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# E:H WSRO RIEGHRIE 2L fU R ( Thermomyces lanuginosus g Wil TLL f)EEFRIERE(Pichia pastoris)
TRERE, SRR RN Bk PRIk, DA RA AT ) s A . 3RS 0 IR B TLL T bl AL vsemmh, H53L
MEATETE, N AEVIBRE A= RS PR 525 . L7 SR 25 7 SROn Kbt oo B 7RI B b IS0 Bl TLL 193RI /KF o 1 Jan) &
KR IETOMEAT T 0, B T ANEUE 5 BRI 2006 2805 . AN IR JE 30114 i ) 56 P RS (1) 56 A1) et B il 20 TA R T P 52
e E AR MRS EO AT, GRERFREYIG pH. % FRE. T ODews W BRI MRS . N TR
FRAS, SR AR ST A e i R AR AR BRI PR H I E A BRIR . Ak, O T s R S AR AR K I A, R EE E
HEPFIIIA—ANHARBE T Pocwis HHIIRIL G, HRAT RSP —DIFES R, BT EAREE &5
18 SR AR, PRI IR B R B T s, [45 R ) @3 N TR 3R 18 T — &1 AOX1
BT MEAE Sk 4 #200 ¢l ZERILRIEIEAEE Vitreoscilla) 4T A VHb (R R HE, 355 %% o6h Ja,
AT 1530 UmL (RRIIBGRE RS . SR BESEOEATHE — DU, RN EMAEIE R REEAAE T, B d DO e
BRI, 146 pH N 6.0, FEIRIN 0.1% (wiv) Tween 80 RIVEMER], 7E ODgoo 4 3.0 B, T 25 OMFEFIE T, & 24h RN
1% (viv) WHBERITHES . RIFE 192h J5, KELERTHEEASEN 1.2gmL, KEMEES] 7700 U/mL. SKH %
RIS SRR, W T RRE. RS A Le o BIVES SR, SRS TLL Rk KPR, KILL 1%
(vA) EVSE NS S, IEMRERIE K, K 192h 5, BEASEAN 1.4gmL, BESIEE 8700 UmL, #EIG
WARSER T 29 5. DRI IS TRAE JOIE VA & AR AL BRI AT S ] 2 A 0583, TEXHERA &N 30 Ulg, S7KEN 20%
(wiw), FEEAMPIBIRECA 4:1, FEES 3 PRI T, 75 350 FIM 60h, A58 s 252 96%. (45181 KA
HIMVE R, S R T REAN R B R 5 S 1 g Wi TLL 7EHE/REERE R s 2RiA, SR I BRI — D1 S 5ems
REE SR ok P PR IS 3 O 0 BT R A K ) i R, TSR AR IR R T T3 v mT B F TP o A A S, Ak e 2 2E
VISR T E AN B AR AT

% iR: BiNRIRIE R AR R HEAREERE; AEFHEEE S AN

Multiple strategies for high-efficiency expression of Thermomyces lanuginosus
lipase in Pichia pastoris and production of biodiesel in solvent-free system

Abstract: [Objective] The aim of this study was to construction a recombinant Pichia pastoris to high level secretion expression
Thermomyces lanuginosus lipase to reduce the cost of biocatalyst. In order to identify the catalytical activity, the obtained TLL was
applied to produce biodiesel using Jatropha curcas oil as substrate. [ Method] In this study, multiple strategies were used to improve
the expression level of TLL in P, pastoris. Firstly, the effects of gene expression elements, including signal peptides, promoters and the
gene doses, on lipase secretion expression were compared. Then, the fermentation parameters of the recombinant strain were regulated,
including the initial pH of the culture medium, the induction temperature, the induction ODg, the methanol concentration and the
addition of surfactant. To reduce the fermentation cost, crude glycerol, a by-product of biodiesel production, was used as the carbon
source. In addition, in order to alleviate the inhibitory effect of methanol on cell growth, an additional expression cassette controlled
by the constitutive promoter Pgewis was introduced into the recombinant strain, and a one-step induction strategy was adopted. Because
P. pastoris secreted less background protein, the obtained fermentation supernatant could be directly used as catalyst in biodiesel
production. [Result] A recombinant P. pastoris with MFA signal peptide, 4 copies of tll gene and co-expression of Vitreoscilla

