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1/ INTRODUCTION

ELISA (enzyme-linked immunosorbent assay)
is one of the most widely used laboratory
techniques in analysis and diagnostics. Ana-
lytes such as peptides, proteins, antibodies
and hormones can be selectively detected and
quantified in small concentrations among a
multitude of other substances with relatively
low cost and high simplicity.

Although ELISA methodology is used ina wide
variety of different types of assays(e.g. direct
ELISA,indirectELISA, sandwichELISA, compe-
titive ELISA), all ELISA variants are based on
the same principle: the binding of one assay
component - antigen or specific antibody -
to asolid surface, and its selective interaction
with a subsequently added assay component.
Molecules that do not specifically interact with
the solid surface bound assay component are
washed away during the assay. ELISAis typical-
ly carried out in microplates or in tubes (Fig.1).

Figure1: 96 well ELISA strip plate and immuno tubes

This application note describes the develop-
ment of an indirect ELISA for quality assur-
ance applications in our lab. Insulin, a peptide
hormone of about 5,8 kDa, is bound to the plate
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surface and detected using a monoclonal
mouse anti-insulin antibody as primary antibody
and an anti-mouse-IgG-horseradish peroxi-
dase (HRP) conjugate as secondary antibody
(Fig.2). The clinical application of an ELISA
basedonthebindingofinsulintoasolidsurface
is to monitor the presence of insulin-binding
antibodies in the sera of patients with type |
diabetes mellitus and of patients with admin-
istered insulin [1, 2]. An additional aspect of
this application note is to compare the perfor-
mance of high-binding plates with CELLSTAR®
adherent cell culture plates for ELISA methods,
as the suitability of CELLSTAR® plates for the
purpose of ELISAisafrequently asked question.
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Figure 2: Insulin ELISA:

Insulinis coated to the surface of a microplate.

A monoclonal mouse anti-insulin antibody as primary
antibody interacts with the bound insulin. In a second
incubation step alabelled secondary antibody (anti-
mouse-lgG-HRP)that recognizes the primary antibody is
employed to bind the primary antibody/Insulin complex
and enable detection.

2/ MATERIALS

21/ MATERIAL AND REAGENTS

Item Supplier Item No.

Insulin(bovine) Sigma-Aldrich 15500

JE—
nti-insulin Sigma-Aldrich 12018

antibody (mouse)

Anti-mouse-IgG-

HRP (goat) Sigma-Aldrich A8917

Human IgG Dianova 009-000-003




Item Supplier Item No.
Peroxidase
AffiniPure Goat Dianova 109-035-003
anti-human-IgG
96 well high-
binding ELISA Greiner Bio-
(MICROLON 600) One GrmbH 68281
plate

® H e
96 well CELLSTAR Greiner Bio 655160

plate One GmbH

Coating buffer
(RO K NET T ET I Sigma-Aldrich C3041
pH 9.6)

Washing buffer
PBS-T(0.14 M NaCl,
0.01M phosphate,
0.05 % Tween 20)

Sigma-Aldrich P3563

Blocking buffer
(3% BSAin
washing buffer)

BSA Fraction V Roth 8076.3

Substrate solution
(1part of TMB to
three parts of
citric acid/acetate,
each 0.1M, pH 4.9)

TMB Sigma-Aldrich T0440
Citric Acid Sigma-Aldrich C0759
Sodium Acetate Sigma-Aldrich 71183
Sulphuricacid0.5M Roth K027.1

