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Efficient Expression of Candida rugosa Lipase’CRLL1 in Pichia pastoris and

its Application for Synthesis of Vitamin E Acetate
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Abstract: In this study, the optimized gene encoding Candida rugosa lipase CRL1 was synthesized in vitro, cloned into the vector pHKA
and expressed in Pichia pastoris, producing a lipase activity of 39.73 U/mL towards p-nitrophenyl butyrate (p0NPB) after induction for 120 h in
flask fermentation. A new gene encoding'GS115/pHKA-AOX1m/am-CRL1 was obtained by modifying the AOX1 promoter and a-factor signal
peptide, which lipase activity achieved 63.63 U/mL. Then the purified CRL1 was isolated from the supernatant of the zymotic fluid, through
sequential treatments of ultrafiltration, ammonium sulphate precipitation and anion exchange chromatography. The specific enzyme activity of
this purified CRL1 was 984.5 U/mg«The recombined.CRL1 was characterized by the optimal temperature and pH at 40 “C and 7.5, respectively.
Besides, it retained 52.99% of its original activity after incubation at 40 °C for 6 h and it was relatively stable in a slightly acidic environment.
Furthermore, the'crude:CRL1 was lyophilized and harvested as an effective biocatalyst to synthesize vitamin E acetate in the solvent-free system.
The optimal synthesis was performed with 200 mg D-a-tocopherol, 1 mL acetic anhydride, and 100 mg crude CRL1, at 60 ‘C and a shearing
rate of 200 r/minfor 6 h; of which more than 97% of D-a-tocopherol was transformed.
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A F E BERREE v AL SR (= %« HCIZnCl, 55)
{1k D-o-2k B Y SEERRET R NS B, (B fEfE Rl
V% . TSQIREE. RGN ZE A=) e A 2R Ak
Mo TAEVIREEEA RS ZEAFRA. SR T—AE
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BRI R, TFRAEVERAEL SRR E
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22 FERER I CRLL A1 R /RERR) =ik . 1R
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H ST TV FIA 2 B4 CRLIMEA L & i 2 E B
FRERI 790, AYEAE R B BEIRIR 1) Rl e o A 1
stV o

1 HRSEE

L1744

111 AR, B#Am

M4 CRLA 8 (£ 41(UniProt KB-P20261), fi
FI OptimumGene ™ Xt &85 7-f i PEHEA T AL, A2
19 MR 2 2R %S 1 CTG Hefb yil 22 2R
W TCT, At BilgdEm A TREA R A 7 & .

KA B # Pk Escherichia coli Topl10 FlEE7RFERE
# k& P. pastoris GS115 W4H Invitrogen A&l FikE
PHKA 1 pHKA-AOXm/om 4] H A S 28 My T AR AT
[20]

1.1.2 XFHEFE

KOD F#lly 5 TOYOBO A 5]; T, DNA &R
DNA Marker AR #14E NUIEFY N H Takara A& &
FIFEEUAFEA PCR P4tk il & H Magen 2
F]; Bradford &% FHR I A7 S0 B FEEGAEY) T2
AIRAF]; XAHEIRE T EE(PNPB)Y E Sigma 2 7] ;
P REh e H Oxford AF]; FEEFEYR YNB Al
[l & Difco A ]; 87.25% D-a-4= B I EH L7574
HeERHR AT 95.50% D-o-4E B AN 96.00% D-a-
A BEMBEEEEIAE Sigma Al JoK LER(E AN H
RERHE R A A R AF] s A E = 5
Hréati.

