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BEAANEIEERD A- 1 TEEIFRBEEE( Pichia pastoris ) PRI R RiE
DEm OEHA FAEK # I ZHETE A W

REBR¥BEREVSEBRWE, LB 200032)
HEBRSEGHERNEOENE, LE  200433)

M ¥ AEHEREHG (High-density Lipoprotein, HDL) Z M X F EENRES. KT ER 2 NEBED AT
(Apoliprotein AT , ApoA T T KRB H LKA, BB RENA Pichia pastoris B REBRRL ApoA T . Fid PCR
PHEBRERRETARIRED Apoa | WA K 8,4 HEA D P.pastoris 57 W {4 pPICIK |, Bt I IR ML
B AL P.pastoris GS115, ¥ IK 8§ 1000 BN ELFRKES TR G, KER YPD FRMA &S HRIEHL T, B88
DRAFAERILTEFEES SDS-PACERMBR o B TXH., RS H B MR AEK API6 WIERRER
ZHATTRE . SEBR - EHEER - 80 HABTIE WHHEpHHE7-7.5, BEEE Dy =80 EFH .
LL 1% B A S o6h B FI T ApoA I A9FE, FiAAK Tk 160mp/l. ML EBEEERBRE LK FSEMMAY. Y
HTHEFRXRSG, W HBHEHET R,

@A FHABRBEED ApA ], HokE, Rikiki
GEAEE Q554 TR E A 33455 1000-3061 (2004 ) 06-0906-06

BEFEEQ(HMDLEMEFEENKES,
HEZEE 6 R I E B (Apolipoprotein A [
ApoA 1 ). RHEF™ %5 MAT & 8 B 4 25 40 i i 20
HE ARk 5r B B0 8 % A /7 A9 HDL F k. i ApoA
I 5 40 B 2 1 32 i d A g 2 R4 R A R # e il
6 e o O B, Rk HDL ZE H i = BRI =48 .
RFRNRBHEFENNEENE R FEE
£ HERCRIEXERNBFRANELEZ—. B
SMBIE ApoA 1 BESS 51K 51 T 48 Ao 2 T A2 Mk MO 4 4,
£ ApeA ] ERMEAYHAPHE R T AAET
7.

MAMBREM App Al WEAFTTEN
28.3kD, |1 243 M EEMAN, THRALBHEY, H
Hi ApoA I FEM A4+ &V, HAF A n 4t
i 4 iR RO RE LU AR TR B i 35 B ) A, TR AE S BB )
HYyaElfh, KXBRE r EFAEMMEH. hi#E—
SHER ApA | WEMSBERAEFHRAFEFMN
RA,HEER TR ARG HAE B
FRHAN TEOVE, TR Apoa | B REE,

AFEHAEANRAERZEERBITEES.
Pichia pastoris P RARB RE BEHRFEHT, &
SEIE Pichia pastoris BIXFEHERE THEERE, B

R B 2004-04-05, ¥ [E] B 45 - 2004-08-18,
REFH: LHIHHEEATAELSWAI(No. 024319204)
» EAMEE.

HAVSNEE T Pichia pastoris PREREBEHITH
%P, AR ApoA 1 #E P. pastoris B M EEN %
BiRE, A X MEURBRERENRERN
DNA AR, @ d PCR I 18Ik X R M ApoA 1 %
EHWREHE, R E P. pastoris GS115 5 £ 8
AREFIHT T R
1 85 F#®
1.1 BHFEERE DNA

pFB-S-ApoA T™ fF 4 PCR BitR, Rk k&
pPICOk, 15 1 GS115 A LB ERAF, BREHEAD

B Yho I, EcoR1, BamH]1, Szl I ¥ 8 GIBLO 2
#l.

