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Monoclonal Antibodies & Immunoassays
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Antibody Based Detection Approaches

* Developed Monoclonal Antibodies (mAbs) to different toxin
serotypes and accessory proteins

* Formatted these mAbs onto different platforms
— ELISA
— Luminex (bead based multi-analyte)
— Electrochemiluminescent Measurement (MSD)
— SpinDX assay
— Lateral Flow Device
— Immuno-PCR

e Stakeholders

— Technology Transfer
* Patents
* License Agreements
e Collaborations
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Botulinum Neurotoxin

++ Dichain polypeptide Toxin

*» Synthesized by Clostridium
bolulinum

+» Synthesized as an ~ 150,000 dalton
precursor protein, holotoxin

* 100 kDa heavy chain
* 50 kDa light chain

+» Joined by a single disulfide bond

+» Light chain is a Zn** containing

endopeptidase, cleaves SNARE Proteins
= Blocks acetylcholine-containing
vesicles from fusing with the
terminal membrane of the motor

neuron
= Results in flaccid paralysis

++8 distinct toxin serotypes describe (A-H)
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Receptor Binding Domain Translocation Domain Catalytic domain




Major Steps in Toxin Action

Transport Cell

Acetylcholine
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SNAP-25 Syntaxin

Target Cell

Simpson L.L., Annu. Rev. Pharmal. 2004



Electrophoresis of BONT type A
Toxin and Complex

Purified Toxin Complex

Std =DIT +DTT -DYT  +DTT

- ——
PR
J—
C—
T — p—

Silver stain 4-20% Gel
Toxin/Complex Source: Hall Strain

Metabiological
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.. BONT light chain

NT 106K

Bo NT heavy chain
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PAGE of BONT/A complex

SDS




Detection Approaches

Mouse Bioassay
1 gold standard

Advantages Disadvantages

[ J
« Exquisitely sensitive Hazardous

« Extensive animal use
10 pg/mouse
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* Non-specific
* Only 17 test sites in the U.S.
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Recomblnant BoNT/A Peptides

A596 K?58 5793

l Catalytlc domain I ‘ Transmembrane domain i Receptor binding domain i

K438 L1295

E201 L2 K438 B74 H5 L1296

M1 L1 200 Ad49 H4 $1093

G1094 H3 L129%

1874 H2 $1093

M1_E64 L1-1 A449 H1 1873
M1 D124 L1-2
T125__ 1200 | 4-3 Ad49 5563 H1-1
AB5 1200 | 1-4 A449 1684 H1-2
A449 K758 H1-3
A449 G827 H1-4
Ad449 5793 H1-4a
T828 1873 H1-5
N759 1873 H1-6
AB85 1873 H1-7
| Sc?le | R564 1873 H1-8
0 100 200 A596 1873 H1-8a
amino a ds 1636 1873 H1-8b
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Sandwich ELISA for BONT/A

1 Standard Curve for BoNT/A in
1 5% non-fat dry milk TBS- tween buffer
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B = Biotin
A = Streptavidin
E = Horseradish Peroxidase
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Recombinant BoNT/B Domains

‘ Transmembrane do main | Receptor binding domain ‘

M1 Lc* K441 A442 Hc E1291
A212 L2 K441 pa42 H1* 5858
M1 L1 G211 E859 H2 51081

E1082 H3 Ff1291

Ad42 H4 51081

Scale

| | | E859 H5* £1291
0 100 200
amino acids




Anti-Botulinum Neurotoxin/B1

S
er
capture ot
Binding Isotyp Captur /detect yp
Monolonal Antigen Domain Epitope e ELISA e or Histo. e Westerns
A B CDE FG
MCS 6-27 BoNT/B HcP5 H5 E859-E1291 IgGl1 poor + C -+ - - |+ purified ascites
stron
F24 4-2-4-3 BoNT/B Lc Lc nd g - nd
stron
F24 1-2-6-5 BoNT/B Lc L2 A212-K441 g = =+l -H - |+ +
BoNT/B HcP5 stron n
F26 18-1-5-5 peptide H2 E859-E1291 g 2 d
BoNT/B HcP5 stron
F26 16-5-3 peptide H4 E1082-E1291 IgA g - - |- - - +
stron
F27 33 BoNT/B Lc L2 A212-K441 IgG1 g - =l+|=-H = |- +
BONT/B HcP1 stron n
F28 69 peptide H1 A442-S858 g - d
BONT/B HcP1 stron n
F28 80 peptide H1 A442-S858 g = d
BONT/B HcP1 stron n
F28 85 peptide H1 A442-S858 g = d
BONT/B HcP1 stron n
F28 90 peptide H1 A442-S858 g = d
BONT/B HcP5 stron
F29 38 peptide H5 E859-E1291 IgM g = =l+)=-H = |= nd
BONT/B HcP5 stron
F29 40 peptide H5 E1082-E1291 IgG1 g = =|4+|=-H - |- +
BONT/B HcP5 n
BoB 92-23-23-7 peptide H5 E859-E1291 IgG2b poor + C d + Weak purified ascites
BONT/B HcP5 n
BoB 92-32-1-10 peptide H5 E859-E1291 IgG1 poor + D d + Weak purified ascites
BONT/B HcP5 n
BoB 90-1-5-1 peptide H5 E859-E1291 IgG1 poor + d + Weak purified ascites
BONT/B HcP5 n
BoB 90-21-9-2 peptide H5 E859-E1291 IgG1 poor + d + Weak purified ascites



