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JRKREE, 1SRRI T RS SR G . @RI R IR, T T & 34 calb R DB AL T, I
BRI T RAT RIBRE R RETR o ARG, KSR R AT AL, GFRIREE . Witk pH AR &5 . IR, HRIA I
fiiig CALB FAEMEA UM AL e il A= A ety R4 TR A& /K S & IR R B R LS R . (45 1 ] e
B} GS115 %t CALB {1715 RURES 5 T HeR I RE X-33 XF CALB (MR RUR, 165825050 DL /R EERE GS115 N#KiA CALB
MI1E . X CALB HYRIA S AR A 3N TAUE 5 KA &R 3T Pocws M Ma A5 5K, i 7B G AR T RETo AL AT 2
TFT %) 88%, 43 ubEI AR A S B MR T; TiT 80%. 7E BSM K itk i 7 R ks %, 16+ R AR e, KEEEH
i i o PR B 57 0 A IR R SR G T AR AR T 17 40 34 £50 20 i Ak, FT3RASHI CALB i sl B 92 11
P a it A= LE S, TS AR TR e A (458 Y AH 0l B R AR FR 4 ARSI T CALB W B3k
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Ui S R 1 I 77 B 0T SR e A AR S B T — SRR T S iR A% . B 704 AT NI BEh CALB 1 i BGRIL I
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Efficient expression of Candida antarctica lipase B in Pichia pastoris and its
application in biodiesel production

Abstract: [Objective] In this study, Pichia Pastoris was used as host to construct a CALB-expressing engineering strain to
achieve a large amount of effective secreted expression of CALB, and use it to catalyze the production of biodiesel from waste oil.
[ Method ] Firstly, a CALB-expressing plasmid was constructed in vitro, which was a plasmid optimized with CALB codon. Then
different P. pastoris were selected as hosts, and the plasmid was linearized and introduced into P. pastoris for secretion and expression
by electroporation method. Then, seven different types of promoters were selected through literature review, and new plasmids were
obtained by replacing promoter elements on the basis of the original plasmids, which were linearized and introduced into P. pastoris
for secretion and expression. After culture in shake bottle, the supernatant was collected by centrifugation and lipase activity and protein
concentration of CALB in the supernatant were compared to obtain the strongest promoter element. Then, the secretion performance
of the five signal peptides was compared on the basis of the strongest promoter, and the optimal combination of promoter and signal
peptide was obtained by comparing the lipase activity and protein concentration of CALB in the supernatant after shaking bottle culture.
Then, recombinant P. pastoris containing 3 copies of calb gene were obtained by screening with high concentrations of antibiotics and
cultured in fermenter. A number of culture conditions are optimized, including temperature, initial pH, and amount of inoculation.
Finally, the expressed lipase CALB was used as a catalyst to catalyze the production of biodiesel from gutter oil, and the factors such

as the amount of catalyst, water content, temperature and molar ratio of alcohol to oil were optimized. [Result] The expression effect
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of P. pastoris GS115 on CALB was slightly higher than that of P. pastoris X-33 on CALB. In the following experiments, P. pastoris
GS115 was used as the host for CALB expression. The best combination of promoter and signal peptide for CALB expression was
promoter Pgewrs and Ma signal peptide. The lipase activity increased by about 88% compared with that before the optimization of
expression elements, and the protein content secreted into the extracellular cells also increased by nearly 80%. After the ten days of
fermentation culture in BSM medium, the lipase activity and protein content after fermentation increased about 34 times and 20 times,
respectively, compared with the original engineering strain. In addition, the obtained CALB supermatant was directly used to catalyze
the production of biodiesel from gutter oil, and the free fatty acids were effectively converted. [ Conclusion] In this study, the efficient
expression of CALB was achieved by optimizing gene elements and culture conditions. In addition, the obtained CALB was used to
catalyze the transesterification of acidified gutter oil with methanol, suggesting a promising pathway to convert waste or low quality
of'bio-oil feedstocks with high amount of free fatty acids into biodiesel by using recombinant CALB as catalyst. The results can provide
with a good reference for efficient expression of CALB and enhancing lipase production in P. pastoris. It is supposed to bring with
new possibility for the bio-production of other valuable proteins.

