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Abstract Apolipoprotein Al (apo AI), the major protein component of human high-density lipoprotein (HDL), is a single-
chain polypeptide of 243 amino acids. Several epidemiological studies have shown that the plasma concentrations of HDL has the
role of reverse cholesterol transport ( RCT) and inversely correlated with the incidence of coronary artery disease . Because apo Al
lacks post-translational modifications. it is convenient to express human apo Al in Escherichia coli expression system. However,
there is a poor stability of the mRNA and the apo Al protein in E. coli, it is difficult to express mature apo Al in recombinant
bacteria, moreover, even as a fusion protein, apo Al is still sensitive to degradation and can not be cleaved efficiently from the
fusion tags. In contrast. proapolipoprotein Al (proapo Al, having an additional polypeptide containing the amino acids Arg-His-
Phe-Trp-Gln-Gln at the amino-teminal of the mature protein) proved stable and undegraded in Escherichia coli, and therefore. in
this research, an expression system of E . coli including a plasmid of Pg P, tandem promoter was adapted to produce proapo Al.

Furthermore, site-directed mutagenesis of the proapo Al cDNA was performed to generate a Clu8Asp mutation in the amino-termi-
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nal sequence of proapo Al which created an acid labile Asp-Pro peptide bond between amino acid 8 and 9, and permitted specific
chemical cleavage to remove pro-peptide. After inducing with a shift of temperature, yields of recombinant proapo Al achieved
about 40 % of total cell protein and the recombinant proapo Al expressed proved as a form of inclusion body in cells, so protein
need to renature. First of all, the protein was dissolved in buffer with denaturant, and renaturation was carried out on a hydro-
phobic interaction column ( Phenyl Sepharose) , ion-exchange chromatography and gel-filtration chromatography were then used to
further purify the protein. The purified recombinant apo Al was detected by a set of tests including Western-blotting, Circular di-

chroism spectra and lipid-binding test, the results shown that recombinant apo Al has similar structural and lipid-binding proper-

ties identical to those of native plasma apo AI, which facilitates further research and application .
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N# B E H Al(apolipoprotein Al, apo AI) & A
FEEA(HDL) P EHHBE S, 2 H 243 T E
ERHABMBEEH . KEZR CIRE LR T
apo Al & B R = Ko & M & 4 HDL M ¥E &, M
HDL AT B¢ 2 1 v A # JEL [0 8% 44 B 10 03 6, AT AT
DA 1k O 0 NI B BROR R RE AL A P A

FIRA KT E REANEH apo Al CEHRE X
BRHRGE T, R apo AL B/ B SS ME , E I EE
MENFERETEARN REH"", A
TFLERKBFE P AT RIE apo Al FH, K% T B
) mRNA FUHA BN E A RE k2" LA
BB I BF A SCRRAR SR IR B R MIEACR IR E
MIREM, RED ABEIEEHEMe MHEARL
HH>0 L HER MRS Lk e
A BRER RSk JF B X SeOK R B R
B BMEANIELS MK, FE ERRESD
MAEEANREIEABIMNEEEHMN 20% , L&
BEHK.

AT AE A-Py P WG B 7 184K pBV220 %k
= A FRIE B apo Al B9 H /2 proapolipoprotein Al
(proapo Al) . proapo Al 55 apo Al EEH ML , EEAN
Mm% T 6 & AR H A K i B ( Arg-His-Phe-Trp-
Gln-Gln) , [ B4 LBk # 18 proapo Al N i i Bk - Bt fig
RREBEEARENBFETHRESE S . 55
SRt EE - T A& B (Glu8) , 7TEEH N Wit il
— D ER KR AL (Asp7-Pro9) , f T A H8E ( JE AT
MWEK.BEBAES. HIMER PP B3I, 5%
BREAENARRIIBTES B REE K, QA
XOKFEE R FERERTEEREUR. REAXMRE
RG AT LA AN apo AL FE KIBFT R P IR EMEEHE X
B2HE Fe, BATE SN RBERAGRRRH
KixE FHEA LI B R AL EEER
HEWH HERXRUBRABINEOEEQLE W
AYEN EEREIE KRR A apo Al,

apolipoprotein Al, inclusion body, hydrophobic interaction chromatography, renaturation