hemoglobin was constructed by genetic engineering. After 96 h of induction, 1530 U/mL of lipase activity was obtained. The
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fermentation parameters were further optimized. Under the optimal fermentation parameters, the culture medium contains crude
glycerol as the carbon source and 0.1% (w/v) Tween 80, the initial pH was 6.0, 1% (v/v) methanol was added every 24 h for induction
at 25 [J when the ODgg was 3.0. After 192 h of fermentation, the total protein content in the fermentation supernatant was 1.2 g/mlL,
and the lipase activity reached 7700 U/mL. The effects on TLL expression were compared when methanol, methyl oleate and biodiesel
were used as inducers. The highest expression level was observed when 1% (v/v) biodiesel was used as inducer. After fermentation for
192 h, the total protein content was 1.4 g/mL, and the lipase activity reached 8700 U/mL, which was 29-folid higher than that of the
original strain. Moreover, the fermentation supernatant can be directly used in solvent-free system to produce biodiesel from J. curcas
oil. The highest biodiesel yield of 96 % was achieved after 60 h at 35 [1 with TLL concentration of 30 U/g oil, water content of 20 %
(w/w) and step-wise addition of methanol (methanol to oil ratio of 4:1). [ Conclusion] When using crude glycerol as carbon source,
TLL was efficiently expressed in P. pastoris by genetic engineering and fermentation regulation. The proposed one-step induction
strategy could alleviate the growth inhibition caused by induction with high concentration of methanol. The fermentation supernatant
could bedirectly used as biocatalyst. This study provides an efficient and low-cost biocatalyst for the biodiesel production by enzymatic
route.

Key words: Thermomyces lanuginosus lipase; Pichia pastoris; non-methanol induction; biodiesel.

Bl & A B R R R v PN ER RS e il R H 23 S, ARSI E N —ME T . AT AR AR SRR H
2B NTEM. SHEEML, AR = RS B R B AT E . =
ST EEM A, &Kk AP 2R (Miotti Jr et al., 2022) . BifiARFEMLIE (Thermomyces
lanuginosus) RENiME TLL 72 ARS8 AR =, AR . TR 2 A A 21772 B H (Noro et
al.,2021) . EAMSEME A7, TLL H A [F) i 47 8 A2 B Al b s B2 A= s g iR PR R e 7, AN [
RIFAMERT R A T2 P& A . R TLL B e iy, (H R 7 Bl i ] £ A AT SR & A P e
TV ACA = A=) S i ARG . R T B 00 A AV 1 SRR KA 8 TR e o BRI, S ETE
[T TLL £ 5 7K 12 I8 T B AR A 7 B A A A1 Bl B A b 42 1) T AR
EEIRERE (Pichia pastoris) BARGEGEM . 5T REERR. SEODERA, BINEEAE T F i
W FRIE 2452 — (Yang & Zhang, 2018) o A5 EE FI7E FE /R BE A 3808 52 Z2 Pl KL R 52, G0 JE 3l 15
FE 3 UME S IR . BRI R 5595 pH IR W IS FIKESE (Fischer & Glieder, 2019) » 14,
FHEE (Vitreoscilla) M4LEH VHb J& — MR S ALEE (Wang er al., 2020) , 7] MRS HE, i
SO A R T IR e AR BRI, VHD 2 N TR R RS AR A IR 2R . TLL 7€ SRR BE R 3R
BRI 3R IR g 1R TR A — DN IR F B3R T i, 183 483.29 U/mL (Cai et al,, 2017) . —
WA 7800 al BN E AR, ERIKEERMT, NIRVIBEREILF] 6600 UmL, 4 H AT #iE i m KT
(Fang et al., 2014) .