LB ¥57734(1 L): 5.0 g FebHme-10.0 g &
[, 10.0 g 404N YPD 535351 L): 10.0 g B
Y1, 20.0 g E AN, 20.0 g %k BMGY R77kk
(1L): 10.0 g EERERIFEY, 200 g B Bk, 13.4 9 YNB,
100 mL PBS (100 mmol/L, /pH. 6.0)ZZ %, 10 mL H
;. BMMY 15983k L): 10.0 g BRI, 20.0 g
%, 13.4 g YNB, 200 mL PBS (100 mmol/L, pH 6.0)
PR, 10 mL HITE; MDD i AR (1 L): 13.4 g YNB,
20.0.9 Fi %M. 20.0 g Biflgs = T BR H g AL FHR (L
L): 5.0 9@z, 3.0 g FERHm3Ed), 20.0 g #flE, 1.0
g PVA; . 2.040™ g =42, 5mL =T H S, 5mL
FEZ, 100 mL PBS (100 mmol/L, pH 6.0)Z% 7K.
1.1.3. B H%&

PCR 1%, f#[E Eppendorf /A#]; NanoDrop 1000
M EREANE, FE Thermo A#]; 5804R
R R 6000, 8 E Eppendorf AF]; Jidy
Z R, #EE Satorius AH]; ZWYR-D2402 %!
TEIR I FRPEIR, BRI A A SR & A PR A W]
AKTA EH4itb #5t, EE GE An]; UV-2350 #4455
FeETE, £E UNICO AF]; ZINREREL, EE
Thermo A ]; KS 4000 i control BYIE R s W ARIK, 1E
[ IKA AF]; 7820A BISAHEREL, EE Agilent 2
CilE

12 k&

121 THRAMMERLE

PLEcoR T#1Not I 435l by NiFEGIIAL AL,
Wit It & g ¥ (kW S ¥ N CRLLF :
CCGGAATTCCATCATCATCATCATCATGCTCCAAC
TGCTACTTTGGC ;: '~ UiF 51 ¥ N CRL1-S :
ATTTGCGGCCGCTTAAACGAAAAAGGAT
GGTGGGT); LAFiki pGH-CRL1 ik, PCR 41
CRL1 £[H/¥%, CRLL HE:FAFREIA pHKA B
PHKA-AOX1m/am(AOX1 JazhFIIHGES R Hartner
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sy grvk, 7EJR AOXL JR B FHIFER 51 A —AMift
KA o 25ME SIRIHE S B Kieldsen 451
715, TR a 70 UME SRR 2 SepEhr sz A 5] N —
Bt 10 NMEEBERRAKFE R IR BRK) 73 A4 T XU U], =)
AL RIS R Ts DNA ESEBEIEATIES: . &4 1)
FH CaCl, #:4kiZ#4 N E. coli Topl0 JE32 4, 4 T4 5
mg/mL RIBEZEM LB PR, 37 Cidiidhae. PRHH
PEFAL TR TR S SR UnTRL, AT XU D)4 7€ JHs
FEZ A TAEY TR IR A R AT .

#HH iR pHKA-CRL1 B pHKA-AOX1m/am-
CRL1 £ Sal I Z&f#Abj5, M A P pastoris GS115
JERSZAS R, AT MD i AR, 30 ‘CHEFE 72 he HRHEX
LW PCR %558 IERAMIPHIE A 7 2 =T B H
FALFAR, 30 CREFE KL 48 ho BREU™= A /K iR P8l BELA%
BARKKIBEESR YPD B3R Tim ML, SRIGER
BMGY #5753k, 30 “C.250 r/min }%7% 16~24 h % ODgo
920~6.0. EOWEERFE, B BMMY H5R0k, 2
4 ODgo N 1.0, 30 “C. 250 r/min FEHEE 77 120 h.
RIEEWIAIEERG 24 h 30 1%(VIV) B, i S R4 Rk
FER, RIS ORI A R R AR it e AR B R
9 B 77 o
1.2.2  JE Bk AR E e

SR FE 0 A 2 Ty 0 2 R T K s 111291,
TFEARZE 14,000 r/min B5.00 5 min, FFEAR. B 50 uL
& YRS G B, IR 900 pL Tris-HCIA50
mmol/L, pH 8.0)ZM i) 2 mL 2.0 i, XMy
950 pL ZgMmi, B T1HIRE 7R X 45 1C. 800 r/min
THH 5 mine HEEHIA 50 L XS R T B LA,
ARTF ST O 5 mine M ZEH)E 14,0000/min 250
1 min, HL 200 uL 35T 96 FLAR H 5 B 7T 405
nm A SIERO R, K 3 AT, — N
T TR E ORGSR 8 1 pmol XS OR
JIT 5 il
1.2.3 B i@ 44l