1 oH5F&E

1.1 #R5E

FiXHEE pBV220 LA K KB R DHS« 1 £
L2 AP A R & R & ; PCR-Kit W T TaKaRa
N E) L BRI B Taq B8 . T4 DNA 51206 . T4 Z BB
ERWES S DNA 43 T BAR#E 5 5| B TaKaRa 2 ],
Promega 23 5] Flga E A F;PCR 51 ¥ i B b 40 ps
MR EFTREEAMBEENF IR
apo Al EHAWHE Academy Bio-Medical N E
FE(—P)EP N apo ATHUIRF 8L (RPTEHE),
) B Chemicon internationa 2> &) ; 4li 1k & 4t ( AKTA Ex-
plore) >4 Amersham Biosciences 2> &) 75 i 5
1.2 H&E
1.2.1 FiKX#FIE pBV-papoAl Y . & o A A R4
il HepG2 "R B 5. RNA, i i RT-PCR # A #1 % H
A proapo Al B H) cDNA B . He g it BB 5l
1. E#514 A (5'GAA TTC ATG CGT CAT TTC TGG
CAA CAA GAC CCG CCG CAG AGC3’ EcoR[)HF T
514 B(S" GGA TCC TTA TCA CTG GGT GIT GAG
CTT CTT GGT3' BamHl), A kB 5'#i%i1#H EcoRI
FR 1 B R B P 31, 3 H A8 Glu8 X I i 4% 1 BR I
5|, T REME AN Asp7-Pro9 1 B T 1L BE 7K
LS. BEI4 3R BamH 1 BRI B R 5 R
F| . ¥ A proapo Al FIFEE K cDNA F EX &5 S 7 e B8
#| pGEM-T # % I, Rl 5% 1k A DHSo 75 41 L, &5
FIEREEZ R A TRABEDLEE. 55
B U IE T M EH R # 1T DNA R E . %R
fE%% 1E % 19 proapo Al B9 ¢DNA H B P4 EcoR [ .
BamH [ PR B8 7 HI pGEM-T 21k E V1 F, B %
KR & pBV220 ] EcoR | . BamH | RHIEFIH LG S
cDNA K Bt 17 3% #%, 1 B E 4 & 35 i BL pBV-pa-
poAl. EARZEMENH & FHEYNEL &
HFHHE LU R LEEERIERS B 77
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1.2.2 FHEHEMKE: FHFEHA pBV-papoAl F1L K
FAFF B DHSo, M 1L P-4 Bk e B TR, 3 fd T
3mL B LB B/ E P (F 100pg/mL BRFXFER) . K
30C FHREKEFRITH . BGOSR G R FRRIE 2% 1
Fefl B A 10mL Fiéf LB HEFREMEH P, A&
0CTFRIKEEFFR. HWIKREE 0D, k% 0.5 A
KRB M B0 CHREARR 2CHETHES,HES
BEF4h GUWREREK HBEABEEEE L. H 129/
SDS-PAGE Kl FEFVLE. AE EHRE G R UM
HiAEAERL

1.2.3 ALREMN G EFE# IR K 5 R
B %5 B4 B 7 ) (1 mg/ mL, 10mmol/L Tris buffer. pH 8.0)
F1:10( W/ V) B L BITR 5T, vKIE 0.5h, %8 5 L iR
AT B4 R, 12 000r/min 4°C & O
20min, F L% . FH 0.5% Triton X-100( V/ V) PE ¥ 3 1K
G AR, 5 10( W/ V)i T & 8 mmol/L Urea
R .