L2 BRE

YPD.BMGY,BMMY . MD FE 5 R X # L
Invitrogen %+ 5] ) Multi-copy Pichia Expression Kit from -
Invitrogen #&1EF M. |
1.3 FREREE

K WL 4.5dm, )

REEME: 2 E NBS F11I0 UL S HHERE
%8 E pH.BE HEIT HE, s5ES A
BHENRLES.
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6 GEMS.BAARIEEA A- 1 £ B8 ( Pichia pastoris ) P 1 & &k 907

1.4 HiE

HX P. pastoris MK F £ S M Invitrogen
Pichia pastoris Expression Kit #77T, RZEES R Pichia
Fermentation Guideline 47 o
1.410 HAWANWE:PCRI[Y: Emsl 5
CTCGAG ATGGATGAACCCCCCCAGAGCCC -3', & M)
5/ ¥ 5 GAATCC TTGAAGCTCAACACCCAGTGA-3',
B .ERMRFRGHELTE DNA; i PCR
ARG R IR apod | BB H Bt, © TaKaRa X A HE
ERTEEHBERAMBTDS Xho I M. apod T #
AHBZE Xhol .FooR ] WEH FIEA SRR R
4k pPICY, 75 51 5 41 UKL pPICY-apoA I - M EHAL T
¥ pPIC9-apoA T F BamH ] . Sal | WEEHI 55 B M
H B (& apoAl 3R A A KRB & pPICIK,
153 %15 FOBL pPICIK-apoA | (W1E 1),

Befli(2)
S'AOX1

pBR322

BghI(7607)

pPICOk-apoAl

10008 bp

His4
BH1 #EERMRE
Fig.1 Construction of expressed plasmaid

¥ R18 B9 % 3A BB pPICOk-ApoA | F Bel 11 K6
PR E WK R B, fERE LT 1.5kV, 25uF,
2000 % F ¥4k P. pastors GSI115 B &3 A 40
M, F MD R ETFIOUCHEATHAELT RS,
1.4.2 G, HhitfERNEATHHE:-ASHEETH
BHEALTH G, ik, WXAE G KEXN 1 mg/mL.
2 mg/mL..3 mg/mL .4 mg/mL B YDP SEAR 1T Fi 2k .
1.43 BEREF.BEREFELSABITIHER, B4
K& WHBUHRAIRBEREEARRR  BFE
MEHMRE —RBSHER, BRI PELR
—k¥ R KEE, BMNERETFREES TR
Fik, BHEIEIFERBFTHAFEEREAS
30 mL BMGYRYE MR $EIRIE 3 24 h 1R R T 3, B
1.3 mL¥ AR 40 mL BMGY A9 250 mL £ # A
EREB B, RIS 24 b, ZH L (6 000r/min,
6min) , Bi{KFH 15 mL BMMY 87, J BB 8% K1
HHAABEFHR. 5§ 24 h 7T 8 150 pLOFFFH
1% 30C 220 r/min) .

1.4.4 BB Apod ] BEMNEW - F THREBEAL
FESS, 534 & 16h,24h,28h,32h,40h.48h, F A
S0 B, %5 120h, BUFE 4 SDS-PAGE & ] ApoA
I EKEHEB.

1.4.5 ESHEN ApeA] REMEWH HAPR
FFHE N ThFHER 120 B, E 132 h F1E
K5 3% ,SDS-PAGE ¥ ApoA I RiX1EH

1.4.6 ESREpENESHER EFHFEFER
# BMMY,H. AR pH % 6.2, 4 %) Fi# 8% & A1 KOH
W8 pH, {8 pH {E5 %1% 5.0.5.5.6.5.7.0.7.5,
8.0 fE AT IS, 55 3% 96h, BUBE SDS-PAGE &
Wi ApoA | RirtK Bl

1.4.7 PEEBENEW EESHEFENPERE
S9N 0.5%.1.0%.1.5%.2.0% ,SEKHEFE , H§ 24h
PG HARES AN 05%.1.0%.1.5%.
2.0%,1% % 96h ,SDS-PAGE ¥ ApoA I xR
1.4.8 BHEFEE Ap Al ZEMEWM - A KHE
LR, ODg 419 20( %Y 80mg/mL) , B AR & B35
FRWEC FAETHARERNESEREER, 5
FH 0Dy, 57 7K 20.40.60.80.100 FES & 1%,
HABSHE, B2 PREEREE 1%,E9
96 h, FUFE R B ApoA I FikH 8.

