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Application of Candida antarctica Lipases in the Preparation of Diacylglycerol
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(1. College of Food Science and Bioengineering, Tianjin Agricultural University, Tianjin 300392, China; 2. Institute of
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Abstract: Candida antarctica (C. antarctica) is a yeast species found in the Antarctic environment. It produces
two lipases, C. antarctica lipase A (CALA) and C. antarctica lipase B (CALB). In recent years, C. antarctica
lipases have been widely used in the biological, chemical, and food industries for their strong catalytic efficiency
and unique positional selectivity. This review first introduces the structural and enzymatic characteristics of
C. antarctica lipases and then describes the application status of C. antarctica lipases in the preparation of
diacylglycerol (DAG). Finally, the biological modification and immobilization status of the lipases are concluded
and prospected. This review aims to provide theoretical and technical reference for the research on C. antarctica
lipases in the fields such as DAG hydrolysis and esterification preparation and lay a foundation for the subsequent
transformation and improvement of enzyme molecules.

Keywords: Candida antarctica lipase; protein engineering; diacylglycerol; immobilization

NG T Wl A& — S RE % 11 1 i JTiE & A IK A e L 1)
it S B = I T b 7K i B T i R OK e i L SR B T
FRAETR K Mg 25 . AL AR, DR TG 0T Bl L £ i AL T
1 VR AL K R 22 P i A BE T, £E T A5
TR T SRR DL R A A U T
NH . MR AR 22 B2 B (Candida antarctica) 7& M\ 74

AR K it 43 P R R IR I RE R, T AR o/B
REBE AR, Fod, N &2 172 ik
iz 22 1% BF ig Wi 8§ A (Candida antarctica lipase A,
CALA) M1 75 # B 22 I B fig Wi B8 B (Candida
antarctica lipase B, CALB) , {H [ #& [ il 2 4 i Al
GG EEEZERY. DAGREEIMA T HM=

HEETE - bR AR 5 AR )8 TR H (CXGC2024D09) ; Ll R 48 IR AV 77 Mk 4 A 4k £ 75 H (SDAIT-28-07) »
BIEMEE K P 1970—), &, 4, 88 , Wil -0 7826 S0, 5 2 N R W3 M BOWE 7T B HF R AR PR I T K gk A R F

9% . E-mail:672136215@qq.com
Y5 B EA:2025-01-03 & [E] HHF:2025-02-28



Vol. 45 No. 2

I (triacylglycerol, TAG) H () 3 — /N JIig 7 B2 1) 45 14
JgE S5 5 5 0 41 A% Jo 2 48 Y L 7 O A L R
1 (111 R A O 1 = N S T S A8
F o T B R 45 IR SR PR D RS R S
A, N DAG Tl Ak i 5% o (8 B % .

P T R FAD JE 40 3 3 P AR e S A, T A AL
22 T T I 07 I £ M LS T R R R B ML A
577 TH AR R B H K Y R ¥ ), 7 DAG Bl il
2 T R R . R BEE T ENLEAR
TE J 7 G S0 o B2 R ) B B A R AR A E )
AR T R BB T IR L TV N
T o s I e ) DR R S L v AR e T R
TS PR A I . TR, A 3 R e A M 22 8% B
it 1) 25 WA R R VB 1 R % 7E DAG il #% ) R
HEAT T 2538, JF R 45 T 3 A W 2 st AN [ 5 A 1 e
FeHE R UAA e A% M 22 % B g 7 B 7 3l g ol
[ R R R R 2%,
1 P M Al 22 1% BRI Wi it 100 25 420 55 1l 22 R AIE

& CALA Fl CALB K J5 AH [A H ¥ 8 a/B 7K
fif Wl L AP R DL T OB R TR 1 4 R R
1994 4F , Uppenberg 267 35 Wk F| I £ & [A] 5 & #e
(MIR) i R f# T T CALB Y = 4 SR 450 . il 1
Bz~ , CALB A B A K 2 H0 16 i iy 78 26 35 VR4 s
FUIR 36 1 7 &5 48, 3 Bl MU (1) 45 #4 15 79 CALB AN
PG T I K T A PE L RR B AE T T2 0 5%
N REEMAEE . N2 AR K R, CALB
) HE 0 0 M RO B — R R R
(Ser105), 1% bk 2l id S B 5 4H 2 B8 (His224) ALK
KE TR (Aspl 8T MIE . X 3N LR 7R HE UL
L 55 10 AT B e A4 B M b = Bk . Bk 4h , CALB
55 H A o/B 7K R B 0 77 51 AR LR B, B — MR
SR AZ 0 A5 K AL HE — AN B )\ B 2H RSP AT L
BT 2, P9 o BB i A o LV R A A 2
BL T B T8, BRI T KRR R ) Cn TAG BC0% #
BED 2% (8] 8 AL, BT B5ER B S AR IR PR . X L
P REAE A 43 CALB 7] LLAL 25 B8 2 Rl 2R 1R, %
7KV P BRAE K PR TS G W R A R S [
I} 75 G MLV AR Z b 0 R ) PR s .
LA SR, U 4E 45 A \)0K CALB [ 52 16 5 1 7 b g
fir % N Novozymd35, | Z N H T4 & F A E
W G R AR IR A e O T AR . B LR

