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W OE ARABRRRRER.EXBFETEATRARKMEPHAR(PAORNIBR LS, RARANMTH
AR RARASEEEEAN 0%, UETXR BKENNERSELER BT PANSKIZ. &
TR LW G 15 mg PA AL 5% E. RIMMRERRRETR PARGRFHENERE. APAR
BERREE NS TOHREREERGEY, B PATRSNEFERFERE, ULARRISH

BRF - RREBEHITTER.

XMW SUAFE, REER, RPERRE, RS, St
3 348 B 1000-3061 (2004 )05-0652-04

4 %S R37 IMiRiAE A

HEAHOTESRE FREAEERMRE
BE.GEHFER pX01 5B, 0B =HEORK
Ay A% 3 ¥ 31 IR (protective antigen, PA) . BFER F
(lethal factor, LF) Fl 7K ' H F (edema factor, EF).
PAREBE SRR EESE, EXE FDA #LEN
A JH 5 555 B (anthrax vaccine adsorbed, AVA) B £ E
REEERS. BRI AVARESRIETRASGRELZ,
MRERBERAIERDPRME PA HESHFREN
HAbSE RS, AVA fi F o B0 — S B F A ET AR
S5BXEY, i BREFHTERRNEY
TP, ik T HAeEmA. Bik, A& ER
EERERETHEA PAGPANERTBEBEH,

EAIRS  RMNIWET BRI REHE, &
KBEFEPRIIERT PA KW RE KBHE
HEORERENEDFBHEMEREERE, ASE R
B — R EIT F R,

1 HEFyE
1.1

4 PAREH B AR pT-PA, E . coli DHSe, R B &
Rk pAS20, /DB E MMM 177441 HALRE
7. PR B4, Pyrobest DNA ¥ 4 B8, T4 DNA B #
B ,T4 DNA B4 S W B TaKaRa 24 8. BRI

PR E W B Qiagen 24 Al DNA K Bt BIHA T &M
ALBEREYTIERAR. BEHNUBENAEHN

i B #1:2004-02-26, 4 E H A :2004-05-20,

Pharmacia A A 7= 5h, BERAREE T GLF) HE
BHE E.coli PRIEMIMH, S 95% LI L,
-TOCRFRARRER).
1.2 ‘ARG

FIPCR MIERL pT-PA L¥ 3 PA ER A B
(M 4 EBRTHKRILHEHTFHFER), A Sec I B,
TR 5 AN 3 Kk o4 34k paS20 B P 1 115,
i T4 DNA B G MEAL B R F R, B Sec | Y1,
WM S FRNI KRR, RiEMABEREEA
%4k E. coliDH5q, PCR ff % PH ¥ SL fE , IR B BT
UL EMFETIMNE. DNAMFHKESTEDT
BAFRITM.

PA 5' %8 31 ¥ : 5'-AGGAGAACCGGTTATTAAATG-
AATC-3'

PA 3" %3 5| #9: 5'-CGC GAGCTC TTATCCTATCT-

Sac I

. CATAGCCTTITITAG-3'

1.3 rPAMIRE
WHEFEEFER A DHSe HEKRAE & 100 pg/ml |
F¥EBJBEM LB HFHE P 37C 2500/min FHE
0Dy, 0.7~ 0.8, A IPTG £ 0.5 mmol/L,28C 250
o/ minif F 7235 5 h, BOBEME I,
1.4 @EIEARNSE
ILESEFRDE O NEE, A 100 mL 20%
T4 75 3 (20 mmol/L Tris pH8.0, 1 mmol/L EDTA, 1
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mmol/L PMSF)E &, 2K £ B 5 min,4°C 8000 g &L
20 min, PL3EF 100 mL 5 mmol/L MgS0, (1 mmol/L
PMSF)E &, XK L B 10 min,4C 10000 g &L 10
min, W5 b ¥ A T 44k PA,

1.5 rPA 54

S F Q Sepharose #EATHISE 4L, LAV 2 b K
(20 mmol/L Tris pH8.0) E- 8 4L, MW HMS LK EE
20 mmol/L Tris pH8.0 J5 L4 . A& 0.5 mol/L NaCl
MFEE AT, MR B, #T
129% SDS-PAGE 43#7 .

& PA BB 4 3 /5 F Source 30Q #4 7 T —# 4k
oo UEEEmE (R L) EEE.FEBESFE
¥, FI& 0-0.25 mol/L NaCl B #7428 vh ¥k b6 FE
P, & PA H)E &35 A phenyl sepharose Bi7K
#—Famk.

A& 1.0 mol/L &t R i) 2% ¥ ¥ (20 mmol/L Tris
pH8.0)FHH , MY B ERKREES L,
& 1.0~ 0 mol/L it & fik & ] 8 2% MR B0 DR AR .

