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Functional Expression of Candida antarctica
Lipase A in Pichia pastoris and Escherichia coli

Park, Hye-Jung and Yong Hwan Kim*
Department of Chemical Engineering, Kwangwoon University, Seoul 139-70l, Korea.

Abstract Candida Antarctica lipase A (CalA) has been used because of its suitability in industrial applications. CalA has
unique features capable to accept tertiary and sterically hindered alcohols among many hydrolases. CalA gene was
cloned and constructed in expression vector such as pColdIll/CalA and pPICZaA/CalA, The gene encoding

pColdIll/CalA was functionally expressed in the cytoplasm of Escherichia coli Origami™ B

(DE3) cells. The

plasmid pPICZaA/CalA linearized by BstX / was integrated into 5'’A0X7 region of the chromosomal DNA and
was functionally expressed in the methylotrophic yeast Pichia pastoris. Expressed CalA in P. pastoris (0.7 Unit/mL)
showed 35 times higher activity than that in E. coli expression system (0.02 Unit/mL).

Keywords: Candida antarctica lipase A, P. pastoris, E. coli, AOX 1

M B

Lipase (E.C 3.1.1.3)& A& (lipid)S ZZAE7 =
WAte 2 JMResls a4AEA 1980 S8t o]
triacrylglycerol lipase®] TH}2a33}71% (protein engineering)
o] WHSPAAN AA|, F7184, A ]’1‘}?3 o-/] Aot

oK1, 2). Yukdo g FlEa|E 4 chiral substrates
£ 221 438 15 ¢ZLE B} A Candida

antarctica &) lipase A 7R Ehe B3 A=t
37 HiAR 7108 YAl lE Eela 33k 42

2 Fafigitta RuEAuK3). T3 rleria] vhg-o] Iut
291 01]%E]]_§}HP~O]]}\1 lipase AFFo] Sn2 YA =
v Hehe Fagit)
181'4 lipase A2 7153
A A Az N 2

s

Els:

42 <)) &Hol5 A
2] 25)0] e o hl

*Corresponding author
Tel: +82-2-940-5675, Fax: +82-2-941-1785
e-mail: metalkim@kw.ac.kr

(<]

2o} MY &4 Aoq_roﬂ % °§6o
ke kg 9 B 2o|E et
ax, 3ol oE‘j‘ﬂi 5 ]E} 53] Ut (Escherichia
coliyo|X9] SJEi7dzt WE-e Tt 7HHLH ZZHEH
(promoter), FEF HliA), WE A £T Fof ojgoz s
71¢ Bol Agsl= dEA2E HPHoltk4). 1y 3l
23} (disulfide bond) A 2 &3} (glycosylation) 2} &
W B 4=22] (posttranslational modification) o] §liL,
g el A Hde 52 dldo] YA (inclusion
body) FE|E BIEASE 7S she ©E 71X ok
wWlgkS 213} F 5. (metthylotrophic yeast)Q! Pichia pastoris
2 U89 BH|2E (secrection) 2 & F-2]7} -8-0]
stk S 7IAAL 3de] 8314 (soluble) THelE e} W
AlzEo g Hasa ok & TS STAE dd
Ao} EAR| DNAoﬂ ’“’OU\]@ I o} HEA L A
| FolA1, 5% AEME A TAENY A uky
& A S 5 vk FEE e 55799 alcohol
oxidase 1 (40X1) TEHEE o-&30ZH il o]
skl fElsic) 3 IAMERA AFAE

& U dA A

ﬁ”

rlr

|

o



342

FRAAeE AL B MY AJAFo] fALete] 2F el
(splicing)2 3 JEE (intron)] AL} 1FFEL
FAA G} frALe BH 73S 25T o], WY § 52
< T3 ZAE DA A BuE S U, 6, 7).
HZ P. pastorisA Chaetomium thermophilum <)
glucoamylase(8), Human ScFv against Botulinum Neurotoxin
A(9), manganese lipoxygenase (30 mg/L)(10), Aspergillus
niger | phytase (65 unit/mL)(11)59] 2)2] whl o]
ABHoE HHAHAT old B A= C antarctica -3
9] lipase A (CalA)E P. pastoris®}t E. coliolx] FHL
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i3t HlmiEAsge.
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AgHa A (Takara, Japan), HS LA Tag (Takara, Japan),
2]7}okA] (New England BioLabs, USA)7} ARE-EQloH,
electroporations $J3§4] Gene Pulser Xcell™ (Bio-Rad,
USA)S AH-3F9T. 55 E. coli Origami™ B (DE3)
(Novagen, Germany), P. pastoris X-33 (Invitrogen, USA)
o] ALS-F o, HHWE = pColdll (Takara, Japan),
pPICZoA (Invitrogen, USA)7} AREEQiTh

