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Detection of Botulinum Neurotoxin Type A by In Vitro
Bioassay Based on Endopeptidase Activity

Yun Jeong Kim, Joung Hee Baek, Jeong-Hee Kim, Bong Su Kim, Gi-eun Rhie,
Cheon-Kwon Yoo and Na-Ri Shin*

Division of High-risk Pathogen Research, Center for Infectious Diseases, National Institute of Health, Seoul, Korea

Botulinum neurotoxin type A (BoNT/A) is a metalloprotease that cleaves SNAP-25 (synaptosome-associated protein
of 25 kDa), a specific cellular protein essential for neurotransmitter release. As well as mouse bioassay to detect
BoNT/A, various assay methods based on its endopeptidase activity have been developed. In this study, we tried to
develop a BoNT/A assay system using recombinant SNAP-25 with glutathione S-transferase (GST) tags at both termini
as substrate. The recombinant GST-SNAP-25-GST with 70 kDa was expressed and purified in E. coli and synthesized
N-terminal 50 kDa and C-terminal 25 kDa fragment after cleavage at the Gln,g;-Arg;es bond by BoNT/A. To detect
both fragments, we obtained rabbit antisera against peptides corresponding to the cleaved ends of each fragment. In the
western blotting, the N-terminal fragment was detected by the antibody specifically recognizing the newly exposed
C-terminus (corresponding to amino acid residue 191-197). This assay system was able to detect until 3.125 ng of
BoNT/A, which corresponded to about 90 fold LDs, in mice. These results suggest that the in vitro endopeptidase assay
developed in this study would replace others to detect BoNT/A.
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transfer (FRET), mass spectrometry 5©] 17531 AT} (14).

wEha] E Ao A= BoNT/AS] & Letoll glutathione
S-transferase (GST) tagE AAIZ] #3237 GST-SNAP-25-
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CAGCATGCGTGTTGC)Z #|%Hsle] PCRES 423333t}
(Bioneer, Dagjeon, Korea). 4], 1 ul mouse ¢cDNA library (1
pg/wl) (Takara, Otsu, Japan), 0.1 ul LA Taq DNA polymerase
(5 U/pl) (Takara), 2.5 pl 10X enzyme reaction buffer, 10 mM
9] dNTP mix, 2.5 ul®] MgCl, 2 2} 10 pmol2] primer set
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PCR WHg-2 94CollA 53t A2 §, 94ColA 45%,
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(New England Biolabs)® #2341}, ABI prism BigDye
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Bolll= *2lake] &1sledt). o] Zef=u]= pDEST ™24/
SNAP-255 T}A] EcoRIS.® A 2|3k §- SNAP-25-GST 4
H-S pGEX-2T vector (GE Healthcare, Buckinghamshire, UK)
of T AFEA ANF2 dLEto] SNAP-259]
& Dol GST tagZ7 233 & WE] pGEX-2T/SNAP-
252 s HFEH o2 %3 pGEX-2T/SNAP-25
HE]S Rossetta’ (DE3) pLysS competent cell (Novagen,
Madison, WI, USA)°ll & 3kslo] GST-SNAP-25-GSTE
Wlshs #FE d55k%on, o= BamHIS A28t
o sHlaol).
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homiE AAlste] FHlEI. =, FEHEE E coli
£ 0.1 mM IPTG, ampicillin (100 pg/ml, Sigma, St. Lois, MO,
USA) 2 chloramphenicol (34 pg/ml, Sigma)©] *23Hd LB
brotholl ] 30C, 180 rpm&] Ao & oF 4A7F A ehu]ok
gk ¥, 3,000 rpm, 4ColA] 10i7F YAlEElste] M A
AES 3]31th WA E-S RIPA buffer (25 mM Tris-HCI,
5 mM EDTA, 500 mM NaCl, 1% NP40, 10% glycerol, pH
7.5) 5 mlol] F-HF-A1A 383F 2532 g 2 12,000
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Figure 1. The schematic description of SNAP-25 sequence
tagged with glutathione S-transferase (GST) at both termini. The
number of amino acid residues corresponds to the sequence from
native mouse SNAP-25. The peptide bond site of SNAP-25 cleaved
by BoNT/A is between Gjg7-Agg as indicated.in the SNAP-25.
Two black boxes indicate the amino acid sequences of peptides
synthesized to produce rabbit antisera.
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agarose bead (20 pl/1 mg protein) (Invitrogen)2} =3k T,
el A 2413 RESAIZITE Agaroseol] 2w £
glutathione elution buffer (10 mM reduced glutathione, 50 mM
Tris-HCL, pH 8.0)& ©]-&3l] elatglom, 7415 &3l
2] TE o] pufferS toxin assay buffer (50 mM HEPES,
2 mM DTT % 20 uM ZnCl,, pH 74)2 18Ha}3it} F24
oo 553kl BCA™ protein assay kit (Pierce, Rockford, IL,
USA)= Tl S A5k 9™, 10% SDS-PAGE gelll
7195t T dEs SRl
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oAl B (Tigy—=>C) 52 H7F (GouO)E oF] it &
71& 9JH]$} (Fig. 1), PeptronAl (Daejeon, Korea)oll 7+
A Hetol=ol ik 7] FdH ks o F8kelnh
FEAL 7 Jepel=d F vielY] E7E ARgsto] A
ZFeFal oM, SNAP-25 10,0 tHEE FEH& 247+ CRIRI
7} CRI-R2, SNAP-25,055,°l TH7F &H 45 27} RATRI
3} RAT-R22} WHaGleh Alxg E7] A5 7 3
Elo]=o]] thgt Hk-g 5= enzyme-linked immunosorbent
assay (ELISA)E ©]-&sto] gRlsigit). =, 7t Jleto|=E
0.1 pg/mle] =% coating buffer (0.1 M sodium carbonate,
pH 9.6)° 3]413+ 3 96-well ELISA plate®ll welld 100 pl