RIBEER G REERF 4 *C. 14,000 r/min 550
10 min, “BUEiEZ 10,000 MWCO PES [ Ak
95, WRYE i RL 35% F1 85% ML FIAR B 44 73 B SR T AL L,
R AVIEE 5 H Buffer A (20 mmol/L Tris-HCI, pH
8.0) 2R F4T ) Sephadex G-25S A HEAT i Eh4 4,
DL . UREETR 4T Capto DEAE BH & 145 # 2
MrF:4bHEE, Buffer B(7E Buffer A fI4F RN 500
mmol/L NaClyi# AT FESeML,  WERAlb )5 HIRG
SpY

FSIHID — o~ P 7 B - RSLED a2 Bt

KH Bradford yEl e &5 (IR, LA IIE B A
bRAER . SDS-PAGE 6 I4lifk R 5 .

124 BRI

OB T R e 7 pH 8.0 &M,
25 ‘C~60 “C il B30 6l PN I e R /7, i i ) B Ui
JE 5 B> IAE 40 °C 50 ‘C AT 60 ‘C A1 /K IHA-IR,
1h. 2h. 3h. 4h. 5hfl6h BUREIE RS /), %
A i P R

BiE pH K& pH faEtE: 7645 C%M TR, pH
6.0~10.0 ¥ 550 6l PN I e B /0, W T IR0 pH
B o 5I7E pH 6.5, pH 7.0 pH'8.0 &1+ R T 45 C
KBRS 1hy 2h. 3h. 4he 5 hA 6 hBUREIILERE
71, FHEEET pHARENE
1.2.5 CRL1 fE4LH%) &

SO LiE T, T-80 CUkffiA4i6h, H
F 0.37 Pa, -50 ‘CZMR ¥4 T8 18 h, i3k CRL1
YT BN, T 4 CURFRERAT . 5 FB 7125 11 MgCl,
TR TR P48 h 545
1.2.6. CRL11EALAmMAEA £ E BEERBY

FrHL.2000mg D-a-“E B E R T 10 mL B ZEf M
A, A 2 ml ZRREFHENBEEGMA, BT EIRR
D Mg 140 “C. 200 r/min 24 F i 5 min, fJIA
75mg CRLL At FIBATHEA B . NEE R ST, FF i
£ 14,000 r/min &0 5 min, B_ETE I TOK 2B 5E 245
FEJFIEAT S AR .

1.2.7  AA8 BRI AT

AL J&W DB-17HT £ 9 B4 E (30 m>0.32
mm, 0.15 pum); FHEFEF: 100 CLREF 1 min, L
15 ‘C/min F+ % 280 ‘CHLr#F 1 min, FLL5 ‘C/min Jf
% 290 “CHEORFF 1 min: BEFF LR FE 280 °C, Al (A
BT IR I B3 IR 300 T, FA(NL)RIE 20
mL/min, Mkt 40:1, BERERARL 1 uL.

DL 95.50% D-a-E B M ot b Gl 7 o S -
TRbRIE 2R . SR AR SR R D-o- A B
FRMTERM . AR E AL (D).

1.2.8  HIEGAT M

DL SEoe sy s B = AN PAT A, SISk A
EXCEL AT ST 00T, 4R USFIMEHREZER
7o

2 R
2.1 T LT MR Y A A AR O

«100% &)

D-a-4H BT %) =
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B 1 EHERANESYILTE (a) ; EHEEKR=TBLEHBETARTE
i% (b, 36 h)
Fig.1 Identification of recombinant plasmid (a) and screening of
recombinant strains on tributyrin agar plate(b)

E: M 4 Takara 10,000 bp Ladder; 1 % %404
pHKA-CRL1 % EcoR I #= Not | sB4n =4, 2 A L0t
pPHKA-AOX1m/am-CRL1 £ EcoR I #= Not | 3Bty =40, 34
st E Mk GS116/pHKA; 4 A ZLAE & GS115/pHKA-CRLL; 5
2 2t B B #k GS115/pHKA-AOXImlam ; 6/ 4 & 4.1
GS115/pHKA-AOX1m/om-CRL1.