2.2/ DETERMINATION OF
OPTIMAL WORKING
CONCENTRATIONS

2.21/ CHECKERBOARD
TITRATION OF INSULIN AND
ANTI-INSULIN ANTIBODY

A86wellflatbottomhigh-binding ELISAMICRO-
LON 600 plate (Item No. 655061) was coated
with 100 pl per well insulin (0 ng/ml to 8 ug/ml)
in coating buffer and incubated overnight.
The plate was washed three times (BioTek,
Elx405Select) with 350 pl washing buffer per
well, blocked with 3 % BSA in washing buffer
(150 pl per well)and incubated for 60 min. Anti-

insulin antibody in blocking buffer (100 pl per
well) was added in a concentration from
19.56 ng/ml to 2.5 pg/ml. After incubation for
1 h and subsequent washing, an anti-mouse
antibody horseradish peroxidase-conjugate
(anti-mouse-HRP) was added (5 pg/ml in
blocking buffer, 100 pl/well). The plate was
incubated for 1 h and washed before addition
of 100 pl/well substrate solution for a 20 min
incubation. The reaction was stopped by
adding 100 pl per well 0.5 M sulphuric acid,
after which optical density was measured in
a Tecan SpectraFluorPlus at 450 nm. All incu-
bation steps were performed at 23 °C in a
humidified chamber.

2.2.2/ CHECKERBOARD
TITRATION OF ANTI-INSULIN
ANTIBODY AND ANTI-
MOUSE-IGG-HRP

A 96 well flat bottom high-binding ELISA
MICROLON 600 plate (Item No. 655061) was
coated with 800 ng/ml insulin and processed
as described above (Section 2.2.1). Anti-insulin
antibody was added in concentrations from
19.5 ng/ml to 2.5 pg/ml. Anti-mouse-lgG-HRP
was added in a concentration from 2.4 ng/ml
uptobpug/ml.

2.3/ COMPARISON OF THE
PERFORMANCE OF A HIGH
BINDING 96 WELL ELISA
MICROLON 600 PLATE WITH A
CELLSTAR® PLATE

Twao different assays were performed to com-
pare binding of insulin and IgG within a high-
binding 96 well flat bottom ELISA MICROLON
600 plate (Item No. 655061) and a correspon-
ding CELLSTAR®plateforadherentcellculture
(ltem No. 655160). For the insulin assay, both
plate types were coated with 800 ng/ml insu-
lin. For the immunological reactions 80 ng/ml
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anti-insulinand 300 ng/mlanti-mouse IgG-HRP
were used, respectively. For the IgG assay,
both plates were coated with 100 pl/well human
IgG (5 pg/ml) in coating buffer. For detection
goat anti-human IgG-HRP was added ina con-
centration of 3.3 ng/mlin blocking buffer. Both
assay procedures were conducted according
to the insulin assay protocol as described in
Section 2.2.1.

3/ RESULTS AND
DISCUSSION

31/ DETERMINATION OF
OPTIMAL WORKING
CONCENTRATIONS

311/ CHECKERBOARD TITRATION
OF INSULIN AND ANTI-
INSULIN ANTIBODY

When establishing a new assay optimal work-
ing concentrations for all components must
be determined empirically. This is done by per-
forming a so-called checkerboard titration. In
such an experiment serial dilutions of two
assay components, e.qg. coating concentration
and primary antibody, are screened in a matrix
(Fig. 3). In a first step the insulin coating con-
centration was titrated against the concen-
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Figure 3: Checkerboard titration
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tration of the primary(anti-insulin)antibody to
determine the optimal coating concentration.
Carbonate-buffer was used for coating as de-
scribed in the literature[1, 2]. In case the ideal
coating buffer is not known it is recommen-
dable to try coating buffers with differing
pH-values, e.g. carbonate buffer at pH 9.6,
phosphate buffer at pH 7.4 and acetate-buffer
at pH 5.5 as some proteins or peptides bind
better to the plastic surface at neutral or acidic
pH [3]. The plates were incubated overnight
at room temperature in a humidified chamber.
Incubation in a humidified chamber prevents
the formation of a temperature gradient and
water evaporation within the plate which may
result in a shift of 0D values between outer
and central wells. Alternatively the plates can
be covered with a sealing tape (EASYseal,
Item No. 676001). Incubation times and tempe-
rature were adopted from a protocol already
established in our lab. Even though incubation
time and temperature can be optimized to
improve assay performance, because existing
protocol incubation times and temperature
worked well to achieve results, these param-
eters were not modified. After coating, the
plates were blocked with 150 pl/well of 3 %
BSA in washing buffer. It is essential to block
any remaining unoccupied binding sites.
Blocking with an appropriate blocking reagent
prevents non-specific binding of assay com-
ponents in a later step of the assay that could
lead to increased background signals. BSA is
the most commonly used reagent for blocking.
Alternative blocking reagents are e.g. gelati-
ne, casein or commercially available solutions.
After blocking, the primary antibody -amono-
clonal mouse anti-insulin antibody - was added
in a concentration ranging from 19.5 ng/ml
to 2.5 pg/ml. The plates were washed with
a washing buffer containing the detergent
Tween 20. The addition of a detergent enhan-
ces the removal of non-specifically bound
antibody molecules and therefore helps to
minimise background. The secondary antibody,
an anti-mouse-1gG-HRP conjugate, was added



