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Gene cloning, expression and characterization of two
cold-adapted lipases from Penicillium sp. XMZ-9

Xiaomei Zheng, Ningfeng Wu, and Yunliu Fan
Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: Cold-adapted lipases are attractive biocatalysts that can be used at low temperatures as additives in food
products, laundry detergents, and the organic synthesis of chiral intermediates. Cold-adapted lipases are normally found in
microorganisms that survive at low temperatures. A fungi strain XMZ-9 exhibiting lipolytic activity was isolated from the
soil of glaciers in Xinjiang by the screening plates using 1% tributyrin as the substrate and Victoria blue as an indicator.
Based on morphological characteristics and phylogenetic comparisons of its 18S rDNA, the strain was identified as
Penicillium sp. The partial nucleotide sequences of these two lipase related genes, LipA and LipB, were obtained by
touchdown PCR using the degenerate primers designed according to the conservative domains of lipase. The full-length
sequences of two genes were obtained by genome walking. The gene lipA contained 1 014 nucleotides, without any intron,
comprising one open reading frame encoding a polypeptide of 337 amino acids. The gene lipB comprised two introns (61
bp and 49 bp) and a coding region sequence of 1 122 bp encoding a polypeptide of 373 amino acids. cDNA sequences of
both lipA and lipB were cloned and expressed in Escherichia coli BL21 (DE3). The recombinant LipA was mostly
expressed as inclusion bodies, and recovered lipase activity at low temperature after in vitro refolded by dilution.
Differently, the recombinant LipB was expressed in the soluble form and then purified by Ni-NTA affinity chromatography
Column. It showed high lipase activity at low temperature. These results indicated that they were cold-adapted enzymes.
This study paves the way for the further research of these cold-adapted lipases for application in the industry.

Keywords: Penicillium, lipase, gene cloning, inclusion body, in vitro refolding
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LipA 5 LipB; FH-IGPIFLH [ cDNA JFFI#E K
¥F1# Escherichia coli BL21 (DE3) #1453 1 &3k
ik, SRINE ESCE Ak & ik aib)s,
2 /S 2 AT I M R
1 HHEFE®
1.1 ##
111 M5Bk

H T Penicillium sp. XMZ-9 Hy 4525625 A\
VK L3 4y B %5 % s E. coli Topl0., E. coli
BL21 (DE3) H5&ikmiki pET30a (+) ¥HHAEL
Ky ARAE s SElE kL pEASY-T3 2RI [ bt 4
KEEYHARARAF,
1.1.2 T HESEH

PRI NI . T4 DNA %428 . Tag DNA
REM GBS0 A TakaRa A # ;
DNA &2 B 7] £ 5 RNA prep pure f8%) (E
W) i RNASZRBGEH & I [ RARAE Y H AR A A
FEERIAH & H Bio-Rad A F]; Ni-NTA
JEWA I QIAGEN A5 PIMEMERE . N, N'-37H XL
PIMEBERE . IPTG Il [ Sigma 23wl 5 BERHEZEWY) |
B A Oxford A r]; HAb LA F
[ (e
12 A&
1.2.1  7=HE R e A R B i 1

FRATI T 58 vk A I A B T 3R AT TR R
WAEY SRR 5B E . S ER A
(1% (VIV) B, 05% (WIV) EHMS 05%
(W/V) NaCl) % +#E7E 25 C M RIE & £ 55,
P RIERYRBERRA TS 1% (VIV) #
RO R T L S USSR NEE Re ¥ g €1
1% (VIV) =T R H g 5 4 2 R0 85 0 5 105 il
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iR AT R T P A E A AR
ek ik a7 W BT 1 /0N, FRATTEE BT 7 B 7 g L
XMZ-9 47 JE 2L oT il il T 7% P 455 18S rDNA
1) 43 55 5 SR M 5 FLTR XMZ-9 g 432
122 HEBZEFEA DNA 5 RNA KR

