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I, A WEGE AR NCBIL b % A (4 5 [ P 41
(GenBank ;Z50020) , 5[ T Y. lipolytica Jig Jf5 T %k
lipl JF P P. pastoris i T kB T i 1 1
FEMH PCR HiA, i k3 H 8 MR M EMS Tl 4T T
A e, DU 2 o R K P A, e b T
GAP J5 3l , #1748 3% 35 K pGAPIK, 52 B
T Ne il 3L A Lipl Je H o i BUAE P. pastoris H 4
BB AN B3k, Oy H R AR A= 7 ] 4 B35 E HOR
it o

1 MopAn 7 %

1.1 ##
1.1.1  BEHERFIRRL . Y. lipolytica Wtk Jy P Bl B 3%

A= W0k 5 BT A5t , KW FF 1 ( Escherichia coli) Topl0
P. pastoris GS115 TF % Fl #k 1& pPICIK 5 A% 52 55
R

L 1.2 F 2950 A AL &% : Tag DNA 5 B ANTP
Mixture \ T4 DNA Ligase | B il 4 P4 Y fiff . pMD18-T it
F & .DNA Marker 1 Protein Marker ¥l § TaKaRa
/N ], pNP Jig ) F Sigma 2\ #] , Plasmid Mini Kit [
Gel Extraction Kit ) H Omega 2\ &) , B £ 5t [F] 2 42
BUAR) £ A Tiangene 23w, Hog a0 2 2 iF 11 5
[ 7 4% BT 46 7 . PCR {X 53333 ( Eppendorf AG
22331 Hamburg) , B KX DYY-5 (b 50 i< — 4 &%
), BER N 1% & 58 Gel. Logic 200 ( Eastman Kodak
Company USA) , B %4 ( Bio-Rad pulse Xcell) ,

1.1.3 5323 . LB, YPD BMGY . BMMY 5% 5% 3& Ul
Invitrodgen 7 ] 58 715 JE R HAE T

1.2 Y. lipolytica E[F2H DNA HIIREU K BE Ap B B
lipl Hy5e &

FEDHZH DNA (Y 12 B 42 Fe e B 5 P 2 4 B 7
&ul BB 17, M4l GenBank I & A () V.
WP A, &t gl W P 5'-
GAATTCATGTCTGTCACATCAACTTCTC-3" ( EcoR
I ), F:. 5'-GCGGCCGCCTACAACGTGTAGTGAC
CCTC-3"(Not 1) , 9" 8 4 K5 1D Mg 5L [H . PCR [z )it
KM 100 pL & &, & 0N R F:94°C 5 min, 94°C
I min,58°C 1 min,72°C 1 min 40 5,30 cycles,72C
10 min,4°C £ 78 . PCR ¥ ¥ 7= 4 5 # /& pMDI8-T
B ¥ AL E. coli ToplO, il J5ORL 56 Tk = BH 4 % 1k
- pMDI8T- lipl At 5 ] 57 A= ¥y B AR A BR 2 =]
P o
1.3 E&EMH PCR S KIEFERE MLipl

i http://gcua. schoedl. de/index 43 #7 , 1%
P. pastoris s Z B8 1, F H 4K Primer Premier
5.0 B3t 6 XF5I¥ (£ 1), % Lipl #y%5 34.36.258
289.294.314 316 il 455 {i 54 K FR % 1 F #E 47 2K
i, 5 E B A TR R R %5 A BRA A A .
PLTRL pMDI8T-lipl Sy A5t , iz H & 4 fiff PCR £
AR EEE G M JE R SEA MLipl, Hid
RN 1 s . S T Ou Ak i B v G i 2% B
Lt e B MLipl-1 MLipl ¥J5 T 4k % 4%, %
b E. coli Topl0, 1 i P4 5 B+ #E47 I P B0 iF

lipolytica lipl

#*1 Lipl ZBFHMALFASIYW

Table 1~ Primers used for the multiple site-directed mutagenesis of Lipl
Primers Sequences(5'—3") Size /bp Restriction sites
1-N cT ATGTCTGTCACATCAACTTCTCTC 32 EcoR 1
P CATTCCGTATAGATGGGCTTATGCCGA 27
F1 TCGGCATAAGCCCATCTATACGGAATG 27
P2 CAACACCTGTTCTGCTGACGAGC 23
2 GCTCGTCAGCAGAACAGGTGTTG 23
P3 CGTGAGATTCAAAGTCTCTAGAGTTTTACTCTCGG 35
F3 CCGAGAGTAAAACTCTAGAGACTTTGAATCTCACG 35
P4 GATCAATCCAGCTGTAAGAGTAACTCC 27
F4 GGAGTTACTCTTACAGCTGGATTGATC 27
Ps GTTTGGCGACTTCAGAAACGTTCCAGC 27
Fs GCTGGAACGTTTCTGAAGTCGCCAAAC 27
1-C CT CTACAACGTGTAGTGACCCTCTCC 34 Not T

# boxed sequences indicate restriction sites EcoR | and Not | , underlined sequences show optimized condon sites, P1/F1, P2/F2, P3/F3, P4/F4 and

P5/F5 are complement reverse primers.
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Fig.1  The procedure of the multiple site-directed mutagenesis of

Lipl.

