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Development of Capture ELISA Using a Biotinylated Monoclonal
Antibody for Detection of Botulinum Neurotoxin Type A
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A capture enzyme-linked immunosorbent assay (capture ELISA) was developed to detect Clostridium botulinum
neurotoxin type A (BoNT/A) in assay buffer and human serum. The assay is based upon affinity-purified rabbit

polyclonal and biotinylated monoclonal antibodies directed against the BONT/A complex purified from C. botulinum
ATCC19397. For the capture ELISA, the optimized amount (2 pg/ml) of rabbit polyclonal antibody was immobilized
on ELISA plates to detect BONT/A (ranging from 0 to 500 ng/ml), which was recognized by 2 pg/ml of the monoclonal

antibody. From three independent repeated experiments, standard curves were linear over the range of 0~31.25 ng/ml
BoNT/A and the coefficients (r*) ranged from 0.9951~0.9999 for all assays. The inter-variations were typically 0.50~
6.93% and the specificity was confirmed by showing no cross-reactivity against BONT/B and /E. The detection limit of
capture ELISA was 0.488 ng/ml, which was close to mouse LDs,. In addition, application with BoNT/A-spiking human
sera showed a possibility to detect BONT/A with capture ELISA from the contaminated human sera. Taken together, the

newly developed capture ELISA could serve as a rapid and sensitive screening tool for detecting BoNT/A simultaneously

from massive specimens.
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mouse assay H.UH= W17 E7) Yo m (14), enzyme-linked
coagulation assay (ELCA) 9] 74-¢- WA LT =27 snake
venom coagulation factor 2 117}2] AJeFEo] HAQ sk A
ol w9~ Hitstrk= @do] vk (6). FHeli= Food
and Drug Administration (FDA)o|A] B 5235 54 ABEF
& FAAGE 4 = polyclonal antibodyS ©]-83%F
capture ELISAH S 7]935}51 2™ (13), Szilagyi ‘52 horse
polyclonal antibodyE ©]-8-3F capture ELISAR & 7l's}o]
Hargk vk AT} (16).
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o] ARgskQit) 2hds] 7]<shd, C. botulinum ATCC-
193975 54~ A8 WA (2% casein acid, 1% yeast extract,
0.5% glucose)ll 37TColA 48417 ot &7] w3t &
C. botulinum vl 3 N sulfuric acidE 25} o,
&l 0.2 M sodium phosphate buffer (pH 6.0)& 7}

3l =45 &9 T 94 A4S 9S 60% ammonium

sodium citrate buffer (pH 5.5)2 &3 A17]11, L3t buffer
A FA3te] 9& A4S T anion exchange column
(Pharmacia, Uppsala, Sweden)oll 283024 BoNT/AE
=] g AskITE Al =4 SDS-PAGE 2 Western blot
S AAgE § k-0l A 9] LDy E AT ZAH BoNT/
A AEZHEE FRI5I3ITE LDy 2-fold dilutions®
5714 M2 2 52 BoNT/AS ICR "H-2 (4573,
female)oll 159 8vhe]¥ HW HE3 & 1 AE o
= Reed and Muench®ioll 98l FA5te] AA st

(12).

2. E7|]2 anti—BoNT/A polyclonal antibody (PAb) 2]

=H|

Capture ELISAS 9|3t PAbi= BoNT/A toxoid®]l tlj3}e
A3k B7] FPH o mTE GAlsto] ARtk WA,
BoNT/AE formaling 04%7} ¥ %5 F7}ate] 377Cel|A
shaking el = 597+ WA|ste] FE3HA71 5 BoNT/A
toxoid 0.5 mgS Freund's adjuvant (Sigma, St. Lois, MO,
USA)Z FHAIA E7] e 25 25 (Mo 33]
ddstoltt. B7] #84e HEFHA 27 & A A"

&3l FH2M, mouse bioassayH (1)S |83t
35S g1kt &, 250 pl2] BoNT/A (10,000LDs))
£ 59| gelatin phosphate buffer (pH 62) =2 552 &
7] A} Este] Aol A 1AIZE Bt WA &
2v}2] ICR mouse®] 57 ol 22 3&ato] w22 A
& o5 = 131t} Capture ELISAS 913F PAbE &
shso] ERlel E7] FFH S = FE] protein A affinity

ool o

|

column (Amersham Biosciences, Uppsala, Sweden)2 ©]-&35}
o AAste] =nletdtt =, @33} binding buffer (20
mM sodium phosphate, pH 7.0)& 1:19] H| &= 33}
column®]l loading@+ ¥ 10 ml2] binding bufferE ©]-&-5}]
A3 2™ (1 mi/min), column®l] %3 IgGE= elution
buffer (0.1 M glycine-HCI, pH 2.7)5 A}&3o] £e]3t &
SDS-PAGE gelol]l #7195 3to 2m AA=S solsta
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HE# o2 PBS (pH 72)% FA - wFale] 20Col| Byt
a3t

