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Preparation and function identification of monoclonal antibodies against anthrax protective
antigen
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[Abstract] Objective:To obtain the anthrax protective antigen in E. coli,prepare its monoclonal antibodies,and analyze the
function. Methods:The gene coding for anthrax protective antigen PA10 was synthesized and cloned into pUCS7 plasmids. After
being identified by enzyme analysis,the target gene was inserted into pCold Il plasmid. By sequencing confirmation,the plasmid
pCold I1-PA10 was transformed into E. coli BL. 21 (DE3) and induced by IPTG and low temperature for expression,and identified by
SDS-PAGE. The recombinant protein was purified by affinity chromatography and identified by Western blotting. After the mice
BALB/c¢ were immunized by the recombinant protein of PA10 as antigen,the monoclonal antibodies were prepared. Results:The
recombinant protein of PA10 was used to immunize mouse,and obtain 4 strains of specific monoclonal antibodies (respectively named
as 2G8, 5A8, 7B3,9C9). The protection of anthrax toxin test in vitro,proved that one of four monoclonal antibody strains (7B3) has
a comparatively large activity to neutralize anthrax toxin with protection rate up to 96% . Conclusion:This research successfully
constructed the anthrax Protective antigen PA10 in E. coli and prepared its monoclonal antibodies,which laid the foundation for
further development of chimeric neutralizing antibodies used to treat anthrax.
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PP (protective antigen,PA) . Z(FE A ¥ (lethal
factor, LF) FIZK [ F- (edema factor, EF)ZH i ; LF F1
EF TEAIIAMYTEREE, JF Tk ATTHEA AN, 24
PA 5K SRS & 52 L RIRSLIE, F LF
¥, EF 717 A4 N IE AL FE 2 (lethal toxin, LeTx)
2K EEZR (edema toxin, EdTx) K EEEVEVER, BT LA
B HEPUREAE NS LF A1 EF 5940 75 18 1 A ep
EFEEWET, B AR ZHI0 5 R D AP
BRSO PARY RS il 4T PA 1A S BT
TR, I IRIEL IR T K BRI Ve FA ] 5 B2 LA

1 #RF7EE

1.1 ##

4~6 JEIEMEME BLAB/c /)N U T4 M K2 g
=24 S5 sty . UKL pCold IT | PRl 14 P4 I il
Nde 1 Fll BamH 1 T4 DNA %%} (TaKaRa 23], H
A KIGFF DH5a,BL21(DE3) FH A SE 55 28 R A5
sV B EE B ) & DNA RIS ) & (AxyGen
ONE] S R KR 153 i bR Y (Fermentas
ONE]INER) T PA10 4iifk Y HiTrap IMAC HP
# Desalting £ Fl protein L ¥ (GE A &), 32 ) ; 5¢
S ffs AR FAVRIAS 52 4 3 AR Bt (A I 80 6 5 1A 7).
& (Sigma 2~ F], EEH) ; R db AL Rt PA 2 s BEPTIA
(Thermo A F], Y&[E ) ; HRP FRic BIFEHIHR 1G FIF
B/ 1gG HiiK (Jackson A ], SE ) ; PA FEH 15|
Y5 18 R R o A A R AR AT BRA R S8
12 Fik
1.2.1 PA10 RAzkik H ke Mk

R4 GenBank /3 A7 1Y B JH B 28 PR 47 2 K] PA
(GenBank ; AM404332.1) {4751 , & DNAstar #1457
MritJE#efigh & PA 5 LE/EF 458 145k, 8
PA 25 168~258 i 12 HE 1R X d 3k 91 R R A
4 PA10, 5IA Nde 1 #1 BamH T FRAIVEREIIN 25 K
PA10 R R 751 H e 5t 4 it 2B B AR B 3 )
B, A UG R0 2 DR 280 P TE A S v BEAE pUCST e
e A EE2H ok 44 o pUCS7-PA10,