1.5 EBERF

EFEHE . BMGY, P Hil 2%,

— BRI BFHABEEEAS 40 ol
BMGY i, 38 BKEE 5% 24 b,

CHRHTFH R TFRE SR EMREA
% 40 mL BMGY Y 250 mL 28, JE RS 3% 12 ~ 13h,
YE R R BERERY T 0,

EREAHAR 4 LEABRE6L MAS
BHH,115°C K 25 min,

SEWITE: B E:30C, pH 7.0, BHH DO:
35% , 3 #¥ : 250 ~ 800r/min,

R R THEARBN 10% A &M T, FF
WBEEENRER. HERGREN K, BHEN
TR, B sn AR BEEXERER BMERNK
HERMEMPFHOEAEECELS M, DI
R T 800r/min, XHIH AW XHKAL, 1
AHEAARZEN% U L, ZAKFEAHTWMER,
Foaabmson Hu, o EFELIERERE ISR
H. 4h FEILHRFHMERERFIBRE 1 L E
L A 100% FREAEABESHE.

1.6 F¥HAH*E
EERERFRGN  EHEERN R, R—EN
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908 3 L2} xI

B % ® 0%

ERENMERRE,

FEEAKKEM. T 10% 5K 12.5% /) SDS-
PAGE M, MBS B AR 1mL, B0 (12,000
t/min,5 min) B b S0pL, iN#E & 4L ¥ 50uL,100°C
AbF8 5 min, FISERESEURE 15uL 2K 30pL LA, K
ZREAEDHEER B, Westem-blot % & : #4E
¥ Westem-blot M EER, HF—-HARKA
ApoA I Hfk, “H A anti-rabbit ik .

BEOERRHE . LEREHE 4k BET
®ROBBASBEARTEEAORER,

2 #R

2.1 G, ,MAlEHLFRHE

Fe B 4k B M R 35 B pPIC9K-apoA 1 F A
GS115 B A4 )5 , % MD ¥ B L K18 1000 &
TEGELT. #EEEATREKAS 1 mg/mL.2
mg/mL.3 mg/mL.4 mg/mL G, YDP -1 47 i ik ,
BATES G KE R 4 mg/mL B9 YOP F 4R L3578 22
A G RPN T.
2.2 G,WREHLFREMER ApoA |

R G B TERRAEATP RS
% 5 F % % SDS-PAGE # ¥, LR 40p0, 45
B6 M TF(1.3.4.13.16.22) KIFE & 7E 20kD
kD Z EAHE M EH (B 2), KA EA WAL X
MR RKEBAE. W CS115 WRMEA R LEB
EZAEN T EH, EHP 16 SERUEHERE,
W& SH AP16,

1 2 3 4 5 6 7 8 kD
- — 97

- — 66

- —n

'—31
- e v o

#—
M2 WFARKNTIE

Fig.2 Screening of high expression recombinant strains
1~7:22,16, 13, 4, 3, 1 and control strains;
8: prolein marker

2.3 Western blot 37

SDS-PAGE MLk S H R N .2 55— (RHL
A ApAl Hilk)  —H(HimitiE) . B EBRE,

Western blot £ E &R ALE 3, XWEHAEELINE
HEAZIE AppA ]l EH,

1 2 3 4 5

3 BEH%L ApoA I H) Westem-hlot
Fig.3 Westem-blot of recombinant ApoA |
1: flask _I ;2: fer 1 H

L8

3: human plasma sample;5: control strain sample

2.4 B ApoA ]l ZEMNEM

B RS vk B B R EE A T 0, KO B R
FHTRAFEMNER . HEKNENEKEZSR
EEEAMARF BN RE, AE 4 771, &
G4 28 hiFAE S E , ApoA | REBEEN.

1 2 3 4 5 6 7

- - . ..