3. Monoclonal antibody (MAb)2| &H| 2! biotinylation

MAb+= C. botulinum ATCC19397 248 “d A3 BoNT/A
TS o ®m ARt (FHTA (9L g
of oJFsle] Azttt MAb AZE Y3 clones 4
317 18t hybridoma cell & BoNT/B % BoNT/E]
gk 1ks- glo] BoNT/AC T Ajtsl= 12719] clones:
indirect ELISAE ©]-&3ato] WA ~38|dg &, ol&
Western blot analysisol] -85} BoNT/A-binding efficacy

7} 2= 370¢] clone (16F9, 24D1 2 28B3)S A3}t

A8 3709 cloneol| Wk w2 NS Az &
©]& capture ELISA®| Z-83}o] Z}Z}2] antigen capture
abilityS ZAFSFSITE Capture ELISAS $13F MAb:= 71
=& antigen capture abilityS 717 vl9-2~ EF4=9 (16F9)
© 25H protein G affinity column (Amercham Biosciences)
& o]83t] AHAH £ monoclonal antibody isotyping kit
(HRP/ABTS) (Pierce, Rockford, IL, USA)E ©]-&3}>] MAb
9] 1gG subclassE 2743}t

A% 7NAS 913 biotinylation 1.5 mg2] MAbES 1
ml®] PBSe 34121 - 0.02 ml©] 10 mM NHS-biotin
(Pierce)™} =313t iceoll A 2AI3F WA|gto 24 =33}
§lom™, 20 mM ammonium acetate® F233}o] AglE}A]
22 biotine A8 U3 biotinylated antibodyE 0.1 mg
A aliquotdle] 20T E#sF

4. Capture ELISA

BoNT/A°l gt capture ELISAYH> £7] PAbE capture
antibody =, biotinylated MAbZ- detection antibodyZ AF&-
sto] Zisglct. WA, E7] PAbE coating buffer (0.1 M
sodium carbonate, pH 9.6)°l 2 pg/mlo] == 3435}
welld 100 ¥ BFako] 4T a5 W3 5, PAb-
coated plateZ tween 20°] % 7}E PBS (tween 20-PBS)Z
33 AlF3ATE 1% BSAZS welld 200 wl® A7}l
37°Coll A 1AIZF REEAIZ] T, tween 20-PBSE. THA] 33
Al #3151 th BoNT/A+= tween 20-PBS B+
human serumol] 2-fold dilutions3}e] 100 plE #7138k &
37°CellAl 1A1ZF BEEAIZITE BoNT/AS]l HAIE 9l3te]
biotinylated MAb (2 pg/ml) 2 neutravidin-linked alkaline
phosphatase (2,000:1, Pierce)E =A1HZ2 well & 100 ul™

0% normal

121

581 37T A 1417 9ESAIZ] T, 2 mg/ml 2-NPP
(Sigma)E ©]-&-3to] 30&7F LA T 405 nmol| A &
B2 =459 h BoNT/Ao] t3h detection limity [Th
Z H1t%k (3 human sera (10%)) + 2 standard deviation]
E cut-off 3ol Ao, H AL intra-day 2
inter-day©ll 742} 33] o] WHEslo] AdAd E HHEAAS
ZRlstaitt.