RIS EIRIRLE S AERESE B im — BRbl & P R A

TR — S B O PR IR A M — I
B1 CALB# =444k
Fig. 1 Three-dimensional structure of CALB
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Fig.2 Three-dimensional structure of CALA

TAG [ sn-2 {57 B Bt 5 7K A O 45 1k B 55 1) I 107 6
B AR AR H R o iy 8 A R R

2 T Al 22 19 BN i 1 {2 DAG il 25 v i

)i I

P W AR 22 1% BF g 17 |5 A 1l & DAG 1% Fi g
05 B, O K R 5T AR B, T3 I A A R AL
TK AR5 22 P S SR A P DAG, BAR R 5 R F .
2.1 MR

W 38 F A DL (fn 2 % H M2 ) F TAG A
SR HEAL 1 % DAG I N, B A 5 2% AR R A
LA . WEFLR I, G W B K R 2 DAG 1
KA PR B LEEY, OHFRKBEXTHA
CALB f# 14 H i % = B il % DAG I 5 A1t 5% 14 W
Feo BN, Zou 2R B LA AR P il g 5 H Tl AE A
JEY), FE Y BE R HE 121 .CALB %3 N 8% .50 °C K
W 12 h (%44 K, DAG & 15 F N 48.2%; F)
e 55 SO AL T W RRFF T DAG ¥ 1) 2% 2 1, R IR
TEJRY) & LG 1120 I & 2%-80 °C /B 10 h
%1, DAG S BT 47.13%, 41 7 7 2 Mm 4k
J5 H 5 B ik 57.18%; Wang &2 CALB [# 5E 7F i
PEJG 1) SBA-15 I i b K T i il % DAG, 78 et
2 R BE R EL 20 1B N8 0.2 g I N i
60 °C J /3 15 B 55 3K 200 r/min. o BB 1A] 12 ) F
1531 DAG & & 5 26.57%~54.19%; i § ik 251
KRB, T 1 CALB TE = i R €46 KF i 5 2 I JBE /R
EE 1050, S B2 3 B 50 °C I & 6% ) B (8] 1 h
B4R #4100 1,2-DAG & &35 88%. LA 1

BE3ILE 20206 F 2 B | EmE5EMEARFR

W 5T R B, CALB nJ i i B il S B A 08 ) 46 & &N
40% LA F ) DAG, H 7 i ik Novozym435 52 Tk
A 7= DAG AR Bl 2 — A & BUAS ™ I 4 T
N . AR, CALA 78 H i fi# il % DAG 1 1t Bi
M AW CALB )72 , KB £ R A & CALA #& sn-2
7 T 3 3 T, MR T sn-1,3 00 B A% 7 E 9 CALB
AR BAR, H 5 5 A4 s P 1,2-DAG.
He SR B, LLK 3 A JE kL, 3@ ik oK 7L A% BE
NKA-9 [# & b CALA fi {6 H il i e B2, £E i FE
50 °C I L 74k & H, LA 600 r/min 45 #F < B 12 h
J& s DAG & 815 64.37%, % I CALA H &L H i
filt il % DAG [ /1. SR, T % CALA — f N i
B 2, D [ e A PR A BF T T % Y
ENSRERAT AL . Bk A IR C &0
RIT & T e AR 22 B S DT H AR A
DAG I &A% B 24 1l 75 A7 78 SR I TA) K CR 22 208
110 h L Jo v S B Tl Ak BB S A (9 BR 1, 78 & ok
it — PR T .
22 FEHR R

Wi A I 8L 2 R i iy e L 4 £ A0 I 1 IR T Ak
AR H W T B E RS Y A v
AF LE U 25 G 07 B8 J A = 1 ) @ . CALB [ sn-1, 3
(1 B o S P A 7 SR TS Ak IS H A7 AR R AR 34
AR R AEE I 1,3-DAG. Wang 2512408 7K fift 32 B
(100 55 it I 10 R 5 H il (R R EE N 20 D E T 50 °C Y
KRG N 5% 5 7 B S8 9 h, i 48 7= ) vh
DAG & &L 94%. Z W 70 R W 25 i3k 1T
87, 5 L e 78 TR RS ) £ B v A R IR i S R i IR A
Hh, B R B CALB AL BR 10 O BE, 7= 043 2 B
(1 [ B AR £ B 2 e B IS ) 856 K Al AR 558 v 1) 1)
. Chen 250903 1 3 R (Co) B2 R (C) 5 H il
5 1:7.5 (R BEJR LB T 60 °C IR ES I B 4% 1, 48
J& NN 5% (1) Jig 15 B A 2.5% 1 25 B 1K, B30
min Ji& , BE A 6 4 7 2818 5 Rk i Bk BOR X = )
HEAT W B 4k, | & C-DAG 5 C,-DAG [y 4l fE 1
K E]99% . A IEES Y T AE R B R G SR SR
AR A v BE 43 BOCE WA A o L 35K T R 2 1A
0 2 i 1 AR, 5 4% 0 1 40 R 2 R 48 AH L, A% I
FAL AR iy, R AR — e 2 R e 7 LK
T B 5 g 107 g 325 B PR 4 4% 5 A2 BRI DAG Tl Ak A=
P2 A R AT AT R . Huang 25729 DLE & 2 i R 1Y
Ui B R i R 5 H O JEORL , 7E U T B 25.8% i 471



