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Abstract: The light chain of botulinum neurotoxin is the catalytic domain as zinc dependent metallopro-
tease. By X ray analyze its structure and some literature reports suggested that, Arg362 and Tyr365 of
BoNT/A light chain may be directly involved in catalysis, Glu350 apparently occupies a central position in
the active site. Site directed mutagenesis have been used to change these amino acids (Arg362Ala,
Tyr365Phe, Glu350Ala), then the mutation of the BoNT/A light chain was gotten. When the SNAP-25 was
mixed with BoNT/A Le, the reaction result between the enzyme and substrate showed that BoNT/A Le can
cleave its substrate at Q197-R198, but the BoNT/A LC mutant has no enzymatic activity. It certificates that
the toxicity of BoONT/A was removed successfully, and can be considerd as foundation of studying recombi-
nant holotoxoid vaccine against Botulism serotype A.
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A 75 1 22 7 2% (Botulinum neurotoxin, BoNT)
S S e AR RSR R 2 —, B EERLR
A (Clostridium botulinum ) TERE SR e
A, 7 RE R (A~G). Hirh, A % BoNT #
Pefsim, ANBREBEFEE LD {h 0.1~1 ngkg .
R R EHIE— W5, (HRED &
IBBER R . aE e B TR I R 2R A i R 2
16975 BRI BoNT — B LARAR B [ PRt 29A
e L AR B A R R 2 — , R Y
AW EE B R L AR, TR E R 8 | P ECR
VI XA R kA, Wk, X
BoNT % Hi WFR A T4y BRI E L.

BoNT/A TEL5H) L4 A WER 4y . #24%(LC, 50
kD) iSRS, HAT BRI 4R I KB S
PE, 2B RIS, BoNT/A B Y 2
SNAP-25, LC A] DL iH 5] SNAP-25 | ) Q197-
R198 {7 5, WX H AT R S U0k, e
Sl AN, EEE(HC, 100 kD) F 2R 2
ST N AR SZAARLE A L TE NRERE P AR
B E B LC #0740 WA S 3
B 57 45 40 B8 (Hy) AN GE A 45 8 (He) , He XA] 43
) He 1 He W%Bﬁ\m. Eﬂiﬂ% HPEBEIL AR BONT
FEV , O CEARIE L e, BIANfa] J:BRk BoNT
). R BRI A R b e tE. BN
SMNTE L 25 B8R BoNT EV #EA T 1T, B1E
AR LR, (R BRI AT, s 2
REWBURTERAT , (Hf 5 i B TP A AEAR K fa s
PRI ZR 81 50 e ) A, FRATT 2R 2 SR HOK) BoNT/A
RS 1 v O B P 2 SRR AN RS AE T
B, UIRBRILA R B IR s, A SO RIE T
BET M Z e, Ny Eek . TRmEA
BoNT/A J2 1 (il £ 1 SEA.

1 #M#57%

1.1 BEHRFARAL

A BIH B (Clostridium botulinum )62A A
A R AE 1 [ PR AR fE AR (GenBank % 565 .
M30196.1); E.coli 5 £, BL21 (DE3) 4 H
Takara A7 ;5 JEAZF K AR pET32a FIH F R
A R BB RAE Y SNAP-25 4 JFURL pET22b-
SNAP JFTki A 2 (R AF.
1.2 TEEBMEZAF

T,DNA £/, FREEN VI BamH 1. Xho 1
W4 H 22 E NEB w5 FURLRBGAT & e Rk

5 & & IPTG W H Promega /ST PMD-18T #;
& 1 TagDNA B4 B H Takara 23 6] ; HT BoNT/
A L E T B DAL M AP BT s HRP FRid
HIEHT S 1gG W B Santa 23 . QuikChange Light-
ing 72 SRR & A STRATAGENE 2 .
1.3 BoNT/A LC EE i PCR ¥ 1¥

K4 GenBank H11%) BoNT/A 55E LK ¥4,
WAF—XF #5149 : 5" -CGggatccCAATTTGT-
TAATAAACAATT #1 5" -GTAAActcgagTGCCT-
TATTGTATCCTTT, 4351 A BamH 1. Xho 1 [i§1]
i, 519 H Invitrogen A Rl S R, DL A AU R B
M TR I L WA AR AT PCR 37345, 734 =1 &
1% B Jg B Bt e B 3k , DA TaKaRa 28 #] )
DI.2000Marker #ff 58 K /)N.
14 [FizFKiEEHE pET32a-LC R E =T
BE5EF