1.2.4 FAME MR 68K ZHERHE K
# ( HiLoad 16/10 Phenyl Sepharose-HP) it 174 © &
ML EHRE N ImL/min, PG IRE R QR . #H—
H1E B F 3 # 4F ( DEAE Sepharose-FF-60/100 ) 4§ 1L, ,
FEHIRE R ImL/min, 4 WEE B B /Y B 7 BE
th 25 4 4 & 4 (MidGee cross flow filter) ¥ 48 i 22 5 B
E ( Hiprep-26/60-Sephacryl-S-300-HR ) i#f 17 #5 il . ¥
USRI B SR 45% W R SSC RN 3 h, BRK %
LT proapo Al N g Y BK 7 51, BEHERN
HUEABE®E T NH Ac BRI EN 48h 5 . 7K
FET - 80CIRM -

1.2.5 SDS-PAGE Fl Western blotting £ il : SDS-
PAGE M E LKA 12% W o &k, KB /E R 2
FHE(E =) . Westem blotting B & 2 £ a0
F. F 20mmol/L Tris # 2 w0 ¥ ( & & 150nmol/L
glycine 1 20% methanol, pH8.0) #f SDS-PAGE 71 &5 &t
¥ EN B PVDF B L, BE A TBST 4% v i ( 10mmol/L
Tris . 150mmol/L NaCl i 0.05% Tween-20, pH8.0) ¥t
3. RERBEMARZE. MA 1% 84 MILTE
BHEOFERI7CHA th, A 1% 040 A EH
WL 11000 R —PUE MA B R ,37C
P8 h EBUE R, B PBST SR 3 B BUA 7 - - 24
A HTLA 1:2000 lREFE WA, T 37CREALHR
P 1h g BUEF PBST JEik 3 3. Bl &4 0.03%
H,0, [ PU45 28 % 5 (TMB) IE ¥ R 0 IR IR 7
RABEBRPTHLDE, YHIART LK —FH

B EE T KERE IR NIRRT
1.2.6 Apo Al F & ELISA JE : Apo Al By & &
i ELISA sk 7', e Bk F . kB A
BB FE 1:500 BB, TN+ 96 LA b, B fL M A
SOul, BT 37CHE 2h, RAFHELE FKEE,.BM
A 200pL/fLE AW, T 37°CHCE 30min, H £ & FK
PRI, A E AR S0pL/FL,37°C R B 1h, 5
FoRPEE, A 1:500 F BRI BEARBUIR( Z40) . B 1L
i 50pL, F 37°C KRN 1h, A8 FKBEER  IMAKRY
B 48 B 7 100l F| &AL, 37°C KT
30min, B AL IR B, &G TEEK 492nm i
.
1.2.7 RS RAERFI T Kk E
20 apo Al IR 20mmol/L B PR P& (pH7.4) B B
2 0.2mg/mL, F 0.lem K M 4 B TH, T
G A 190 ~ 250nm. [ X BS54 JASCO J-715,
M B A 25°C, 346 B 1000m/ min, T L] B
0.55~ﬁ’#¥$ 0.2nm, R HE 1nm, Bif 8 1K,

Apo ALy N E EM s PR b EilgA K
T 7€ -
1.2.8 (K4 BEAE 45 & i 8. 4 DMPC ( Dimyris-
toylphosphatidylcholine, — & 5E Bt OB B I ) 1A 8% T 22 vh
¥ (8.5% KBr,0.01% azide, 1mmol/L EDTA , 10mmol/L
Tris,pH7.4) %, £ 4 C PRI ZUHR 5 . & 24h UL
WK 0.5mg/mL 9 DMPC F1 2.65mg/mL ¥R apo
AL, Ll DMPC/apo Al=5:1(V/V)WILLBRR & L #E 24C
A& 2min F 325nm B -—K 0D H, HZE 1h, %
JG LA log OD MAXTET I MEE. A —EBEMEA
apo AI¥Z L iR HL BN E| DMPC i H . [F] RE35 1 -

2 # %

2.1 BARKNMEBYIE PCRETE

# PCR #ll & WEE R B & 5 I 7 fEF| pGEM-T
;iR L, REH A DHSe 18 F A0, 55 3% 5 DR B
BB E R, 253 EcoR 1 BamH | WG 15
Bl R/DHA 0.75kb W B, H BB U0 45 € (E B B B4 I
KL 1T DNA oI E  MEMSE RS RITFE - &
P IA# 1K pBV220 F EcoR [ . BamH 1 PR i B iH 1L
G5 apo Al HJ cDNA BRI ITH & B BEH KA
Bk pBV-papoAl( & 1) -
2.2 BEAFRAMERIE