S — 20

4 HFEBEEIR ApoA I KM B W
Fig.4 Effects of growth time on expression
1 ~6; growth time 16h, 24h, 28h, 32h, 40h,48h; 7: protein marker

“2.5 HSH2H pH X ApoA | FERIHM

P. pastoris R I B P EBRRFE LB R
i 8 pH R, T AR ¥4 3R 38 R ) F 48 I B9 4 K A5
BRENEZE AN pHABAA FHAOEERS
SRPFEENBRTAR TFEKMEE, GBS
R, EFEFERE pH KT 6.5 BT 7.5 HFH
F ApoAl XX, ERXTLREZH T pH A 7.0~7.50
FIRBRBHF
2.6 HESHE ApoA | EEHIMM
BNEEMEREMSWE — RELE, H R
B KREQOBER=Y , ARMHENEL.
KRB ek 2 5 A R 0 72 70038 5 B 6 30k & p9
BAE, BXFAFZSHBREGELRNEMNEANSE
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634 MERS . FEHAAREEA A- | £ KR8 (Pichia pastoris) P ) ¥ F#ik 909

R HEST R APICE T2 hEFHYENE
M B &k, B B R R K, Rk B3 b ,84 h.96 h.
120 h FABEWBES, HERW P. pastoris Kk
B ApoA I HLERRIE o

1 2 3 4 5 6 7 8

- XD
- —
o —e
%:—43
§§:_31

Hs5 #HREH pHX ApA ]l FEMER
Fig.5 Effects of pH on ApoA I expression
1~7:pH of 5.0, 5.5, 6.2, 6.5, 7.0, 7.5, B.0;8:protein marker

H 2 3 4 5 6 kD
= - —97

- — 66

- — 4
emtnPap D e,
- — 20

—— 4

6 EFE AR ApoA I RILHIF A
Fig.6 Effects of induction time on ApoA 1 expression
1 ~ 5: induction time of 72h, 84h, 96h, 120h, 132h, respectively;

6: prolein marker
1 2 3 4 5
kD
. —97
—66

7 HEEER Apod | XMW H
Fig.7 Effects of methanol concentration on expression
1 ~ 4; methanol concentration of 2.0% , 1.5% , 1.0%, 0.5%;
5: protein marker

2.7 AR FRRER ApoA I RIEAMEM
BB, W REBEAE 0 o — BRI AR AT

ALASRERER ANEANEREL, GE 7T

AFEIBMEUET 0.5%) A& (AT 2%)1

3 ApoA Il B FRERH , EFLREHTHRRE
B1%mAER.
2.8 KT R REDEW

Hit - BATER, BENEARIES, HE
ARTER.SRVBESTR AUTFEEEEW
ApoA ]l A B, 0D, KT 60, ApoA ] X B, &
REEET 80, REBRA{UTRE, MARELMM,
0D o, 7 60 ~ S8O( B HE £4 240 ~ 300mg/mL.) B £ % F)

ﬂ: APOAI E’giﬁo
1 2 3 4 5 6 D
—97
— 66
—43

T ———
B8 BEFTEMN ApA] KEMWEW

Fig.8 Effects of cell densilies on ApoA I expression
1~5: cell densities ( 0Dy ) of 20,40,60,80,100, respectively;

6: protein marker
1 2 3 4 5 6 7 g8 9
D
- —97
= — 66

- —13]

BHo REEAEFHEIRN Apa | ZEMEW
Fig.9 Effects of induction time on ApoA [

expression in 141 fermentation
1~ 8: various induction time of 0, 36, 48, 60,
72, 84, 96, 108h, respectively; 9:protein marker

ERHRGTEFREHARE API6, HFHES,
Wi W, T B ML, S RERARZLRZE
160pg/ml., HHEA S LEPEEA 5% U E.
2.9 MR

BRHEAR 2h A4, FH 0 50% 1M, 4h
JE# \E#bfn (B E 29 150mg/mL), 1h J5 7T & &
100 R, #FAESHE BEARMHERYN
Mu® WEHERS HETHROEFZE HiH
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1

B ¥ # 0%

MR EURRBEELE FMEES N pH RERKES
PRE. FESH R R R B # SDS-PAGE 4
Br. BEEEIRE LS LE 9, HE 97 RN
FIRET, G ApoAlR ik, B BE A T 36h & ApoAlFEiX,
W B & B A SE 4 Rk B0, 00h FSHEBAAH R, A
HABMERSFES ooh BPE], LIRS 58 24 ~ 36h,
IR Esk, REKFSEREY,

3 i

RATEAERNREFGZARKBAERLE.
Pichia pastoris PSR R B HRF KRG, N A
FRHRBEHEREZRE BREHBBE ApoA |
BEREm” ., FMREETECRFEANP LR
ApoA | , XA K Fik 20p/ml’™ . BRIFHITEER
BATRARFHELBRR LT Apa [, RikAkFEix
100pg/mL' , ZBFFFIF P. pastoris FiK ApoA I ,
i X B I RN AR ApoA I MR
i, FiEAKFIET 160pgml, RE#EEEIKFEEHE
WY, EAMBEANFRREREEKEREN.