Halifbi?) PCR =it T 8k, ¥4k E.coli
DHSa, PCR %8 % () FH 4 5 41 54 ] BamH 1 F1
Xho 1 MG Y), B BoNT/A-LC B, i/ T,
DNA 4§22 -5 28 [F) B FH OURE DI AR B () pET32a 38,
RHEAT I, P8 R R A% 2R i8R pET32a-LC.
PL pET32a-LC A5t , i} STRATAGENE /2 ]
P A o SR AR TR X i G i G g 14 O
SR 24 R R A7 1) B B 1 AT 58 A (Glu350Ala,
Arg362Ala Tyr365Phe ), LA2:BREL 5K Y16 #)
AET1, BIRARIR 4 A pET32a-mLC. K% Fkr
Ak DHSa B2, Pk BHME T 7% 12558 Invirtogen
/i il el |5 A
1.5 ZEZHBNTAREZEARHEHEHRTHEE
AHiFESRIE

4 TE 0 B EE 2 R AL B TR AR E.coli
BL21, #kidk P & 28 T 5 2w % % (100
mg/L) ) LB 85353, 37 °C i b 3%, 1:100 4%
AT LB J53E5rh, 37 CIRG R R E 0Dy M 0.6
K7, A IPTG BZMREE 1 mmol /L, 25 CHREL
BEIR 7, 4 °C.6 000 r/min &.0> 20 min IHEFH
. ARG, HCE VK E A B 30 min, 4
°C..10 000 r/min &[> 20 min, 3 FH 3 HITIE
47 SDS-PAGE HLUK, Z3#T HIWE .
1.6 EBQ4k

EARDTIE BB T A EFEZE M3 (0.02 mol/L
Na;P0,.0.5 mol/. NaCl.0.04 mol/L. C;H,N,, pH
7.4), MRS JEBCE W FRERATE A, FBERZE vh
W (0.02 mol/L. NasP0,.0.5 mol/LL NaCl.0.4 mol/L
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C:HuN,, pH 7.4) VeI, SDS-PAGE Hi ik 4>t 455
FEAEALINEE L] BoNT/A 245% LR 5 58 AR AR 1.
1.7 Western EJiF & E

4lifb I E AL BoNT/A #2482 11 S LR B o AR
{REE 148 SDS-PAGE HLIK )5 , i AR 28 Mk e
B 1.5 h, K e A B 11 A SR T R Uk )
(EH ECAH) BB EMML AR -, L WB-
B & E ] 1 h, WB-D VLR 3 5, LB BoNT/
A B EN DM (1:500) 8 —Hi, HRP FRicHy
FPL D 1gG(1:2 000) K — i, il DAB & it
17 Western E[EASIN. 135 H BURF PR B 66 X7 I
FH 2 mol/L B BRZ 1k, L2588 F K eI+
1.8 ERFEAHKEN

FRAG R 9 E2H BoNT/A LG 2511 .BoNT/
A mLC FE A S SR E A SNAP-25 & [, Xt
Bl N A 98 AR AR 1 RGP 12847 SDS-PAGE
R (2 1).

&= 1 IR R EE R

Table 1 The system of cleave reaction

Protein System of reaction/pL

SNAP-25 30 30 30 30 30 30 0

LC 0 5 10 15 20 25 25
mLC 0 25 30 35 40 45 45
2 &5

21 PCR ¥ iE BONT/A B ERE R ERTHE
E B F 54t

FIFH PCR M A U P S AR TR D MR 9 3 3] —
SEME B, 5T 1 364 bp AY BoNT/A %
FERER/N—34, I DA — 28T 1
ARSI (] 1).

M 1 2 3 4 5 6

bp

2 000
1 000

E 1 BoNT/A B#ERHERTHEERE PCR 7 E4ER
M: o-FAR & ; 1; MMt BoNT/A LC % B ; 2, 3. BoNT/

Fig.1 The amplification of BoNT/A LC and BoNT/A
mLC

M: Marker; 1: Positive contrast; 2, 3: BoNT/A LC ampli-
fication; 4, 5: BoNT/A mLC amplification; 6: Negative
contrast.

