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Abstract  Apolipoprotein Al (apo Al), 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, il is convenient lo 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-Gla-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 Py P, tandem promoter was adapled 1o produce preapo Al.

Furthermore, site-directed mutagenesis of the proapo Al cDNA was performed to generate a Clu§ Asp 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
aboul 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 AT 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 10 those of native plasma apo Al, which faeilitates further research and application.
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B K B AL A (AspT-Pro9) T EREHIE
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1.1 5 {E

FiRE & pBv220 LI R KB HHE DHS« 1 i
N2 LY £ H K4 5 fREG PCR-Kit 1 T TaKaRa
AT BRE B . Tag 85 . T4 DNA M . T4 EREH
MM & DNA B TR 5 B TaKaRa 24 7] .
Promega 2> &l Mg £ 46, PCR 51 H FES L4
MRS T TEEAWBESEEL A M
apo Al & B B Academy Bio-Medical 25 ] ; ik
THO—I)FEFLA apo A& A _H (SHFEHE),
] B Chemicon internationa %% ] ; #ifk & % { AKTA Ex-
plare ) 4 Amersham Biosciences %3 A =
1.2 FiE
1.2.1 FEE K pBV-papoAl B XM A4
ffd HepGG2 182 BUE RNA, I Al RT-PCR # A | & i
A proapo AT H)FEE ) cDNA R EL. HopiitmEs
W1 B3I A (S'GAA TTC ATG CGT CAT TTC TGG
CAA CAA GAC CCG CCG CAG AGC3" EcoRT)FI R
#5149 B(5' GGA TCC TTA TCA CTG GGT GTT GAG
CIT CIT GGTY BamHL)- A K Bt 58 i%itH EcoRI
PRAERE IR B 5, 7 O &R Glug X Ly i) B P
P T EAMEBEOMTAE Asp7-Pro9 {7 & JE o A& K
WAL . BSIY 3T BamH I R B IH 5T
FIl. ¥ A proapo Al FIEEHAY cDNA W R SC W s f&
3 pGEM-T (K b, SR 15 ¥ fk A DHSo f5 EH B, 55
I B EH T B BB R B AT I I RS AR T A B
BUILEFEMAEHER T DNA BRIIZE . &%
545 I # 8 proapo Al B eDNA H Bt Ll EcoR T |
BamH [ FRHI B2 $1 M pCEM-T # ik ¥ T, ¥ &
KK pBV220 Bl EcoR 1 .BamH ] RFIBHEILES
cDNA Fr By #E AT 7% $, ¥ B & 40 3% 35 JE ¥L pBV-pa-
poAl. BKEZAH WHH & G “UHHEL B
HFMm R REULEESRESMSHTITRE
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(FE=H)"™ .

1.2.2 EHEAHMEE: FHEK pBV-papoAl HiL X
WP DHSa, MBI PR E Bt R R &, i T
3mLY LB #HEP (T 100ug/mL EFXFEX) . &
ICTHRAEFAE. BLEBHEFREE 2% 8
BB R A 10mL HE B FREMER S, E
CTHEKER. SHEAREE 0D EH 05 AR
BHEFEEMOCREAFE 2CHTER.BR
B4 RWERK AEFEREEL A 2928
SDS-PAGE &l LA FiE. I BREARSERUE
HMiEE KA

1.2.3 SRENERMER BRENHESKF
B 75 B 25 i (1mg/ mL, 10mmol/L Tris buffer, pH 8.0)
10w/ V)R ELEHE S, 7Kg 0.5h, AR5 @ o i
T HE, BESHEE, 12 000/min 4C & L
20min, F b3 . FH0.5% Triton X-100( V/ V)£ % 3 K
oL AR L, 5100 W/ V)BT T 8 mmol/L Urea
.