¥ pUCS7-PA10 i Nde T F1 BamH 1 ¥E47 XUl

I, & T4 BRI [FFEZ Ndel F1 BamH 1
Y3t i SR SR 3K pCold I 1, SR FH G Wbt i
B WAL B R FT B DHS o B2 254, A
TEHA 100 pg/ml Z NEFHER (Amp) [ LB AR,
37 CHFE R, PRBUOERE T PCR KWL i) %
A, JE ik e AR B AR B w2
YerE M IE AR5 2) B 5 4Lk 2k M4y 44 4 pCold
I1-PA10,

122 E4% 4 PAI0 kS R%

FEHL pCold IT-PA10 [Tk, #AbL Z K AT BL21
(DE3)EZ 254 PR TS 2 2 100 wg/ml &
THHEZR (Amp) AY 5 ml LB AR =458 37C,
220 r/min JRIFGHTFRIIR LA 1:100 FEHZE] 5 ml et
1Y LB K53t 37°C, 220 r/min §53% £ D(600 nm)
2554 0.6 BHINA PTG LYK N 0.5 mmol/L, 16°C
PHFIEFE 16 h,

FIR= W) SDS-PAGE %5 . B 1 ml 5% )5
BB, 12 000 g 2.0 1 min, 7 F 3%, A0 DUTEH
100 wl 1 x PBS HiAk, #IHFIINA 5 x SDS &1 L
FEGE M, #h75PE 5 min, BSOS 12%09 SDS-
PAGE AT HLYK, A A28 4844 pCold IT H 20 B 25
VA B | e 5 A B A T

HHE AT 4% ER ARG S
FIRHAMENA, T 4%,8 000 r/min B> 10 min,
WAE R4, FH PBS HE, SRS B 25,
4C, 12 000 r/min B> 15 min, 43F9WCEE IG5 FIT
VE, UUTE I AR TR PBS T BUR A 3§ AITTTE
HEIR , EAT SDS-PAGE HLJK , /AT 4L e 15 42
AIPERIL
123 FT@aERGgHik

W 1 LRk s IR A, FH 100 ml
PBS FE, A e B OMUE 1, 4 045 pm
AL SR, R AKTA 4lifk R4 HiTrap IMAC
HP H:XF #3509 H 0 11 PA10 JEATHLES 725 F1)2
Mrafifk, aiifbid e . v AKTA gifb 250, 7 5 Ak
A B - 7 ¥ (0.02 mol/L PB.0.5 mol/L NaCl,
pH7.4) -4 7K st it i HiTrap IMAC HP | SEAf
JEHEFT ERE, BREE, EMTHEHEA 20 mmol/L K
50 mmol/L BRMEFPEZEIE (0.02 mol/L PB 0.5 mol/L
NaCl.20 mmol/L 5 50 mmol/L BEME) ¥ 5~10 4
FEARFR, ¥EWJE A 100,150,250 mmol/L BKWE Y
VEMETREA TR , MR 0 ) 110 58 SN AL, WL ok
B RMEMER, WERNHMEA@ELS ml )
Desalting FEHEATHEER , Bl £h /5 B F Minipore 10 kd
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BB E N, 50 e/ H IR S 5 46 2 JRRIEE 6 JA
HEATER 2 ORIEE 3 G, FH PA10 25 (R 3 [ROAS
St 1 DIRA IFmFERLALS 2N U
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LN BRIV P PTAR A, R B = 9 7N B
50 wg/ HA PA10 SR 418 1248 R DK 5 2/ LA
NHELT ik s

FeAZ TR AN MR A g A TE e - #5052 SRk 10]
BUINEGAE, 7€ PEG FEF N 5 /0N B9 20 e
SP2/0 HATEL A, Bl A AL & A HAT I BEREE
B BE AT 0 1 12~14 d MRS 35 B 1 ] ELISA
R, G PP SOk, B RIS R BAME SERE 2R 2~3
Wil )G , PAHa e BT PA10 & H I 243008
YRR

PO TR S5 e R AR AR o 1) B A
UL THAE , BRI bR A 15 75 L3,
AZ| 9 PA10 () ELISA B#bpd, =iEMEE 1 h
J& , S E XA RIS R AR, B8 1 h ),
HIA HPR FRid Bt —Ht, ERME 30 min f5,TMB
WA, 2k, ARG T8 (0K 450 nm),
HRAIR A4S A i 22 58 I8 S5 s BT AR I A