Vol. 45 No. 2

W 2% [ NI ) 4 ho A EE R B 2.4 1L JE
60 °C.EZE 01 MPal2cE N, il &S 2N
65.4% 1 DAG, &l iE IR HE 4L 2 J5 , DAG & & =
% 96.1%, H 41 1,3-DAG & &1L F 64.7%. W&
FR I CALA W] 5 CALB W 74 4k B8 46 = 5%, 78
JRYDILHE MR 5 OB AE R B 1:2.pH 8.0.CALA
7 N & 5% Novozyme435 (& 3 1k CALB) ¥ I &
2% SR BLUE B 50 °C ) BLI [E] 3 h (1) 26 4F T, e B
1 #ik 52.84% . SRT , He 2% B, 4 K LA fIg
SE AL CALA I ER AL | B4R 2 9, R T JE A & o
DAG M & & 3 L84k, Ui Bl CALA 7] g H A~ i& H
T 1 Ak B8 Ak S 7 ) % DAG , 78 A 5K 75 %% I S AL
HRFEAT RN AL, LA B A (5] B 1 52 Y L
23 KRR

KA 2 Fi w5 A 1K TAG K AEFE R
PERSE, JBE 2% Fed — AN Ik 5 A2 B DAG i #2 . |
T 1,3-DAG {8 B Th A8 T 1,2-DAG AR
%, BT DL RE 2 101 7] T /K TAG 1 sn-2 47 Bt 5 19 fig
Ui Bl A2 OB G B IEE. Mdk RSPV R T £ Rl
i 17 Tt 7K 82 S FF ) 4 DAG 2% %R , & 3 CALB
1E R MR % pH 7.0 0§ & 0.5% 17K & 20% - K
N3 FE 40 °CH % 1 T4 X B 9 h 5, DAG % &=
LN 4.5%, 1% F W] CALB 3 KR i& F T /K il i &
DAG. IX T 8 A2 K 75 K fift I BEAR &R A, 3 s 1
YK EE T 3 BRI B R AR JEAR T PR ) G f
1035 T B R 5 5 TR B 6 B CALB f 35 855 1) i /K
2 E R LA AL T BETY . M R PYR ] CALA
XoF sn-2 e ) 1 B0 AR A A s Y R 25 AR R T K AR
il % DAG, i & f £ | B 5% #4828 B i I & 3 850
U/g 7K 7 N & 32% B fif i 52 70.5 °C [ B I [A]
9.1 h, fE b 26 fF F #l % tH 1 1, 3-DAG & & A
34.36%, BT AL o A& 1E 4L )5 1,3-DAG
T RIERE 41.24%. ¥E TR H CALA AL
K8 R K AR 2 DAG, 78 117K B8 10% i il
0.1%-70 °C [ 26~ I B 24 h 5 , 3 Z (9 7= 4
1,3-DAG & U N 12.35%. X — &5 7 % 0 i &
CALA I 1b 7% M A0 F 5 1R B A, 75 R B &R
o HILTE AR BT IR . R K AR S A%
DAG I AF f8] 5 AN 75 98 0 L A R 40 < RE FE AR, (1
SHBRZREFMTEAE, TR DAGHREMK. K
K, T EARAL ] & 5 A AT DU G i R N R
AR ERI =Y, FF BRI o B K T B A AR R

RIS EIRIRLE S AERESE B im — BRbl & P R A

DAG I LZ, MM 42 = DAG 15 % .

RUKTG &, CALA 1 CALB ¥ 7£ DAG 1| %
JE T BRI R T s, IF BB X 2 M TR 7 I
ZE S AR I R IR R T IE AT [F AL ) )
# k. XN T DAG il % U, B T
& L2 K AENLEATS 7 RN I LS, I
BRI 2 FpB R W [ AE A DLER T 7= 43 2 I BE AR
FRA
3 VA B ARR 22 1 B G 1 0 A 8 A o 1 R A

pio e

B A= 7R A A iR 22 B B IR U7 T A A A A 3R R
o PR 22 L R S MR A AR e A, 7 EE R T LR
F o 3520 555K, JE B U vl B U R 2 A
THEE 2 PR AR K, BB T i 2
P B i J ity () S S 5 . IR A, I O T P 1] 5 Ak
V4 i B I 107 i ] B — o o B BOR B i PR
JiE 05 B 1) OB RE Bl BT SRR B T IR A R AL P
Ato XTI AR EREG AR I M EEEA,
72 T A AR 22 9 B I 1 G R R T Tl AR 7 ) O
FEW
3.1 EEMEIT

A3 T RO AL A s, B A TR B T R
Bl 70 T 1A 45 A6 A JE R AR A WL B 45 1 T B 25 A0 A
Suen 25U F] F DNA 22 45 A G i 6f 3-(37,47 -2
AR R R = OB HA KIS CALB R
AR e 245 B 1) R AR ARG ME L CALB #2120
, FRE A BT L 75 45 °CF 1 F 32 I L B
AR CALBHR & T 1115 . Peng ™% F £ £ S A A1
AT ERMS T 24 R AE K (mCALB168 Al
mCALB7) , 7£ 60 °C .pH 8.0 [ 3l B2 £ 22 i ik v i
G A 7] B[R], 5% 728 A () A 5 i V5 0 4l b B AR A
CALB#ZE@E T 145 M6 5. iX 24 5A% 7R #8 /& Ji ik
GBS ARk B AR E MER B .
I A R R 1 R CALB A4 5E 1 T
1T HEWE o R BE AL AL TR W 7 R B MR 22 1 BF R 7
ity 1) 5 3 R AR T — e R R (B AT AR AE A H AR R AR
K A D L BE L K DR I S5 R, ROR TR 4 A
e 18 R R, DAL B i T ) AR A S PE
3.2 MR