Keywords: biodiesel; Pichia pastoris; CALB; promoter; signal peptide

BEAE A BRI H e Ak v AN PR ORI R S, AR S A5 T P AR IS T AR R 52 B R B 22 1) 9CTE (Abdul
Hakim Shaah etal., 2021). £ 5%, RRARIER I, &% & Hh S B BERR A0 Bl i A e e BT A o 7
RZ T, IR A AR = A ) S DR L R . IR BRI AN RN L A, AN A T
#7152 —(Changmaietal., 2020) . Jg B2 —Fp = I HymBs K B, |32 FH TR KR B AEEsS
B Bi, TN TR B Z5EETE Tk (Le etal, 2012). K H WS ERE 0 Ja il B (CALB) H1T A
BEZMEDMIAHE, 2 Hs R &) Z RN —. Wang 058 7RI 210 CALB LK
G R EE R, AL A RN 68.2% (Wang et al., 2021). Yan Z54/F 70 T CALB Al TLL 7EBEE4H i %
M3 E R, FERHEAMEACR Sl 0 B R, 15317 95.4% 1 AP 5% 7= % (Yan et al., 2012) . AT,
i3 EJGIWIEE (41 Novozyme 435, 16000 TG/ J1) ) & 5 BCASALLF- 72 il 20 i 10 T A 22 46 A = A= 4 2
P AR 1) 3 BT 2 —(Sun et al,, 2021). K, TEieAE A AR BB VE N AL, #f AR & AR
W RIEAT S8 EE

NT e RX RS, R R R, ATRIL T WE R e R ST R IR AR AR
S G SR g, DASEIUIR TR m BERA . W R B EE SRR R X 2 = S R R IR R H 516 £ 2
—(Karbalaeietal,, 2020), % RER A AEKHEED, RIEREI 9. MlbtERIA . AHREG SRR, Hat)a
BT RERT . — SRR SRR, ERREERE A T4 1000 Z2MEHAEH, HAHaH 500 ZF25H
H H (Juturu & Wu, 2018;Potvin et al., 2012). {Hi&, (EfTRIERGHEA SOl ) 236, SRR 2 k. i
SERBETT T IR B5 TR pH. R ISR R EES O FE AR B R R 1 AR PRI R2 I (Gao et al, 2015; Viader-
Salvado etal., 2013; Zheng et al., 2012). Jt4h, AHICEAE TTAFRIRAL B IS T RIFHICR . R, 14
INAMJEEERILE P. pastoris & K 41 A 25 BR] 571 2 0] DR K N L3R 05 (Aw & Polizzi, 2013) . IX S677E#fE 2] T
—EREH, BX THRE KB B, & 75 L0000 OGS0 ) 45 AR Bk 2 B AL

AT @A CALB PR FRIE I, &5 CALB IRIAKE . fERE B WRIERGH, &
JE BT ARG 5 BRI o2 A IS R R IA TofF o RER Ja 371 N BE PR A% oh 3R 04 S04 1) B8 22 20 B
55, SPANEER F R IE KRR K. dhah, AHEFUERI FH B3 10 RE B A 1 TR A b ) 3o A= 7= A ) 5
o

1 MRS 77

IR

KIGHFF B Topl0. HEFREZEERF GS115 Fl X-33 DLAJFURL pPICZaA ¥k H 3 [H Invitrogen A F] o AHMN )%
M RAEER . B FFE 5 KT 5 Generay A RIS E . B BREIE A VIBGIIE H NEB A . B
AEHURT KL B BGFR 208 H 75 M Axygen Scientific A7) . Ezup £ #% BF 5K 41 DNA A0 FI & B g4
THAMFAR AT . 2xT5 P gPCR Mix(SYBR Green 1) 7 &4 [ L5 TSINGKE 2 7] . Ak [ E K
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MR T BEAR T A 2 T S B S5 A Ul ok, A8 R A At Ak 2 30 B 1 24540 70 A Al