R AR 3T AOXI J&— 2 ™ kg R I S B R sl ¥, 4 2 T Ui 8 7R SR AR B R
Kik. N7 RIS S PR RIS ) BRAS, EERAS DRI ENES 7, B SIEBEES, £
FEGLTR RS o Ry 7 B X 26 ) B, —Fofr PRSI R I 7 2045 3 SRS 4 52 ) (Kumari & Gupta, 2014) , {EH; 7%
R, e A B HEREGE Paoxi RAEAEWIHE, BEEMAJHER HES, IR RS20 N5 7 B 7K A e 7 e A
FEE, MW BRI RIS R, T B D 4k SR 30 Paoxi W5 SR WTRGZIA, (045 5 Wil s PR3 & 20-
40%. SR, X PP A1 5 MG AT AR 75 LA AN A N R I

BRlt, AT T 3G ARNIEE TLL 725 7R i BRI 3RIA7KF, SR 1 2 DR TR R A R B 4% 07
Fo WA, N T RAE R AE RIS N, AERT AR R E A N AN R B s R A
&, JHRE TUHES RN — 01k SRR . BT T HEWIEE TLL 78 JC¥ AR 28 A48 40 BRIURE T i 1]
LRSI B A T 2R, RS I R R ) A R AL T AR A TR AN SIS Al

1 MRETE
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1.1 X #H

KIGATH Top 10F° T Fkis) i, H/REEEE KM71H A3k pPICZaA. pGAPZA Fl T & FH NI FIHE
5, B HE RIS R R . ABT S R 972 YPDS. BMGY #il BMMY, #%M EasySelect™ &
IRIERER IR A T M 45 o ¢l 22K (Genbank %3%%5: AFO54513.1). vgb 2K (Genbank %% 5 :
AY278220) 155 IKAE 2T i Eilg A4 TAYARA 76 .

BRI A DTG H b5 NEB A Ao XPAS 3 H H:ERIE (p-NPL). ARITR THEbRAE S . I REAIIE Cbe
M H Sigma-Aldrich ( Fig) S ZAHBRAF . BRARFRIY g% H ], H FFA &858 7.2%, BRIEA 13.9
mg KOH/g, BAL{E AN 226.9 mg KOH/g, %N 0.91 g/em®, /K& N 0.3%. FHH & LS8 4 r o 72
H R, H R ERRFSE AR A T I s . R M AR 96.7%, STKEA 1.5%, & 0.8%(H]
BERAN 0.5% ML B H .

1.2 fARFZE

121 BeMrds TLL feXekme4d 09 ki BHAFRZLRHEIE N IR Sacl LEIb)E, B LEREERE
KM71H &S24 . FH& A 100 pg/mL R B RPN YPDS PR S A 3% = 3F B2 H I I (1 P AR 0 e v
P A T (0 B PR B4 7 B e HE I AL T 5 T BMGY/BMMY B3 9% 567, 4 24 h I 2R N 0.5%(viv)
TE/K I . SR FH R 5 I, % BMMY 557758 () B 5 4608 0.5-8.6% (v/v) IRV R FH IR B AR M) S8

122 RERrBEBEEG R & UL p-NPL (C12) AEY), ZHOCHR (Qu et al, 2022) TR TE, LAartitE
I BRI B RS VS o X 180 wL PBS 22 (pH 7.5), S 10 uL 20 mM p-NPL S NEEVAE R, T 40 OF#H4
5 min. JIA 10 pL & 4RI BER, AERHS S min JSHI 600 uL 1 M Na,CO3 & . 12000 rpm &0 3
min J5, X200 pL S SR EHAE 410 nm ZRIBOGIE . BEE (U & SONTEIRMGFA T, B8R 1
umol XAHIEARE (p-NP) Flr T [l & .

123 Ay s & 508 T 25mL BEMBRAIIN 5 g BB KM, I — & =R (10-
50 U/g). 7K (10-80%, w/w) AIHIEE (3:1-6:1, mol/moD), T 30-45 LIHI/KISHEIR T 180 rpm TR M 72
h.

12h B 100 pL #4250 /58 50 pL _EZ3AH, A 50 uL 10 mg/mL LR R FEs (AR, TIA
IECHER 500 uLo KM Agilent-7890A S AHELIEAY , AL#s FID ALl #5F1 DB-WAX SAHE I (30 m X 0.25
mm X 0.25 um, Agilent) . S AH M7 7715 S SCHR (Xuetal., 2023) o« FEARIRE N 150 O, f/%F 0.5 min, 25 [/min
FERFTHETEZ 190 15 SRJ5 LA 4 (/min FEFETHE S 225 0 BEJGE LA 2 O/min F27 FHEE] 240 01, {#FF 3 min.
BERE TR EE N 260 11, #EREEN 1 ul, D UEE 50:1. AWEEmBER (%) & NN F s 5 R )5
BEHH.