PRI RET THRERRTI . 44
(5 B SR 2 b, R R M T SR Bk B 2 A

27



28

Journal of Food Science and Biotechnology

KRR TR LA g 1k, TR € ) R A O ik gk AT
AN G AR, T B 0k H AR O B R . Xu YR
CALB AR, iz F] 58 4 M 3 A AL 4 7 1 15 28
(FRISMD S W& , Xif 45 & 148 3k 47 2 B vk it it
73 21 4 o vy B ST AR H AN RAR AR BATTAE SN e R
A1 AN I e B 2 8] FR) 1 AT 46 e S H R 3k R 1 2 KT
90%. A 7T g ik A B RO TR R
i CALB X R A& R (1 Rs S5 1 A AL RE g, Hrh
FAR 4R T138G. T138A.T138S Al T138N 4 1k fig
A I N TS PRI I N T 4.0 £, RSB AR V154L-
L278A WA ISR T 3.6 5. M i 204 %
CALB AT T 5B RAL, 1 € V190A A 35 %
AR 1% TR AR LR B SRR 1 i, HORG S
RTE T 17645, 8 i A Ak SRS B ST f A O A
R A OB R TR 100% , A5 T 5 A R4
T 16.02 i, K MR N R W B BE T B E AR T
Zorn ZB B 5T A [F) B JE R V0 9 A6 B DA L R
I T ) RIS 3RS T CALA RR Ak 2 R
A, R BB G AR AR V290W AT LA I JBR 55 i 2 i
BB 34% B B IR, AR AR AR VI(V286Q.
V290W) i DA Mg H W5 201 A & AR B 78% I IT IR
BERE T CALA X HRF E K B 5 A v A0 T o 1R 1
RS . Lofgren U@ i P # MR IFIRE T
CALA [ RAZAR L367G, 45 F IR, 1% 58748 4 X 4
TH 8 228 3 T -3 B2 1 TG A8 o 2 B A T
B AR T 1065, B AR B T R I v X Bk
MBI E e . A SN, e E M A T
JE 1) 34K, AR R b 4 /N T R AR SRR B
T ITAERE.
3.3 ML

P BTS2 1 BH TG 23 1 2 2k IR AN P 4
= AR T FAE AL BE A b, &5 S TE L AR B
176 U5 Wi U P R S M R AV 1 O B 7 i, IR
FE VR B B 30 AT B M B 4 LIRS HL AR IR R AR
B F B Bl an, Jd i xR 45 A D A8 I A BT
AJ A A g D7 i R AL ARG SR PE , CALB B 45 & 4%
F& 1 Thr42.Serd7 5 Trp104 # B 1), T iZ 0485
V) 25 5 A B ASORT A R /) P A T2 2 B0 HH 57 Ak i
P, Magnusson 2574 73 1 58 8K 1 Trp 104 2 5 R
B iy Ala, LLIA 21 B A% 2 (8] 67 BHL V36 K 45 & 148 %
B H ) T Trpl04Ala RAFK , 1% 548 44 % P
Wt -4- T F1 T Jo -5 - T 1R SIS 400 s S MR 40 il 86 T 270

BE3IH|20206F 28 | BRE5EMHARER

515500 fi5 . SbAh, ] Dd ik s IR 45 A
48 B T i b B R R Ok o A g 1) A (A 25 A
M 42 & B AL S 77 . N B CALB () #Fa &
PR ECE RS R TEBEARGITEA
A8 A8 A0 & (AG) , ATHT 3 B 1 52 el I8l 4 £ e 1
() 2 TR AT A, FE AR AR A B 0B E T
A146G-L278M Fll A146G-L278M-A151P At 4 58
AR, X 3R IR AL S AL T IR 45 A 148
I, HOH &R (M) & A R I 5 8] U e — i
oA TREERARK =HEW, X0 T 5 m R
TRt e A A EER L. SRR 2MRE
PRAE 50 °C 112 32 31 43 0l 2 BF AR W 1.35 F5 A1 1.5
%5, B i S NI FE B T 5 °C , X R P I IR B R
DU G (i sz . X EE &MY T CALB I =
YrgE 1015 S, 18I 4y AT A R R R E X A
BEWR AT R AT B 4, R B B R R B KR
FEWR TR BE I o5 b PR AR S TR A7 BEL L 51N B R E 4
e P 0 1 B TR L G A A DL S R Gy 1 (R
1B 77 B %0 & F0 o B SE SR BE L, R T R K
CALB Tm, 5B £ 8 CALB M E , JE K 8 0% 12 12 v
T 10 %, [FIBFAE 50 °CF i #vEs e i 2 2 1R 7, IR
13 h )5 A X B S R 74.8%. IR AN, B R
i I T ok R T CALA X RS i % ik i 5%
BEfk . 140, Wagner 29V 7E CALA 35 P 47 55 B T
WEHL T 7 AN S R R A B A e 1k A A, A
5 25 7 1 2 0, B & RS 1 R R R R
V278S H1 S429G TE i 4k BUEE 1) 3l 77 2% 4 25 i 56
FUUH L AR CALA i H 2y 2~4 5 bR, H
YA WRAR A V278S+S429G fEMEAL 1,2,3,4-IUA
%5 -1-I 1) I8 A s R T 75 30 1 IR 7= 0 (RO -2 1 5 4k
FRANT WA I & A A B T 45% F199% .