Capture ELISAY¢] RE2]35 54 BY (BoNT/B) %
E¥ (BoNT/E)°l ™3} cross-reactivityi= BoNT/A thAl
WakoA} (Osaka, Japan)oll 4] 7943+ BoNT/B 2 BoNT/EE
2-fold dilutions3}e] A-&3Fo 2 Qs o, A AL
g dAoA e A B AN 31 AR THE 10%
human normal serum®l| 5245 31.25, 3.906, 0.4883 ng/ml®]
HES H7keE & 2 ol A&go = gk
npA O 2 D59k A4 §HAE HlALE 9)ste] Wako
Abll A 3 4, ATCC19397 2 ATCC350225-E] 4
A H425 AR B 104 ARG ) ol
LDyE Z2A% v £ el 28319 detection limitE

REReiS A
Z at

1. Capture ELISAE 2|8t standard curve & detection

limit 28

BoNT/A ©A|E 9|38t capture ELISAT E7| PAbE
capture antibody=, biotin-conjugated MAbE- detection anti-
body= AR&-3te] 7HEslgith. 7] PAbE BASH] 9
3k B7] 872 7-9- mouse bioassayS E3 BoNT/A
o et F3eS HAshal IS I3t Detection
antibody 2 A}H8-% MAbL= BoNT/A 534 5 <F 38 kDa
2] accessory protein®l] ZA3}3}3] 2™, IgG isotyping test 2
¥} IgGl subclass® -5 2ATE g PAb B MAbel| of
3k Western blot 2} BoNT/B % BoNT/El| st nixjit
€ #lo] BoNT/Aol Sol& o= Agshs Eelaaich

B Ao 73k capture ELISAT BoNT/A2] 5%
] 0~500 ng/mlell thste] AAg=AdE vERlom (Fig.
A) E3], 0914 31.25 ng/ml WA= A3 A4
ABAS (r)=09951~0.9999)S YEPH O ZH HEEE
Sl ko] wlEA oz wkg-eks glskiltt (Fig.
1B). %3+ BoNT/A (5.0<10° mouse ip. LDsy/mg)oll T3k
detection limitE [U]Z=+w" 4k (3 human sera (10%)) + 2

—
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standard deviation]E- cut-off2 3] A7t

mis] %4E $AT 5 99k

A3} 0488 ng/

2. Inter— 2! intra—assay variation

Az et capture ELISAY Q] 54 €x]o] o3k 2
3 HHEA (repeatability) 2 A @A (reproducibility)S £HQ1
3171 $15Fd BoNT/ACl Wil 13] A8 T 3 replicates
(intra-day) ©- % 33] (inter-day) 2 &S wH= A A8k 0,
T A¥= Table 13 2l =, BoNT/A9 5% 04-H
31.25 ng/mlol| th3} inter- ‘3% intra-assay variation= 3=

A
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Figure 1. Capture ELISA for detection of BoNT/A. The ELISA
was performed with a serial of 2-fold dilutions of BoNT/A ranging
from 0 to 500 ng/ml (A) and 0 to 31.25 ng/ml (B), which were
recognized by 2 pg/ml of a biotinylated anti-BoNT/A MAb.

Y J Kim, et al.

(ODyos) Atzke] 1~11% H = ¢ kg2 Ans
YERH AT
3. BoNT/B 2! BoNT/EO| CHEF cross—reactivity

BoNT/A9l| thd} capture ELISA7} UF2 389 54
o tiallA] cross-reactivity”} A=A ZAFSFGITE Cross-
reactivity'= AH REHE T F=2 {r A%
32l BoNT/B E BoNT/E] thate] Hels)sd
0~31.25 ng/ml®] 72| 54 5k W9 1‘41?‘5& =
(ODygs) 7 0.1290~0.1640 M =X HEEE AY
0 ng/mlol A EAE FF =] 0.1458~0.15613 =}o]
AATt (Fig. 2). &, BEYUE AY E421S
A e glow stk

ft
B>

o |
2

Jt o

S B M

Solqo

4. BoNT/A—spiking human serum2 O|2%} capture
ELISA

Capture ELISAW o] 34} FH o2 HE]9] 54 &5
o] A=A &5t 98k 10% normal human serum®l]

ol9H o7 WEEE AY 54 31.25 391, 0488, 0 ng/ml

25¢
—e—BoNT/A
ool |~o—BoNTR
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Figure 2. Specificity of the capture ELISA for BoNT/A
detection. The ELISA was performed with a serial of 2-fold
dilutions of BoNT/X (A, B, and E) ranging from 0 to 31.25 ng/ml.