1.4 GAP BzhFrER K pGAPIK &

H4E NCBI 1 GAP J5 2y 1 H: K )7 41] ( GenBank
U62648 ) i it L. ® ¢ 51 #:. Pl 5'-
GCAGCGAGCTCGATCCTTTTTTGTAT-3" ( Sac 1 )3
P2: 5'-GGCCGGATCCTGTGTTTTGATAGTTGTTC-3'
(BamH 1)

LL P. pastoris GS115 KK 40 DNA N4 4z , PCR
PHE GAP J3 8 F, ) M & {F: 94°C 5 min; 94°C
1 min, 55°C 1 min, 72°C 30 s, 30 4~ f % ; 72C
10 min, PCR =¥ T K4k E. coli Topl0,
FH P 52 s 00 ) T8 . Sac 1 . BamH T WU 4 52 k:
pMD18T-P,, fil # {& pPICOK, H () A Bf % T4 DNA
Ligase %42 , 14 £ 2H Wi 70 43 Wb 2 A& pGAPIK.,

1.5 FiEHAEmE

FHFR 4 4 P9 V) Bl EcoR 1 . Not T XU ] it $7
pMDI18T-lipl , pMDI8T-MLipl 1 # & pPICIK .
pGAPIK, I H 1 F=¥) J5 242 T4 DNA Ligase i%
¥, M @ & 3k #& 1K pPICOK-lipl . pPICOK-MLipl .
pGAPIK-lipl Fil pGAPOK-MLipl , %4k E. coli ToplO,
i 1 P 5 B 28 i 1) 9 ik 5 26 b 5 R 5 A M BOR
AR ZS /1 o
1.6 EABRMTE P. pastoris PFHIFE S B R HHE
Fix

RiEB R LM E R LE P pastoris
GS115 H1, 2 MD MM 1 =T F& H i Mg F b i 1 , BH
P& AL EAT W V% PCR %58 , I FI FH A [R] vl B 46 13
(0.25 —4.0 mg/mL) [ YPD-G418 -z i 1 155 #% I
WAL H A, B R 4 GS115/pPIC9K-lipl |

GS115/pPICOK-MLipl 2 fl 5| 15 3% 5 BMGY | 4%
F2 16 =20 h & A, =4, %8 = BMMY i 17 H B2
VP RIR B 24 h M 0. 5% (LU EE) (1 H
¥ GS115/pGAPIK-lipl .GS115/pGAPIK-MLipl 2 Ff
F| YPD 552 B h i Al Agy =2 BWHEFD 1 mL 2
100 mL YPD 3 £rp [ 28°C ,250 r/min $EAT IR &
%, 4% 4E 24 h 48 h.72 h.96 h 120 h. 144 h,
168 h 192 h R 2 1 177 16 K fidk e 075 , 1 5 i 07 g
I A RGN ] JF B E g #E4T SDS-PAGE HLIK .
1.7 BRRAEEENNE

pNPP H (63" #E 410 nm U 52 5 U5 16 /K fi T
Wi, 7E 45°C ,0.05 mol/L,pHS8. 5 Ay Tris-HCI £ sk
v, B2 TR B S B 4L 10 mmol/L i B
1 pmol (19X A 2248 Wy o oy — AN T6 3 B4 (U)
1.8 FERiEGER 2RO
1.8, 1 Jie W S M X BTG 7 0% 52 ) < 43 53] LK il
g C2.C4.C6.C8.C10.C12.C14 F1 C16 VE MK
Yy, UL pNPP L €832 0 5 i 105 Wt 0 0, LB o g D7 it
H NS 0 s e
1.8.2 B X B & J7 A 52 MR < 43 i #E 30°C (\35°C
40°C .45 .50°C 55%C .60°C #1 65°C T, Lk pNPP L
A3 I 2 i T i A I AT B TR 3 Uk, B
BSF(E RS
1.8.3  pH X i& J7 49 52 W : 43 % 7€ 0. 05 mol/L,
pH JE 7 6.5 - 10 fi% Tris-HCI 22 ph g v, UL pNPP
P £ 75 D B 1D B G 7, B pH (BRI 3 3k, P2
1B, LABA 2 Bl (9 e i pH A

2 #X

2.1 Y. lipolytica SR ERE [ lipl B 55 &

PL Y . lipolytica R 20 DNA RAEH, P F 43 5
B CRUEG Y YR A KR AL Lipl o I 4G
R, lipl 44 1461 bp, % i 486 > KR, 5
NCBI B i 38 3 81 — 2. 3z F AR 06 B 7 0 A,
Lipl & 45 R Wi B 75 o 0> -G-E-S-A-G-1# 5F . jk 7
F X, AL =I5 A Ser'™ - Asp™ -His™ | B 3 Ak {37 5
Asn™  JFAE-Cys™ -Cys™ - Z [ JE R B it .