SR 38 I B A TR R A AR 2 I B T
WA 2R AT B R 1 0 2 BUAS 30 49 B R, H A 8 3 IR D
ity 1 45 ¥ 5 Th e O & i A B, 76 R SR I 78
CINYR GNP R A iR - Su
o, DA EE— 5 2w BT v A I S R R .
34 EBlEK

HE W7 B [ 5 A4 A2 R 9 B BR 1k 2 07 ok iR
i NG 7 Bl A2 € 1 R R 2 R AL Rk R )
B R o AL GE I [E s A6 7 Tk 3 A W Y B Lt
IR R ANl B Nl ST~ 7 LI S
AN 8] B R LA S #4 R B [ € CALB, K 31K 1L



Vol. 45 No. 2

B g DA-201 [ 52 16 i) CALB f# 4k H 3 filt (1) % %
B EI £ RN 24 h J5 ,DAG & & 14 64.52%.
Mang 27 1y 52 7 CALB 1 5% 4 W M % & A
LX-1000EP ¥ % B fig , [# i€ {t. i EP-CALB £ 3 th
5 Novozym435 AL 1 # e e 1 . pH A2 P DL KA
MUV FR 52 P o 76 f Ak e 28 4 & JR 2, 5-PR I — 7%
fR — 5 2 I M WF 7L, EP-CALB [ # 1k & Ny
91.3%,Novozym435 ] ¥ 1k % 04 87.8%, J5 [A W]
5& CALB 5 W i 76 W Bt i A% o 7= A2 7 240 3% 82, B
1k 7 CALB 7£ ¥ 77 v 1 Bt 7% 12K 7% o Spelmezan
SR LA g5 B A CALB [ @ A R AE U
{10 Bk P 90 K SORE L, DR A T TR 2 04 TR A8 3 S N
TE3~16 h N, H B4k % h 49.2%~50.0% , H 7F 5 £
ZAF AL 10 AT AR B A AL 1 . Zhang
SIS RE R F 36 4 45 & 7% CALA [ 5E 78 ZIF-8
b 0 ISR AT RAE, R L T A R ZE N
W SRR 4 B, B 24 hJE R B4R T B ik
97.42%, 3% B [# 7€ J5 I B B A 5 4 (0 AR 1 R
pH #& € PE . Cavalcante VK CALA 5 &% £ ik
1T 45 A 0T kAT RAE , 45 R R, B E b
CALA [ F- 3 J1 02 Ui 25 W 11 2~3 i , 75 35 9% ik v fi
frac-1-C = F A FEREFE) -1, 4- - F-3-2 5)) )12
Iy R B B AR T B (>99%) . Song 2T
) R 22 B 1Y) 7 9 43 K CALB [ 8 7E R
A R 5, R4S T AR E MR EE R A v
JIE J07 g, AT Ak 2K R 5 0K R I R AR R AL R
N AL R AT A 91%. Zhang 25 CALB £ 41
A& @A HUAEZE ZIF-8 w45 B 1) fig 1l 16 ) 1 3% 7
[ 22 59.8% , [l 7E 4 225 92.7% . 1 3 1 2k
T 40t 10 RAE AL & AR L-H0 3R I R A A R 1 5 L-H%
IR 6 A R AT e ik 3 75.9% L b . AR, Bk )
[ 52 Ab 7 VR E AT A SR BR 1 IR A K AN TR [
77 kAT S5 A, I Cai 5 ol CALB B 7R
ZIF-8 W, I 38 3k 47 B3 W B 60 18/ ) g [ S 1K
LW g b, 5 B e 7 A L, i ] Ak g R T
BRI S I AR e T R R AR AR M TR B FE BT R
1E CORE S HLVE 7R 2 P 2 B B 4 1 T 52 1
JE 7 T[] 7 B A 32 0% 9 AR 4 i P AR R
F E IR #f 52, LA OR B AR B V5 0 453 K 2 3 5 AR
SEME . B AR 9K AR FIRLBE 0 k R, B A T e
753 Clr i [ 5 AR5 R A A Rk Clan i 1 4
KA RIS G WL AR RS [ T R — 2B

RIS EIRIRLE S AERESE B im — BRbl & P R A

B [E G B R D 5N . 1 R R 2
Tz B I J7 e ) AP 9 4003, 9 L A S H G AT L ok R
(CALA %X TAG ¥ sn-2 A7 B & 1) 5 1) 14 1 CALB
(1) sn-1, 3 BLRE 7 %D B MhRe ¥4 T (CALA 1 #2 E
PR, DLERAS 2% 3 5 & 1) g ot 77
4 JEE