KHAMKER Luria-Bertani 35555 (BARHEE 5 g/L, &M 10 g/L, NaCl 5 g/L) #5735 RHHTH . 7£ LB %
FRIEFIAN 1.5 g/L TG — & zeocin (KRN 25 pg/mL) il LB #. KH YPD ¥iapdk (bRt
B 10 g/, ZE MR 20 g/L, &M 20 g/L) B¢ B /REERE GS115 Al X-33. K YPDs (B BE2
B 10 g/L. BEEMF 20 /L. &0 20 g/L. (L2487 182 g/L. Bifig 15 g/L) Tk EARERF B . tah, EF
FH = SE B H I I T B 0 i T 4H ER TR ) O 2% 5K O RE S H I = e % 301 I e A BCLRIE, N F
T 13.4g/LYNB. Eiflg 1.5 g/L, BN 3%MBEFRIEF, $l% MR, RIS 7Kk H BMGY B3 35(10
o/L BRI . 20 g/L AR 100 mM B4 . pH 6.0, 13.4 g/LYNB. 4x10—4 g/L WA 10 g/L H
DA BMMY 35 7525(10 /L BE R, 20 gL B E MR 100 mM BEEREH . pH 6.0. 13.4 g/LYNB. 4x10-4
gL EWEFR 1% (viv)FlEE). KA BSM ¥53#3E (26.7 mL/L H3POy, 4.13 g/L KOH, 18.2 g/L K,SO4, 14.9 g/L
MgSOy * 7H20, 0.93 g/L CaSOy4 * 2H,0 and 40 g/L glycerol, 4.35 mL/L PTM1) 34T K s 77 .

R8T VE

1.2.1 ikt i Generay 2wl CALB B[R HAT WA, FHFMEIEFRL pPICZaA . fEILJH
WAl b, i B S FERE 0 7 AT R 3T AE Sk aE . A Bgl T1A1 BstB T X E 21 f#iik
BEATEGY), SRJGH T4 BRI 8 8 T+ . FIH BstB 1 Al EcoR 1 XHE S K # R GEATET], A5
F T4 EEREBRRHT01E 5 IOEH: .

1.2.2 #iEEFR  Hi%H CALB 2R M HMER L 80 T 54 2 mL YPD B597 511 20 mL #2784, 1E
30°C. 250 rpm FIEFEIER . RIGHEFEERD BMGY B33 F. YEHARAE 3T N &k CALB i,
WG BRI B e A T 545 50 mL BMGY 5723511 250 mL #EMH, #14G ODgoo [N 1.0, H7EH EEF S
JA BT FRiA CALB i, BRI ER T4 25 mL BMGY ¥:3#%£ 0 250 mL ## i+, KL 12 /i
~ 16 /N fE B, EET EA 50 mL BMMY £53725 1 250 mL #&fH, %146 OD600 {58 1.0. & 24 /N
1] BMMY £33 N 0.5% (viv) . & 24 h I 1 ml 85980, B0 H R3S, 36T B IR E AR
PEDE

1.2.3 KEEERFR  BWREEMZES 250 mL YPD B: 97 5E0 1 L B, £ 30°C LA 250 rpm #&3% 20 h -
24 h, RJER 10% (v/v) MR 2] 5 0.6 L 359751 1.3 L KB . WIIGIR L BOE N 30°C, H4BELt
411 ODgoo 15 2] 200 77 47 B, KI5 1 88 21 63 1R FE o AR TS E— 2B A4l ikt pH E, @i i 25%
(vIv) VAL B 30% (v/v) ) H3PO4 A pH E o 7E8EAN AR o, i i 32 B b Fd < KA (DOD
BHITE 20% ~30% /A 4. LI (DO) RATHERIUNHMFESR G, N 500g/L (w/v)FHH, & 12h ik
SRR, 43HT ODeoo~ e B 2 B AR iy g 4

1.2.4 AEWiBEE N E DL 4-WE2R3E A HERREE (4-NPL)YNJEY), 1E 40°C Rl 15 5% 118 v g i i i
WEPE. FERRNTEEIIAE RIS, 4-NPL BOKMA SO RERR B AT 4-TH AL 2Ky o I JD7 BgVE 09k € SCNFE 40°C . pH
7.5 240 A BPREL 1 pmol 4-FSFERY T T B & . 5 100 mM PBS 229 180 uL. pH A 7.5, 20 mM 4-NPL
10 uL JINIE UFRE B3 LG, 78 40°CIEIR 5 /38 56 =B, 5 %S, I 600 puL 1M IR
Z bR, SRIGAE 1200 rpm B0 3 7381 E, WISE 410 nm &b BB OGEE

1.2.5 Hl&AYSEM a5 I EELE 25 mL BB 20 ) AAS IR S8 2F (B BE R B (311, 4:1. 50
A6:1) HRIE (25~40C). F/KE (10% ~50%) g HHlEHE (10 ~30 U/g)) 3T &N, fEMEEK
BREIRHLL 180 rpm HEATIR G . AilES R G TEE (R /R A, &F 12h DN 1 BEJRYEEE. AR E
12,000xg B5.0r 5 3%k, FIE CUGeia fRFe i BES R I /Ky FIJCKBRERNPR 25 . IS 0.45 um fud JE 8
HpEE, KA EEET 28T