2.2 BoNT/A Zi#ER HEHRTHRRIZHEHY
BE%E

PCR F=#¥) 7€ T, DNA 3% $2 BEAE T 72 B 2
pMD-18T #f&k w1, 4k E.coli DHSa J& $k ik BH
Tk, M IERIAY DNA FBYZ: BamH 11 Xho 1
WEFYISEE , SRIFR/NHA 1364 bp 1 H 55T,
FKHHBRR O 24m A28k T (E 2).

M 1 2 3 4 5 6

B2 RARREETIRGIE

M: & F 44 ; 1~3: pET32a-LC f % ; 4~6: pET32a-
mLC M #.

Fig.2 The digested vector pET32a-LC and pET32a-
mLC

M: Marker; 1~3: The vector pET32a-LC; 4~6: The vector
pET32a-mLC.

23 BEAERERBITFEHRNIESRIE

W %5 IEHIRY pET32a-LC #1 pET32a-mLC J5i
P AL FEE TR E.coli BL21(DE3)H, £ 1mmol/
L IPTG F 25 °C, 120 v/min ¥4 % 5,
PR SDS-PAGE HLIK AT, & BLH MEATE
IS FIDIVE R B A3 A, FEXT AR TR RN R
60x10° kD, 5l () 2 21 2 1 R/ IMHAF (] 3).

W M 1 2 3 M 4 5 6

80.0— =—
60.0- =

40.0 —p—

3 BEERFEAUER

M: BOAFAF; 1. HFFAHICES; 2. HFE98LC
Y3 BN LCES; 4 FFHH mLC ES; S
FHFEH mLC &G ; 6, 4iLEe mLC & 9.

Fig.3 Expression and purification of the protein

M: Marker; 1: LC before induced; 2: LC after induced; 3:
LC expression product after purification; 4: mLC before in-

duced; 5: mLC after induced; 6: mLC expression product

after purification.

24 EFM4K

DUBRAT 4lifk T 2H BoNT/A 4 A% B g8 Ar 1A
(9 35 RE Sy, 2 SDS-PAGE HiJk Fl BCA & [1:E
TR, EALH BoNT/A BREEE W EE S,
AEIAF) 1.89 g/, 4 TotalLab G443 #r, 45
TR, HaiBE2 Ny 89% , ik e g8 A A 111
WA, } 0.97 g/L, (HAEERE] T 98%.
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2.5 Western E[ifE 5 #f s
3 i1

Western EJZR T 45 5 87, B4 BoNT/A
R S i SRR 1 AT ARG B BB BoNT B
I FH, FEAHXT 3T iR 66x10° kD AbA7 57
MIENIE ST, B RAFIPTEMEC(E 4).

M 1 2 3 4
kD
—
66.0 — =
— -

4 Western Blotting #0325 R ZERTEHEL

M: EEAARER; 1 $BEATHY LC & & ; 2. HBATH mLC
%Q; 3. LC%\?; 4. mlLC % 98.

Fig. 4 Western blotting of the protein of LC and mLC
M: Marker; 1: The protein of LC after SDS-PAGE; 2: The
protein of mLC after SDS-PAGE; 3: Western blotting of the
protein of LC; 4: Western blotting of the protein of mLC.

2.6 EMERT

Y R B MR R R R E N SR UTH
W28 % (50 mmol/L HEPES, 2 mmol/L DTT,
10 pmol/L ZnCl,, pH 7.5) #% 2:1 B BT 37 C
WHE 15 min, KRG 1 WL H 5 SNAP-25 &
FAE 37 C L0 1 h, 4 SDS-PAGE Hi ik Hr
A HE S SNAP-25 W g5 4. 25 B, Bl
H E 2 BoNT/A B8k 8 I, SNAP-25 (1)
ST, PR BE AR BRIV, TS AR A
MITCHE NG, Ui B £ SRR 2 LR 67 s i 58 A8
i, BRI R TR IS M (18] 5).

kD M 1 2 3 4 5 6 17
80.0 e
600 — = >
40.0 — == (A)
 —
300 . — = ——
kD M 1 2 3 4 5 6 17
80.0 — = : Teee——
E
) (B)
30.0 —=—

Es5 IERMrER
Fig.5 The result of cleave reaction
(A)LC & & 4= SNAP &G 4EJA ( LC cleaves SNAP)
M: Marker; 1: 30 wL SNAP; 2. 30 pL SNAP+5 pL LC;
3. 30 pL SNAP+10 pL LC; 4. 30 pL SNAP+15 pL LC;
5: 30 pL SNAP+20 pLL LC; 6. 30 pL SNAP+25 pL LC;
7. 25 nL LC.