Table 1. Intra-(reproducibility) and inter-assay variability (repeatability) of the BoNT/A ELISA's. Results are expressed as ODggs (+

standard deviation)

3125ng/ml 15.63 ng/ml 7.813 ng/ml 3.906 ng/ml 1.953 ng/ml 0.977 ng/ml 0.488 ng/ml 0.000 ng/ml mean r*°

Intra 2.1470 1.1700 0.6520 0.4067 02773 0.2063 0.1767 0.1507 09999
—variability (£0.0513)  (£0.0312) (£0.0531) (£0.0486) (£0.0070) (£0.0227) (£0.0029) (£0.0049) (£0.0004)
Inter 2.0656 1.1697 0.6680 0.4044 0.2760 02111 0.1807 0.1521 0.9989
—variability’ (£0.1431)  (£0.0245) (£0.0151) (£0.0020) (£0.0038) (£0.0043) (£0.0050) (£0.0040) (0.0026)

2 To measure intra-assay variability, three independent assays were performed by the same operator in a single day.
®To measure inter-assay Varlablhty, three independent assays were performed on separate days by the same operator.
¢ Correlation coefficients (r?) describe the linear regression lines to the standard curves
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Table 2. Comparison of the sensitivity between capture ELISA and mouse LDs, for BoONT/As prepared from various origins

BoNT/A originated from Thame by capture ELTSA (ngii) e ELISA 1Dy

Wako Co. (commercial) 2.00 * 107 0.122 2.441 LDs,
ATCC3502 (in this study) 2.70* 10° 0.061 0.165 LDy
ATCC19397 (in this study) 5.00 * 10° 0.488 0.244 LDy,

25¢1 Ale7b ofe] 2] o] Foixl vt vk (7). A BEEE

20 5ol digh FAAQ0 EF XTHH-S mouse bioassay

ojm, o] Wie HEEw H4 gAel tigh wizt=

gﬂ = (sensitivity) 2! 5-0]% (specificity)’} - =3l st

g 10 of WZol vhate] WE Sl vherl RPET Ase

DI7N7HA] S AIZE (3~4 ool QT FHellA

oo gEEe] WA Hgarlel a7 ok ok B o

0-00 E o 15 20 2% 30 3 TolA= ‘?}3@4 Ak iﬁ% owBH HEYw AY 54

BoNT/A (ng/ml) &GS HAF = AE in vito H4 =38

[—s—BoNT/A (assay buffer) --o---BoNT/A (10% serum) |

Figure 3. Detection of BoNT/A in 10% human serum by
capture ELISA. Three different 10% human serum in assay buffer
was spiked with BoNT/A at final concentrations of 32.25, 3.906
and 0.488 ng/ml. Results are expressed as ODyys (£ standard
dev1at10n) Correlation coefficients (r?) describe the linear regre-
ssion lines to the standard curves. The r* value was determined as
0.9989 (£0.0026) and 0.9998 (£0.0002) for assay buffer and
10% human serum, respectively.

= 247} H7Veke] capture ELISAS =38tglom, 1 2
7} assay bufferito = 2§ ste] HAS standard curve}

o9~ AR S LERNAT (p<0.05) (Fig. 3).
5. Capture ELISA2} mouse bioassay2| H|u!

Capture ELISA®} mouse bioassay {F WA LS H]|15}H7]
3+ Reed and Muench (12)°l] 2]3ll LD, S 243l 2
7HA 8] ME THE origin®] AY S48 H APAoE I
jets REZE 54 (WakoAhE AFE-3Fo] detection
limitE A4t o] H4ol td detection limits
0.061~0.488 ng/mli’ﬂ, -0 A o] AYEFA = AL
3 WS YERARITE (0.165~2.441 LDsy) (Table 2).

=
=

Kl

BEYE St
ExEd Gapon JESH 2 A5 9

AAA NN A= 7 FFE e

pud

oL

siglon, o2 slatel Wejshd o
T capture ELISA®-& 2-8-3}314} 3}3it).
BEZE AY 54 ©XE capture ELISAHS E7] &
% 1gGE capture antibody =, biotin-conjugated monoclonal
antibodyZ detection antibody @ AF&-gFo 24 7|uts}3ic)
A= et capture ELISAHS 24 HE2E $5%5
gxpo] Aol 4-83t7] fAalA+= standard curveE 71
o2 3}e] BoNT/A° sl 5o]4 ¥x]5S HAstal
Aofeok &, AAdelgrt Ao w ™ (repro-
ducibility)F]ofoF dtaz, QA 7IHAERRE 54 A&
(detectability)©] 7Fsalo]ok gt} o]9} tEo] &) o]&
N7 (sensitivity) S
St R hcE =i

