N

HAL

open science

Development of a multiplex immunoassay

Sandra Blaise-Boisseau, Monique Guy, Emilye Leboucher, Elisa Dominguez,

Annabelle Garnier, Anthony Relmy, Aude Allemandou., Margot Carocci,

Kamila Gorna, Aurore Romey, et al.

» To cite this version:

Sandra Blaise-Boisseau, Monique Guy, Emilye Leboucher, Elisa Dominguez, Annabelle Garnier, et al..
Development of a multiplex immunoassay. Disconvac Meeting, Labo/service de 'auteur, Ville service,

Pays service., Oct 2011, Bruxelles, Belgium. pp.24. hal-01003256

HAL Id: hal-01003256
https://hal.science/hal-01003256
Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01003256
https://hal.archives-ouvertes.fr

FMD-DISCONVAC
WP5: Improvement in FMD diagnostics
Task 3:
Development of a multiplex immunoassay

S. Blaise-Boisseau, M.Guy, E. Leboucher, E. Dominguez, A. Garnier, A.
Relmy, A. Allemandou, M.Carocci, K. Gorna, A. Romey, S. Zientara, and
L. Bakkali-Kassimi

) ENVA

Ecole nationale vétérinaire d’Alfort

SEVENTH FRAMEWODRE
PROGRAMME




Objectives

Development of a multiplex immunoassay for FMD diagnosis by using the
Luminex liquid array technology

!

v'Simultaneous detection of antibodies against vesicular disease viruses
and FMDV structural and non structural proteins

v'Serological discrimination between FMDV-infected and vaccinated
animals in a single reaction
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Bead Set 26 5.6 Microns

The bead is
impregnated
with the
dye mixture

* Use of magnetic carboxylated beads
e 6,5um
« each bead is impregnated with a unique infrared/ red dye rati 0
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Microspheres (lIl)

Magplex carboxylated beads

v Immobilization of 6—150 kDa proteins

v" carbodiimide reaction (covalent)

v 5-10ug/ coupling reaction (1.25 x 1¥beads)
v 2500 to 5000 beads/assay

v automatic magnetic bead washes

1T Restrictions on use;

The protein sample must be free of sodium azide,BSA,gline,
Tris or amine-containing additives and must be suspendein
PBS, pH 7.4.
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Principles of the luminex technology

100 Color Codes =
100 Simultaneous Tests

Usirgg a bwo-tya mathod, Lurmines
100 distnct bead sets

Tagging the Reaction

Fluorescently-labaled reponer tags
hind to the sample mokscule.

2,

Multiple Measurements
With Color Separation

L]
L

Bio-FPlax uses these uniquely colar-
coded bead idantify muliiple
assays in a single tube or wall.

B,
Beads in a Fluid Stream

Precision fluidics align the beads
i e file, and pass them
through the lasars one at a ime.

Microspheres as
Molecular Carriers

T pearfarm a lest, thousands of
probes ars bound o
the bead.

One Laser Excites
Molecular Tags

Raattions are measurad for
Fluorescancs intensity and reportsd
in real ime.

Capturing the
Target Molecule

Whils suspandad in a test
sampla, the bound probes
collect modacules.

Second Laser
Excites Microsphere

Fluorescence intensity of the bead
idantifies e reaction.




Multiplex Immunoassay Principle (1)

Capture molecule:

FMD SP : VP1 (of all serotypes)

FMD NSP: 3ABC, 3A, 3B,3D and peptide
2B

VSV SP

SvDV SP

Analyte:
Serum samples

Reporter molecule:
Secondary anti-species
antibody, biotin labeled.
+ Streptavidine-Phyco-
Erythrine (S-PE)
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Multiplex Immunoassay Principle (1)

2

Multiple Measurements
With Color Separation

Beads in a Fluid Stream

Serum samples m
e X
A
a a a Secondary Ab (Biotin)

+S-PE

Antigen-coupled Beads

Ihrr_u.|h the lasars one at a time.