PURRE 5P S5 . B UK R O 2 6L R 1
A16R 2E M, #1T SDS-PAGE MLk, #: % PVDF JI&
I, 5% AR Wk &= A 1 h, —H0h 1:1 000
FRI i o 2952 R4 BT PALO Fidk, DIRg s Abiobt
PA HUIRAVE AT R ,, —H0 R 1:2 000 # B HRP #rid
HIEHTINR 1, B b Ak HRP FRic i Fhite
IgG, fJ5 H ECL &G4,

UG VE ST DR M (J774A.1) 555
TEEA 10%/NE 3% (FBS) F1 19% 414 & (P/S) Y
DMEM Ki55561 37°C 5% AL A F % 1%
AP 55 BT IS R e 96 LA 5 I i i 85
FE MMM A IE T0%IN , JEH 2 F T AN o i Be
BB IHEBAERE R (PA:0.1 wg/L,LF;10 pg/ml)Fl
PA H4AK(0.05 pg/ml), ZkLER5 3% 3 h, WA W
LN MIAE TG B BEAH , SR IS Cell Titer 96 aque-

ous nonradioactive cell proliferation assay (Promega

MI 2], 52 ) KA 2L I =0 (LDH) , 715570 Fr 2
JUFET-# LR 3K,

2 # B

2.1 PAI0 AR RA A KBGO EL L E

WA B PA10 S H Nde Tl BamH T 58 [
2 pCold T 24 I, WFEAL AP - PR 10 4> Fa b
ZEHWE PCR LK. Nde T Fl BamH T BEAT BB 4
TR, FW PCR 245 5K B/RTE 300 bp /24
AR, 5N K N—80, RIFA 4 4
TR R (P& 1), RIS e 446 SRt iE I T 35 1
1) 4 A v P ke, RIS HE PA10 A%
FARPORL, IO 1 A By 44 4 pCold 11 -
PA10,

bp M 1
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Figure 1

2.2 PAIO TEZ G 6 RE Lk

pCold I -PA10 4k 2= KA #HT T BL21(DE3)H,
25 IPTG FMIKIRIS S0k, BAmiesE, 217 12%
SDS-PAGE HiIK, lbi R ATE 2 | BIs L UTTER s
F eIk i, SEIESH W RFEAX 43 F4 10 000 Ab
A B MREREORN, SN PAL0 Al A&
K/N—5, I H PAL0 FEELIIFE AT (F 2),

B2 Ni B2 AUZHT A & 20 A1 50 mmol /L
DK s Y 03 PO o B P 5 IR s v 5 AR U2 100,150

1 2 3 4
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34 000
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Figure 2 Expression of recombinant proteins PA10
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Figure 3 The purification of recombinant proteins PA10
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2G8.5A8 . 7B3., 9C9,

24 R ABFAERALET

TE O Y S R &, R )42 ELISA i
55, ERH 2G8 Fl SA8 LRI FL K [gM, 9C9 LA #Y
H 1gGy, B3 HUARTAL R 1Gs.
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P AAEFF I A16R 2T 11T SDS-PAGE HL
UK, % % PVDF & L5, 4300 FH 2G8 .5A8 . 7B3 ,9C9
DI R AL BT PA HTAASEFT Western blot, K2
IR 5A8 Fl 7B3 % 2G8 Fl1 9C9 {5558, HRiAh
BT IRARRL(E 4)

2GB 5A8 7B3  9C9 Hi PA Fifk

PA L - — ——

14 Western blotting Al if il £ 9 HL PAL0 ML S S dil
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Figure 4 Western boliting detection PA10 prepared antibodies
against Bacillus anthracis PA protein with specific
binding
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Figure 5 Cell viability after neutralization with lethal toxin by
PA10 antibody
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6 x His b2, R HAMRIR S T 8R05 , A iyl i1
EHRB R, HEARE R, 8 Ni g%
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PUAAR RN K, HER Z AR , ANih A H T80
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FE AN R SARXS RN H 2 B v SRR S
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THE XA A NIRRT BRI S I v, A R
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