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Preparation and activity analysis of truncated anthrax lethal factor 253
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[Abstract] Objective:To acquire the purified recombinant lethal factor 253(LF253 )antigen which owned biological activity and
test its competitive capacity binding protective antigen (PA)compared with lethal facfor(LF )protein. Methods:The LF253 gene was
amplified by PCR,and the truncated LF gene was inserted into pET-28a (+),and transferred into E.coli.BL21(DE3) as the host
strain. LF253 was expressed as a recombinant protein induced with isopropyl-B-d-thiogalactoside (IPTG). The protein was purified with
His label affinity chromatography and was subjected to antigenicity by Western blot and ELISA. The affinity was detected by Biacore
T-100, and the biological activity was detected by cellular toxicity test. Results:We successfully established prokaryotic expression
vector pET-28a/LF253,and sLF253 was expressed and purified. Western blot and ELISA results showed that sLF253 had an
excellent antigenicity. Cellular toxicity detection showed that recombinant protein neutralized the biological effects caused by lethal
toxin in vitro and in vivo. Conclusion; Recombinant sLF253 can recognize PA and competitively inhibit LF polymerization with PA to
block its lethal effects. This protein may lay the experimental basis for the future of anthrax vaccine research and development.
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B, 43 51K pXO1(182 kb)Hl pX02(96 kb) ., pXO1
kit 3 DNAAHBER A NER 53 43 FHER 83 000 1Y
PRPHDTE (protective antigen, PA), 4314 89 000
BB A - (lethal factor, LF) #1437~ 490 000 f4
JKIP AT (edema factor, EF) . PA J&ACIH AT & 455
PEVER AN AT —F8 4054 BB S5 LF il EF 43
4B I I EERE R (lethal toxin, LT) FI/K 5 3R
(edema toxin, ET)®' | HUREYL RIEFF 5, PA 515
TR0 M L AR AZ AR ZE & I HAE furin BE
VIBRH N %) PA20 B, 4 TR PA63 SEERALIE
L RRS\RIK S BB S LF 255107, 5 sk
PP EIBET

LF JEEA 771 MEFERR A Z AR, HHA PR
RGN TRERFES B B A RVER I ELRE M 4
SUFIE A B IR TES . LF 2R 4 MRk
P L AE SR B - S5 A4 380 1 (1~262aa) S F4 1R 2(263~
302aa 1 383~551aa) S5H458 3(303~382aa) FIL5HAEY,
4(552~770aa)", &A1 By 12 SRR, Hhiff
T4 g IS, TR 2.5 3 TR IAA 1
A 30 PMEEMRIRE AR Tz 1Y, LF253
BAET 1~253 MR LF 8583 1 HiEA
FB, PR BB EE M 1 (9 LF 765 PA RS I N2
Br IR B A b, ol 5 B sh ik 9 5 B AT T
PEVEFHM (BEGET LF253 BT MBSt s, 3=
FrE LF 255 PA 255 09EH, BT
NAMIBEEA BIESE

AW TERE) F 53 WA e IR B AA pET-28a/1F253,
TER AR TP HEAT sLI253 A3k, I AN sc it
R 20 2 ) se PRI RIVE R, A R IESE LR
HIFE FIBIL | & B T e I B A B VR 2 25 T
BN S N

1 #RF7EE

11 A
1.1.1 Ffed st

S A ZEAAT T AT6R BREEPI 4] DNA LK
[ HFE BL21(DE3) MZRBHAR pET-28a(+) AL
BRI
1.1.2 X5

Neo 1 Xho 1 BRHIVEN VI  Pfu B, Y
Marker 14 H 3£ [E Thermo A &) , DNA 7 7 i &
Marker T4 240 SobA2 BuGR &6 H H A TaKaRa
ANH], BEEH PA LF ARSIE 0 AF . BRI
& H 32 [ Promega /A ], His Trap™ HP JZH714E

W9 H % E GE /A H], HRP #RiC i) His FREEHTAEIL A
FE[E Abmart A F], Cell Titer 96 Aqueous AE US4
3G FE AN TR £ (Promega A F] L, SE[H)
12 F#%
12,1 SEHEHAsMmE