HRMIENA DNA A HEEE B8 SCER[15]0F
17 A RNA A ERIBUNH I RNA prep pure 154
(FLTA) & RNA $EBOAT G U BHAE,

1.2.3 HEWEBIEEEE X cDNA 75K 5k

M GenBank i A b T 2 [R) LR B T T
fE TS, B ClustalW 15 2 51
e XF o3 i B A AR DT R RS IX (FHGGG 5
GFSAGG)., 4k AT iR Y X 575 & I % i ¥
8Pl 2 P BT 519 lipPF 45 lipPR (5% 1), LA
Penicillium sp. XMZ-9 JE[H 41 DNA St , F1
{8 35 | AT RIS PCR, I B PR IX 22 ] ) i
K751, BEdE PCR MR 156 94 CHiAsM:
5 min; #RJ5 20 NFEIEIEI: 94 °C AEME 30 s,
iR KGR EE M 65°C R4 , L5 B MG TS 0.5 C,
% 55°C, 72 CHEf 30 s; PR 20 MEH: 94 C
A5 30's, 55 CiRk 30s, 72 ‘CHEM 30 s; fie)m
72 "C#EfH 10 min, PCR =¥y [l Wi )5 % % %)
PEASY-T3 # A4 7 F 51 & 5 5397 -

JARA TR S e, DL AT S B
M) bR Al st 3 MRERNRER Y
(F 1), R ARSI &R G D
o EEXT LipA AW L e 50 s e S 190
lipAFspl. lipAFsp2. lipAFsp3; %1%} LipA JEA )
A SR G190 A lipARspl. lipARsp2 .
lipARsp3; £ X LipB JEH (1% Ly 51 s b it 5 |
Y1k lipBFspl. lipBFsp2. lipBFsp3; %%} LipB
Sy W 50 e BT 519 A lipBRspl |
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lipBRsp2. lipBRsp3. K Arfpy4s M) LT
WF A Bt 5 B ¥ 5 B Vector NTI Suite 9.0
(InforMax, Gaithersburg, MD, USA) #4179t
B &ILHFSIFE NCBI b FlH BLAST X
(http://www.ncbi.nlm.nih.gov/BLAST) #f 17 #H 121
P HEXTFST . FH DS Gene $C4 7 52 #1415
FEHE, JEAIH] Gene Finder #ff (http://www.
bioscience.org/urllists/genefind.html) 4347 % A
MM S5NE T

*1 EERERSREMASY

Table 1 Primers used for gene cloning and
expression in this study

Primer name Primer sequence (5'-3")

lipPF GTGGTGTAYTTYCAYGGBGG
lipPR CAGGTTGCCRCCSGCRCTRTC
lipAFspl CACACTTGGTGCCGCTAC
lipAFsp2 AAACCGGTGCTCGACACT
lipAFsp3 GGCTGTAATGGTGAGCGT
lipARsp1 ACGCTCACCATTACAGCC
lipARsp2 GTGTCGAGCACCGGTTTC
lipARsp3 GTAGCGGCACCAAGTGTG
lipBFspl GGTGGGTGTTTGGTGGACTA
lipBFsp2 TTTCTGCAAGCGAGTTGTCC
lipBFsp3 GGACCTTGTCGCATTTGATG
lipBRspl CATCAAATGCGACAAGGTCC
lipBRsp2 CATGGACAACTCGCTTGCAG
lipBRsp3 GGCTAGTCCACCAAACACCC
lipAFm gaattcATGGCCTCGTCTCGTTGG T
lipARm gcggccgcAATAATACATGGAAAGT
lipBFm gagctcATGGCCTCTCAAACTGTAG
lipBRm ctcgagCTTGAACTTGAACTTATC
Olig (dT) TTTTTTTTTTTTTTTTTT

Note: Y represents C or T; B represents C, G or T; R
represents A or G; S represents C or G. Restriction sites are
denoted in lowercase.