|dentification of anti-BoBNT/B Capture mAbs
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Capture ELISA using anti-BoNT/B Mabs

Relative Light Units
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Anti Botulinum Neurotoxin Serotrype E

Monolonal

BoE 9-15
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EHc5-
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8
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4
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8
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7
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4
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9

MCS 34-16-10-
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BoNT/E HcP5

BoNT/E HcP5

BoNT/E HcP5

BoNT/E HcP5

BoNT/E HcP5

BoNT/E HcP5

BoNT/E Lc

BoNT/E Lc

BoNT/E Lc

BoNT/E Lc

BoNT/E Lc

BoNT/E HcP1

BoNT/E HcP1
BoNT/E HcP1

BoNT/E HcP1
BoNT/E HcP1
BoNT/E HcP1
BoNT/E HcP1

BoNT/E HcP1
BoNT/E HcP1

BoNT/E HcP1

BoNT/E HcP5

Mouse

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Bal/c

Balb/c
Balb/c
Balb/c
Balb/c
Balb/c
Balb/c
Balb/c

Balb/c
Balb/c

Balb/c

Balb/c

Myeloma

SP2/0 davis
P3XU.1
P3XU.1
P3XU.1
P3XU.1

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis

SP2/0 davis
SP2/0 davis
SP2/0 davis
SP2/0 davis
SP2/0 davis
SP2/0 davis
SP2/0 davis

SP2/0 davis
SP2/0 davis

SP2/0 davis
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Binding
Domain
H1,H4
H2,H4,H5
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H2,H4,H5
H2,H4,H5
H2,H4,H5
L1
L1
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L1

L1

No binding
HcP1 only
No binding
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HcP1, HeP4 (weak)
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HcP5
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Epitope
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K848-T1069

K848-T1069

M1-K225

M1-K225

M1-K225

M1-K225

M1-K225

K423-1847

K848-T1069
K423-1847

K848-T1069
K848-T1069

K423-1847
K423-1847

K423-1847

Isotype ELISA

I1gG2b
IgG1
IgG2b
IgG1
IgG1
IgG1
1gG1
IgG1
1gG2b
IgG1
IgG1
IgG1

I1gG2a

1gG2a
IgM/IgA
IgM
IgG1
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IgG2b

IgG2a
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IgG2b

+ poor

+

+
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Se
rot
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Capture ELISA for BoNT/E
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Antibody Pairs for BONT Detection by cELISA

Monoclonal Antibodies Isotype Epitope Affinity (KD) LOD)
BoNT 19G1, :
IA F1-51 Capture kappa Heavy chain nd
19gG1, : 1
F1-2 Detector TM domain  16.6 x 10*M 5 pg/mL
kappa
BONT 697 capture 1961 RBD 8.6 x 10-11M
/B kappa
1gG1, . 1
92-32 Detector Heavy chain  48.3 x 10-1'M 20 pg/mL
kappa
BONT 1gG1, .
IE 66-29 Capture kappa Heavy chain nd
1gG1, .
9-15 Detector Heavy chain nd 11 ng/mL

kappa



Percentage recovery of BoNT/B spiked
into different food matrices.

Table 2
Percentage recovery of BONT/B spiked into different food matrices.

Percentage Recovery

Matrix / Spike Level 50ng/mL  10ng/mL  5ng/mL 2ng/mL 0.5ng/mL
Non Fat Milk 108 (54)" nd* 89 (4.45) nd 131
(0.655)
2% Milk 103 (48.5) nd 76 (33.5) 131
(0.365)
Whole Milk 101 (50.5) nd 105 (5.25) nd 116 (0.58)
Ground Beef 95% Lean 77 (31.9) 124.1 (5.8) nd 100 (2)° nd

e Numbers in brackets refer to toxin level measured at each spike concentraion
using the buffer standard curve.

e nd =not done.

e signal from beef sample spiked at 2 ng/mL was just at the L.O.D. for standard.