T AF K, B A i TR BOR B GE kR , FE AR
24 W% B} JIg 107 5 5K %2 i) CALA A1 CALB A 245 () o7
B G R A B L TE B U, R I E DAG
[LAF - e el S e S VAL S G L N E R E = 7
FR S N R RS R I TR E SR T .
SR, 24 HIAX 2 B IR 7 A7) A A5 R e A A
% 7 B0 1 i 25 L R R S O 20 ) R
7 A SR B0 58, B AE B B CALALCALB #4 &%
RAMEER LR EN AR S N TR AT
A7 B R S MR RO TE 7 4. 35 38 5 1 SR AR, IR TT R A
UG e P ] 7 e 384k B S AR 2 5 DA 3 w5 7 W AR 22
1% B fI5 7 6 AL ) 2% DAG 1 8 Ak 255 5 4 i

&3 30k

[1] KIRK O, CHRISTENSEN M W. Lipases from Candida
antarctica: unique biocatalysts from a unique origin[J] .
Organic Process Research & Development, 2002, 6 (4) :
446-451.

[2] FERREIRA G F,PESSOA J G B,RIOS PINTO L F,et al.
Mono-and diglyceride production from microalgae:
challenges and prospects of high-value emulsifiers [J] .
Trends in Food Science & Technology,2021,118:589-600.

[3]LIU Y N, WANG B W, XU H X, et al. Synergistic effect
of diacylglycerol and vitamin D in ameliorating dextran
sodium sulfate-induced colitis in rats[J]. Lipids,2020,55
(6):585-598.

[4]LEE Y Y, TANG T K, PHUAH E T, et al. Production,

safety, health effects and applications of diacylglycerol

functional oil in food systems: a review [J] . Critical
Reviews in Food Science and Nutrition, 2020, 60 (15) :
2509-2525.

[5]LU H, GUO T T, FAN Y W, et al. Effects of
diacylglycerol and triacylglycerol from peanut oil and
coconut oil on lipid metabolism in mice[J]. Journal of
Food Science,2020,85(6):1907-1914.

[6] MOHARANA T R, RAO N M. Substrate structure and

computation guided engineering of a lipase for omega-3

29



30

Journal of Food Science and Biotechnology

fatty acid selectivity [J] . PLoS One, 2020, 15 (4) :
e0231177.

(7] F 4, A= FHBA , X8RS . SR8 5 51 B0 3 e v W AR 22 19 B
Jig il B B IR E VLT ). Rl 5 A Tk, 2023,49(24)
29-36.

WANG Y C, LI Y Y, LIU S. Improving the thermal
stability of Candida antarctica lipase B based on consensus
sequence modification [J] . Food and Fermentation

Industries,2023,49(24):29-36. (in Chinese)
[8] ZHANG Z H, LONG M F, ZHENG N, et al. Inside out

computational redesign of cavities for improving
thermostability and catalytic activity of Rhizomucor miehei
lipase [J] .
2023,89(3):¢0217222.

[9] UPPENBERG J, HANSEN M T, PATKAR S, et al. The

Applied and Environmental Microbiology,

sequence, crystal structure determination and refinement of
two crystal forms of lipase B from Candida Antarctical J].
Structure, 1994,2(4):293-308.

[10] WU Y, LUO Z L, HUANG M A, et al. An improved
biocatalyst from Candida antarctica lipase B immobilized
on metal organic frameworks for kinetic resolution of
chiral secondary alcohols[J]. Molecular Catalysis, 2023,
550:113584.

[11] GONCALVES M C P, CANSIAN A B M, TARDIOLI P
W et al. Production of sugars from mixed hardwoods for
use in the synthesis of sugar fatty acid esters catalyzed by
immobilized-stabilized derivatives of Candida antarctica
lipase B [J] .
2023,17(5):1236-1250.

[12] PERIN G B, FELISBERTI M 1.

Biofuels, Bioproducts and Biorefining,

Enzymatic synthesis of
poly (glycerol sebacate) : kinetics, chain growth, and
branching behavior[J]. Macromolecules,2020,53(18) :
7925-7935.

[13] HWANG J, AUM J, LEE S J, et al. Immobilized

Candida antarctica lipase B as an sn-1,3 regiospecific

biocatalyst for the interesterification of triacylglycerols

with fatty acid ethyl esters [J] . Food Science and
Biotechnology,2024,33(1):159-170.

[14] ERICSSON D J, KASRAYAN A, JOHANSSON P, et al.
X-ray structure of Candida antarctica lipase a shows a
novel lid structure and a likely mode of interfacial
activation[J]. Journal of Molecular Biology, 2008, 376

(1):109-119.

[15] WIDMANN M, JUHL P B, PLEISS J. Structural

BE3IH|20206F 28 | BRE5EMHARER

classification by the Lipase Engineering Database: a case

study of Candida antarctica lipase A [J] . BMC
Genomics,2010,11(1):123.

[16] SIREN S, DAHLSTROM K M, PUTTREDDY R, et al.
Candida antarctica lipase A-based enantiorecognition of a
highly strained 4-dibenzocyclooctynol (DIBO) used for
PET imaging[J]. Molecules,2020,25(4):879.