32

YJ Kim, et al.

97 => -
y 75 kDa
6 75 kDa 66> -‘- 6
45> W= .

Figure 2. The recombinant GST-SNAP-25-GST proteins in the expression and purification steps. (A) Samples from the each step were
separated on 10% SDS-PAGE gel and visualized with Coomassie blue staining. Lane 1, protein markers; lane 2, transformed E. coli before
IPTG induction; lane 3, transformed E. coli after IPTG induction for 4 h; lane 4, a sonicated bacterial pellet; lane 5, input sample for
glutathione affinity; lane 6, flow-through in glutathione affinity; lane 7, GST-SNAP-25-GST purified with glutathione bead. (B) The purity
of recombinant GST-SNAP-25-GST was confirmed by SDS-PAGE. Recombinant GST-SNAP-25-GST purified with glutathione bead
was buffer-changed by dialysis and concentrated. Lane 1, protein markers; lane 2, the final product of recombinant GST-SNAP-25-GST

purified from culture supernatant of transformed E. coli.
A EFEAL 4TColA R W8k coatingSHA T 7t
wellS tween 20°] % 7}%l PBS (tween 20-PBS)Z 33] A
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0.4% OPD (Sigma)E ©]-&-35}o] 304
=7egich

=

rol

HA|

£
AW

Endopeptidase assay 2 &

Endopeptidase assay™= BoNT/AZ ATdl SNAP-25%
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HA] 360 pgel BoNT/AE toxin reduction buffer (50 mM
HEPES, 10 mM DTT, 1 mM NaCl % 20 uM ZnCl,, pH 7.4)
o} 111 (viv)E E83le] 37Tl 3083 A0 &
9% BoNT/Ad GST-SNAP-25-GSTE & F% 40
uMo] =% #7138}l toxin assay buffer (50 mM HEPES,
20 mM DTT % 20 UM ZnCl, pH 74)% & Z 10 k= [l
U 37ColA 4A17F WA AT REGAI S
SDS-PAGE® A &3} nitrocellulose membrane®ll &
71 s, 383 CRI-R1 (1:500)3} alkaline phosphatase
conjugated anti-mouse IgG (1:1,000)8 2402 242} 2
AJZF 59F AR $ NBT-BCIPE HA1519I Lk BoNT/A

o i3t HZE3HAIFL (detection limit)S U BoNT/AS
21} A 84 3}to] endopeptidase assayS 9} &S