BoNT/A (pg/ml)

Clearance of BoNT/A In sera
following mADb treatment
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Botulinum toxins and their complex associated

proteins
Serotype A Serotype B Serotype E
BoONT BONT BoONT
NTNH NTNH NTNH
HA 70 (HA55/ HA70

HA19/20)

HA 33/35 HA 33/35
HA 17 HA17

NAPs have been shown to protect BONT from degradation in the digestive
tract and HA proteins have binding affinities for epithelial cells. NAPs are

not required for toxicity as holotoxin and BoNT/E are still absorbed.

Immunochemistry Group
Albany, CA



Western Blot using anti —=HA70 mAbs

1 2 3 4 56 78 910 11 12 13 1415 16

kDa
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Antibody binding on Western blots to BoNT/A and BoNT/B toxin complex component
proteins. 900 kDa BoNT/A complex (even numbered lanes), and BoNT/B complex (odd
numbered lanes) separated on 10 % SDS-PAGE in the presence of 10 mM DTT,
transferred to nitrocellulose membranes and probed with mAbs NAP80-5 (lanes 3-4),
NAP80-7 (lanes 5-6), NAP80-33 (lanes 7-8), NAP83-27 (lanes 9-10), NAP83-71 (lanes 11-
12), and NAP83-97 (lanes 13-14). Lanes 1-2 shows the serotype A and B compex
components stained with SilverXpress Silver Stain, and lanes15-16 show biotinylated
BoNT/A and BoNT/B toxin complexes, probed with 125 ng/ml ZyMax Streptavidin-HRP
Conjugate in TBST (Zymed)



Detection of NAP HA70 by Capture ELISA

File: 120313p1/2 cELISA using
NAP80-7 vs 83-97 as Capture,
_...NAP83-71 as Detector

:I:r‘l : 1 1 L1 IIII::
T | —o— NAPB3-T1 T
— ~ -cloB3-T1 &
' L] —8— 8387 C "JE ------------- =i
*|-.---clo83-97 f ::
10" T I
5 T
-
-
10r
10 .
000

L]
0.0 4] L] 100 100

BoNT/A Complex (ng/mL)



Passage of BONT/A Complex Through
the Mouse Small Intestine Over Time

Green:=toxin Red:=HA70
Lam et al., Cellular Microbiology, 2015




Meso Scale Discovery (MSD)
Electrochemiluminescense (ECL) assay

Measured signal is light
|

ELISA like assay

The detection process is initiated at
electrodes located at the bottom of
microplates.

C.°“."‘ef Dielectric

Electrochemiluminescent labels emit
light when electrochemically stimulated

Only labels near the electrode are
excited and detected, enabling non-
washed assays

Sector Imager 2400




MSD Data Output

Plot: Standard 1

Above Detection Range

Signal

T R e T PR Ty
] _Standard 1 |
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{ froes |1 .57 |

1 |rian 1000000
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v | 25165 | 25491 23033 | 17362 | 83630 | 76453 31583 3236 2778 1912 10698 11002
F 2957 2847 2622 1962 8604 7000 415 414 346 259 1624 1556
F 839 629 585 353 1612 1347 1657 134 127 111 763 654
G 649 347 327 184 1080 712 133 113 a3 87 710 624
H 610 339 264 186 1065 581 139 116 102 a3 695 877
MSD File: 110627
1He:
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Detecting Biotoxins using Sandia’ s
SpinDx Platform

Sandia: Anup Singh, Greg Sommer, Ulrich Schaff, Chung-Yan Koh,
Matt Piccini, Ron Renzi
USDA: Larry Stanker, Luisa Cheng
U Mass, Dartmouth: Bal Ram Singh, Easwaran Ravichandran

FUNDING:
NIAID (Pl: Anup Singh)
Contact: aksingh@sandia.gov



Detecting Biotoxins using SpinDx
Platform

Mix Spin
¥ il

antibody-quantum

dot conjugate Plasma

v

\
microparticle-antibody
conjugate

Q)
Sandia National Laboratory: Anup Singh, Greg
Additional Targets: Sommer, Ulrich Schaff, Chung-Yan Koh, Matt
Botulinum toxin serotypes Piccini, Ron Renzi
Ricin
Abrin

Shiga toxin



Fluorescence (RFU)

SpinDx BoNT/A assay performance vs.
gold standard mouse bioassay and ELISA

Head-to-head comparison with mouse
lethality assay and ELISA results from
USDA-Albany (all experiments conducted
on same day with same samples).

