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Abstract Botulinum neurotoxin (BoNT/A) is a neurotoxin that selectively attacks the peripheral cholinergic nerve
endings. It is produced by Gram -positive, endospore-forming strict anaerobic bacteria, Clostridium botulinum. Since
BoNT/A could be a biothreat agent, as well as a contaminator of food and water supplies, the development of
sensitive assays for toxin detection and potent antitoxin for the treatment of intoxication is necessary. In this study,
for the purpose of producing monoclonal antibodies (mAbs) that are capable of neutralizing Botulinum neurotoxin type
A (BoNT/A), scFv (single-chain variable domain fragment) libraries from the rabbit antisera against BoNT/A was
fused to a human IgG. The resulting recombinant scFvIigG antibody protein was expressed in stable cell lines and
was purified using a protein A affinity chromatography. The efficacy of scFvigG mAb was confirmed by ELISA and
was evaluated for the neutralization of BoNT/A in vivo. Such an in vivo toxin neutralization assay was performed
using mice. Although scFvigG antibody proteins (10 ug) failed to fully protect the mice challenged with BoNT/A
(100,000 LD50), it significantly prolonged the survival time. These results suggest that scFvigG mAb may be capable
of neutralizing BoNT/A single-chain variable domain fragment.
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neutralization assay, monoclonal antibody(mAb), scFv(single-chain variable domain fragment)

"Corresponding Author : Mieyoung Choi(Sun Moon Univ.)

Tel: +82-41-530-2274 email: choimy@sunmoon.ac.kr

Received November 15, 2016 Revised December 1, 2016
Accepted January 6, 2017 Published January 31, 2017

295



S| Eerel=EA] Asd AL, 2017

1. M2

BEdw AE5LE A
37144 Al BEE]s v (Clostridium botulinum)©.
Z5E RhEolA] =), ALkd FdAl w77k
AAB~GH) FHoR FEETE 1 FolA F2 AFe]
Zﬂ°ﬂ 7HE A Ao defA SIHl]. BEdw
G2 WA shte] E2R1E =(150 kDa, W&
€ o]'EH)i HE Foll EYAlA AR e dEef g
(trypsine-like protease)oll ©]al 2|1 &3} FHj= =
=, o)A C B9 F3f(heavy(H) chain: 100 kDa)
S} N geke] A8(light(L) chain: 50 kDa)e] F %
0]3}8H4 Sh(disulfide bond) o2 AZAE F-Zo|t}2]. A
el e BEY ¢ £IAE vt 24

Uk (presynaptic nerve
e AEdR fFYdch

S RS Qo) a4

/\0]

o] 7
1w

Zpol

- T
T EAE

2~
R

(

ATH6,7]. ~
Z 8} (chemical antagonist)= §i 7;4\3
A Jom FE(FE Dl FHg 54 9
A Al Fogke W] FAg
[8]. frARAlel Sls AEHHY
EHF T A4 98 2kl
oF 4 AwA %
W= 2ol
A A7 A
AT 542 E%
stete A FAE 7HHEL‘3H‘413’— a
AUt o & flote] WA ol A 2g=Es
Hoz &HZ scFv 74AH11]E BoNT/AZ

A

Al
hl

i(BoNT/A) =

=
EA4

296

o
>

o,

tjo

Western blotting
o digt F852 in vivo

2.1 scFvigG
o] A3 A ’\]'
3 Kg, 15589
BoNT/A+ Miprolab (Germany)/\]—oﬂﬁ <
sTh BEEw E70l FA}e}17]

H=gt

ZA 3 B oF
< 9814 3 (Samtako, Korea),
ato] ARG
el A

e
Hﬂ
)

=45

Hod g5 2ottt 2 mele] E7el 500 plol B¢k
2 T2 E &1 7 A (Freund's Incomplete Adjuvant)

T
E70e) A @ A H FAs A WY 8% F, K7

Holo o

S| AN 7| FA] FAE Kol EY RNA(total RNA)
FEogTh aH\;j @Al (random hexamers)?} &7
A} & A(superscript  reverse

USA)E AH&3te] EY RNAZHE ¢DNA libraryS &
AJt9ith. o] cDNAZSE Zelo|n| 32E] 6 (Table 1)
= o]&ste] FAGMAL] BAE AlEe] TPAR-S(Vy,
variable region of heavy chain) f-3x}<} A he) 2 o]
7P AFES] ZFHE-Q|(VL, variable region of light
chain) A& PCR (polymerase chain reaction, &3
A AMSE SEet] AU FH IV, AR
Vi 322 Vy-LINKER(Gly,Ser); -Viol @ 4
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Table 1. Sequence of primers