PABTRL pGH-CRLY Aiti, PCR #1445 B Ny
1600 bp Zc 47 (1) CRLL BB, 2 PRl DI T &1
JEARAN B R E A pHKA@EG pHKA-AOX1m/am), %X
JE R AL Bicoli Topl0 BT E MY 14, HydtsE
H Tk pHKA-CRL1(8X pHKA-AOX1m/am-CRL1).
HFkiZe EcoR TAVNot TXWAFYI%E, 7E 1600 bp
FEAATT800 bp e ATt Z& 557, J3 il S H A EER]
FFRLEAAKR AT 18). IR, SRR 45
5 HRHE 51 58 4 — 50 R B TR B R .

A PRSI BE fS LS P. pastoris GS115, M
MD fiiige ¥ E ke, (8 5 A0X1 HifFiEH
ST CRLL K i 5| MIdkAT T ¥& PCR %55, PHYE
ATk R/ NA 1800 bp Zifq

PRI AR A 7 2 =T T H I EE LA P AR AT 4]
(&l 1b), Hrb A KRB FARBOK RIS T
AT REEAH B R T BE /K s 7, b 3~5 M H
PRIV HEAT R I 0

22 #E 4 CRL1 ¥y ki fndhift.
22.1 ¥41 CRL1 #9 kL

90 = Activity of GS115/pHKA-CRLI1 140
80 - —e—Activity of GSI15/pHKAAOXIm/am-CRL1
—5-0D600 of GS115/pHKA-CRLI 135

r—e—0D600 of GSI15/pHKAAOX Im/om-CRL1

Hydrolytic activity / (U/mL)

0 24 48 96 120 144

Induction time / h
(& 2 CRL1 EZHEHRIZHL & BRI AL Fn P~ BEHHERh Lk
Fig.2 Curve of growth and lipase production.of recombinant

CRL1 strains in flask fermentation

A FR GST15/pHKA-CRL1 1 GS115/pHKA-
AOX1m/am-CRLLFRIREIIL A P A= il 22 A1 Bl Rk
L 2 s ML, BEEKIERET, Pk
AR AR I AR B AR TS iz s, A
fE 220 h W5y A B B K E . EH A E Ok
GS115/pHKA-CRL1 7£ 120 h I figE /74 39.73 U/mL,
OD'[Hy 33.48. Li 2519t 75 B e £} h 43510 AOX1
JAsh T M e (55 T oo, B AOXL JE 31 [1-230
22190, XA o368 i 22— 4% DURIHBR-777
2712 X3, 1E o (55 KA Z e BE A7 s 2 [A13E ] 4
B9 IRIEIRAN 10 MR (EEAEAEAEPK),
Ui e A R W 1 Rk KT A Al i T 35% Al
12%. AR 7 AHETTZAN AOXL JH3h T/ o {5
5Ok R AT S iE ., Sl JE OE A W Otk
GS115/pHKA-AOXIm/am-CRL1 FIfE /14 B B 4%
T B KA 773 3] 63.63 U/mL, A% 60.18%.
b4, O T 2H B R B A A KA LA B S
ODgoo 1 i {EN 32.35, I HIEBEAN I fit v b5 E 21 T ik
GS115/pHKA-CRL1 HAEK#EaH Ry —E, UiHAFIH
ZA A SN CRLL FA MR GE BN o
2.2.2 %21 CRL1 #94:4L