[17] ROGALSKA E, CUDREY C, FERRATO F, et al.
Stereoselective hydrolysis of triglycerides by animal and
microbial lipases[J]. Chirality,1993,5(1):24-30.

(18] Hw oy, 75 1, WhHERE , 5. SE 3T A0 i e w4l B2 13-4
B 200 A5 HL,2022,38(2):210-215,227.
QU K X, GAO Q S, YAO H Y, et al. Study on
preparation of high purity 1, 3-diglyceride from Yanhuang
beef tallow[J]. Food & Machinery, 2022, 38(2) : 210-
215,227.(Cin Chinese)

[19] ZOU X Q,NADEGE K, NINETTE I, et al. Preparation of
docosahexaenoic acid-rich diacylglycerol-rich oil by lipase-
catalyzed glycerolysis of microbial oil from Schizochytrium
sp. in a solvent-free system[ J]. Journal of the American Oil
Chemists” Society ,2020,97(3):263-270.

[20] FhBESE VE 3, AR SL L 55 . TV (0 ool A7 1 4% U JBROKF

WO R R R AR E )] S AR
H4K,2022,41(6):76-83.
SUN X X, WANG Y, CUI L M, et al. Preparation of
diglyceride from flaxseed oil by enzymatically catalyzed
glycerolysis and analysis of its oxidative stability [J] .
Journal of Food Science and Biotechnology,2022,41(6) :
76-83.(in Chinese)

[21] WANG X,HE L H,HUANG J R, et al. Immobilization of
lipases onto the halogen & haloalkanes modified SBA-15:
enzymatic activity and glycerolysis performance study
[J]. International Journal of Biological Macromolecules,
2021,169:239-250.

[22] BUWIAE, £ R A, &3, 5. BRidk e 1, 2-Hih Z B i
T2, E i ,2017,4201):56-59.
ZHU Y X, WANG Y Y, JIN Q Z, et al. Enzymatic
synthesis of 1,2-diacylglyceride[ J]. China Oils and Fats,
2017,42(1):56-59.Cin Chinese)

[23] HE L H, ZHENG J] W,FENG S T, et al. Immobilization
of Candida antarctica lipase a onto macroporous resin
NKA-9: esterification and glycerolysis performance study

[J]. Journal of Oleo Science,2022,71(9):1337-1348.
[24] WANG B W, ZHANG M G, GE W H, et al.



Vol. 45 No. 2

Microencapsulated duck oil diacylglycerol: preparation

and application as anti-obesity agent [J] . LWT-Food
Science and Technology,2019,101:646-652.

[25] CHEN J Z,LEE W J,QIU C Y ,et al. Immobilized lipase
in the chain

synthesis of high purity medium

diacylglycerols wusing a bubble column reactor:

characterization and application [J] Frontiers in
Bioengineering and Biotechnology,2020,8:466.

[26] HUANG C Q,LIU ZY,HUANG W Q,et al. Fabrication,

nutraceutical

characterization, and  purification  of

diacylglycerol components from Camellia oil [J]
Journal of Food Science,2022,87(9):3856-3871.

[27] WA T5 . T WAR L2 % BEJS 05 B A Bl 5 VBT K i I 4L
R BEFELDT. T R B K%, 2012.

(28] W4k [, 1, Eok e, 25, A Byl & H b Z le i) of 52
CID = i 05 925 940 4 /K R S L T 25 % AR A AR O]
I, 2009,34(2):6-9.

YANG J G, YANG B, WANG Y H,et al. Production of
diacylglycerol using holoenzymatic process(D :optimization
of enzymatic partial hydrolysis of oils[J]. China Oils

and Fats,2009,34(2):6-9. (in Chinese)

[29] ENGEL S,HOCK H,BOCOLA M,etal. CALB catalyzed
conversion of ¢-caprolactone in aqueous medium. Part 1:
immobilization of CALB to microgels [J] .
2016,8(10):372.

[30] B . 1, 3-H ah — W8 10 B v ) 4% Je H 2 00T A0
FLDY. 2%l R AR K% ,2022.

[31] SUEN W C, ZHANG N Y, XIAO L, et al.

Polymers,

Improved

activity and thermostability of Candida antarctica lipase B

by DNA family shuffling [J] . Protein Engineering,
Design & Selection,2004,17(2):133-140.

[32] PENG X Q. Improved thermostability of lipase B from
Candida antarctica by directed evolution and display on
yeastsurface[J]. Applied Biochemistry and Biotechnology,
2013,169(2):351-358.

[33] XU J, CEN Y X, SINGH W, et al. Stereodivergent
protein engineering of a lipase to access all possible
stereoisomers of chiral esters with two stereocenters[J] .
Journal of the American Chemical Society, 2019, 141
(19):7934-7945.

[34] DE LOS SANTOS Y L, CHEW-FAJARDO Y L,
BRAULT G, et al. Dissecting the evolvability landscape

of the CALB active site toward aromatic substrates[J] .

Scientific Reports,2019,9:15588.

RIS EIRIRLE S AERESE B im — BRbl & P R A

(35] i, 320, XA 56 .~ B RO U C0iE g R A1 22 %
JI5 1 6 B AL & R S BERE L], P EAEY TS,
2024,44(9):33-41.