& PA BYE 4 35 F Centriplus YM-30 B 3%
(Millipore ) 3% 4 , 2 Superdex 200 BE e 4E , Fi PBS %
TF +PA, - TOCRF.

H &L e & BETT 12% SDS-PAGE, M 4k
¥R, FAY-PA B RERIE B, (REHR) N,
HRP #7123 i B IgG(Sigma) 1:2000 B B H 5, #
1T Western blot 7347
1.6 rPAI NMNF

Bk 50 1PA £ 10%SDS-PAGE J5 , B E®
ZPVDFE L XHEFEEFHERMB P LHETT
EO NWMF,

1.7 MRS XE

INREREHIE J774A.1 L 10°/mL #E7 F 96 7l
BFR,KE 0%, S REER PA 5 iLF MAH
HFLF,37CHE 3 h, i1 A 20 uL MTT(5 mg/mL),
37CHEE 30 min, REL LI, BFLMA 100 uL TR 7R
AR IRSERILIES® 0D, . ERWM3INMEAM
PHE, AREERMNHA - (NEHAEBA 0D,
E/IRMEBEETL 0Dy H) x100%,

1.8 HimwE&E

ity PA RBRENE R k), RAT
BETHEEH, REEERE 0.3.6 5,548
Fifl. RBEREN 0.5 my A/R, ERBEEAR
SHEEEN EZRERATEHBREN.

FAELISA MEH M i& FH PA ME MR F.
PA L 2 pe/ml BB, 4CE R, KA 2%
BSASTCHMA 1 h, A EEIMASRERENH LK

37CHET 1 h, BeE A 1:20000 # # /9 HRP #RiC
¥R C(Sigma)37CHF 1 h, R EB G, BiF
(W 0D o
1.9 @Bl

HHRERBENRMNES 1 pg/ml 38 5 pg/ml
PA37CHEF 1 h, B 5 1 pg/ml rLF — &M AJI74A .1
MIERALP,37CHT 3 h EMA MTT, R4 R
FEE,

2 £X

2.1 REERAHE

#PABEE K BIBA pAS20 Bk, RB T X
B pAS-PA(HE 1), pAS20 WA MBI R RER
k. EEREMNARMBEST KBEFHNIEERD A
(Omp A)MES ¥, T EEAHEAKRBEF
BRARE. HTZ8&E L Omp A FEFFITF {2
HENIIMEERS PAR N EERER . MER
REAr S ASE 4 P EERMAT G, B PA ZRE N
BANMEBRTHEBEAREK, IHEBIMNREAN
B4 78BN PA REEX (2208bp, WS 435aa) , HF HE
HEAENRIBFWEFESHFINEESRAPARF
Fliale—H(E2), 2MFEE, KBHORIER
. pAS-PA FH 51T —8

1 FikFRE pAS-PA R EH
Fig.§ Expression plasmid pAS-PA

pAS-20:
5=, . . CAAAAAL TEAAAAAGACAGCTATCGOGATTGCAG THGCACTEECTRGTTTOGCTACC
OmpA signal
GTAGCGCAGGCC GAAG TTAAACTGCAGGAATTCGAGC TOUGTACC 2+ 3
t Pstl EeoR1 Sacl
PAS-PA
5~ _ . CAAMAAAS RRAAMAGACAGCTATOGOGATTGCAG TGGCACTGGCTGGTTTCGCTACC

OmpA-PA: M K K T A 1 A T A V¥ AL AGF AT
-21

GTAGOGCAGGOC GAAGTTAAACAGGAGAACCGG TTATTAAATGAATCAGAA -+~ -+-3"

¥V A Q AtE ¥V KEQENTZRLTLNESE--
-1+

Bl 2 FKFR pAS-PA KR
Fig.2 Construction of expression plasmid pAS-PA
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B ¥ # 20 3%

2.2 rPARYERZE

TRE#HZE 286°CH 0.5 mmol/L IPTG # F 5h,
B PAKNRE, REABASEELEEDN 10%,
4y S 5 7 R R 9 A4 IR B A AT R Ik A A,
R PATEMNTHAERESR ASEREON
60% ., 4+ FRY 83 kD, STAMHE(E 3).
2.3 rPARIS{LTNERE

PA ZHR HYHY 5.6, RIERAPRB FXHBAE
WS Hgk,. S PARNAENSARLEE Q

i 200

Sepharose 31T H# # 40, 7 F Source 30Q B F X #
B R YRR /5, fPA S W] 3K 80% LA b, R fPA
(7K ¢ , A7 A phenyl sepharose #AT T —# 4L,
BJS 2 Superdex 200 FF 5 B 38, B A 4 Wl &
95%L) I ,SDS-PAGE 7 83kD &4t B R N £ — &,
Western blot 5347 — - SCEAHAEH R PAE 3),
HEAEAHET N RNF AR5 MEERNY
EVKQE..., 5 KR PA —B RHFESFIHCHER
&, 1 LEFMLSaEEaEKEY 15 mg PA,