M= GST-SNAP—25—GST HH

29| el

HEYw AY 54 gk 714 gnsl] flst &
dtoll GST tage] Z2EH A3 SNAP-25 w2 (GST-
SNAP-25-GST)S &3l pGEX-2T HEHE A &35t
o] Wlg 2 JAA3sE E. coliZ IPTGE inductiondF 3
SDS-PAGEZ #2493t A=}, ¢F 75 kDa A2 Thilgdo
4% Q0™ glutathione agarose beadol|] 2]3| H2]F =
= z“ﬂo}aiv} (Fig. 2). o] =3 a2 A9
AL 538 E coli ¥l 1 LT oF 15 mgo] 35591
o

™, Western blot #4194 SNAP-25 | Elo]=09] tj3t
|

Jolo o A

FE A7 k-3t (Fig. 3 2 4).
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Ashe FIAE Axsr] flsted F 9] FEol=
(SNAP-25,91.197 2 SNAP-25,05,0) 5 A2} 5 (Fig. 1), 7}
7 2vke] o] B71RAE olo] Wik S 2
Az 247ke] ¥4 ELISAR B7hsiglon, 1 4



Endopeptidase Assay for BONT/A Detection

Qo ..

16F
1.4}
£ 12} —+— CRI-R1
o 1.0} —=-CRI-R2
g 08} —&— Negative
O 06F
0.4F
0.2
L —— S S G W
0.0
1000 5000 10000 50000 100000
Serum Dilution
CRI-R1 CRI-R2
97 kDal. 97 kDa}
66 kDal- 66 kDa |
— | €=50kDa -
45 kDal - 45 kDa € 50kDa
31 kDa|*
31 kDa| -
21 kDa 21 kDal.
M 123 4 M 12 3 4

33
® ..
16F
1.4F
£ 12} ——RAT-R1
o 1.0F —=—RAT-R2
g 08 —&— Negative
O 06F
041
021 — o .
0.0 L 1 1
1000 5000 10000 S0000 100000
Serum Dilution
RAT-R1 RAT-R2
97 kDa| - 97 kDa
66 kDa| - 66 kDa
45 kDa 45 kDa
31 kDal <« 25kDa 3102 € 25kDa
21 kDa|~ 21 kDa
M 12 3 4 M1 2 3 4

Figure 3. Efficacy measurement of anti-SNAP-25 antisera. The antisera were raised against peptides around newly exposed termini of
the SNAP-25 fragments cleaved by BoNT/A from rabbits. (A) ELISA analysis of CRI-R1 and CRI-R2 antisera. These antisera were raised
against peptides around newly exposed terminus of N-terminal SNAP-25 fragment by toxin. (B) ELISA analysis of RAT-R1 and RAT-R2
antisera. These antisera were raised against peptides around newly exposed terminus of C-terminal SNAP-25 fragment by toxin. Western
blot analysis with CRI-R1 and CRI-R2 (C) and RAT-R1 and RAT-R2 (D) antisera after endopeptidase assay. Forty micromoles of GST-
SNAP-25-GST were reacted with 360 pg of BoNT/A in 10 pl for 4 h at 37°C, separated in 10% SDS-PAGE, and analyzed by western
blotting with sera. The antisera detected about 50 kDa N-terminal fragment of SNAP-25 cleaved by active BoNT/A. GST (3 pg) was used
as a negative control. Lane M, protein markers; lane 1, GST only; lane 2, GST reacted with BoNT/A; lane 3, GST-SNAP-25-GST only;

Lane 4, GST-SNAP-25-GST reacted with BoNT/A.
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A3 A3 vEhdth

BoNT/A0| CH8t endopeptidase assay & ZHAE8H

PAREDS|
HA Bo

FAIZ] BoNT/ASE 75 kDa2] GST-SNAP-25-GSTE
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Figure 4. Detective sensitivity of BoNT/A in the endopeptidase assay using GST-SNAP-25-GST. (A) SDS-PAGE analysis. Forty
micromoles of GST-SNAP-25-GST were reacted with various concentrations of BONT/A in 10 pl for 4 h at 37°C, separated in 10% SDS-
PAGE and visualized with Coomassie blue staining to detect 50 kDa N-terminal fragment of SNAP-25 (arrow). (B) Western blot analysis
with anti-SNAP-25 antiserum. After the reaction by BoNT/A with the indicated concentrations and separation in SDS-PAGE with the
same procedure described in (A), the products of GST-SNAP-25-GST were detected with CRI-R1 antiserum, which detect only 50 kDa
N-terminal fragment of SNAP-25 (arrow). The undigested full-length GST-SNAP-25-GST was detected weakly around 75 kDa.

