 B AE S B4R B TP AR AR KN 6] . SBA-16 J& TRk FE AN FL2r 197, XoF g Iy T A s ot 6 O
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RET, SRR e i B 0 75 3%, AT DAR MR B2 i g 5] 52 21 SBA-16 7)1 fLiE 1=, il pli—
ARG BT FIER . BERSREHEMELL N o

5.4, AR E BT =

I LI B ALAR R ANBOR BRI 7 & Ky T AL B RE 73, H RITET FE R KL - m i A Bk
R TAFICE FEE 28, RSB R T4, fE Dol iz KR 72 . 2012 4RER LA N DADY T
SEACHIORRARR], R RIS A ——H & B TR RHR B 3 SIFELLAMT IR BRI, JE AT I
PR BRI TR VUIR LIF N AT SN 58, 170°C B 5 h, Frf =PI IR . 28 7K Bk, T4,
B W, AR AR R R AL 707 1TQ-33; N A2 FhK 0 RIBR I N SRR = ) F Ak, 7K id
%, BN & S A Al R 5, i R U Pk BRSO - 1TQ-33 7 400°C th R R4 ik,
HRREH SR, SR N I RO G ) B A W AE F1[35], AT AR EEE 0T, AR =
IRPREE N WA CREFETE, KORBEAR LA . 2015 4F Qian &5 AFIF/K G i, DARHE = 2 R A
NRERGR G B T RS LEERE 7> T 1TQ-44, 18 JUMIBIEIEAH S BIL i = 4EFLER A5, FA B v (O 74
FasEME, £ 500°C A RENS IRIF5E BT ZRAAIE, A L ITQ-33 B/ HY ML HIVEEI[36] -

6. REERE

[l 5 AL B T AT I DL /AT = 1) [ AL [RDSOR 25y, WT R AR < 2) [T s AL 2 SO 4
AT ERIR MR, H ., R . 3) Al Ew/afaettiem. 4) BEmifEL RN LT 5
P o 5) [l A BER A — € NGRS, AN 5 76 Tl AR 7= il SRR . 6) [F & Ak i 15 i S T AH LG B8 1
e LT PRI [37] o 3 I — AR B AR T A SLARE R G S S BT T8, 25 B2 Dy [ 5 s i i ) 2%
B FUARLZ T PP A SUARE, [ %8 T 10— A2 K IR 1 g e R RS ) 7 BN A LA R LIE o
R S L o T R AR AR B AN W R R AR I, X G [ 8 A BOR WA BT R R, KR L%
FEFRGE S Rk A 2R AR e A BR, AR PP, 0 BENS R 2 R 2 AR AR
SETHT, AT L —VE, RE MBI 2 A LR, IF BB EOR B I I B Ml &, X
AR T BN TR R 1 H AR

E&WE

B E X B RBLR ST H LS. 21701069; T HARIE SR SR, 2019-ZD-0607; K24
BEHENLINE, (50 FLaE BRI B AR 3 2 mi i & R ), 201910160028; HMEHE 2 “+
=07 BRI, JLXH13514649 XA 02 13 EE .
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