1.3 Gt th

FTA (AR B ARE A # B B HEAT =W R IBM SPSS 20.0 B #4740t 24 b, WEMEZER (P
<0.05), RHHEFZETTZ 5 Duncan’s 2 ZER50 . H¥EKH Microsoft Excel 2010 1 MicroCal Origin
8.5 MAFALHE, LIFIME (n=3) irlEERR.

2 RS540

2.1 FIXBERAEG TLL AOEESREEE (HEMMAE

N T K kA T i TLL MR 20, B T AFRIE B {5 SRR a1l FER$5 DI

LK VHb AN TLL 730 WRIE IS . B 7 B SEAF R ERER, HE mH RIS 0 dl R
¥)i8id qPCR e N 4 DL
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T, R T FONERME SRR TLL RikMsgm .. LEH o-MF (55K EHRE KT 0.
WK la frs, HA EbE KT/MFH 758 N % T 8%. KT ML, #E4E KT/Ma, KT/SP23, KT/MF4I,
KT/Ostl [FAE%F TLL BE 2 58 347% 464% - 204% - 400% . itk KT/MFA3RTH) TLL Bgid/2 KT 1 3.86
%o BBl F-5 0 HE SR IR BRI i S R AAMIR B I R IA AN AR L 2 MRS 3 F Paoxi FH Preprs LA
Ko 5 NHABBAGEF Poars Pepes Ppyks Poi A Ppos 852 F5%F TLL RIAHIFN . LLEH Paoxi JBBNT
B KT/MFARXTR, 52 AHE, ANEE 6T s e NEE TLL AR RS E 7% 103%2
] (B 1b). Witk KT/MFARI KT/FLD1 B 3k45 (R AR 07 s 1t JL-FAH R, H35 B S T & A s B R 3 11
WiAk. SO, H BRI 048 DUEORT DU 2 5 e s 2 IR IA K, 248 DUSR IS AR B =2 A 2801 . Bk
2c. 3c. 4dc. Sc A RIEETE T 24 34 4y S AN DUEUR al BN . DA UL E A R R KT/MFA NS IE .
le Jim, 4 dl FERE DUEON 1 G030 4 iF, S B3 WRIEH TLL BEEHE S 1 91%, M 594 U/mL 3 hn
F| 1135 UmL. M Sc Fraff3H) TLL BRE A — P e, HRMICTEKE 2. IR B, AT
T IR VHD AR EAE 4c/v, WHE 1d Fin, %S 96h J5, BEAE 4c/v KA1 TLL BEEIAEF] 1507
U/mL, HXHRE 4c 5 33%. S EZ, ARFTME T —NEH 44 dl BR P IETHL R VHD HE T
HAHAEI 4c/ve FEEAR 4e/v i, TLL 7E3 8T Paoxi MME T Ik MEARJFEH] T 73Rk
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¥ & & & & & ¢ & & T & &
& N " 3 S AT & A ¢ « RO
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KT/MFA  2c 3c 4c 5c 24 48 72 9%
BT Ch)

1 RIKBEAFES TLL MRS TIEREREE
Fig. 1 Construction of recombinant strains with great expression capacity of TLL
(a) E50k, (b F3F, (o) HEFEME, (d) VHb AN EHARERIE TLL %M. ARMNFEIRRZEREE (P<0.05).
Effects of (a) signal peptides, (b) promoters, (c) gene dosage and (d) VHb on TLL expression. Different letters indicate values that are significantly
different (P < 0.05).

2.2 BERAEE TLL fEEEFRBE R P Y b aRIK

AN FITE SRR R (R 43 WA R IE 2 pH EFE S BSE . BERh R AR B 7] 55 2 Fh ok BES Bt 5o m .
N TR AR PR IR AT, LB AT 4e/v b1, AL 73R EI4R pH IR . 55 ODeoon
BEANINE . W 2 Fros, stRRE 95 5612 55 92 560046 pH 4 6.0, 24 ODeoo A 3.0 BF7E 25 RS, 1 24
h A 1% (v/v) Je/K HFEE.