PL5 pg & RNA HEMR, HISi sk Rever
Tra Ace F1514) Oligo-dT HEAT Sk i, 345
cDNA %5 —4% . L) lipAFm (7 EcoR 1 B 25)
5 lipARm (% Not I BgYIf ) K lipBFm (&
Sac [ fi§¥If7 4) 5 lipBRm (7 Xho I EHI{7 )
JG I IHEFT PCR, 4714 9 35 PR 2 il V1A A A8 M 1)
4K cDNA. PCR ¥yl i%4%5] pEASY-T3
BARHAT P HN M E 550 H o
124 BHARBBHEOWESHIRS

FHAH R % B ] e D000 7 (IE A 1) pEASY-T3
FEA R, B B RS I R B S R R D) AL
M FRIR TR pET30a (+) AT KIUEE
T 1) T 24 638 UKL pET-lipA. pET-lipB M 28 ik
JkL pET30a (+) 439ll%% 4k E. coli BL21 (DE3).
WAL RGNS, DA 1% M it 5
50 mL 747 50 pg/mL RAREE R MY LB Hi3edkr,
PRGHEFRZ) 2 h, 2§ ODgoo i5 % 0.6 J5, MIA 20 puL
I mol/L IPTG 7 16 C N # AT iR %15 T 3Rk .
4 50 mL BRI R B0 BV, R 5 mL
50 mmol/L Tris-HCI (pH 8.0)Z mhik & &, A
PMSF (&3} 0.1 mmol/L), HEFTHE R P ik e
2, 15 000 r/min B0 20 min, BEREIS AL
TR AR 3 RIAT i e ) E A R, DOV A i
PRETHLER Y o 73 0 I A SERFR 2xSDS-PAGE |4
ZEhW, WKW 5 min, HATWRIEN 12%
SDS-PAGE Hijik A&l
1.25 FEAEHKFEMLL

HEH 10 mL P S vhl (50 mmol/L
Tris-HCI (pH 8.0), 10 % H i+ 0.5 mol/L NaCl)
S SR R BTROIE Ni-NTA B, 485 I A |
THEES , B MA 10 mL &4 0, 20, 100,
200 mmol/L KM Y - I 22 P B EEA T e I O U 4
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FHRIVEMG . B 50 pl ZF 504 M 45 Ve i i A7
SDS-PAGE HLUKAIN . Wt 24 s e A e IOt V7
50 mmol/L Tris-HCI (pH 8.0) HikfTid %&b,
[ 2V I g e
126 AWEEANTHSEHE

JH 1 mL 50 mmol/L Tris-HCI (pH8.0) £ uf
Ve AL AR A RLEE Y 2 WK, RG2S 1 mL
2 mol/L 5 4 mol/L JREVEWULTE , BRIV ERY 2%
EA, BEWEUIEER T 500 ub 8 mol/L JRE
PR, 37 Cid M E I S . S
JE M EAHE % W (50 mmol/L Tris-HCI
(pH 8.0), 10% Hill5 1% H &) 1T ARFIRTEL
Fike, 4 CIFE 12 h, dTmBREMIFRREE
IR
1.2.7 EHRRHITERE N E

i I 3 P AR O SR P 4 6O BE T L B K
0 X P ) B SIS Rl 500 pmol/L
Xof i L TR TR () BV W o AT Y BN A5 1A
100 pL WYEY B T 1.8 mL 50 mmol/L
Tris-HCI (pH 8.0) ', 35 CHi# 5 min J5 A
100 pL Kl , #ERGR N 10 min, SRJEHIA
0.5 mL 10% =& LR A 1L, FHmA
0.5 mL 10 % Bk FRAH VA . €4 o g 3l 50 L PR UCVE
J&, 410 nm I E i 7 T T A 7 A R
53 R ML AE . — R DT RS B (1 U) E X
HTE pH 8.0, 35 CA&AMT, A48 B 1 pmol/L
X} B P T e (A A o % PR N SR AR ) 2 A T
PGt I DB o RS RN 3 AP AT
L BCP Y E A B A B R
1.2.8  Jig oy B 5 N il g

1£ 50 mmol/L Tris-HCI (pH 8.0) & i FIA
[ B (0~60 °C) "Il fig Iy Ml s P, AR ARDX
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AR (1 A A o3 Tk B o W B S 7E 40 °C .50 C
5 60 C AR EFEIBREE 2. 5. 10, 20,
40, 60, 80, 100 min, T E 5% B4 WG (L LA
N 2 P 1 IR R A

2 ZR

2.1 PBRRARE = PRAY T ik

SHBUNCE PN G K (7wt = o R
F| 5 BRATIRECPE . ARYERE S DR KN, BEE
TR T I M A e B L XMZ-9 HEAT I S
5. WIKIEASS 18S rDNA Hy4r T % & % M
XMZ-9 K% )& Penicillium, H 18S rDNA 7£
GenBank £ 4 2 16 5508 FI973461.,