Reporter
fluorescence intensity

088668 | §888

Bead fluorescence intensity

Healthy animals Vaccinated animals Infected animals
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ANTIGENS PRODUCTION
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FMDYV proteins expressed in E. Coll

Capsid protein: VP1-6His Non structural proteins:
3ABC-6His, 3D-6HIs
BB L W1 W2 El1 E2 E3 E4 ‘ - .
. Purification on 3ABC 3ABC
i NI-NTA COlumn A4 A5 A6 A7 A8 A4 A5 A6 A7 A8
64 __ p
= R L O
22— R ' Dialysis and
concentration Anti-His
Anti-His :
3D 3D
— -— e A3 A4 A5 A6 A7 A8 A3 A4 A5 A6 A7 A8
-_— ~ 64__

Anti-His

'&»
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COUPLING CONDITIONS
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Beads coupling : Two strategies

Carboxylated
microsphere
P "-\.CI-H
~ LL
TN g ,F
|
Gl 0" "NH
L%
hH S
_ Unstable reactive
" JF o-acylisoursa ester
I
¢ EDC
W
N

!

Direct coupling:
Bead/FMDVprotein

VP1
®
3D

0::_-5.--(1'
2 R NH 0
s o R
1 /N :
0 o
0
= Semi-siable Slable
D250 amine-reactive amice bond
ﬁﬁ MHS-gster
N~
P
HO o
Sullo-NHS

Indirect coupling:
Bead/anti-His antibody

VP1

3ABC

3D
Anti-His N
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Indirect coupling : optimization of the Anti-His Ab quantity

mFl
25000 T | -
23000 | —— — T 30000 1 i
; T\ L Anti-His Ab ] Anti-mouse
21000 | | T (Mg) 25000 + biotinylated
19000 + \f ; /-\\ Ab (ng)
17000 | —2hg z \/ L‘\ e
— i 50
15000 + +i H £ 15000 | A 100
13000 + Ho i W 250
dF —=5 Hg 10000 500
9000 ’i H‘ 7 IJg 5000 T T T T T T T 1
7000 14 o 1 2 3 4 5 6 7 8
5000 Flop— 5 Anti-His Ab (ug)
0O 100 200 300 400 500 600 700 800
A Anti-mouse biotinylated Ab (ng)

3D . - .
Anti-His N Best results obtained with:

2 ug Anti-His Ab
250-500 ng Biotinylated Ab

anses :.)



Indirect coupling

mFl
1000.0 ; 1595.2
000 oc g
6000 B8
4000 00
1623
2000 1162,
303 168 54 48 a0 128 52
oo MM g0 63 88 Q0 7465 68
&+ 5 sh|st 5 ish &+ & sb s+ 5 sh 5+ |5 sDist o |sb
A | atow |ttt | laits% | latow | lati% | lait5%
BSA 0% BSA 1%

Uncoupled beads

mFl

120000
1000400
50000 -
60000
40000
20000
0.0

B

. optimization of the elisa blocking solution

1364
s &% LE?L _..??? ?13.

S+ 5- 5h 5+ 5- sh s+ 5- shs+5— sh s+ 5- 5b 5+ 5- sb
lait 0%  lait 1% | lait 5% | lait 0% lait 1% | lait 5%
BSA 0% B3A 1%

Anti His (2pg) coupled beads

- Optimal elisa blocking solution (sb) formulation:

PBS (pH 7.2), Tween 20 (0.02%), milk (5%)
- Mfi for coupled beads = 10 x mfi uncoupled beads
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Serological assay
-preliminary results —
(simplex)
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Indirect coupling

3D

2500 beads/well ( 2 pg Anti-His Ab) . N
Serum dilution: 1/50 Anti-His (50ng)

Anti-cow biotin: 1/1000

S-PE:

180 -
160 -
140 -
120 A
100 -
80 A
60
40 -
20 A

mFI

1/100

Low mfi values
: signal-to-noise ratio < 4

T T T T
positive sera positive sera  negative serafrom  wioserum
#1 #4 sera #1 naive cow

Analytes: bovine sera samples
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Indirect coupling

2500 beads/well ( 2 pg Anti-His Ab)
3D his tag protein: 50 to 1000 ng/well

Serum dilution: 1/50
Anti-cow biotin: 1/1000

S-PE: 1/100 (Biorad or giagen)

120

160 ~
140 +

Analytes: bovine sera sample 3D+

100

mFI

80
60

40

20

ol

sans
protéine

50ng 100ng 200ng 500ng 1000 ng

O S-PE Biorad
W S-PE Qiagen

3D

Best results with SPE from giagen
Effect of 3D quantity on mfi values

Anti-His \¢ (°0ng)