WeAh, TR B IR 5 v s 2 TS PR 70 W] LA N K SR T K 70, B bR B R A, RPN
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WA RN, EaRmrg R0 R r @&, FIF B E QNG 2 w. WE 2e fiw, EMA
0.1% (w/v) HEE T RIHTEMFR] Tween-80 5, TLL MIBEIEHEE T 56% . A T FEAGHE W7 B0 A2 77 A, A
Az AR S T R R R B A BMGY TR AR . AN 2f sRRT LB, E 2 Sl A R i H ik R
HE BMGY 5975, S4B dc/v 4K ODeoo A4 FIA K NIR Wil TLL f B35 LT 41 ), AE B 1 fH
T T B R B RE R R T = B AT AT . DRI, FERES (SCIeH, SRR HEMARE K HI . AR 4o/v 7R
AR PRI R BT R 1595 192 h, flg5HE TLL MEAEN 1.2 /L, BEEZEF] 7700 U/mL.
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e 90_ N
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[Jaan
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~
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.. 1204 T ~ 900
| 5
Ipbh
% 80 ?; 600+
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40 ﬁéz 300
=

e
e

e e S 5 S T T T T
& R » S & 4 N4 ' |
d,o‘ S & & .‘u\ c;\.@ g\@ Hh HUH
PO S S U
<& LN

B 2 SR M HE TLL BRI
Fig. 2 Effects of culture conditions on secretory expression of TLL in shaking flasks
FEMIEIRAAT (a) Fhh pH, (b) 35T ODeos, (c) HEEIREE, (d) WA, (o) RMEEFA), (F) HIHMHR TLL R& MM, AR R
REREE (P<0.05).
Effects of culture conditions (a) initial pH, (b) ODggo, (¢) methanol concentration, (d) induction temperature, (e) surfactant, (f) crude glycerol on TLL

expression. Different letters indicate values that are significantly different (P < 0.05).

2.3 HfigE B —DiF5RE

23.1 MBFHFRKRGGME AT R AT 7R 0 R R R FEE R0 S0k, AP
BTSSR A, TS EAE 4civ T, SINT —AHBEEIT PoewniBHIERIL &, )
BT —AWEHTRIERG, 15 7 EARE 4ctg/ve 4 qPCR WilF, Btk dctg/v 1B 5 HE UK al FH .
YR T EALR dcre/v B EIEE DS IS AR TR TLL R . 0k 3 B, ERERRAT T,
WIS 96 h 5, BEAR dct+g/v SR TLL BEELE 4e/v 25 T 20%, WAUES T Poowia o 80 T35
MFRIE BRI R g/v IRm T 1.2 5.
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150

2 1004

<

ot
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=

= 50 &

jucad ¢

e I

0 T T T
g/v 4elv 4etglv

3 HE g/iv, 4doiv, dotgiv ERR  ESTFRILAEMES TLL
Fig. 3 Secretory expression of TLL in strains g/v, 4c/v and 4c+g/v inducted with methanol
AR FRFRREREE (P<0.05), Different letters indicate values that are significantly different (P < 0.05).

232 VBRI EE TLL  FEE— 27 SIS S E T XS 3l RE RG I HE Al SEILR .
HIE detg/v TEJ3 BT Poowia EEHI T, FERAAAK MR FIL T —E &M TLL. b5, 7lRiAH TLL
FERE TR TP R P AR TR, R80T Paoxi A B T HE— 4 7 TLL W& . RA Pl —
73RS 2208 HRF SRR P B, DI S H AR e RIS AR IEG TLL, 1707 SAMA N H L. 55— Pk iR
FEVIRE TR P eI, (B A IR T m A K ODeooe LA 24 h NN 1% (viv) H R S0 BT 3k 13
TLL RIE/KF st i, B 507 A R FE AR il B8 BT I B8 TLL Rk isgmi . il 4a Fiom, 400 0.5%
(viv) R RIS, FRASI TLL B35 BT B I B 1 20%. Bl & R H R v B2 AN 19389 I 31 8.3%
(v/v), TLL BEHSH T M. SR TFERINEN 1% (vv) B, SRIFHG D7 EEEGS fem,  Ho TR
9%. A, W 1% (vv) EY)LEET, FeliEE TLL (31K K LS A e & 17 iR F e A e i 1
28% (B 4b). bA 1% (viv) IRFZEMIAEYLEMES 192 h i, EHE 4ctg/v MREEEFER T SEAREN
1.4 g/L, J&WilkRe 15 %] 8700 U/mL.