H4E GenBank H & 2RI IIH ZFFUAT I A16R #E
SS9, 519751 . EilE 5'-GGATCCAT-
GGCGGGCGGTCATGGTGAT-3", 7E 5'%i il Neo 1
Yl &, F Ui 5 -CTCGAGCCGTTGATCTT-
TAAGTTCTTC-3', 7E 5" ¥ /il Xho 1 BEYIN 53 (14
ALV ) o 5 10 oH B o s A R FR A
AlE L, PCR 3 . SOVAKR 40 pl, 10 x P34 L2
W 4 pl,dANTPIREY 3 pl, b FiHEs 945 5 pmol,
Bt 0.5 wl,Pfu DNA G0 2.5 U, SEZEKANE 2
40 wl, RN 95CHIAE P 5 ming94°C 1 min,
54°C 1 min,72°C 1 min,30 MER ; £ )5 72°CHEfH
10 min, 3P 5 wl, 193N REE I LYK, 120 V
HIPK 30 min, 5 FHEEH BUR SOREL G IR 43
W) 5 T A pACK4a-Bs % 42 5 AL E.coli.
DH 5 JEZ S A0, 07 156 FN 46 5 PR st , PHAME T e
5 % R I a A E R FRAA RIHEA TN, DS
2E L FH 9 AT 3k A2F Vector NTI #E47 EEXT
122 RAFRoGHE

FHBR 1 VI Neo T A1 Xho T [R) BV S5k
pET-28a(+) 1 pACK4a-Bs/LF253 , 1% B IS B EE I H
K O3B, T4 SRR TR .
ft E.coli.BL21(DE3) , 5 5ILA PCR ¥ RNV 48 &
LF253 (2 5Tk,
1.23 sLF253 & @& E.coli.BL21(DE3) ¥ 95 &4

WIS IEZE SR E AR ) PR E SR TRARIERD T 2 ml 19
LB Ji5R3EH (7% 50 we/ml RAREER ) ,37°C.200 1/min
IIPERETE 44 2% UG 2 0 373, 37°C. 200 t/min
K32 EWOEE(E D(600 nm) A 0.5~0.6 BHAINA IPTG
BLYRIEH 1 mmol/L,37°C 200 r/min 551k 4 h,
P RAE R JE A EAE S YK AR 10 /AL, 12%
| b B R AN - SR N M TR i RE K PR K (SDS-
PAGE)/3#7 H IR A FR35
124 sLF253 %& & A His Trap™ HP BT FREAR 404K

1 000 ml LB K3RFLi5 400 , 25005 1 R
100 ml PBS % R £k 2% vh % (pH7.4) H A& , 4°Cil 7
30 min, 10 000 r/min &5.0> 10 min, F3EBH 045 pm
VENE ST UE L S 0.2 mol/L BB R B A Wi 3k J2 AT
MR S &R 7454, BUE S min, H1 2
BPKERENE LR EZRNEE T, HEE6%



-342- [l

E B K % ¥ #

IS HEHEIM
201543 H

M (% 20 mmol /L BRI Y PBS) V-7 J2 M 41 |, 1
i 1 ml/min AR, 255 G20RTE A4 A, VE RS,
FHARIBRMEVEEE (50,100,200.,300.400.,500 mmol/L)
PIGEIRDE R . WSCHERIER, 12%SDS-PAGE 43477,
1.2.5 Western blot 5-#7

X alifk J5 HRE S EAT 129%SDS-PAGE 4347, F
1T Western blot 0, FEZHFE F sLF253 HLIK)E,
W% B iE g W, o) —mIkE IR =
PVDF i 1044 ED 300 mA, 19 min, £ (5%
PRV ) 2 iR EA 1h 5 WA FHEATHE 1:5 000
Fii B HRP FRIC A His FRZ8 4T, FKIRMEE 1 h,
TBST ¥t 3 3 , 54K 5 min, DAB i (8 J5 2 1 v
1.2.6 ELISA 7 ix#ml sLF253 205 & F R4
P AR