P. pastoris 5N IR B 00 2 15 5 PN R 4 5 S
FER LA P. pastoris FWREAKFHREES,
BRIV BEESHEALENITE, BRI Apa ] &F
BAGHE, AL REAT P. pastoris W R
A pPICO.OK fE R R AR, KRB MR EMHE, A
SDS-PAGE R A F i LR PAELHR S Hit o
BAEREE.

P. pastoris Fi5 3 14 % IR 4 97 2 B3 o B R O
ARAGEFEIGEREIRAEEL AMEHAHE
P Mu B, —HRESARRESHARAK,
Rk R AOX1 ERBEAPHEE, RBH Mu'
{methanol utilization fast) o B —FF B Bel I B§ Y1 /5

RRE,BERHEE AOXI KWIFFINERAE, 55

FREEEN AXIEERE—- A BREMN,.BE
Rfafk FAY AOXI BBIF, B AMERIEEKA AOXI
SepE ), Bl Mu® (methanol utilization slow) ZE&!, #4&
IRNHESHTFANB _H HEBENEALTEKX
EWN Mw®, Muw® BEHHEHREE, SRR
B EROAREEEHEARE ApAl  FER
BE R, 4 T R R SR, Bt 3 5 i 7 A R
ABEMKEES, UM TEANSEN > B,
NEEEAMNENEEERNAEZZENEER
E.NBREASEAZENMER, —BEHEAN

ENEAZEIBATY . ALRAE G, YD
FARMHEE apod | HE S N BREMHLT, B
AREENRMESENMEAFREER, REALN
EMHFEKEHRF—B, FLREH Gy M 1000
EMTFPHED 24 6 ARUBLTF BT
TARRES, REKTHFA -, HRERER
U EARMOER L, B SR AERERAKT
RIB % , 4 8 P A SDS-PAGE H &M 22 ©HHikE
AL FHEED 6 MRERAKENEHN.

ARREADRYHEEOESSRE, -8
HRREKEEFEE, AEXREBEREKATS
ABEEJIAK, H -SRI ERREFLAG, RS
KPHEHEBRE, N ApoA ] TWRITFERR
BA15 BB,
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64 LXMWY . FANBREAD A- | FTEHEHREEE(Pichio pastoris ) P 1B K& 911

Expression of Human Recombinant ApeA | in Pichia pastoris

FENG Mei-Qing'  CAI Qin-Sheng' SONG Da-Xin> ZHONG Jiang® WU Man-Fing' ZHOU Pei'*
' ( School of Pharmacy, Fudan University, Skanghai 200032, China}
2( School of Life Science , Fudan University , Shanghai 200433, China )

Abstract  Apolipoprotein Al is an important apoliprotein in human plasma that has a wide range of physiology and
pharmaceutical functions. To obtain large quantity of the protein for research and application, Pichia pastoris expression system
was first used for high-level expression of recombinant ApoA-1 . The ¢cDNA fragment encoding human ApoAl was inserted into
expression vector pPICOK and the resulted plasmid was linearized and used to transform P. pasioris GS115 for secretory
expression. Twenty-two transformants with high resistance to G4y were selected from over 1000 transformants. Among the six
transformants expressed, recombinant ApoAl was secreted at high level after methanol induction. Western blot analysis indicated
that the recombinant ApoAl from P. pastoris was similar to those of native ApoAl from human semum in antigenicity and
molecular weight. After growth in BMGY for 28 h, recombinant strain AP16, with cell density of 80 al Agy, was induced for
96h with 1% methanol in BMMY (pH 7.0 ~ 7.5) to achieve an expression level of 160 mg/L in both 250 mL shake flask and

14L fermentation, which was much higher than that of other expression systems.

Key words recombinant human ApoAl, Pickia pastoris , expression
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