EHFER GS115/pHKA-AOXIm/am-CRL1 ##ifi
KE120 h, B OUERAHEGTE 245 mL, S /179 64.30
U/mL, RSB 1.2.3 #HATREE 4. KEAR
BB E LT 10,000 MWCO PES fRALEHEWR S,
Al kB TEANT 10 ku HIZEE, SRR 64
mL, FEEESE S T 1.06 £, BEiE IR A 72.84%.
B JE VR AR OE I 359641 8596 AR ik e /) BLER M Ak
o, P ERREA. EOEEEFH AKTA HH
4lifk KGR Sephadex G-25S i £hkHiE47 it £ #1E, Uk
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WP R ERDN, EREIAS] 604.76 Uimg. i
J&i K H Capto DEAE BH & 1383 Z Mkt i e st —
Ak, B R RSOE pH N 6.0, BRI B
P E > 150 mmol/L NaCl A1 200 mmol/L NaCl, 7£
b T HELH CRLL 28I HRENUIR . KIFER HIHRE
RERPEHRAR . BRIR BT S AR 2 7 A2 e 2 b =
Salif, WEERTES CRLL HILLEEIEIAS] 984.52

Uimg, 2ifbfs%k 5.41 £%, BEgEIEE 33.81% (35 1).
ot U £ B B CRLL Ff k4T
SDS-PAGE fill, PJUAE R, MHEEK L Ik gH-
TR BT Ja B - B T A 2 =P alifi fa, 2%
RAIZH R, £ 7R 60 ku HEES R KEA
s, SPIAEST, NEL CRLL H4H (K 3).

<1 E4H CRL1 B A4L
Table 1 Purification of the recombinant CRL1

HiAb TR EBEEIU EZE8Img PuBEE/(UImg) #4240 (fold) )R Y%
B 15754.50 86.55 182.03 1.00 100.00
R R 11474.94 30.54 375.73 2.06 72.84
BRI B L 10661.95 17.63 604.76 3.32 67.68
I B T 348 EAT 5326.23 5.41 984.52 5.41 33581

1 2 3 4 M  Ku
170
130

x 100
- 70
*' ® s

-l 9 .40

35

25

3 TR SR ELR CRLT B SDS-PAGE Hjk[E]
Fig.3 SDS-PAGE patterns of recombinant CRL1 purified by
different steps
7 : M 2 Protein Marker; 1 &80k, 2 A TAB IR IR
A3 3 R TR G I R B Ak T A B T SAREATL
3,

2.3 E 4 CRLL b2 M Jf

HRAE 75725 1.2.4 M€ T IEEFN pH X 846 CRLL 1
o, A5 REWIEL CRLL WIBGEIRE N 40 C, £
35 CHI45 CI 53R B | 66.85%7F1 73.51%F I FHX T
571 4a). 40 C\B0 ‘CHILE0 CHYI-ZER 5N
5h2h 1 h gy, a2z (K 4b). HZH CRL1
HIEdE pH R.7.5, 7E pH 1 7.0~8.0 Y il PN S f1 4
£ 73.93%LL (K 4¢). 7F pH {5 6.5, 7.0 F1 8.0 2k 1F
T4 45 CKIBARIE 6 h, BEE 19 95FREE 40.96%-
26.35%7F1 17.74%, FEAmBRIEFAETHEC AR E (K 4d).
BL_E35E 45 5 5 Chang 5 PHfE 93t A< — 5, %t CRLL
AR B TR 2R

24 CRL1{EfhA R4 4 &= E BEBL e

241 BB EATYEAF E BIES S ARAI R
R CRLY (6 £ i 35 E IR0

130

Ei 2\ 1| N S R B3 A SN I BE Y [ 1D B2 9 A A
SEHT RN AN R, 7E407°CL 50 (C AT 60 ‘C oM 20l
% 30 h. 15 hAl9-hy D-o-4: B RIEAL LS Ik H
94.11%. 95.58%#l1 94.72%(Fd 5). BfiF SiFIHEAT,
IRV T 584, RS 36 h IF 40 'C. 50 'CHI
60 Cok M R L2508 94.97% . 97.37% Al
97.53%. i S CRLL fiEfL & sl 3% E BERRTRT
o SR 7E 7 60 C
24.2 ARRSExt YA & E BERAE S AR R
RE R TR R0 S A 2 A A o A R A
SUMMZAEAE 3 E BSERTR 06 BCR, BURM AR
TR a7 o Hefly, Ik e (A SO SRR A
T A AR HIR PR