22 HEEMREMBEER cDNA FIIMTiE
545

L) Penicillium sp. XMZ-9 2K 2H DNA Jy#
B, FHEIF514 (lipPF 5 lipPR) F#7% PCR,
PHEE|—A KNk 220 bp 19 B, PCR =4
2T GV E 5 LeX oA & IR 4E 2 BO UM
60% HK/MHZE 6 bp BUSER Bt . H BLAST X
HEAT P 91 e e WA v — AN R B ok IR T
¥t 2% Aspergillus clavatus NRRL 1 (%) fii 5 i+
WIVER 79% 5 53— K Fr B 5 2R U8 T 2% [OBT 574G
Neosartorya fischeri NRRL 181 f &M A LIYE K
86% .

MR AR I W B R R Bk T b R
W RS (& 1), A YA Rl
SV R TR R B E Y] (K 1), &
FERPHE S8 A R W 2 345 2 G s 7 it
FySEE LN, 43 9ich LipA 5 LipB (GenBank
B PR B 540 B A FJ973462 5 FJ973463).
b5, FF RT-PCR M Penicillium sp. XMZ-9 i
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RNA Hif/ 1 5] 2 A~ K 192K cDNA JF51

R WRE LS F 2L A LipA 4K 1014 bp, TGN &
¥, 4nhd 337 DA 1 ALKIEERS T, A
FEHBES T 38.39 kDa., E T x4 R
221 55 M il & Aspergillus niger strain CBS 513.8
A5 Wil LipP (GenBank Accession No. A2Q8U6)
() —E e =5 i 68% o FH SignalP 3.0 Server {55
JRTAM A BHH: 1~22 aa W55 K. MNRITTAELS 14
SLH LipB 42K 1232 bp, cDNA K 1122bp, &
B 24N EF, o BIRALF+538~+598 (61 bp) 1Y
W& TSI 507 F+917~+966 (49 bp) M & T
JE9 . IR gt 373 AN FEFRFN 1 kY
¥, BEAGEABISS TR 4163 kDa, AT
Hext e &5 N, fischeri NRRL 181 (1R
(GenBank Accession No. A1DL68) it — &P =
} 75% . J1] SignalP 3.0 Server {55 ik Tl 2 B
TofF Tk,

EEERMEBRE RSB EIKE

23 HEWERERHEBRFESRIE

Pl cDNA J##, LA lipAFm 5 lipARm
51947 PCR ¥ 145 H LA LipA; LA lipBFm
5 lipBRm 5| #i#E17 PCR ¥ 34 5| H i3 A
LipB. W ¥ JC iR J5 , J3 4l 5o B 2 3% 38 Uk
pET30a (+), MHFRILEA A pET-lipA 5
pET-lipB, 7E E. coli BL21 (DE3) HiiES#£ ik
R, % PTG )5, N lipA BEARRIKHA
AJYR ALK (40 kDa, K2, Lane 2); T3
lipB WIS 43 &35 N AT I FE R (43 kDa,
& 2, Laneb5).
2.4 EMEHRES LipA 5 LipB H13E5

W T HE M LipA RSG5 AT T
WA, PR T IR R AV SR ik
KA AT HIGPERS iR . 22 50 mmol/L Tris-HCI
(pH 8.0). 2 mol/L 5 4 mol/L JR R WEETTIE LK
ZE M5, 8 mol/L PRE AL R 5T A8

Fig. 1 Genome walking results of Penicillium lipases. (A) genome walking results of LipA. (B) genome walking
results of LipB. M: 1 kb standard protein molecular weight markers; 1,3,5,7: the 2nd PCR results in genome walking
processes; 2,4,6,8: the 3rd PCR results in genome walking processes; 1,2,5,6: the PCR results using No.2 AD primer;
3,4,7,8: the PCR results using No.4 AD primer.
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PR AR S TR B UK Al A, AnlEl 3A BT
T o 38 AN [ AR R AR A A 7 R A i IR
50 f5m}, JLHEEE k%) 15.72 UmL,