1.2.4 FEQOWEMMAL. R EKRE R A E K
£ ( HiLoad 16/10 Phenyl Sepharose-HP) # 74 + &
BB REA ImL/min, ERGREELE, #—
H1E B F 3¢ # ¥ (DEAE Sepharose-FF-60/100) #li 1k,
PE| A K Lml/min, FHWE M B 0 E G5 BE o
F %5 41 HE B (MidGee cross flow filter) ¥ 48 /5 45 8 BE
H ( Hiprep-26/60-Sephacryl-S-300-HR ) i 1748 . #
WHEMEQMER 45% N F 8 55CKR M 3 h, K%
KT proapo Al N MK F 5. BEHB M
BHEOER T NH A B RP#HTEN 48h 5, %
FEF -80CHERE.

1.2.5 SDS-PAGE I Western blotting ¥ il ; SDS-
PAGE RS E A R 12% 807 B B, Ik #8412
FRE(H =M )" . Western blotting B &3 £
T H 20mmol/L Tris B8 & # (& A 150mmol/L
glycine F1 20% methanol, pH8.0) #f SDS-PAGE 4 & K
Y EP | PVDF BE Lk, LA TBST £ #b #k (10mmol/L
Tris . 150mmol/L NaCl #l 0.05% Tween-20,pH8.0) %
BI3m. REWMBMAZZE WA 1204 0 F
HEAFEIICHM h B 19MmFmFEAEY
EHLL 11000 B -G, MAFIZRLEP,37C
BiE h RN B PBSTHER IBEMA D — 2
R BRI 2000 BBEMA, F37CEAR
E1nf5 A PBSTHE 3 8. BEHFETH 0.03%
H,0, B & ABK R K (TMB) K YiF il R R WL
FRBFERPTHELEE, SEHABRITRM— KW

ELOREEFKERS LR AREA.
1.2.6 Apo Al E 8 ELISA 5 : Apo Al BN E &
it ELISA Jrisst ™, s KW T3tk /A
B 1500 BB, MT 96 fLik £, BILMA
50pL, BT 37CHE 2h REHEE KSR, B
A 200uL/FLE W, F 37°CH E 30min, AZEFK
e, A I R S0ul/fL, 37 C R AL 1h, FIE B
ToKEeH A 1:500 FBERMEBITHE (), 84
1 50uL, F 37CR Lh, A8 FKEH, MAKY
BB E RN 100l B/ EfL,37CRE
30min, ME AL ILEIEGL, BEEEK 492um #
T,
1.2.7 B @aAEAERBEFT T S E
#H apo AT A 20mmol/ L BE B PP (pH7 . 4) W B
0. 2mg/mL, T 0. lem B R M AR PR, 9H
TR 4 190 ~ 250nm. B —E{X# 5 0 JASCO J-715,
i B R 25C, HH#EE 1000m/min, W K F
0.5, 5% 0.20m, KEE T A 1nm, Bit 81K,

Apo ATH) NImEB R BT h P8I Filgd
BTl
1.2.8 B8 IE 4 & X 8. B DMPC ( Dimyris-
toylphosphatidylcholine, — S BB BRBEAR ) H B T & v
W (8.5% KBr,0.01% azide, lmmol/L EDTA, 10mmol/L.
Tris,pH7.4) P, £ 4C FRIZIR %, L E 24h. A
¥~ 0.5mg/mL ) DMPC #1 2.65mg/mL #7 #E apo
AL LA DMPC/apo Al=5:1(V/V)H BB A ,7E 24C
BE R 2min F 325nm B —K oD H, HZE 1h, &
LA log OD MBI EIFE. AR - EBMNEA
apo Alﬁtﬁttg’]ﬂﬂﬁj DMPC &, AR 3R E .