2 SR E50r

2.1 CALB fE 5 5B B rh (R R IA 1 1

WE 1 Fs, &t 72 MRS SE, EERTH CALB iR B H &M . X T %08 AR AT
CALB HAHE, %5 CALB HAR kAN CALB W& BT . (HAE GS115 A1 X-33 1,
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CALB [RIEK %A 5225, M AE GS115 F13RIA /) CALB g I g 7% Mg & T8 X-33 th &L ) CALB.

£ GS115 1, 2 EHES 72 MG, £@%r1br CALB 3T F] 12.80 + 0.02 U/mL.
15

12

FigyE (U/mL)

(2]

GS115/CALB X-33/CALB GS115/WT-CALB X-33/WT-CALB
K1 BEES 72 h JE P8BS L R

Fig. 1 Comparison of lipase activity in P. pastoris after 72 h induction with methanol
2.2 AT ARG S IR
AR FEH 7RSSR HE Pox RT3 NMERIEST (Pioxis Pripis Paoxi w200 4 NS 3)
F (Pgewiar Ppos Pppcs Ppyk) TE GS115 F3RIA CALB. W 2A Fizn, Poewia MXET Paoxs 280 H B 58 )
JRBNTRES . MM Poewns I, BiFR EIRTT CALB S Wil iEVERS INZ) 29%, HARERIINZE 0.27+£0.01

g/L.

H AR s )2 E S ke — 2k AR R o-R TP (aMF). R, FRATIERE T
HABPUF{E S (SP23, Ma, MFA, pre-Ostl-pro-oMF) 54T L, WK 2B fiw, ArE (S SRk
WEEIHI T a MF (55 k. Horb, Mo & S KIS TS, A1 CALB JE 112 5 46%. SP23. MFA # pre-
Ostl-pro-oMF {55 k433 CALB i T4 41%. 29%AM1 35%. 14h, Bradford k&R, FESHKT
CALB EHWKEH T E, HA Mo 55 K# CALB RikEF == 0.36 +0.02 g/L.

R Z FAE 5 IRA G E T CALB RREFRIAR, @i mikEPAERE, B8 7 M calb 2
DRI#E DK 3 (SR B2 B, 15 9% B3R CALB HNE DT RGPk 5] 28.69 + 0.99U/mL .
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Fig. 2 Comparison of different promoters and signal peptides
(A) JABh¥, promoter; (B) {55k, signal peptide

2.3 TR

X EEFRAFAF NG IR L, B IR IENIAG pH RIRIAGHAN AR AT 704G, N — P R A I B IR K
BRI S . K] 3A PR, AR T (20 CO 73k ) CALB [ A 7 B 12k A 2 i vl (20 °CH
S, 1 TR BRAEAGIR R BRI . anlEl 3B B, S5#0%6 pH Oy 6.0 AHEL, #)4h pH N 5.5 I
CALB y&EBS A i fEHAMWIS pH 241 F, CALB FIVETEAUNHILE pH 6.0 1) 80% 745 . Wil 3B fiR,
PR AL T IR X CALB HOZIEIE B K FE R, 1K 525 U, AT DAVH BRBr o R e o i N LR 2
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Fig. 3 The effect of incubation conditions on lipase activity
(A) #iFE, temperature; (B) #J4A pH, initial pH; (C) #Fh#, inoculation dosage
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Fig.4 Fermentation profile of recombinant strain expressing CALB in BSM medium

2.5 CALB HEAL 74y v 1] 25 A= 58 i

1749

il (g/L)

— 500

- 400

AT 5 (g/L)

- 200

- 100




)\ g Eik bR RS S20 MRFEAL N 1.4 237

PG GB/TS5530-2005, 5 5 FH (O YA i (I BR E R 152.44 + 1.61 mg/g KOH, RN 76.75 + 0.81%.
W 7 o, @ SRE i E T B CALB fiAbbya) i il 25 A= W S iR e 8 T 20 2640 - B BE /R LRy 5e1,
AT &N 20 Ulg i, /K& (viv) 20%, JREGRFE 30°C. fEMRIET, B 60 /NG, A58
FEFN 66.52 £ 0.11%.
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Fig.5 Optimization of biodiesel preparation from gutter oil by CALB catalyst
(A) W& BE/R LK, molar ratio of methanol to oil;  (B) &7K&, water content, (CHEALFIFIE, lipase dosage; (D) i
J&, temperature