a b
150 200 80
iy
T ks
1201 i = - B e [0
Ea b : = b b = a
N ‘ b - a
- 90 < i - 6o o
= = 00 : g
£ & 19 g
= = 50
2 =
50
30 40
0 T T T T T T 0 T L30
control 0.5 1 2 43 8.6 2%

TRR I RIREE (%)

4 BEEIES  HE 4ctgv DibFRIEBERAES TLL
Fig. 4 Secretory expression of TLL in the strain 4c+g/v inducted with methyl esters
(a) AFEVREERHERPEE, (b) WEE. WM N, AEWSCil IRl TLL Rk pifna. NRMTF IR ZREE (P<0.05),
Effects of (a) the concentration of methyl oleate, (b) methanol, methyl oleate and biodiesel on secretory expression of TLL. Different letters indicate values

that are significantly different (P < 0.05).

2. 4 RERRBRMEILT & E 45 H

AHIEFE CAAS FT A FH (A A B SR IR R i D SR, FE TGV AR R b, B0 R BER 9 AL R, 552
TR A X AR A S AR 2R ) 5

— R, R B ) i T B G (I ik S S, AL SR I AR i FH 22 R T BRI 2R 0 S il 1) A 72 AR
Wik 5a fiizn, 24 TLL F&EM 10 U/g B8 n4 30 U/g i, A958R 325, &M 72 h J515%] 88.9%.
BRI, 07 TLL e 20 30 Ulge 4k FEmg IR G R o Ve A ER (it 2 68 1) s . F 1 e 2 — e I 7K. 4
IKEEIINE 20% (wiw) B, N 72 h G AV R B E, 153 99.0% (K 5b). M/KEE#E—PHE
T, AEYEE M RAW R, W Sc iR, 527 30-40 X (A NSRS RN IEIE Z A 5C R .
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M SR E A 30 CFF R 35 0, AEA S A3 A B IR 3G N 3, 72 h JEIAF 96.1%. R, MRV
BEH 35 0, AR RHE TR, 40 DR FRET 8.4%. BEACH RN L2412 R A 1 mol H
MBS T2 3 mol HEE. B yRFE I H B0 42 P47 ) FAMEs & B 77 M #3l, SR & 1A 1T fe
SARWIBE R TG . B, WFA T WA EE R L AR el e I A . B 3 S, A ITE 0L 124
24 h MBI SR G o 24 B LA BE R LU 3:1 I I3 4:1 B, AEP) 58 7= 0BG, 72 h J57~
K Eik®] 99.2% (B 5d). SR, SEEM AR 5:1 K, AEMLSEMEIFE KRR T 1.8%. W% KSR
TR SR AR RE A B 1 F R S, ] Se B, BN IN 720 10, RITE Oh AT 16 h I NEEHEE A 1:1 1)
FEE, 76 8h IIAEEMLL g 2:1 Wy HEERS, AV SIS i m, B 60 h 153 96.1%, 72 h J5ikF] 99.1%.

a b
120 120
= 10U/g
4 - 20U/g 4 2 b ¢
oLy e Rl =S8 ¢ ¢ d
~ v 40U/ - 5 -~
&_ 804 +-50U/g ; > s \{5' 804
7 - . o
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K w0 va K w5
S § =
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v
0 : . " ; . . 01— ; , .
0 12 24 3 48 6 72 10 20 30 40 60 80
i E Ch) FKE (%
c d
120 120
~ 1004 b 2 = " -
& b = 1004 I b
N Z
. 5 c
B ¥
B \:1\2 80
404 &
| EIPP
'H 20 ¢ —
¢ I
oL : . “
30 35 40 45 31 41 si1 61
B E (oC) RS/ 1 BE 7R E
e f
120 120
—o— Lipolase 100L
~ 100 b ¢ ¢ b - P 100 TLL
= d B E3 =x
N " N
“P%" 80 T \‘fv 80
f f f oh =
€ = 60 g
= = —
‘g 40 f\< 40 &
Y e g
H oy H 204
0 . S Y] A . . r - :
1 2 3 4 5 6 7 8 9 10 0 12 24 36 48 60 72
H % 377 0 i) Ch)