2 # B

FEERBNBIUIE PCREE
¥ PCR I SMER R BY X TEREF pGEM-T
WL R DHSe 76 E4M, 5 R G Hh B
EERIER %893 EcoR T | BamH 1 B 5 AT 8
FR/NH0.75kb B R B BB B E EWKEHR
RiEAT DNA FRIME , MEMGERSRITHS. #
¥ F KK pRV220 | EcoR [ . BamH 1 FR 5l B 15 1k
IG5 apo AL [ cDNA F R T, W EBEARIE
i RL pBV-papoAI{ & 1) .
2.2 EAEAMRZE

BHBEEY THRE DHSa/pBV-papo AL 1§ R
BRHAOGHARREG EdEAHTHER, LEMT
FE Bl E 129% SDS-PAGE #1 3k (H 2), H5 R £ 1

2.1
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Pro Seguence Acid labile site
{

1
Ala His Phe Tip Gio Gl Asp Pro Pro Gln Ser-... Gln
§ GAATIC ATG CGT CAT TTC TGG CAA CAA GAC CCG CCG CAG AGC-. CAG TGA TTA GGA TCC-

EcoRl Terminor BamHI

B 1 ik proapo Al #Y KB FF B pBV-papo Al /%
Fig.1 The diagram of E . coli expression vector
pBV-papo Al for recombinant proape Al protein

proapo Al R AR MW ER 40% 56, &4 L UG
N W

2 Hf proapo Al £ T W DHS5e/pBV-papo Al PHIFEIE
Fig.2 The expression of recombinant proapo Al
in E . coli DH5a/pBV-papo Al
b: cell after induction; 2: inclusion body; 3:supematant; 4: plasma apo
Al

2.3 BEHERAMAL

ARG ERRIBZE, A WEAF LT 0%
Eh. BHEARHBEKERERER#FTHER
%, 145 W £33 Phenyl Sepharose-HP & 4 ¥ Ji , [7] B
wEB AR ER. K5 L5 A 74 DEAE
Sepharose-FF il 8 B £t Sephacryl-S-300-HR i# — 4 ¥
W RIGEBER pro BKFP, AfLEHESLEY
EE(E3), NETAILUFRSEBYEE EHE—K
WAL RO R Bk, B BN E

HERMEWERRLE 1|, ARPTmg ol R
MEAMFKERS1.7%,

kD 12
9T4— e
62— -
30— -
30— -

21.1 —i- :
144 —

3 24k apo Al ] SDS-PAGE 3t
Fig.3 SDS-PAGE of purified apo Al by silver staining
1: marker; 2: purified apo Al.

#* 1 proapo Al Nt Hi{L &R
Table 1 Renaturation and purification summary of proapo Al

Protein
Tottal mncenll:alinnf Recovery/ %

protein/g ( mg/mL)
Denatured Protein 0.261 2.5 - -
Phenyl Sepharese H. P. 0.17% 0.8 68.6
DEAE Sepharose F. F. 0.155 1.5 86.6
Sephacryl-3-300-HR 0.135 1.1 87.1
Total recovery( % ) 51.7

2.4 Western-bloting #& 3 . N 3% NI FrF & ] = & 3¢ %
S

a4k 9B 5238 3T Westem-bloting 2] , 2 B 6
FEHER -BMEH(E). S23E8HakEw
BEAONMENRRBERFIINE  £RBANXK
W RY 15 N EEBRF P K D-P-P-Q-S-P-W-D-R-V-K-D-
LAT, 5B HWE. F—F8id R 6kt
TR, PRER(BS ) HESR _SREWRta
(JWSSE)#47 /047, S5 R Al M EA apo Al FIA 1M 7
apo Al ) o BRHES LU 51 43 90 9 : 48.7% 1 49.1% , 1]
AR ERAEHEE A apo AT E R B H KL, H
a5 5 A M EEA# M.
2.5 KIMNELEAZXE

Apo Al BB 5 IRE Y ML 588 R A& RR
HHER B BE K, 7€ B H TE RIS R 4K 2Z 8, apo Al
5EXWRB AW 3250m THRKRWME FEE
PR AW ETE A, KB EERS TR 2B M
B B AASS , 76 B4 325nm FRA RUKME™ . K 6
P JE4H apo Al FMIBRHE apo Al i+ 5|5 DMPC B &
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Ja , FUIR JE B LA Sl f B R AR KR K, AR IR 24b
FLRERERTEERE XRBRTAEZARGE
L BE 25 & Pt o

B4 FH apoAl B Western blotting &5 R
Fig.4 Western blotting analysis of recombinant
apoAl refolded by Hitrap Phenyvl HIC

1 : prestained protein marker; 2: recombinant apoAl.