YANG L,JIANG L,LIU Y J,et al. Semi-rational design

modifies Candida antactica lipase B to catalyze

chloroacetamide synthesis [J] .
2024,44(9):33-41.(in Chinese)
[36] ZORN K, OROZ-GUINEA I, BRUNDIEK H, et al.

China Biotechnology,

Alteration of chain length selectivity of Candida

antarctica lipase a by semi-rational design for the
enrichment of erucic and gondoic fatty acids[J]. Advanced
Synthesis & Catalysis,2018,360(21):4115-4131.

[37] LOFGREN J, GORBE T, OSCHMANN M, et al.
Transesterification of a tertiary alcohol by engineered
Candida antarctica lipase A[J]. ChemBioChem, 2019,
20(11):1438-1443.

[38] MAGNUSSON A O,

SANTAGOSTINO A, et al.

ROTTICCI-MULDER J C,

Creating space for large

secondary alcohols by rational redesign of Candida

antarctica lipase B[J]. ChemBioChem, 2005, 6 (6) :
1051-1056.

(397 i 8% 30, 4, W e RF . B R U 4R v R A A Ak S
I 0 T AR RS MELD] . AR W s AR 2020,47 (7D
2106-2118.

WENLW,XUY,YU X W. Rational design to improve

synthesis [ J]
Microbiology China,2020,47(7):2106-2118. (in Chinese)

[40] kLT, T %, 60 b, 45 .l o 280 o 1H 42 v AR 22
Fiz & I 07 B B B0 B2 AR E MR L] AR HR, 2022, 32
(3):284-290,296.

LIU G Z, DING R, HU G S, et al.

lipase thermostability for ester

Improving the
thermostability of Candida antarctica lipase B by rational
design[J]. Biotechnology,2022,32(3) :284-290,296.
(in Chinese)

[41] WAGNER K, HUMMEL A, YANG J N, et al. Protein

engineering of lipase a from Candida antarctica to

alcohols [J]
ChemBioChem,2024,25(24):¢202400082.

[42] B R, Blp 5. R ALY IR St 3 v A Ml 22 1% &4 )15 107 156 B
AT I A A0 T A S B ) 8 E ol R D. i s A
BRI 4K 2022, 13(23) :7669-7676.

WEI L F, ZHONG N 1J.

improve esterification of tertiary

Preparation of diacylglycerols
from glycerolysis and esterification reaction catalyzed by

macroporous resins supported Candida antartic lipase B

31



32

Journal of Food Science and Biotechnology

[J]1. Journal of Food Safety & Quality, 2022, 13(23) :
7669-7676. (in Chinese)

[43] MANG R C,ZHOU Y Y, DU X F,et al. Biosynthesis of
diisooctyl 2, 5-furandicarboxylate by Candida antarctica
lipase B (CALB) immobilized on a macroporous epoxy
resin [J] .
2023,70(5):1772-1780.

[44] SPELMEZAN C G, BENCZE L C, KATONA G, et al.

Biotechnology and Applied Biochemistry,

Efficient and stable magnetic chitosan-lipase B from
Candida antarctica bioconjugates in the enzymatic kinetic
resolution of racemic heteroarylethanols[J]. Molecules,
2020,25(2):350.

[45] ZHANG P L, CHEN J, SUN B Z, et al. Enhancement of
the catalytic efficiency of Candida antarctica lipase A in
enantioselective hydrolysis through immobilization onto a
hydrophobic MOF support[J]. Biochemical Engineering
Journal,2021,173:108066.

[46] CAVALCANTE A L G, CHAVES A V, ALMEIDA
FECHINE P B, et al. Chemical modification of clay
nanocomposites for the improvement of the catalytic
properties of lipase A from Candida antarctica [J] .
Process Biochemistry,2022,120:1-14.

[47] SONG M, CHANG J H. Thermally stable and reusable
ceramic encapsulated and cross-linked CALB enzyme

particles for rapid hydrolysis and esterification [J] .

BE3IH|20206F 28 | BRE5EMHARER

International Journal of Molecular Sciences,2022,23(5):
2459.

[48] ZHANG X J,QIF Y,QIJ M,et al. Efficient enzymatic
synthesis of L-ascorbyl palmitate using CALB-embedded
metal-organic framework [J]. Biotechnology Progress,
2021,38(1):e3218.

[49] CAT X Y, ZHANG M J, WEI W, et al. The
Immobilization of Candida antarctica lipase B by ZIF-8
encapsulation and resin

macroporous adsorption:

preparation and characterizations [J] . Biotechnology
Letters,2020,42(2):269-276.
[50] CHEN Z, SUN Z, MING S X, et al.

(BPM)

Bioinspired

proteolytic membrane with bilayer pepsin

structure for protein hydrolysis [J] . Separation and
Purification Technology,2021,259:118214.

[51] ZHANG CY,YOU S P,LIU Y D, et al. Construction of
Luffa sponge-based magnetic carbon nanocarriers for
laccase immobilization and its application in the removal
of bisphenol A[J]. Bioresource Technology,2020,305:
123085.

[52] RAMALHO E X,DE CASTRO R J S. Covalent bonding
immobilization of a Bacillus licheniformis protease on
chitosan and its application in protein hydrolysis [J] .
Biocatalysis and Agricultural Biotechnology, 2023, 50:
102713.