SpinDx

® Standards
& Samples

LOD ~ 0.075 pg/mL

~0.5fM
d SpinDx LOD
0001 001 o1 1
[BoNT/A] (pg/mL)

Mouse lethality assay

100 3.4 10/10 10/10
50 1.7 8/10 9/10
10 0.6 0/10 8/10
2 0.1 0/10 0/10
1000000
] O Standard LOD - 6 pg/mL
@& Samples i i e
100000 E _____ _bkg +35d ___________J:_____________J:____Q_ _________
; | %
& | 5
10000 277777777777777I777777777’777‘\} fffff T B
S «
bopee
1000 i T r——r—rrrrrrt T
0.1 1 10 100 1000

BoNT/A (pg/mL)



Lateral Flow Immunoassay (LFIA)

LFIA Format
Sandwich ELISA

Antibodies

Capture mAb — BioJet on BioDot XYZ platform.

1. Antigen specific capture mAb at (T) test line
2. Anti-mouse capture mAb at (C) control line

Detection mAb — AirJet on BioDot XYZ platform.

Antigen specific mAb labeled with a reporter
molecule embedded in conjugate release pad

Reporter
Gold Nanoparticles

Detection

Visual Inspection

Q" Plastic backing card

Absorbent sink

Nitrocellulose membrane

‘ﬁ Conjugate release pad

Sample pad

Nl



Detection of BONT Serotypes by LFIA

Gold-conjugated
BoNT detector antibody
A A A+B PB
Plastic Case Control » :
BoNT/A» | ' F1-51 (BoNT/A MAbD)
BoNT/B »
- -
- - = -
Control capture line B
Control »
— Test capture lines BoNT/A » BoB-92-32 (BoNT/B MAD)
BoNT/B »
- - - -
C .
® Sample pad Control » F1-51 (BoNT/A MAb)
BoNT/A » A -
BoB-92-32 (BoNT/B MAD)
= BoNT/B »
[
k\?v J + - -
‘ - - - -
- - -

Ching et al., J. Immunol. Meth., 2012



Immuno-PCR Assay for the Detection of Type A, B, E, and F Botulinum Neurotoxins in
Food Matrices

Praseeda Mullasserill, Nagarajan Thirunavukkarasu!, Gowri Manickam?, Ajay Singh?,
Christine Pillai?, Larry Stanker3, David Hodge#, Donald Zink>, Eric Brown?!, Thomas
Hammack?! and Shashi Sharmal,*

specific Immuno-capture of toxin-serotypes Streptavidin ( @@ ) tagged t
+ (Y) coating ( V) from buffer/food samples detection mAb bin:
4
~ ~ /—:\_ﬂ\ -. l/ ~~ \ l/
W % | Blocking & L, w | = o LG
N : C SO D /‘ ~~ oy i ] G /‘
—— — "‘,__/ Washlng . / \__/ \;/ e \_ > WaShlng ‘\__/ \;-/ \7

N T CNC SN DS || —
— l\_/‘ ./ SN AN NN N AN N
Y Y F " I/- o V am— |/- ~~ P —— l/‘ -
D .\__ o =) \\_7,’) A L W J \\.7/' _7_/' S

W.

Monobiotinylated DNA marl
Streptavidin tagged de

Ty e

ita Real Time-PCR Transfer of Restriction
Amplification digests to PCR Plate o

: =~ an C
BamHI ~ S ~—

Restriction L=x) ( > ::
Digestion - ":\1 —— I,—T
(in-plate) S
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Collaborators

USDA -ARS Sandia National Laboratory Corporate
Paul Merrill Chung-Yan Koh Raddix Inc
Miles Scotcher Anup Singh Meso Scale Discovery
Luisa Cheng Greg Sommer ASDXx Inc
Christina Tam Xoma Inc
Robert Hnasko University of Wisconsin List Labs
Xiaohua He Eric Johnson PanThera Biopharma
Allergan Inc
US Department of Homeland Security NYU Medical School
David Hodge Konstantin Ictchenko
Segaram Pillai
University of Mass
FDA Bal Ram Singh License Agreements
Shashi Sharma Easwaran Ravichran
List Biological Laboratories
UCSF- San Francisco General City of Hope BioSentinel Pharmaceuticals
Hospital Markus Kalkum Allergan Inc.
James Marks (U Calif. Irvine) Neogen Corp.
Jian Long Lou Bioo Scientific

Molecular Sciences Institute
UCSF-IND Berkeley CA
Stanley Prusiner Orna Resnekov M

Immunochemistry Group
Albany, CA
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