Western blot

B3 HEH PARRESHE

Fig.3 Expression and

purification of rPA

1:uninduced cells; 2:cells induced with IPTG; 3 : periplasmic profile of cells expressing tPA; 4:protein after passing through Q Sepharose column;
5:1PA after purification on Source 30Q column; 6:rPA after purification on phenyl Sepharose column;7: PA after passing through Superdex 200 column; M:

molecular weight marker

2.4 HHMABEERR

PA 5 LF &4 % A B E K (lethal toxin, LT),
74 40 ] S BOEUB 48 I (Bn /b BLE B J774A.1)
WY, ARREARKEN PA 5 ILF —EF
AT IA AR, AMITERRARFER, &
BER,YEE PAS AF HPW—F Mm% —#
FOAMEBEN ARFEEHE TR, R MA PA
RAFMARALXHB TR (E4), X F H 1
pe/mL, i1 3 50% 4 MIFET-# PA HRBE(EC, )4 0.08
pg/mb; X tPA 2 1 pg/mL, iLF ) ECy, 4 0.03 pg/mL,
Bl L5 R PA BRI AR EYFELE,
2.5 HimwEE

FAPA RERBER, R4 AEQK) LK
P PA AR E R 1 x10°, % 8 AKE G X))k
Bk 2x10°,F0 PA RARHFHGERE,
2.6 HMRWiEPINLR

KR PATTERIEARPERE, =4E0P
AR E R AME AR R R R RNERT .
BATH PA R R REBPRMEHTHREFLES
R, 2R 8 A 45MmF L 1:10 000 #&ef, &%
BERA B AMH 1 pg/mL B rPA 5 CLF X AR T

120
100

80
—a— rPA+rLF(1pg/mL)
~e— rLF+1PA(lpg/mL)
—e—1PA alone
~8-rLF alone

60

40

Viability/%

201

0 . . \
0.001 0.01 0.1 1.0 10
Protein added/(pug/mL)

B4 PAS (LF 3 J774A.1 R FEER
Fig.4 Cytotoxicity produced in J774A.1 cells by rPA and rLF

A ,1:1000 M BT ARAEEE 0P L(E 5), &
B RAMIEKIE A PA 5K PA — 8, A1 F O™
A REBEEE(LT)NRPERE,

3 it #
EMRASERT R ENARFR. it
b A TSR £ EA b SOHE A PA
WM E (AVA), FIZEHREHERERTE ERH
B AERERREGS O REREAEERA

AI(OH), M SEFTHEB G HITF U T E LEH
B, ERERXEREN,
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L BEAS BYURARPHARENRE . BLESEWFHESH 655

120 B BAKFYTREBY 15 mg 8kl PA,EB N
100 MM RA PAFNNE KR PARL —H. K54
i REAR® SR PA RERFWEDLEE,
% jz rPA .00 S 7= A M YL I 75 7E 4K S 7T ) % E BT
|  oa(ingaL L Fagin) EROEH, KU PA THESIESLRPERE,
A - rPAGuEmL L R(ug/m) Bl RA R R — BB T T2,
10% 10% 10?107 107 10!
Dilution of anti-PA serum REFERENCES( # #I ﬁ )
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Expression, Purification and Characterization of
the Recombinant Anthrax Protective Antigen

XU Jun-Jie DONG Da-Yong SONG Xiac-Hong GE Meng LI Guan-Lin FU Ling
ZHUANG Han-Lan CHEN Wei"
{ Institute of Microbiology and Epidemiology , Beijing 100071, China}

Abstract An expression plasmid carrying anthrax protective antigen { PA} gene was constructed, which has an OmpA signal
sequence atiached to the 5’ end of PA gene. The plasmid was transformed into E . colf and induced to express recombinant PA
{tPA) . The recombinant protein, about 10% of the total bacterial protein in volume, was secreted to the periplasmic space of
the cell. After a purification procedure including ion-exchange, hydrophobic interaction chromatography, and gel filtration,
gbout 15 mg of 95% pure tPA was obtained from 1-liter culture. The bicactivity of rPA was proved by in vitro cylotoxicity assay.
The polyclonal antiserum from rabbits immunized with rPA could inhibit the action of anthrax lethal toxin in vitro, which suggests
thal antibodies against rPA can provide high passive protection against anthrax. The results reporied here may be helpful to
develop a safe and efficacious recombinant PA vaccine against anthrax.

Key words  Bacillus anthracis, anthrax toxin, protective antigen, expression, purification
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