A 224

Candida antractica ATCC 32657 2 lipase A (CalA)Z
47] $18 YPD HAMIA] (1% yeast extract, 2% peptone,
2% dextrose)ol|A] 180 rpm, 30 C oA 3Y7t vfjdsr &
2] bead (0.75~1.00 mm)E o|-83} A|ES 71 YAIEE

£ &l 3&3t}k Gemonic DNAE & 3+ & Table 1
ol X9} Zo] Nde I/EcoR [ A|3+E 27} L¥H primers
EcoR I/Not I Agrasr} L8E primerE 27} o]835}o]
PCRE 33l

pColdlll/CalA2| HETE X Wl

728 pColdll/CalAE ampicillin (100 gg/mL)o] 35
F LB (10 g/L tryptone, 10 g/LL NaCl, 5 g/L yeast extract,
15 g/L agar) AL A A S ©] 83l E. coli OrigamiB
(DE3)ollA] BAxg 9 Hddo| Fh=ATh Add 32
ZHZAIE 50 mL LBy BAIA] X HE3R L, ODeoo 3%
°] 0.6-1.0¢] =2 wj7}A] vjetst &, 302 B 15C oA
cold shocks FU IPTGY] HFFEE 0.01-10 mME
% (Induction)dted 15°CAlA] 244]7F Tt wHEstach

pPICZaA/CalA2| EZTE % W

7% pPICZaA/CalA, pPICZaA/CalA-hisx6+ BstX [
o2 ddste] J383g T eletroporationtd H O Z P.
pastoris X-33 SFA|EL] genome AOXT region®]] integration
AL FAAEAZ zeocin (100 pg/mL)o] TFE YPDS
(1% yeast extract, 2% peptone, 2% dextrose, 1 M sorbitol,
2% agar) LA X]ol| A HHEI}Y I 50 mLe] BMMY (1%
yeast extract, 2% peptone, 100 mM potassium phosphate
pH 6, 1.34% YNB, 4 x 10°°% biotin, 0.5% methanol)¥}]
2 28°Collx] 20A13F BF viEH F, 5% (v/v) methanolE
Hrste] fER F 24417 B B

oY &Y

£ dFlA Cal A9 &/d-& pNPP (p-nitrophenyl

Table 1. Overview of primers used for the ampilification of the lipase A gene

Host cell Restriction site

Primers Function

eCalA-N-Nde I

5-GCGCCATATGGCGGCCTGCCCAACCCCTACG-3’

E.coli Origami B (DE3) NdeI / EcoRI
eCalA-C-EcoR I

Cloning into pCold I

5-GCGCGAATTCCTAAGGTGGTGTGATGGGGCCAAAGG-3

pCalA-N-EcoR T

5-GCGCGAATTCGCGGCGCTGCCCAACCCCTACG-3'

pCalA-C-Not I

P.pastoris X-33 EcoRI | NotI

Cloning into pPiCZaA

5-GCGCGCGGCCGCCTAAGGTGGTGTGATGGGGCCAAAGG-3’

pCalA-C-Not I (+His taqxx6)
5'-GCGCGCGGCCGCAGGTGGTGTGATGGGGCCAAAGG-3'
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palmitate)E 7|22 Adeste] SA3ATE P. pastorisol]
A EE CalA ABE 3317) 98) 5000 g2 FAEE
B F 450 RN} W E coliolA HE CalA
AEE ZJbr) Al A 5000 g2 4R & F 4T
B8 A A3}, bugbuster (2.5 mL/50 mL broth, Novagen,
USA)E A71le] AdEkstn th daikel @ F 4%
< ANH3ATE 7 AFHE AR 10 uLE pNPP reaction
solution (10 mM para-nitrophenyl palmitate : EtOH : 56 mM
Tris-HCl = 95 : 4 : 1, pH 8.0) 3 mLo]| 7}l 305 <t
HE3-A1Z1 § UV-visible spectrophotometer (Shimadzu
1650PC, Japan)S AM231ed ODys 7S =431tk 1 Unit
€ 45CoA 145 B3t pNPPE 71588051 1 umol2) pNP
(p-nitrophenol)& HIESl= 40 ko2 Aolatyr}
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Fig. 1. Construction of lipase A expression plasmid in Escherichia
coli and Pichia pastoris. : (A) The lipase A gene was
cloned into the plasmid pColdIII. (B) The lipase A
gene was cloned into the plasmid pPICZadA.