2.2 EETMPCREARMLL lipl BEH

B A HESEA ME 5 R MLipl, L
R pMD18T-lipl Ky 8 iz , 1-N/F1, P1/F2, P2/F3,
P3/1-C Ry 51 %, 43 & W e Be A116 bp . B692 bp .
C137 bp 1 D601 bp, f& Uk % /B J5 IR 20, 1B M A
M, A A —Fe ol Je JE I MLipl -1, §5- 2L MLipl-1
Mz, 1-N/F4  P4/F5 P5/1-C Il P4/1-C K 5|9y,
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A3 514 1 Bt E956 bp . F447 bp. G112 bp 1 H559
bp, DL b 3R 41 5] 5w & 5 R el 5 AR
MLipl . W 74558 R W), ie 2 SE B Lipl B2 8 4
SR AL A5 ) B RS - SR AT T IR B ek, B
RIER e A RAERA
2.3 GAP Bz FREREHME pGAPIK

Ph P. pastoris GS115 JE[H 20 DNA S i, P1,
P2 Jp 54y, PCR 43 7= ¥y 2 0. 8% 3y fig Bl € g
7K ,500 bp &bt 88— 4 5547, 5 NCBI #ti (1) GAP
Ja s ¥ R/ —3, FBHM pGAPIK £ Sac |,
BamH 1 XU YIS AIE , 3545 95 2% DNA 4547 ,8. 6 kb &b
i 454 A pPICOK,500 bp 4b i 557y GAP J5 3 1,
ARG K], GAP J7 3+ & ) v B 3] pPICOK
o, O H 2 R A A 44 pGAPIK (& 2) o

Aat 1 Sac 1

Amp 3-AOX1-primer

pBR322-ori
pGAPIK
9.1kb

2 AR E#HE pGAPIK

Fig.2  Constitutive vector pGAPIK.

2.4 BEBEHAFHENLMEE
b Rk AR B L LE P, pastoris GS115
LN YPD S i b Pk R TR s, UEAT R v PCR O
o B TERAEY 145 F) 1500 bp £ DNA F B, %
W @ 4] % ik % K pPIC9K-lipl . pPICOK-MLipl .
pGAP9K- lipl F1 pGAPIK- MLipl i 33 & 5| P.
pastoris F: K 41 DNA 1,
2.5 Lipl £ P. pastoris HH) 55 S B A0 4H Y BY R ik
REEEE R R (K 3), ARk REF
Lipl ih/KF 6 d k2w, ik Lipl B s vl ik
6.84 U/mL, Lt fi fk /i #§ 1% (4.08 U/mL) 42 5 2
70% o HMIIFR P, Lipl % B S d RIIK e
it 3 , A2 Ak J5 Mg 105 i 6 0T 2k 8. 07 U/mlL, BbHE & 3 1A
PR RINBETG B2 1Ok 1A, HOR RN BT 4
X Lipl &% FHtik)a, 7 P. pastoris GS115
T T R R B AR IR b IR T SR A B
MWW 2 SDS-PAGE /3 #7, £ 53 kDa &b A — 4% 5 4

7,5 Lipl (94> T i 53.46 kDa K/h—3, i3t W] g
05 gL I Lip1 LA K bt Jim B9 5 I MLipl i se B 1
TE P. pastoris W ifs 5 B RN 2H 5% Bl 40 b 26 35

—a—GS115/pPIC9K-Mlipl
——GS115/pGAPIK-Mlipl

Lipase activity/(U/mL)

24 48 72 96 120 144 168 192

3 EFEBTRUANBSTIRASEHE
Fig. 3 Ligase production curves of codon optimized engineering

yeasl strain.

2.6 Lipl Bg= %R 4

WE 4 iy s, B2 v R0 BF 98 R B, Lipl i
T JRC W Ok S G B R TR IR (C4) T X T K
pNP Fig JL-P- AR B K16 7, 5 0k E Y Y .
lipolytica R i W 5 J& ¥ Lip2 f 3 ik 9 Ry < 5% Hg i
M H g C12 - €161, Lip7 | Lip8 f5 3 Ji 4 43 31 Ky
pNPC (C8) Fl pNPC (C10) "™ R [A], X — 45 5l £
iE 7 NCBI HR B0 Y. lipolytica Jji 15 1§ 2 1 [7) P51
WA A i 38 5 Lipl 5@ iR E O 45°C, il pH K
8.5 4 Jy—Fh gk Hh R K A il , Lipl BN LA R4 1Y
Tl B R 5

5_
4t BN

3k

Lipase activity/(U/mL)

IR NE -

C2 C4 Cé6 c8 Cl10 Cl12 Cl14 Cle
Length of carbon chain

B4 Lipl MREKRY
Fig. 4 The optimum substrate of Y. lipolytica Lipl.