(B)mLC & & #= SNAP & &4 A (mLC cleaves SNAP)

M. Marker; 1: 30 pL SNAP; 2. 30 wL. SNAP+25 pL
mLC; 3: 30 pL SNAP+30 pL mLC; 4: 30 pL SNAP+35
L mLC; 5: 30 pL. SNAP+40 pL mLC; 6: 30 pwL. SNAP+
45 pL mLC; 7. 45 pL mLC.

H T BoNT Pl /N (R I B3
B, M T RS, BT AT SR v i
TR 7 BT 2= F AT . Ak, EHN
XF AR R R P S TR K, e A
2/ NFI AR A R L RS BRI
FEEA EE TR EERE R 23 il Fe ik 1 BoNT/A [25E
HEMY He A0 Hy BB, T HLA S —3B 4 DL g T
KR, BA — PR, AR 5 0 B 2 A
FIH pET-21a BTk B M) 338 H 19 BoNT/A 4% &
1% B BEERREB NS A BEER A pTIG-Trx
JERFETA HY A AT PE BoNT/BHe & 104845 | {H
SEATAVFZ M) 8T 20— 58, W 1)BoNT/A
R BMERB AR, ARTRERNRERS; 2)
APt e/ NEUE , ISR A S 3)RESLE
o R I T K 1Y BoNT/A B4 11 R4 P A
I, NEEMRIFIIZE A KRR FE. N T
SEn) @, JInsmRE PR, SRR, EAh
(AR Z I AR R I T ik K Be, 27 Hp ik
K25 754, Qi Simpson 25 MIFI ) BoNT/A \B.E
“ 5 Shone Z5238 1 F 1K BoNT A #24E X #
B (RGN 25 R0 DX 2% HE Y BoNT/A (B 3. R,
i KB LKW EHRBFEEREN, NIMNHFSER
PERLM T, PRI RN e A g 1 PR 2 T ik
BR T2 T %) B R A ).

MBI R B RNEERNEKEHEE
Wi, EOEEE R LR ILE ), BoNT/A 152
HEELAT 48 N KBRS P, 2 BoNT 8 AV IG 1%
IHEEIX I, Y€ T BoNT HYBEYEAE . 76 BoNT/A
LC o, 4F45A A HEXXH 7 T45 223~227 {if,
FEORSE, X LC AW 2E G T i R FE e 5 AR
FH. D\ BoNT/A LC 19 it {425 K4 TR0 (14 5 P A7 A 7Y
7R, His223 His227.Glu262 HiE 5 Zn T i it
ALEE, T Glu224 ffF— K15 Zn i, H
H1, Glu224 X LC MEALTEPEIE s EE, (T
PR A B Y Glul34, ATRES S T kK
ff B4R 7E LCIGPE L, B fFFE — 2Bk
JZHREE, U Arg362.Tyr365 .Phe266 .Glu350 %45 ,
HEBIREAE TR AR LC TG HEH O A% 11
SR B L5 B 45 A I AR X B ARIIE LC 11
e AR R RE 0. 42 Arg362 il Tyr365, HR4E
Binz IR LB, XA EEZES S TR
BEEE R HE IR, R FORIIE T g A
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DA IR S e, RIS TA 2R
BEAL RSB 4 Jm B T, X Glu3s50 MEFTRAR,
WIRE 2 2 A AR 1 K s e, B — B
JER PR B ORI S RS A A, (A
Xof PP B R I R A X o B8 R R A T
ARSI B AL 5200 BoNT/A 5455 1% 1k rhoo i 06
BE 24 BEIR 7 A5 Glu350 . Arg362 F1 Tyr365 Ft i
%ﬁﬁﬁéﬁ KRR R FRIB A1, R
AAEVER LC Al mLC 25 1. B3 9 Fh i tlé:\jﬂJ
? BoNT/A WJEYHE 1 SNAP-25 ILF &, 71
TN, HE5 R %53 SDS-PAGE HL{j 6}1‘)? K
UK 245 () BoNT/A LC HA & AEHE M, fES
HKY) SNAP-25 & 1 R A IR O, I B —
ANBH SR AR RN, 245K BoNT/A mLC WA
HAZIG, UEHIFRAT 38 1o S Sk 2 SRR A Y
ija, PR GR T LN IKER S M, IR A
BIRHERNE S, A RIEEH 2K BoNT/
A FERMIREFAT T — RS LA,
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