5 44 B 4F 9 T2 ¥ DHSo/pBV -papo Al i 13 $8 IR
BR#ETIHERER GBS E S ITRE, BN
TS 9 FE 12% SDS-PAGE H ik (Bl 2) . &R £ H
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| y
Ala His Phe Trp Gin Gln Asp Pro Pro Gln Ser- Gin
5 GAATIC ATG COT CAT TTC TG0 CAACAAGAC CCOCCGCAG AGC- CAG TOA TTAGGA TCC-Y

i !

t
LeoRt Terminor BumHI

proapoAt

N
Hmd [l
pBV220/papoAl  TMbTIT2
4405 bp

Ssp 1
Am?’/ //
2 e \1 1
\w
B 1 #ik proapo Al #) K #F i £ & pBV-papo Al #IE i

Fig.1 The diagram of E . coli expression vector

pBV-papo Al for recombinant proapo Al protein

proapo Al RIXE HMRED 0% L4, BAF LA
EIRL NP AW E R (

&

|2 FEH proapo Al 7 T2 DHS5«/pBV-papo Al H1 A& %

Fig.2 The expression of recombinant proapo Al
in E. coli DH5a/pBV-papo Al
1: cell after induction; 2: nclusion bodv; 3:supernatant; 4: plasina apo

Al

2.3 EAEAN4K

B AEBRER 3BZE . WA E LT 90%
Eh. EHEORMBKERTEARKTHELE
% . TR £ 31 Phenyl Sepharose-HP & 14 ¥ % . [5] At
W B AL E . A5 41 % I & T & DEAE
Sepharose-FF F1%E i 1 Sephacryl-3-300-HR 3 — £ %5
Wil - S BR AR ZBR pro BKIF S . “iMLIGHE S B4R I
EE(E3) . NERATUERSBY G EME - %
oL A R Bk A, BRAAERNE

HEEMERRLE 1, AR P H B D g3 #3
MEAREKERAS51.7%.

kD 1 2
97 4— i
602— g
30—
31.0 — i
G

11— G0

M3 #ift apo Al B SDS-PAGE $B I I
Fig.3 SDS-PAGE of purified apo Al by silver staining

t: marker; 2: purified ape Al.

% 1 proapo Al SE#ER

Table 1 Renaturation and purification summary of proapo Al

Total Protein
) conéentration/ Recovery/ %
protein/g (mg/mL.)
Denatured Protein 0.261 2.5 - -
Phenyl Sepharose H.P. 0.179 0.8 68.6
DEAE Sepharose F.F. 0.155 t.5 86.6
Sephacryl-S-300-HR 0.135 1.1 87.1
Total recovery( % ) 5t.7

2.4 Western-bloting ¥l \N i Ul FF B [B] — & S i&
AT

W 4 {69 FF 5 il it Westemn-bloting #3ll, 4 5 &8
FHRE—-BREH(E4) . METEEGLEN
EEMFMIE N RKmE BB F I E . 25188 N K
s B 15 D EEB T S|4 D-P-P-Q-S-P-W-D-R-V-K-D-
L-A-T, 5% RiEiWa . # -SSR - et
TR A#EREBE S AEAR _ MK EFa
(JWSSEYHETT 38 A5 Al T E 4 apo AL F1 A MLV
apo Al B o BRBEXCLL B 5 51 K9 :48.7% F1 49,19 . ]
DLHIBR R 4H apo AL B9 B MR &t K
ZEEEH S A EEOHE.
2.5 EAMNELZAEZR