—— Plasma apo Al
o N e Recombinant apo Al

Molar ellipticity ( X 10 ' deg.cm™-dmol ')

190 200 210 220 230 240 250
Anm

Fig.5 E#H apo AIEH K KIS
Fig.5 Circular dichroism spectra of free

native and recombinant apoAl

£ 084 %
5 W,
z \\‘
2 5,
£ 064 D\\
g \\c
z =
=04 \E\
= \"‘9&3\
; \B‘_B‘—ﬁo—__
T ——E——R—
= 0.24 —n— Recombinant apo Al
—o— Plasma apoal
—=— DMPC alone
0.0

6 10 20 30 40 350 60 70 80 S0 100
fmm
Be FA apodl MIEH G5 A E
Fig. 6 Interaction of plasma apoAl and recembinant

apoAl with DMPC liposomes

3o i
BRTAdE T apo Al REE LA ERAKBE

BB Z% ATBSERA A ape ALTE KRB H B W
HLP R TN F 10 min ™ XK P HEN
MBI R B X HBER EERE N mRNA AR
EMHBIE LN ASE 2. # i3 Northerm blot 4 7,
mRNAK B EHE H#E S5 H 4 apoAl FEMARMHEH
KER,apoAl B 5’ M B MU TR 2 ¥ E &
B, SRR ARG RS MR & apoAl,
RBEABREEZBREAMANARTES FHAES
—HH8EY, HNEOMNBERIUSRTE, ERMEY
L. AARAHEBNTEHCRBHAAREL R
G MEBRITRFERERLE " REK apo AL R
MW EOTRAHBORARREE, AERA
EAFE—RAEN. MAERESYPE G826 kD
X ST DX A L B S BV B 7 R A RERE I
B ORHASEEARERMNBREDPLEA
i

AR MK E R BRI K KK apoAl &
I8 R proapo AL proapo Al IEBA It apo Al E 2
& H A AT B & proapo Al B pro 25 ¥ BB R 45
B E AR [FEf proapo Al FERAMBEE
TEOSHEHARESMMXER, A LLE pro
FERHESG, EOMITETRE po HBMEW" .
[} it 3 FH 89 =B 8k pBV220 &7 Py P RSB/
REANEE. EREEAMNERHABASH
FA R B CE T, U REAR , T E T LIE D e
WS IPTC X BREP IS SR, # pBV220 FIT %
RHME WS T LEFRRR, mHHRE™
WEFHEREREAMERX, EAFEREHE. BT
apo AIFAREHEES, HEREMRHERTESA Cys,
BHEAMAYESE FERE T e _%al, X &
—ERE LR THEEEEN . ARPEA
BAKH#HGEEEMRTE . SHEHTEEY T
FHROBEREHNEABEREEANTEMEHA
Hitues. mEEHnrREER, ERaHAE
EWMBE LA TFRRS. AR ELEM
Mgy E EERRENEEBHER BAEZN
MEHFEREENSBEPESIIEEAER ¥,
HidBAESER . MR KSR EEAR
HR B SR e, B K AE AL B R X, BOPERT (R E, B e
fst B LA K AR AL 9 T BE , B0 T Sk 2 3R .

B PSR apo AT TER T 2SI BRI EE L £
CEARTREMK . AZRMAELSEIT -FH
HEARHERARIT T T — 1 REAEER.
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