STLLEW  WPREIEEYShR BEHRL () BERREERmM , (b &k , (o &RE, (@ i,
(e) B RMARITEMSHSRNENE; () RUKRNFHTAEREE TLL A Lipolase 100L X4 #1515 FRA S/
Fig. 5 Optimization of the reaction conditions in biodiesel production from J. curcas oil catalyzed by TLL
(a) FEMTEEARINGE, (b) S/KE, (o) RMNEE, () BMEEKRL, (o) FERMAR, () REWiE Lipolase 100L XA #5815 2 (1520 o
AARMF IR ERBE (P<0.05),
Effects of (a) enzyme loading, (b) water content, (c) temperature, (d) methanoloil ratio, (¢) methanol addition method, (f) Lipolase 100L on biodiesel
yield. Different letters indicate values that are significantly different (P < 0.05).

R, HETEE TLL AL BRI RT Thh i) 5% A 4 58 T o £ 1) s I 4% 4 e 7 TE v 7 I B Ak &2 s 30 Ulg
fE i, 40 wt%sK, 4EFE 8 h 43 3 M NEE M EE /R H ol 4:1 ff FPEE, 78 35 °C R 60 h. w1 5f Fiw,
TEAR RN S R 264 R, 7 b Lipolase 100L R I H BAR AT TE, 72 h JG{EREE 67% M A YLemE =,

3 e

3.1 EFERE v BEHE RIERIEE BKF RN
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TEEE SRR F A o R IAAENIEE TLL B, RIL MFA(S 5 BRI 20 e 38R e i o A 45 R e 2 miT 4k
I8 MWt 7T L% 2] (Lin-Cereghino et al., 2013) , 48] MFAfS 5 BRI, BONR G 540 W0 Bl A0 7 1l 22 B i
(Candida antarctica) Wil B = mZ2 /DM T 50%. AlAe2H T MFAGSIKERR T 5 = o 885E, M
BN T HEAE R loop X35 ¥ R 7% 7 (Chahal et al., 2017) . TEH SR EZ)FHRER, RKIFEFHEE)
T RIS T AR BT, MR 30T Paoxi A1 Perpy AR HE TLL AR IEHEEJLF—H#, BT Paoxi A
B RSN R R A . SR TZ R BT, BRI, Paoxi #HATIHE P HISEER . fEER SR EE
W I KIE T MK ZF HIAF B (Bacillus licheniformis) W)L T g A B, &4 4 ¥ D1 H EE R EHEF 1R
W E T H B B (Songeral., 2020) . 5AWEFT )45 FEEL, faliils TLL AR &0 4 45 DU B A4 1E
HOIRTS 7 R IA =, T A R DRGR S S TLL (Y 30A S RKORFRAIR, mI RE 0 J5L 8] A2 e 4 DU 2 1R 77
EINE AN A, b R A, R R RS H A R RIS E T IEA KK &R (Zhou et al., 2019) .
N ILFRIE VHD 8 F 2 22 il K W R U BR B AR & B 8 B RIA B 1A Rk 2. 5 VHb S A T3t
KikJa, EHEMEFRFMT, TS TLL KR BBREIEIN 7 33%. 00, 78S i R FQB BEE 7
YLLip 2 i, $£Ri& VHb & H R HE AR AL 50% M= 20K F, NEIERIEKFHES T 21% (Wang et al.,
2019) .

3.2 BT RERGN ENEE TLL Rk KI5

TERI AR P DU A I, ORI ol ZERI B8 IUBON 4, 2 al FEH$E DUEIG N 2] 5 1F, fali
WIS L S PRI . AEAHE S R4 N, IR SN, 5 4e/v M1 g/v XA EARMLL, 4etg/v K15 T
T TLL fgs, wReERSm TG BT RMmEIEH . BAEHRE 4ctg/v SN GIN T —ARIEGAE
R ER NS 5 #0L, (HETAERNAFEDIRER B3, 45491 RNA REMLE &6 S % i,
(A IX PR AN JE 3560 T P AN AN[F) RNA KA BRI ) BN 7% s 3 e i) B (Oztiirk et al., 2017) , TR T
B RIE K