ARSI E RO 2Rl & T BRUUR LF B rpe
Bifk, 4> 9444 4 Ab105  Ab110 Ab111 (Ab112 .
Ab0210, FIHH _E AR J7 i i 45 19 sLF253 H 4 & 1
Pl pE 96 FL ELISA it (BFFLIr & A LN
1 pg) , FHEAORIN 8 20 8 (1 0GPk SRR R R
1:50.1:100,1:200,1:400,1:800.1:1 600.1:3 200, 7F
450 nm FRGICREE.,
1.2.7 Biacore T-100 M| & sLF253-PA %A= 7

MR A 5 S 3 B8 Biacore T-100 control soft 1)
EAEULIR AR A 1, AR AR BEIR EATE R 1
IFRREE MR, FHILZE Mg B PA FES 2 25 wg/ml
JE BB E] CMS & R b, TR EEKSF- 1500 RU,
A pH7.4 ) Running buffer (10 mmol/L HEPES,
150 mmol/L NaCl,5 mmol/L EDTANa,,0.05% P20,
pH7.4) Tkt sLF A0, FiBk 2 % 100,200,400,
800.,1 600 nmol/L, & & HFFEIFE]IS 180 s, fiff 51T
[ 10 min, P42 #p¥E H 50 mmol/L Gly-HCI
(pH2.2) ., %8 BiacoreT-100 control soft A1 HFEAT
AL,
1.2.8 sLF253 &4 24 4y 5 & e 57

BN E R (J774A.1) ERESA
10%64- 1% (fetal bovine serum,FBS) Fl 19Xt
(HH /5T %) DMEM 5356 37°C 5% CO,
SRR, RRAIfEESE RIS 7% A 96 FLANNES
TR, 1B IR AN A 38 70% 0], Jo B &5k T 4
AN RIS S A e G R 1) I S E FE 3R (PA
0.1 wg/ml,LF:10 pg/ml)F sLF253 F B (0.05 mg/ml),
FH 5 FpOAS 8] /9 F BT LF it 44 (Ab105,Ab110,
Ab111 Ab112 AbO210)f0x IR 4kEERFFE 3 h, W fies
TSR IFETIH AL, S8J5 H Cell Titer 96 Aqueous

A 0P 0 i 3 G 0 3K 7 G A L R
(lactate dehydrogenase, LDH), T3/ HT R 5L
BEE 3K,
1.2.9 sLF253 #94k AR 3P M 52 55

il AR 150 g 247 HMEYE Fischer344 (F344)
KE, S5 2 41, 7 AR (6 R4 (BE R+
sLF253 4 (VAIT ) , B4 6 KB, FEAT 30 min,
FE# SRR sLF253 EAHE N, HAHE
41 20.,40.60.80 pe/ H (JCH PBS B ) , SR 5 B kK
WA TR R (48 R 30 wg PA+30 pg LF, O PBS
FEAH] 30 pl) , AR BUAAIETEDL

2 5 R

2.1 PCR ¥ 3 LF253 XX B
PCR ¥ ¥4 =2 1% e EEE S Ik S, 753
B9 R BeR R 789 bp, P45 R S5 HSE—E(K 1),

1 2

(bp)
—2 000

—1 000
—750
—500

789 bp

—250
—100

1:PCR P 38724y ;2 . BAPEXS B ; M DL 2000 DNA Frife 01 i
Bl 1 PCR ¥ 34 =4 Bt e Wi e i e ik &5 2

Figure 1 Results of PCR product by agarose gel electrophoresis

22 FUREHEE

pET-28a/1F253 23k kL 42 PCR A I K2 X it
VI BE | 19%Ba eI, 15208 i B RN 5 3
WEH—E(E 2) P v R TR 28 B 5t 4 0 A= ) R
HARA A0, MFPEREY], Rk Bk pET-

1 2 M

(bp)
2 000

1 000
750
500

789 bp—

250
100

1. PCR 384779152 LA Neo T #1 Xho T MUEGFY) pET-28a/LF253;
M:DL 2000 DNA HrifEfF B,
B2 PCR M E4H Bk pET-28a/LF253 Fi) Kl
Figure 2 PCR and identification of recombinant plasmid pET-
28a/1F253
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28a/LF253 f @3] RIS EHEN S mg(K 3),
2.3 sLF253 #93FF kA difife i ® 2.4 ELISA #inl