SDS-PAGE &4 ¥ Western blotting

g A)83= 4 x SDS loading buffer2} 4101 SDS-PAGE
(15% gel)& o]&3fed 1037 90CollA 713k & A7)
G53tATE o] gel2 100 VollA 905 E<F nitrocellulose
membrane (Amershan Bioscience, UK)S.2 %71 &,
membrane-S blocking3}7] $13} 5% skim milk (5 g non-fat

milk/100 mL PBS buffer) -840l A 1AZF 52t v ekl
th PBS-T (0.1% (v/v) tween20/PBS buffer) §-<1 0% 33]
AA 3 & Er25E AL 14} anti-lipase A (Peptron,
Korea)$} 23} anti-rabbit IgG-alkaline phosphatase (Santa
Cruz Biotechnology, USA) 84S a4 02 Jhsie] 73z}
Zgeoll A 1AIZE FQ HERS-S JYsGAnk THA] PBS-T
gAo= 33 AlH 3 F NBT/BCTP ¥H2-8 (Thermo,
USA)S 71l =g Elelqdth
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Xzt 240} =3t Plasmid 7+=

Genomic C. antarctica DNAZ5-E propeptide F-5-&
A o1gk CalA (1296 bp)d] FFAE PCRE FZF3IH
pColdlll, pPICZaA plasmid®ll 43l A=F pColdlll/
CalA, pPICZoA/CalA, pPICZoA/CalA-hisx6E =3}
th ClustwerW ZE2713(12)2 o]83ly 7|Eo) Wy H
CalA®] A¥ (PDB ID : 2VEO)® Hlwd Z3} 99%2]
sequence homologyE WERAI O A|23} CalA9] 227W
A oful=4qto] A (serine)ollA] B4 (glycine) 02 W3}
gt AL F2l SFATHI3, 14).

Wl A"

E. coli A|Z=®lo| A, pColdlll W& Fefam|=o X3
A ATF 2R espd TEREE ALAAE HAL
(transcription) &/°] HojA|A} %7] W] 15C cold
shockS 7Fs3H) 3} Aty NE©ke] 5°UTR (untranslated
region)©] 37°C oA 48] EFGH vbH A =
TS 7FAA Hol ribosome trap FAACE TE
o] gl IS FE3TK15, 16). EI HEHSF
OrigamiB (DE3) < thioredoxin reductase (#rxB),
glutathione reductase (gor)E& X3l o] H|lZ oA
o] 33} Aol AL ASIAIA ©]F (heterogeneous) 2
el de] Iy A ob7|Ee= FAIE JNAdskRT) sHARE
ole} 2o Almo® Baka I Ay Fig 2014 B
= Ble} o] E. coli 'TE Al&ElolA WA (inclusion
body) FE|Z LEE<E o] Bl 53 dd o]efo]

£ TAs 4ol o} EEjAe] ofF-ge] AUSUTH

P. pastoris A 2>FO)A, pPICZaA/CalA2} histidineS
tagging3+ pPICZaA/CalA-hisx6 S 242t W&tk SDS
PAGE Gel ¥4 A] 3° Wbl tagging$t 74-5-oll= M=
gelo] ojg& W WAge] Aoy &4 B3 wild
type BT} 7H17} Bt pPICZaA B8 ZEAmEs
Saccharomyces cerevisiaeZ%E FrE|® o-factors X
BlaL glo] ERIAME- (secretion) o O EH BA Tl
o] HHS AT FFE BolstA gtk
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Fig. 2. Analysis of SDS PAGE Gel and Western blotting (M:
size marker); (A) expressed lipase A in OrigamiB (DE3),
(I) soluble fractions (II) insoluble fractions by SDS
PAGE Gel, () soluble fractions (IV) insoluble fractions
by Western blotting: (B) expressed lipase A in X-33,
(a) supernatant, (b) concentrated supernatant by SDS
PAGE Gel, (c) supernatant by Western blotting.

wel =20l wE CalAe] &4

E. coli OrigamiB (DE3) 23 A|l2®HdX 254
(inducer) IPTGE lac ZZFE | AtE o] A AR}
(repressor) ¢t Al ARETFoZH RNA ZFvgol=
(polymerase)”} %A} (translation)2] 7JA1E 7}s381A Fck
v 54 gl wE 3 A IPTG H&sert 2%
"ok £ A7NA LB Z@HA0] IPTGY HEEEE
0.01-10 mMZ F7}ste] Zzhe] &Ada} wa ks =45}
Q3L Fig. 3ol =218t HAE55E 0.1 mM o3 RE &
HFe STRIAAT 84 3 238 AsiHe AL &
A3IATh A IPTG s5e HIETE vjo)ddoz
S7PI71AL ol AR 8 AY FEZ FAHE CalaE At
st &9 A3E dodle Ao Agwch