3.3 BT RERGN IENEE TLL Rk KI5

FESRFUAN ) A FEE it B PP i o) i T g A AR SRV I, R VR R BRI EE R T 1% (viv) I, IR
TLL R BB v 38 v T F R 5 3. 0 0.5% (viv) SR HIERAY, TLL FIESVEMK T 6 I, "TaEEE 0.5%

(viv) HIIMIR BRI B R L E T ARE R EA W detg/v MAK TR, LRiESFIRE f, CLHERF

Pig sl AE M SR A E 55 3 R, KRR ODeoo H i 1 FI % S I (1) ODgoo. PRI, HEWI HH P R 7K fé i o 14 i
9 BT 200 B AR AT S B AR /N o e Ah, 2 H RV RE BRIR FE IS, IR I TR A A ik s ) FH i 4 i A= G
B ERE ) 5 — AN R R (Kumari & Gupta, 2014) o AHFEE IS 5] N RS 8l F Poowig X R 5056 B 3E
1T 70k, I UK A S AR R o IR E MR W B 15 357 . 5 TLL B sk PRI ARG, TLL Rkt #2
AL BN T L ZBBEANTE, IX R B AR FE iR i — 0 RS S RIS AE 4 U B nl AT . Rk, W
P 75 3 SR AT 75 L — B BT 9T LA R A S v B R I K

3.4 [ JSE AR R T A Ak i) 2 A2 W SR O RE M

P A 4 I S ZHO AR W) St 7 A AR, AR IR BE A & . BUKE . SONVIREE . W BE /R L DA
FRERINN T o I i FH &2 PR 066 I e DAy e 2k B 22 (v 67 s, B AT 9 v gt — A 386 Jin g 5
AW SEIMAT F IR AR, AT RESL DR N AR 7 A4 A4 1 S B % AR AE ST B (Subhedar et al., 2015) , ik — 473
H0E 7 g FH 2 3 BUR SN SR AN, AT 51 A% ot PR . IR 7 I 16 3 7K SR T B s, DR — s BNk KR
g 7 T 1 T A6 20 D, T I R DK TT e 2 1 B AR s i R E 1 (Kuo et al., 2015) , 300 FEAEZKAH A i 7K A
WETE, RSSOV ) PR T R, PR AT S R ) K R Y 20% . 35 °C R RH BV 1 i £ A2 4 S
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WG IR I, XZR A 30 ‘CHILL, WREETHRINE ¥ 7079 8. MRNRE ST 40 'CI, VSR
{1 3 25 B T A2 v Tl A S O P AR R R0 o 8 0 PP i e RS E ) 2 R 2% (Mohiiddin et
al., 2021) , 1iFEE T EIRE R B2 T BURNT B R TERT, AT TR 4:1 (RE B R L. fER &
R2&AETR . FHBEBLL 7 i A Lipolase 1001 ARSI 3w 32%, Ui IACHIE 78 il 45 1) TLL A& — ik
MM, B T B RTSR . T BRI KB LIS AT, 0 @ ait bR, HAE i
HEARBAR, 7 AETC IR R B R A 500 B, B S s & 3 B TR AR A

4 G

N T BEACAE D TLL 1] £ soAs, Jlid 2 FoReg i @ 7 B miaRis B I Se AR e RE A B . 2y S e
SHk. BEI TR EFE BT, SRS VHD 5 TLL 3LE5A, Rt/ L. SRASH EA Rk 4c/v (1
TLL RIEAFHER RS T 11 £, DUAEYS A 7= B2 o B =Yk H ORI, 30— D B AR R B Ak
Ao WA, EXURBNTRIERGHIEEA L S0 T DUHER B BREAE ) S8l i SR — 0 15 5 50 . 2
A 1% (viv) AW%emint, %5 192h 5, TLL B§diA 2] 8700 U/mL, HRIAHERIER 29 5. —HiFESHK
W5y TR, ST E AN A KRN, REIRE RS . ERERIR RS, B R EE LIS T
A TRR AR AT il 1) 2 A P20 o TE PR SR RLAR A T, [OBE 60 h, AR SEIMIAR 2 B i FIIE 96.1% . FEAS TAE T,
J i TLL 1) 751 7K P 2R 98 RO AR 1) 6 et 220 7= A ) STl R e B M R T RE S R R BT B B 3L
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