1 Linker forward | 5’GGCACCCTGGTCACTGTCTCTTCA 3’

. 5’TGGAGTCTGGGTCATCACGACATCCGAT
Linker reverse s

3 VH forward  |S’ATGGAGACTGGGCTGCGCTGGCTTCTC 3’
4 VH reverse 5’TGAAGAGACAGTGACCAGGGTGCC 3’
5 VL forward 5’GCGGATCGGAE%"{%G%",GATGACCCAGAC
6 VL reverse 5’ACCACCTCGGWYCCTCCGCCGAAA 3’

5’CCGGAATTCATGGAGACTGGGCTGCGCT
scFv forward GG 3

5’AAAACTGCAGGTTTACCTTTGACCACCAC
scFv reverse

CTCGG 3
2.2 scFvigG mAb THEHEIo| HiG gl M|
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WA o] F3b5g B8] Qo] A 313t ARvED
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USA)S AR&31e] CHO-DUKX (ATCC, USA) Ao
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A (Amersham Pharmacia, UK)E AF8-3lo] A5
olu] FPLC(Fast
(Amersham Pharmacia, UK)E ©]83l313, AA|E 8
(fraction)& =7 X.o} Amicon Ultra 30 kDa #|3t L H
(cut-off filter) (Millipore, USA)Z A}-g&3to] ghuld &
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10mM Na,HPO;, 2.7mM KCI, 1.8mM KH,PO,
(pHis7.4))Z FAg Fol| in vivo gl A831%
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2.3 ELISA(enzyme—linked immunosorbent

assay, SAHIAEAMH)
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FBS, 5 % sucrose, 0.05 % sodium azide)= 7}l
Ao A 1AIZE 30% gkg-ste]  Adakich
scFvIgG mAbE ¥38}lal 9= AE vjkS- 100ul &

WA Lol AL Lol 147 302 Fok whgs

DA

p
L

p

L

s

ATt scFvlgGel Afie HEAHo|=7t Ajtd
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st AT TMB  (3,3°,5,5- Tetra methyl
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(KPL, USA)E ol-&3e] 4| g #4092 5334

31, Microplate Reader (BIO-RAD)E A}-8-314 655 nm
ol A &34 =(Optical Density, 0.D)E =43}t

2.4 Western blotting(YIAE 23H)

AA Y GlAS 10 % SDS-polyacrylamide gelol| A
A719% o] @ulde] A715 ARt 719538t
o Fed @i dS WHE Yl (polyvinylidene fluoride
transfer membrane) (Pall. Corporation, USA)2.2 %17]

Fedtel KAt WEYRlE 5 % AR 23 PBS
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Fig. 1. PCR products of Vu,Vi,andscFv
lane 1:Vyi, lane 2:Vy, lane 3:scFv, M:DNA size
standard 1kb ladder

#
uncut cut

CR3-5cFv IgG

660 bp

(@) (b)

Fig. 2. Confirmation of recombinant plasmid pCR3-scFvIgG(#1)
by EcoRl/Xbal digestion
(a) Diagram of the pCR3 expression vector
containing the scFv(VH, linker, VL) and human IgG
cDNA. (b) Agarose gel electrophoresis of
pCR3-scFvIgG(#1) M : DNA size standard 1kb
ladder, Lane 1 : uncut DNA, Lane 2 : The insert
DNA (scFvIigG gene, 1560 bp) was obtained after
cleavage with EcoRI and Xbal.
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A ks AL o 5= At 1Y 4.). o]ek= HjF
2 o 2, negative control 2 A-8-%H 1gG+= BoNT/A¢] &k
S3A] Sttt o] A= scFvligG mAb#1-1, #1-2)°]
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Fig. 3. Western blotting analysis
The scFvlgG protein was purified using protein
A affinity chromatography. Proteins were
separated on a 10% SDS-PAGE gel and were
analyzed by Western blotting with peroxidase
conjugated goat anti-human IgG antibody.

—+— polyclonal anti-BoNT/A Ab
scFvlgG #1-2
IgG

Optical Density(655nm)

g =
0039063 0078125 0.15625 03125 0625 125 25
Concentration(ug)

Fig. 4. ELISA(enzyme-linked immunosorbent assay)
96-well plates were coated with BoNT/A.
scFvigG was added and incubated. The binding
of scFvIgG was detected via peroxidase conjugated
goat anti-human IgG.

3.3 scFvigG mAb2| BoNT/AO| CHSt =M
Ests 24
BoNT/A°l t&t scFvlgG mAbSY] F3l5S Al E3e}7]
215t ICR w945 o] 83819 in vivool A H4 53}
24 A3S FH3Th BoNT/AY AEdd=s
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! ---v--- BoNT/A + scFvlgG #1-1
3 0 et 9~ BoNT/A+ scFylgG #1-2

Survial(A No. of mouse)

k) 40 50
Time(hours)

Fig. 5. In vivo toxin neutralization assay
The mixture of ten microgram of scFvIgG Ab
and BoNT/A was injected intraperitoneally in
mice. The time to death and the survival
number of mice were determined.
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