O 2 625 ng®] BoNT/AZFA| & 7153+ O, Western
blotel A= 3.125 nge] 4744 &3] FHAS o]&
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v o] RIHghe BT} (Fig. 4). HE=3F o) A
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BEZE 54E endopeptidase] TS 7HA|aL o]
HPult} 5o0]A 92 target peptidec] 2H&3h= HAo =

dH A 9o (15), BoNT/AS]l 7% SNAP-252] Gor
Az AFO12] peptide bondE Sol¥ oz duksl= Ho=R
HAEJAT (16). weEbA & AgelAe ol2gt 54
o]-gato] BoNT/AS A4 A&aA #Ed 5 %l “ in

vitro 54 XS 7k

|
mlo

1

stazt siglow, ol& 46}04
540 g428717E o] &8Gith =, E. coliellA] 2
3k A 23 SNAP-25 Wl A8 BoNT/ASE WHS-AJIZ &
SNAP-259] Hth H-9lo] gypd o=z A= A E o
g3lo] SNAP-25 AH AHES Bt S 33T
AR B AFZE 23] endopeptise assayH 7l
who]] ThoFsE SNAP-25 A %3 whldo] 71d7 A8y
o] gt} NEool| GST7F A+ o] %= GST-SNAP-25,
BoNT/A cleavage site”} ¥ 3}%F SNAP-25 peptide (biotin-
SNAP25 g7005-biotin - 2 SNAP-25,34,0-MBP) 2 GST-
SNAP-25-Hiss ‘s-©] ©o]#lgh A4 e] 7] d=2 AHg¥ vt
ALk (17~19). o5 F &> dolo] A3 SNAP-25
peptide"é—J_ 29] 712424 full-length SNAP-259F 22
98 7H A e Ao ® Rt (6). B Al
1“ olgjgt AF AE FHarste] SNAP-25¢] ¢ Heh
o GST tagE Z+= 9F 75 kDa GST-SNAP-25-GST |3
s Azxste] B NT/A°ﬂ gk 71d 2 ARl
A2 e 4d W2 A M g2 IPTG induction
Al RSl AEF o XEL% LA Z o, F T
GST tagging> glutathione agarose bead®l 2]gF Thulzl o]
FEAR! 25 7Fsatl aRSith & ATl A= E. coli
Hiked 1 L oF 15 mge] Axd WA 3]5slo

™, ©]3= endopeptidase assay <3| HAG <F 3 pg2l 7|
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B Oﬂ?oﬂxﬂt BoNT/A°] <fal Ack
=% 919 fetel= itk B7] FEAS 7
313t 1 23} SNAP-251.107 (CRI-R1 2 CRI-R2)
SNAP-25,05004 (RAT-R1 2 RATR2)°ﬂ st JdH 25
Zyzkol 3 Setol=ol WS eE yehy o ws A7t
A2 YA 1-1@1? t} (Fig. 3A 2 3B).
1}, endopeptidase assay ZI}ol|4] CRI-R19} CRI-R2
© BoNT/A®l 93l AdE 50 kDao] N2 EHS
3k WbH, RAT-R19} RAT-R2 &A= 25 kDao] CEeh
k= A o= YERT (Fig. 3C % 3D).
o] olvl= BoNT/AY ]3] AAE CUek SNAP-25 A
Aol M2 NI =3 397} 33k FFof| mjE=5o]
T ofal 1AE F W] wWEow FAET o]
o] AE wgom fetol=o] tigh whgAdo] 71
$-8FaL SNAP-25 NEE A o] =& F91E5 BXE
21+ CRI-R1 AE BoNT/A BA|E 93 endopeptidase
assay®l 2-&-% A= A3k