ERIRBIEN TRESZ IPTC BS54
THE AR UIEEE A, T EANh
29 000, 453 His #2525 MZEHT , BETHA Y KA AT

2

A

29 000—

A :SDS-PAGE #2525 ; B Western blot KxlZ55 . 1. iAW E ;2. S 2R EN
13 M: Pageruler THY 8 FBRIESSF B i

FHAS 5256 25 ) 45 1 LF BASEREBTARKS T TE e 3
ISR E A sLF253 pyihtE, d5R B R EHEN
sLF253 54 RIFaE G (E 1),

4 M B M 5 4 3 2

» -
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. B 35 000—

- = — e T «——29 000

S 25 000— - 4
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sLI253 fkikalifk

Figure 3 Expression and purification of sLF253
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& 1 sLF253 @# ELISA 57 F 2 1A
Table 1 Optical density value of different monoclonal antibody binding to sLF253 antigen by ELISA
L e L WO EEAE
PR SR ADb105 AB110 Ab111 Ab112 AB0O210

1:50 0.959 1.258 0.778 1.288 0.703
1:100 0.771 1.215 0.679 1.078 0.697
1:200 0.560 1.200 0.622 0.964 0.696
1:400 0.424 1.205 0.444 0.782 0.676
1:800 0.213 1.147 0.300 0.676 0.694
1:1 600 0.149 1.187 0.201 0.661 0.704
1:3 200 0.096 1.194 0.159 0.693 0.577
0 0.067 0.088 0.091 0.079 0.099

2.5 sLF-PA FA=A 2.6 sLF253 K B A FERSATLER

2% BiacoreT-100 A , A 5% BT il 5 1 sLF253
5PA L5510 5.813 x 107mol/L(I&l 4),

60 a 1 600nmol/L
F i =800nmol /L

S 40 - . =400nmol /L
&= i = 200nmol /L
T 'J____"_‘“——-_ - 100nmol/L.
= I i M eperrsen s
= 0 -_-‘;"'-- - v e e
, £ —

-20

-10 71 152 233 314 395 476 557 638 719 800

Hf ] ()

| Curve :ka(l/Ms); ka(1/s) KD(M) Ch*(RU)? U-value

7800 0.004534 5.813E-7 1.87 1

|Cycle; 7 200nmol/L
|Cycle: 8 400nmol/L
|Cycle:9 800nmol/L
|Cycle: 10 1600nmol/L}

4 SLF-PA 0700 1
Figure 4 The affinity test of sLF-PA

:Cycle 6 100nmol/L ‘

K gs S 7R | sLF253 A BERITAR Ab110 #k3)
AL RIS R, R i, 5 FLascfh fnE 2
FIE-RN KR, PR RIS R R TERTT,
sLF253 JBOR 5 Fip se BEBTIAR A RE 58 S AR A0
MEBCEE R W BN, AR R 2 TR, 2 LR
e 10 pe/ml B sLE253 FI4iiA& Ab110 #1940
MLPRAF FR 2 95% , T HAR 4 FhPTIAH) 20 O 47 %
PR T 70% (&l 5),

2.6 sLF253 494K AARIP M LI 25 R

RN R R, MEAE N sLF253 /1)
FIEHR 20,40 pg B, K EUE 90 min PI4S5ETS, S &
HEE sLF253 BRI L 60 wg LU LA , KEWERERN
100% , %45 R R AR Hl & EAEA
sLF253 , 75 K BUAR P HAT 3 4 b G 1, R A5 4
il I T R I EBEAE A, Al LAt — 25 i il 4%
BAHIRIT 250
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1204 - LF S5 ik Ab110 AEHE 3540 HELS & PA BUJEL, i
o 10| e T HORAE S LF 58T IREER 2, RIS
g Y i Ry S FH 3 FLHC P AISOPE T 26 I 2 00 G R
& S e 7E SLE253 SBERIABI P HES R M A B
2« . LFs SLF253 2 FIAFI— e BN, AT RS0k U T 3E
| i o, PRIAN RIS R A A B, AR S 5