AN, EEAHE LipB KHB4rE s N iE
FIE, FIH Qiagen MY His-trZEE HE R ENT
AT T 4k, &4 100 mmol/L 5 200 mmol/L
KA PR P JBE R R IR AR e, BTk I, mlak
FHL k2, i 3B s ; iy LipB fii f ik

F] 7.34 U/mL.,
2 SDS-PAGE k&N EHEESHEMEE LipA

Fig. 2 SDS-PAGE analysis of recombinant LipA and HZH M LipA 5 LipB f5cidi i 52 A0 RS P

LipB expressed in E. coli. M: standard protein molecular SR K SR Y L R TS 1 B S I

weight markers; 1,2: lysate supernatant (1) and cell s . . . -
pellet (2) of transformed bacteria harboring pET-lipA; BES151 9 30 'C 45 40 C (14 4). LipA fEIR AT

3,4: lysate supernatant (3) and cell pellet (4) of 30 CHY, PEHEREFA S EEEL EFH,
transformed  bacteria  harbouring empty  vector . . S b

pET30a(+); 5,6: lysate supernatant (5) and cell pellet (6) 10 C5 20 CRIAIXIFGPEILS) 28.18% 5
of transformed bacteria harboring pET-lipB. 60.11% ; =T 30 CHEFiG 71 P, %60 CHA

B3 “@bmEHESEHBERNE LipA 5 LipB SDS- PAGE H k&

Fig. 3 SDS-PAGE analysis of the purified recombinant LipA and LipB. (A) the recombinant LipA protein, expressed
in E. coli and dissolved in 8 mol/L urea, was analyzed by SDS-PAGE. M: standard protein molecular-weight markers;
1: purified inclusion body containing LipA; 2: cell pellet of transformed bacteria harboring pET-lipA. (B) the
recombinant LipB protein, recovered at various points in the purification process, was analyzed by SDS-PAGE.
M: standard protein molecular weight markers; 1: lysate supernatant of transformed bacteria harboring pET-lipB;
2: purified LipB after dialysis and concentration.
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e RIE S8y 37.23% ; 78 20 'C# 50 ‘CHISMTF
5 HA 50% LA b AT o LipB 76 BT 40 °C
W, BEERET E T TEE L BT, #2110 C
520 C A A X G 1 T A Bk E 31.279% 5
56.99% ; 1= T 40 “CHEIE J1 i N R, %) 60 “CHY
HA KG9 18.91%; 7F 20 "CH| 50 CHI%
THARREA 50% L L 1B

PAE SR, BREIENESS SRR, &
47 LipA 5 LipB A9 #ERE PEARAS 2RSS, [HAH
XIF, LipA f#ER 2 PERE 47T LipB (K 5).
TEARIE &5 40 'CF, LipA 5 LipB f£7& 100 min
Je M B AT ELA 85.26% 5 79.03% ., {H PR FE
s, BRI R IEME F B AR . 7E 50 C
T, LipA 5 LipB f&i& 100 min J&5 A X} i 7
5 HHA 30.85% 5 23.57% ., 1£ 60 ‘CF, LipA
5 LipB f#¥E 10 min J5AHXTAEGG I W fE =
23.32% 5 31.55% , ikt 100 min J5 AHXT S 73
BHEA 11.66% 5 6.09% .

100
90
801
70 [
60 r
50 ¢
40 [
30 [
20 ¢
10 F

Relative activity (%)

10 20 30 40 50 60
Temperature (°C)

4 EHASHEE LipA 5 LipB BSR N ISR E

Fig. 4 Influence of temperature on lipase activity.

Activity of LipA (filled square) and LipB (filled

triangle) was assayed at pH 8.0 and a range of different

temperatures using p-NP decanoate as substrate.

100
90
80
70 H
60
50 ¢
40 r
30 r
20 1
10 ¢

Relative activity (%)

10 20 30 40 50 60 70 80 90 100
¢ (min)

5 E4YHARAES LipA 5 LipB B i 2 E 1%
Fig. 5 Thermostability of purified LipA (filled) and
LipB (empty). The recombinant LipA and LipB were
incubated in 50 mmol/L Tris-HCI buffer (pH 8.0) at
40 °C (square), 50 °C (triangle), and 60 °C (downward-
pointing triangle) for the indicated periods of time, and

enzymatic activity was measured using p-NP decanoate
as substrate.