3 itk

Y. lipolytica & H R BF 55 e Ry |7 () — Fp IR 5
R R B BE AT A 7 M A B AR A LR, T AR
TSR RS s A i A Y . s NCBI 42
LY. lipolytica W ILAT 8 /N8 i il B A, (0 H A £
B4R 7E Lip2, Lip7 F1 Lip8 BYBF5Y I, X H & JLA
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JE 107 T 0T fi b ABER R REIF R T Y.
lipolytica JE Wi B K=K lipl , RMHEF T Y. lipolytica
1 105 Tl 2 T 5 IR ¢ U, oA i — 20 wiE 9% LB LA R s
[E5X N s e~ 3 I 1 R s S = B o =S
F % I AE 2 TR 40 v 9 e i (S 3R T R A

HMIE R R IR KRN 2 R A, A 8)
T A5 TR IR AR B $5 DB Rk R GRS
B R R T AR B M 5T L % K % 45 AF 45 . Destain'™"
SR o P RIK RGN M Y. lipolytica FEAETE
PRERIKNG U7 B Lip2, % H = iy 28 U/mL 42 5 |
1000 U/mL, Fickers™" % BF 5% A [6 §% I8 % V.
lipolytica I i i Lip2 J ¥ Mg 1% 1Y) 52 ) , fi 24 o 7E
FHAR A B2 1% 3k 82 YR (0.3% —0.5% ) fF oy 3= B i
PRI R 0 540 T, Lip2 &8 70 h 243 ] ik e R
Wi 7% 1500 U/mL, Kar'™' 2558 350 %t Y. lipolytica ig i
fit Lip2 75 20 L A e o & e S5 10 i B 50, 1 0 7
S B S R i D Tl 0 Y R B R O O kR AR
PR PEA$2 s H 3 58 =, 76 & ¥ 50 h B il 15 A 3k
2000 U/mL, i fdf B %5 65 - 00 £b 52 R a3k 456 21 ol 7Y
FREBHMRIEF R B R LT B E S Y. lLpolytica
JIE I Tl 7 e, A E R A o R S TR A
TG WL K MLipl 7 P. pastoris GS115 H |1 i
RO R 3K, O Lipl HEAT i 5 B R e M FUASE AL 7
FEBEE TR S M T ) ) 20 iE 58 3R B Lipl
S — R IR U7 R I AR
b 55 U B T I 0 RS

% Xk
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Gene cloning, codon optimization and functional
expression of Yarrawia lipolytica lipase Lipl

Li Zhang, Heyun Zhao, Li Xu, Yun Liu, Yunjun Yan"

(Key Laboratory of Molecular Bio-physics, College of Life Science and Technology, Huazhong University of Science and
Technology, Wuhan 430074, China)

Abstract; [ Objective ] To implement inducible and constitutive over-expression of Yarrowia lipolytica lipase gene lipl in
Pichia pastoris using codon optimization. [ Methods] We cloned Y. lipolytica lipase gene lipl according to codon bias of
P. pastoris, and optimized lipl using overlap extension PCR synthesis. Then, we cloned the original and optimized genes
into the induced vector pPIC9K and newly built constitutive carrier pGAPIK, and electrotransformated the resultant
expression plasmids into P. pastoris GS115. Through G418 resistance screening, high copy transformatants were selected
and fermented in shake flasks. P-nitrophenyl palmitate ( pNPP) was used as substrates for assay the activities of the
expressed lipase, and the characteristics of the lipase were further examined. [ Results| We successfully cloned lipase
gene lipl from Y. lipolytica, nucleotide sequence revealed that the open reading frame ( ORF) had 1461 nucleotides,
encoding 486 amino acids, without any intron or any signal peptide. SDS-PAGE analysis and fermentation result showed
that the optimized gene had a higher expression level than the original one, and the constitutive expression was superior to
the inducible expression. Preliminary analysis showed that the optimal substrate of Lipl was p-nitrophenyl butyrate (C4) ,
the optimum temperature and pH was 45°C and 8.5, respectively. [ Conclusion ] Y. [lipolytica lipase gene lipl can be
over-expressed through both inducible and constitutive expressions using codon optimization, which lays a solid foundation
to further study Y. lipolytica lipase family, and also provides an important prerequisite for scale production and industrial
application of the lipase.

Keywords: Yarrawia lipolytica lipase gene lipl ; clone; codon optimization; GAP promoter; functional expression
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