120

o

100

80

60 -

40 -

Relative activity / %

20

020 25 30 35 40 45 50 55 60 65

Temperaturc / “C
b 1201 = 40T
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c 1207 R S LR [ YIRS, 76 100 r/min. 200 r/min
. loor F11.300 r/min 2644 N AT RS, RSIFERZ) 12 hy
> s} O h il 15 h 5 BIATIT FL D-o-k: B 0% 28
2 ol 9 97.00% 5 47(FEl 6). JELERIF] CRLL fiEfb ot
N % E WIS R 200 rimin, [FRFLE &
2 2.4.1 SEEGEE IR, KR E N (AT 2N 9 ho

ol 243 JRMREA Yk E EBEBS S AR B

U560 65 70 75 80 85 90 95 100 105 100 —t—

pH

(=1
—
b
=

= 40°C

Relative activity / %

Time /h
[E] 4 %A CRL1 EEZF 4R
Fig.4 Temperature effects on the activity

JE: aIERE, bIiREAEN, ¢ &IE pH, dpH A,

100 r

90 |
80 |
— 70 |
£
— 60
(=]
‘B 50 F
o
% 40
——40°C
© 30 t
—&— 50°C
20 ¢ —8—60°C
10 H
0 . . . . . . ,
0 3 6 9 12 15 18 24 30 36

Reaction time (h)

El5 KRLREXYEEZR E BRRGEE S BAR0
Fig.5 Effect of reaction temperature on.the synthesis of vitamin

E acetate

100

Conversion (%)
n
(=]

—2— 100 r/min
—8—200 r/min
—e—300 r/min

0 3 P 5 2
Reaction time (h)
6 FEREEENTUEE & E BEBARE & AT
Fig.6 Effect of shaking speed on the synthesis of vitamin E

acetate

90
80
701
60
50+
40
30
201
10

0 1 1 1 1 1 1 1 1 1
0 3 6 9 1215 18 24 30 36

Time / h
& 7 RVIRERLELE R E BRRREE A AR
Fig.7 Effect of substrate concentration on the synthesis of

Conversion / %

vitamin E acetate
i D-oc B &8, R RNARR T LR
BN INE, B 1 RYIREEXT AR E BRERES & %
MM SONRSE 60 'C, JNETE] 9 ho AZESF AT
PAE 2, BiE CIRETASINE IS0, D-o-4 BB FE

WEAWHE R, 15 CRRERRINEN 1 mL MELZRR
BlioR; 2 JE RSN BRI 5 X D-o-A2 B W 1

PR IIFE A B R, 5D ] BE A2 RN e B 22
S IR TSGR R T AR (A 7). CRLL

AL A AR 25 E BETRIE I BoE KR EE N 1 mL 4

/200 mg D-a-2E B .

244 PEWBEA nERT YL K E BEBRES A R4

#R)

100
90
80
70+
60
50+
40
30k —a—100r/min

20k -=-200r/min
0k --300r/min

0 1 1 1 1 1
3 6 9 12 15

Conversion / %

Reaction time / h
8 REANEERINEXT4EE K E BRRGRE S BRI
Fig.8 Effect of lipase dosage on the synthesis of Vitamin E
acetate
PR, BE 7RIS IEX4EA R E BRNE
BRI . [N &N 200 mg D-a-E B . 1 mL
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LIREF. MR 60 'C, JMNEE 9 he BE% CRLL
NI 25 mg 3Z#iH %] 100 mg, D-o-4= B By I
Z N 57.42%3Z 81k = 2 97.62%; Z J5 4R EEHE N
CRLL ¥SINE, D-a-E BN EYERFE 97.00% /%
i, WIRERRIAZSRAE T A THERIRSIRY) 71 2
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