B AFol|A 73t endopeptidase assaye] 74-F-, HE
2 A, C % EF H427F 38495 SNAP-25E target
peptide= <Q121%tt} &2t BoNT/AC] <fs Aot
SNAP-25 Nt o] =& H-9Jof| A3st= SAE
ARESE7] ol e HAaFe ofgk wAEEES gl
Ao g AlgHtt 12y, Western blot 230l A endo-
peptidase assay©l] AF8-3F &3)|7] BoNT/Ad WH§-3}4] &
2 75 kDa2] AZ3 GST-SNAP-25-GST il doj ofs}
Al Afshe= Ao® yEntth ol iwkEe] GST-
SNAP-GST7} Aoty %] ¢ka1 dolgls 79 CRI-R1 &
Ao} oFgk Aol dojub= Fom AZEE, o] H|E
o4 ZAgtolgl7|Hl= CRIR1 FAE Ailsh7] 9]ate]
A Feto] =& ARESIS7] wiell CRI-RI 347} of
el A7IAE S Q1A k] AIAE F97F At
wE HF¥nt olyzt ¢F7Fe] native SNAP F-915
F3Felr] ufizo] 2 Al BEY 2 s=
(360 pg)d E4= o] &
blotoll A+= 75 kDa2] GST-SNAP-25-GST W=7} A& &
AW A gkekor} (Fig. 3¢ 2 3D), @& FE 5
(0~6.25 ng)9] 545 A83 45 75 kDao] W=7} oF
A WhgEksi o, olEgt A= 9l FAS A%
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testing®] B Q3 A5 F&H AHEE F oget @
Tk

AukA o2 FAE 0|8 2P ELISAW o] 1HA
Sl 2 Aol A= endopeptidase assaye] ZAI}E 3l
a17] $15ke] SDS-PAGE %! Western blott]-S 288} Tk
ol olzfst WS B3l 75 kDa2] GST-SNAP-25-GST
7} Hahol o8 EElE S SteR FRlskal, sl
% GST-SNAP-25-GSTell &7} Aejx o=z Agshs 3
Ao rH HA4E GAske dl Slo] H|5o]F whgol
o)%k 9lUA AE A|ASH= ©l SDS-PAGE 2 Western
blot®©] ELISAX.T} &34 olel= ol nlg-S T3tk
2 A5 A A endopeptise assay HHs- AZHE-S SDS-
PAGEZ H3& u] oF 50 kDa¥} °F 25 kDa2] W=7}t &
otoz AU (Fig. 4A). ©]= A% GST-SNAP-
25-GST Yz o] BoNT/Aol o]&) dte o] F 7o) 2
Efo] =7t AR E S-S orlatH, tholrt 2 ARl A
A %3 2§ GST-SNAP-25-GST T do] I 217
AM|3Eol| EA 3= native SNAP-259} tE7FA| 2 BoNT/A
of tigt 7|42 AR Thedhe Holgs At &
AT} (5, 6). LEIL}, endopeptidase assay 2 3}-E SDS-PAGE
2 gRlstux} sk 4% 62.5 ng ©]%2] BoNT/A7} 2
T A= v W2 AR FRlEAT $Hy
endopeptidase assay2] 23S Western bloto.2 221
- 3.125 ng2] BoNT/ASI A% F 50 kDa2] NHGh
o] |AEo], REYE AY i Oig HE
SDS-PAGE ¥ <IAgrT} oF 208) A% 7}t
(Fig. 4B). o|&|3t A5 549 nhe-2 =DA% (2.

> 10" mouse ip. LDsymg)°l thddt Az} oF 90 LDy <]
AZARLE 7= o Z YT &, 2 ATelA]
geolgt AZEIAZLS Hallis 5 (20)°] Bi1d+ AS3h
7k (200 LDs)Hth oF 228) o)A} ko) Ekong
(18)°] H.313k Fk (0.2~1.0 LDs)H.tH= Yo} g5 wizk
FFe AT A9 FIHH LR o]Foxof & Ao
AR ET, ol PF=HY HY T S8 N
AL Aoz oadt (21).
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