Apo Al RESE 55 BE 29 o 45 & 1818 T2 B B 450K 5
WK B B ik . 5% A T2 BUBE & 7R 2 i, apo Al
S5IEEMEIREYE 325nm F AR KRIE BEE
FE IR IS8 TE B, HIR L 1818 T & % & TB R
SRR, K 325om FIEBFRIGE . B 6
B, B4 apo Al AR #E apo Al 435115 DMPC iR &
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BLOHBOEEURUMERIEEEMR, E£RIE 240 RESERSE RMHIEH A apo Alﬁt%ﬁﬁiéﬁi
G IR R AERERER, ifiﬂﬂ%TWl‘%ZlﬂE—ﬁ% MR EFR/NT 10 min'™  FEREXFY A

LB RS 4 A a5 BRHOE A T ER R B B LY ﬁmMA%F%
W 2 FEMBIE LB AR L. @i Northemn blot 4 #7,
i mRNARI 58 1t B3 55 5 41 apoAl 3 3k 9 A 2 1 48
T %ﬁamugﬁT%%Pﬁﬁ*%%E AR5
38— O TIRFAE AR RN R KM & apoAl,
U e T %ﬁ%K%HE%%%ﬁ%%ﬂﬁ*@%%ﬁ#%
o— 7 — R, BB MRS &, M Bl
- i, RAXAEARYHECRMEAMELE
B4 T4 apodl i) Western bloting 4 Gl FR RAT KRR F R R RS KR K apo AlLH
Fig.4 Westem blotting analysis of recombinant M WERFIH R AL BHEE, EERN
apoAl refolded by Hitrap Phenyl HIC WA —#aEA. W HEHRE ™Y+ & B 26 kD
1+ prestained protein marker; 2: recombinant apoAl. TR AT FH AR I B 4 EI A BY 5 B R BE R
1S5k B B4 A B A R BB R 0 AR E Rk B

o 50% , —— Plasmaapo Al e
g 407\ Recombinant apo Al AR KT HERIE R R E L apoAl BIE
E 30+ HIRTE R proapo Al. proapo Al iEHA EE apo AI B 2
gzm =, HIE R T 2 & proapo Al B pro 45 H BB 2 B ¥5
x 1 F1EEHASR, FAT proapo Al 75 A M2 E 75
g FRASREAEE SO, TR LR pro
T 0l WEBRMA L, EAMYT A RZ po FEGEIES
£ 0] 7B 3 P B 5 1 4R U pBV220 B4 PP, WU 31 T Y
e 20 a0 30 2o 20 R R AE R A E IO 15 R T I S

Anm

Fig.5 % apo Al HAKKIE ST

Fig.5 Circular dichroism spectra of free

TR L LR, I ASFEAR , T B AT LA D fh 2
BT T IPTC X &&= M5 % . 4% pBV220 i &

native and recombinant apoAl BEMEAGIE T LRTHME . TAHRES
. MEABEREANER, EOEEEHE. & T
DU S N S N apo Al EHREHE X, HEER AR FEA Cys,
£ 084 BEANEYFEE ETRR T UM R, K&
%% N —EEELRETHERBENAE. FRFRA
s AN B K HE AT RE L 1O 7 9, X R A T SR M XS F
Boa  Ne P T S LR PR 2 L 0 7 B T 5 T
g e FOR AR . PR B A ) B K L R R AR
£077 o~ Recombinartago Al RERR RS M — A S AL T Tk AR AP R B A
gol TDMPedone X BT (B R B AR R A0 PR R, B AR
T | R R T R P A 5 S R AR L
B 6 T4l apodl IS4 450 it B B T R 5 T SR PR 7K R e A
Fig. 6 Interaction of plasma apoAl and recombinant E&L ﬁ{ﬁj{‘.&?\ , ﬁﬁ 7]( HE B{J 5& }E% j( , E t:t ﬂ:]- |‘§] w5 JH U*fﬁ
apoAl with DMPC liposomes ot et LA K Sl AL B T B L B0 T 4 AL A 5
o B 514 3 apo AT FEVAST 2t 3 BB ERE AL I
3 9 i CHFRTREFR ARRFRLENT 0

H AT RR IS apo Al A FER KA XBHH HHAGYMRERFTRITT T — D RIFHIERL
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