WA P. pastoris X-33 Ld A2"Ho| = 15T} 28C
A BMMYHIRIE o]-83}] 24417t vl =E84 (0.5%
(v/v) methanol)& H7181AA BBl EA41S =98}
Fig. 4o =81 th &Re] H& AR 2%91 28 C Rk
w2 2TolA 3] CaAE HEY 79 dmA o] 3319
A3 (folding)©] HH3] oA Ha, ol2% Fsin
Ak JF 29 CalA7} FEo] ¥ 4L Vehd
AL ddetdor] B Aolx Aoz F9siaal 31
T} Fig. 40 Yepd uie} o] 15°C, 28 Coll A zhzt whd
9 lipase A9 &%)l & TF 96A17 HIYHAL )
I 074 Umldl =83k RAg AT & Adeh 28y
15CollA wigkels Ao duldez vgEe] g
7} =2]7] o] wE o] BERate] e &4 ghol
A" & dors WANE B g FAHL 8w
A3 E4 FkE ODeooI X 243 cell density= U0

H|&A] (specific activity, Units/ODeno)S ARFSIFTE 15T
ol A 3t A ZukE o 2 28 C oA B} & HIEAS
Yepflom, 72417t widetE w L 0.05 U/ODgoo
UE B 3 o]F 2= Q3]7 A AT wide] 119
Holl mfg} g FFF= (glucose)’| LT o] vAE
o] BRFII7} A37oA AFEZ|Z HolEHA] lipase A
o] raAElEd o2 Q3 HgA Fro] ZhAstrh 28C
N ujeFRt Bolle 2413 o] HE 92A17HA] BIZ
3 Fho] =LA WA eskom, Q3]e 484Xk HiEHA
= W O Asl= Stk 24-48A1%F AlelolXe
NAEY ST 54 g AR Hls) A
FoE WE S IHF0E I 5 Uik 28C
o] MR AL S8 P. pastoris®] AR HE LM
e AYEEE wEA fEslEE g T2 REQ]
A0X19) QA EE B2 dide] AiEE ol F7bt
A dEtt. ole AEZA A & 2EHAE FO2ZH 33}
A HY (folding) 727} S WHUF oA F=
8 WEIFTH(17). 2t o] 2L FAL TGl B
FY S5 vt sdiivke Bavt Aith6). A
B A7 AFeME x| met ekgte] HIEA o] zlol&
Ho|x|gt vlu|t =Fo02 s#HFTh ZEXOZ lipase A
o] B¢, 28C wigd21E ol &slie XA Wy
o7} 483l o]FofAe 2& FIsIth
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Fig. 3. The effect of IPTG concentration on Escherichia coli
expression system. (A) Western boltting of lipase A,
I :final Con. 0.01 mM IPTG, I : final Con. 0.1 mM
IPTG, II : final Con. 1 mM IPTG, 1V : final Con. 10 mM
IPTG, (B) Activity assay of lipase A : activity was
measured by pNPP reaction solution at 45°C for 30 min.
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g. 4. The effect of different culture temperature on Pichia
pastoris expression system. The lipase A was transformed
into X-33 and expressed in BMMY medium at 15°C
(O) and 28°C (@) for 3 days.

(A) Time course of activity (solid line) and cell
density (dotted line). (B) Time course of specificactivity
at different culture temperature.
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£ AFNME Candida antarcticaZ3€] genomic DNA
&3} lipase A(CalA) FAAE PCR ZE3141,
23t pColdlll/CalA, pPICZaA/CalA, pPICZoA/CalA-hisx6
< T AZS CalA 739212 7154w 9s)
FAsle A2ES L= TR} Escherichia coli®: Pichia
pastoris AZFlo\X 24z} rasio] vl B8 SDS
PAGE gel<- B3l CalA9] W& 9] o 5l IS 3]
3L pNPPE 7[AZR & 7l whe-& Sa) 848
S8 E. coli '8 A 252 FARAG Hho] hds)
31, FAEe] A &5 wErhs A4S ZEA)0E CalA 9
E/40] 0.02 Unit/ml©-Z ¥4 ko A3EA (cytoplasm)
o wHEER HlEA thilgaie) fe] 2 GA|nA o]

= ﬂllO

o3

g aalh AZF pPICZaA/CalAS P. pastoris AZ=Flo|X
BH3 A w2 Al By ohle) BHjAEe = <l
3% o] golsilal, &4 3 oF 0.7 Univml o2
71 =gtk A3 oE CalAY V)EE wHES ds P
pastoris NS FEBRE o] 7P AR E<lsisich

e 12009 7€ 174, AlAS 12009 ¥ 259
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