3 ik

3.1 MR Rk 1

PR AR TEARBIES FEREAZ, BN Pox (PEHESREZT) 8 Pospr (4
BAREN T, XFER T AR S . B3 TP R WAERT T, TREFENCTEIIEER AT
PRI E B 7781, R AW 70 B T I R 3 8 P32 A S B K AT AU R LI 2L S 37 i 2 B

1751



EANE RN e SN S20 MR Ty 238

BIRRA Pocwia HXTT Paoxs RIVH BRI BB FRE ST, HIFARE U R B3 TR AL, A8
2HSHRHE,

HENA B R Rt A E A W RIEE I, RFLEESFINMAE. —RIEL T, E5k5%
HAEEFEANNTIM, SENNFNEE Kex2 BBRE. MM TEIFME, FIRrEHERE, S
ARG ST 2R, AU SE RAHAESE TIX— &, ATk A 1 S kSRR TER

R, b B AN DT CALB Y& PRI & A1 B BUREEAR I 45 SR U0, BE RBERE GS115 B3R
IXT CALB, HEEK LR 4nfst, itk T P TidFe, FRAR T BB 0 28 7= A

3.2 Wi R IR RIS

W R IR AL, B TR RS, HPRIERFE (20 C) ZHSEE 201 PRI DI E
FI5 A R i e — Rl WS R sing, RO TS EAU™ 8, X IR 0] Ae 5 I B0 M PR 552 21T
AR, MR FURIER (30 C) WE2LI™EPHNBIM (ER) M, #]§8iE K™ EF ER Hifh, &
FER 7R, SR, XFESLEMIE (20 C) FHRSE . AW 70 S5 R ANIESE 7 iX— ri.

R 25 IR SR AHO B, 2 10 REJRIEEFEF,  ODgoo fE &% =1 i 1600, 45 ki i 400 g/L,
LRSI 7 v %5 B2 A B o A, M 7 g v 1 A0 2 R B R0 TR T R R B2 T, AEAH [R 2620 T, X i 53 i+ CALB
MG PEREAT TR, S5, REEREF A CALB V& ME ST IR ML A CALB iGPEM 2.

3.2 MBI A = R e i

T A S KR AR TR, fd AL S A R S RO RRIG, R R AL R T NS . 7
AT VP AR EAR, R 66.52%, I A ARG SCHER, HEW 0] RS2 A 7 b BT RIS 1) CALB
X H I = P B T AR R 1, DRI AR [R] () J Sk AR, AR SR AL T U S IR R S R R AL I R
Tongboriboon 5541 Novozym 435 (]85 # i 11 A1 7K fig 3 PRIz I - H BB 40 35 P (Tongboriboon et al., 2010).
Fedosov 55 NI, CALB X ity I FE B 20 it Al 912, R /9 H vl = R 2 L0 ME B AIK (1) IS ) (Fedosov et al.,
2013), XEEL5IR ARSI IR IR ARV S8 = AR F T EDIE, X R FIRAF IFES CALB nl A&
A5 A 197 18 P 1) Ach ERAE 5 Jo ek T

4 5

AW FCIE I M @S CALB {5 /RIE BRI SEIL 1 CALB MImiRERIE . Bk, MIIRIEIFEE 74
FE AL S CALB, JFik#E 7 7 ANEB A1 5 AME 5K TILE . Hd, Poowrs A1 Ma A5 5 IO G 197
B AL HESDVE R B R ZEUL KA, J8Id SR E BT AE BRI A 4 DU e, BE a3 4 calb FEH
NI R RE A B . 75 1.3 L BRI NAeH, 4 BSM Br IR S E R R BEEE 9705, CALB M Rid M
N 438.16 £ 2.41 UmL, MEASEN4.05+0.1 g/L. EMEZME T, KEHEHF=41 CALB i 5THE
AR CALB yGTEA 2. BRI, XA BIRIE RGN e AR Rk B 2% B L. 1Ak, frre
CALB & AT F T Akt vy e A= 7= AR A 583, 7ERR Ak 3k A B 7 T 2L A T il 1) 2 FH T 5% o
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