3 ik

RIS A ) 2250 A0 Tk e Ll R i 5
LR FRIR R BB o 7 B 7 AR UL S A )
Z R SRR, 7 Ae 7 B R L kAR D>
BB, HL7E 1961 4E, Alford 5 Pierce™@s M4
Y R i b 43 B 3] — LR G Ve LT AN i A M 22
I £} Candida lipolytica . 1} % Geotrichum
candidum 5217 2 Pencillium roqueforti /=4
RGN NTEE, HRMII TR ARG . Mayordomo
2l by 51 i & Aspergillus nidulans WG312 o
alifk T —RRAR NN, HAE Ry 40 C, fH
Hymm AR, RGN, HANE AR TR
SO 5 FRIRFSE o ASSCAVK| A T 23 2445 21 TR
¥k Penicillium sp. XMZ-9., FI| IR IR A 4 vl 45
SR M B MR B B0, fE 25 CR
REEFR, IR =T MR 5 4 2 iR B
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TRV b A e S L 28 1 1 LA A v B I K A
IR Penicillium sp. XMZ-9,,

M\ B SR T e A5 2 00 A 0y 7 AR R, R
17 gL R A2 B R T E R A, BRI R T e ) A=
PR RIS Gk 5 AR e T S X LA 2 T
sk R ISR TR, MG A
r e [ i 177 T 5 DL O 1 A 7 S R i ] 5 B 4 3Rk
TR kI PR AR S rbm i B A G
Wi Z P F X, BT 2 A B IR R D i
PRAFIX: B FHGGG S LIg M7 S
G(FIS)S(AIV)GG . it 35 |4, FIHIKE Y% PCR,
B NFER 2 P sa R T 2 AR ) AR D
il FE PR R B o B E A G (AL RS 1 O 1 )
T 2N RIWIMEREE R . f AT UL, SR X — SR
FEAT 2 AR AR e BRI N Oy

LR AR L R v N 5 - B9 B 2 AN AR TR]
XF T N B N D R R N B 45 A A
LIE A RETRR | VP22 TN RS B e L
B B — /N F 100 bp, 5-87 HENL N
GTRNGT, 3-BiHE(7 sl YAG (R: WEMHA% H
M2, Y. BERERAZ TR, N: (EEEZITR).
Penicillium sp. XMZ-9 FJFEA lipA ¥%H N& T,
B lipB " A77E 2 N ¥, 39024 61 bp 5 49 bp
N & T P8 , TR H A SR EAT N & 7 SR Ry By
FEL ¥ 5'-GTGAGT-3'5 5-TAG-3',

PET Kik RGN i A IZ B R i
FIX R G, (HHRB YA OTC TS PR AL
7, WokIE TR A niger FO44 1 A 1y it
ANl A s T Penicillium sp. XMZ-9 £ 2
MEWIBETE pET RKIKRGH, —DRIL N
7, —NER R AIENEA, AR
FeIR A AL IR AT BE T O T H A SRR A B

http://journals.im.ac.cn/cjbcn

R A 177 Tl 2 48 ok e Ak S N IR B 7E 30 °C
AT, MR T BA — T vk i g o
2 feid 5 R B MR e, A IR E AR i
LipA 5 LipB A9 fzidi il B 7E 30°C~40 CZ
6], 7E 20 °CHAHX B 1% ¥ M 4d 50%, I HAE
i TR R E HEANGE, 335 IR Al 7 Tl 1) 2
AFFIEAR—3, WIPIEHFIE R B 2 AR
TR DT T L P, 3K A 5 TR AR 1) D 4 A A PR B A
—3

ARG 7 Tt D L R 1 BT EL AR T A 1% 1o
5t A SO R — 75 B2 i e BESRAS 2 AL
BARM R WML, FFAE RIGHFF B rh T 1 58
Feik SHalifl o RS N E 2 2 AR
MCIRAG T o AN 5256 2 AR SE IR 2R R F T B ol 2
M I8 RGURHA T /IR, RIS Y
IR WG 2R5 TR, i — 2 A ni HI 28
EFEA
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