GO q® I\ IQQ I \J )
OV D Y Q% o°
\\-B \\QQ \\.QQ \39 Q.\QQ\.QQ \QQQ

LF(pg/ml)
LF KT &EH ;Ab105 ,Ab110 Ab111 Ab112 Ab0210 & LF
ATERESTAR s LFa F1 LFb AR SCEG il 45 1) sLF253 A .
B5  sLF253 BORFEBLIANT A 4 Ve H

Figure 5 sLF253 and different antibodies for cell protection
3 3 #

BIHLRE TR AT AT R Y 32 SEBUR Y o, A5 3
FERER LT HUKMHEER ET PR, LF 2 —Fh i
PE4 R A I, T AR A0 o 2 i e 0 24 Rt 1k
AR (mitogen-activated protein kinase ki-
nases, MAPKK), MTiBHIK ZFh2iie MAPK 5 54
S, B B AME S T B (extracellular signal-
regulated kinase, ERK) F19F 32 4 i & 2 134 [ (non-
receptor tyrosine kinase, NTNK) %% | 5 E( N 7 41 g |
ELE A v i B SR A R D RE 2 40 4E U
953 WA SR, SHE T LA A E T2

BT pET-28a(+) FZFRIBIE R | 2l
FEE T pET-28a/1LF253 ik Ak, i tE 4l H A 7E K
i h o Rk A Y C sl s T —> 6x
His HRAMARE 5 Talifl, ek,
X ARAFIEAT T, 20 0 R S R 2 4
6 F1 12 h, J#%& IPTG WREE R 2K EH 0.1.0.5.1.0
1 2.0 mmol/L, MU 5 R Ay 37°CH1 25°C, SDS-
PAGE 43128, 7E 37°C'F 1 mmol/L IPTG 55 4 h
J& , KR FRELL A PR AR IE A3k e T
AR ST R AR T R, 75 B 2H 2 1 S G il PR A
FIRMIZ

A PRAFN H B E A sLF253 Zad— RF 1758
BOAGIN B R0 S S SRR
PE WFEBIRTER YA T4 2202/ ) BB g 4
JLZR J774A.1 Fl RAW 264.7 , X000 2 AR AU
AWFTEN LR J774A.1 AOVE A PFAT sLF253 il LF
By BRI B RE R IEEANIL, F AT
Tl 4 14 sLF253 2 AT BT ] 4 1 LR B e Rt 14
53 A TR BE 8 R AT IR B L R R TR A, MEHTAE
Y S TGN TE R, S5 R sLF253 Y

sLF253 HETEAR NSt IBOL R, BA —E 1
PRIPVERT, A R B R FHANMEL,

i REYUAR R AR A B LR S Y — . A
SRR — SRS R R T A A EA
Fr A i AR A (R e BRI, ik = =A%, 4H
M R AERE , e AR B R, IF H RUR MU ATE
NN 1 5155 e NBURRBTAR B N M, TR Ay B
SEREBUARR R G, BT AT
J A, BT AR A U E AT e 23 AT, XELAH
FEH, ARXT TR RO, B T AR B
sLF253 S HJEARE S PA RIAR G HIGHEL 1, Sk
SIS R R I BB R R 1 RE T R

H ET R ALY SR VARG I RS 1 T
PE T DA B AR v R — P2 4 R
JEE LR B TT I, AR SR E 1, AR T 22
RABETE ., EXF B ) R BLAE AR YT 7k
SR BT Pl Z — 3P PA $Lik Bt LF/EF $1
KDL KBTI TARSE AXS T PA, XS LA LF 3
FPE P FE R 3D AR ST ARAR 1Y) sLF253 2R
TEARINSZES XTI A 95% -3 3, 9120 K
PR PRI VS B0 SR B 2 2 AR 1 sLF253 195 &
s 60 pg DL EATER R FA0T, 1 H. sLF253 2
BA A EEE, Prsse iR, BATR S MM
{8 [R1EsF TR TR A B RIAHOR B il a5
fAT B 7 i A i AR LA ARG 45 1 sLF253 25 1
W Ay i —2B I SR B R RE B BEE T Al
(&% 30wk ]
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