31 2+ mouse bioassay<} AR §
RHR35kar ojokvt capture ELISAS:
@ koA AHgd & 3tk

2 Ao A A2 /33 capture ELISAH O] 919}
2 205 FEAIEA GRIE] st WA capture
ELISAS] THEE ZA}SH Z3), BoNT/Ao tgh detection
limit= 0.488 ng/mlZ=4] Chiao 5 (4)©] R.13+ capture
ELISA®] detection limit (5 ng/ml)}X.t} F 108] o] -5~
gt MBS E YeRNlen, Szilagyi 5 (16)°] Rl
capture ELISA9}= -A}$} detection limit (0.5 ng/ml)E- 1}
ERN T EESE detection antibody$! monoclonal antibody®ll
bioting ATA|ZI S 2 capture ELISAS] W=7} ¢F 4
v F7hetl o, o= bioting AFAX FAE AT

A% AR SERE ol B 09 FUR At
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o|t}. TS & capture ELISAYH Y] 54 ©Ao digh w5
AF A3}, BoNT/AS] H% 05-E 3125 ng/mlel] 3t
intra-variation % inter-variationS 3% (ODys) Ak
9] 1~11%= Szilagyi & (16)°] X%t capture ELISA®]
variation 'H9| &} A4S Ao 2 el

2 AtoA] 73k capture ELISAT BoNT/A2] 1=
~31.25 ng/ml Lol A A3 A4 (P=0.9951~0.9999)
= HEtW o g BEeE 5S4 tiste] HlEAow
Hk-S-gkS- 3913130t} (Fig. 1B). 5, ©]& capture ELISAS]
/\E]

(=)

3]
AAIGE (ODys) O HE] 1A 9] WEol] 23E o] 9l
BoNT/AS] 4& <58 + AS5S 9wt
capture ELISAT Ag47E o
[, gepr] HAFGY Al
A oAF 7ol 7es
5 VA ALEHE VS
A
Abgrell M= 7744 BEels
= (e}

= =
L=
E¥o] = HEdw 555 et

7F 2 vk Qv (5,17). oI5 @AY tell= 30~60%
9] sequence homology”} <A1} (10) 2+ A& wle}
M2 e FUAS JERT] el SRjelAe] =Aa
A& dotof A4z =i AX7} ThssinE 9
Fe Flsts Aol Tashy, wEbd JitE REdw
Y 54 HXHS AY 5400 ek specificityE X275
Il lojof gtk & A5l 4] g3 capture ELISAH->
0914 3125 ngmle] H%= Hlol thele] BEE
B % E¥o gk waghg- glo] HEdw AP =4
GA o =M (Fig 2) HETF 4 AYTHS 5ol
2 AT 7 UFS Itk

= 3 gk outbreak =2 AJEH 7} 2
Asts A5- 7H dnbrog oildiate] EW, 93

3

>

lo do B~ r

2o oo

9oy A AEAdS UEhle S48 78 AF
A Ak NHAEZ ARRET (16). WERA capture ELISA
ol gt 7= R HA4 BRIl deA] e

7] $1eke] AAF F3o] H7H assay bufferol] 114
O % BoNT/AE #7lete] A3S Fds1qlen, 1 234
assay bufferit o 2 & sto] A3 standard curve®} Ak
Sk oS YERNAY (p<0.05) (Fig. 3). ©]& & capture
ELISAYHo| A& 2] A ke Alghe] o=

WE Felge) uEelE AY S48 Sol5] B4
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T UeS B Fe A & ok v goR
capture ELISA} mouse bioassay {F W7 EE 37}4]9] A
2 O origin®] Faol diste] vlast A, ol w4
o] th3}+ detection limiti= 0.061~0.488 ng/mlZA] w}-9-220]]
Aol BEGAY =S} fakeh WS YERAIT (0.165~
2.441 LDy,) (Table 2).

AzHog X A= E7] polyclonal antibody %
biotinylated monoclonal antibodyE ©]-8-3t HEZwE AY
4 BAE AR AadES Este] vk, A
A, Sold B Ak FA A9 w4 FATS ERI%
o=z AFeredry sk A2 sk capture ELISA™
©] mouse bioassay$} AN W EE Ve 2 o
AEE? 2AYA] mouse bioassay©ol] theh thA|GtHo 24
ool Al Pl digh REYE AY H4 A 23
el w9 F&sHA 8 5 s AR AdHrh
Uo7t HEElw 54F o4l WA 27] @A
AE g Ak mae] desn ddd el gt
% Q.3 supportive data=AME 8= 5 S AoR A}
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