9



Direct coupling

140 -

120 1 3ABC 10ug
100
i 80 A 3ABC 20ug
E 60 |
40 -
20 -

0 . . : : . 2500 beads/well

positive positive negative serafrom  w/o .
sera#1 sera#4 sera#l naive cow serum 10 or 20 Mg prOtem (1-25-10 6 beads)

Serum dilution: 1/50
Anti-cow biotin: 1/1000
S-PE: 1/100

90
80
70 A
60
— 50 ~

"E'4D - 3D 20pg
o - signal-to-noise ratio < 4

10 ~
D T T T T 1
positive positive negative serafrom w/o
sera#1 sera#4 sera#1 naivecow serum
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Direct coupling (3D): streptavidine titration

6000
5000
4000
3000
i
2@®0
1000

250

@

SPE/ Anti-His Ab

:

Ac anti-His Ac anti-His Ac anti-His Ac anti-His Ac anti-His Ac anti-His
SPE 1/200 SPE 1/150 SPE 1/100 SPE1/75 SPE1/50 SPE1/25

SPE titration/ bovine serum

200

150

100

50

0 +

_,_I:I:I]:L_E.j:.:l_,_lz-j:-]_,_:-::-:l_

3D 20pg SP1 3D 20ug SN1 3D20pg 3D 20pg wio 3D 20pg wio

MNaive serum Acll

S-PE
Anti-mouse (biotin)
A AntiTagHis mAb

&

2500 beads/well

20 ug protein (1.25.10  beads)

Serum dilution: 1/50

Anti-His Ab: 1/1000

Biotinylated Anti-cow or anti-mouse : 1/1000
S-PE: 1/25 to 1/200

Optimal SPE dilution: 1/100

Signal to noise ratio: 8
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Direct coupling (3D): Biotinylated Ab titration

@

14000

12000

10000

3000
8000
L

/00
2000

anti-His 3D anti-His 3D anti-His 3D anti-His 3D anti-His 3D anti-His 3D

20ug Acll 20pg Acll 20pg Acll 20pg Acll 20pg Acll 20upg Acll
1/1000 1/800 1/500 1/400 1/200 1/100

2500 beads/well
20 ug protein (1.25.10 6 beads)
Serum dilution: 1/50

Anti-His Ab: 1/1000
Biotinylated anti-mouse : 1/100 to 1/1000
S-PE: 1/100

S-PE
Anti-mouse (biotin)
A Anti Tag His mAb

&

Optimal Biotinylated anti-
mouse : 1/200
Signal to noise ratio: 8
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Direct coupling (3D): Biotinylated Ab titration

mfi
1800
1600
1400
1200 DAc Il 1/1000 [
BAcll 1/800
OAc Il 1/500
1000 OAcll 1/400 |
BAc |l 1/200
OAcll 1/100
800
600
400
200 - []
0 - ﬁ.,.:.:l:ﬂ.,.:—:ﬂ:l.,.—
Bovine serum
Bovine serum Bovine serum Bovine serum Ac I 3D+
3D+ 3D- naive w/o bovine w/o Ac Il

serum

2500 beads/well

20 pg protein (1.25.10 © beads)
Serum dilution: 1/50

Anti-His Ab: 1/1000

Biotinylated Anti-cow : 1/100 to 1/1000

S-PE: 1/100

Optimal SPE dilution: 1/100

Anti-cow biotin: 1/200
Signal-noise ratio: 10
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Conclusions

v" Two strategies to develop magnetic serological multiplex
assay:.
Indirect coupling
Direct coupling

!

v" Optimization of several critical parameters (simplex, 3D)

Elisa blocking solution

guantity of Anti His Ab coupled

SPE concentration

biotinylated secondary Ab concentration
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PERSPECTIVES

v Producing proteins of interestin  E. coli

“FMD SP : VP1 (of all serotypes) in progress...
*FMD NSP: 3ABC, 3A, 3B,3D and peptide 2B in progress...

VSV SP

=SVDV SP
v'Developing/ optimizing simplex serological immunoassay for each
antigen coupled beads set and then developing multiplex assays

v'Determining best conditions for storage of coupled beads
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