in excess to eliminate any influence on the test
results. A colorimetric detection was perfor-
med using 3, 3, 5, &' tetramethylbenzidine (TMB)
as the substrate. Another frequently used
enzyme label for colorimetric assay is alka-
line phosphatase (AP) with p-nitrophenyl
phosphate (pNPP) as the substrate. The enzy-
matic reaction was stopped after 20 minutes
by inactivating HRP with sulphuric acid. The
optical density at 450 nm was plotted against
the serial dilution of insulin resulting in a satu-
ration curve showing the maximum concen-
tration of insulin bound to the plate surface
under the chosen conditions (Fig. 4). Because
saturation of the high-binding plate surface
occurred at approximately 800 ng/ml, this value
was chosen as coating concentration for fur-
ther proceedings.
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Figure 4: Checkerboard titration of the insulin coating

concentration against the anti-insulin antibody conc.

31.2/ CHECKERBOARD
TITRATION OF ANTI-INSULIN
ANTIBODY AND ANTI-
MOUSE-IGG-HRP

In a second step the high-binding microplate
was coated with 800 ng/ml insulin and the
primary antibody (anti-insulin antibody) con-
centration was screened against the concen-
tration of the secondary antibody (anti-mouse-
IgG-HRP) to determine appropriate antibody
concentrations. The criteriaforasuitable com-

bination were (1)an optical density of about 0.8
to 1.5 units, (2) a high signal to noise ratio,
and (3) the location in the linear part of the
curve to assure assay sensitivity. A combination
of ananti-insulin concentration of 80 ng/mland
an anti-mouse-IgG-HRP concentration of
300 ng/mlwas chosen for further experiments
(Fig.5). Theresulting protocolis showninFig.8.
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Figure5: Checkerboard titration of the anti-insulin
antibody concentration against anti-mouse-IgG-HRP.

Coat plate with 800 ng/ml insulin in
coating buffer (100 pl/well)

. o Wash 3x with washing
Overnight, 23°C ¢ buffer (350 pl/well)

Block with 3 % BSAin
washing buffer (150 pl/well)

1h,23°C
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Primary antibody: 80 ng/ml mouse anti-insu-
lin antibody in blocking buffer (100 pl/well)

Wash 3x with washing

Th.23°C buffer (350 pl/well)
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Secondary antibody: 300 ng/ml anti-mouse-
1gG-HRP in blocking buffer (100 ul/well)

Wash 3x with washing

o
1h,257C buffer (350 pl/well)
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Substrate solution (100 pl/well)

20 min, 23 °C
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0.5 M sulphuric acid (100 pl/well)

J

Measurement of OD at 450 nm

Figure 6: Insulin ELISA protocol
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3.2/ COMPARISON OF THE
PERFORMANCE OF A HIGH
BINDING ELISA MICROLON
600 PLATE AND
A CELLSTAR® PLATE

The attachment of biomolecules to a solid
surface is based upon passive adsorption.
Therefore physicochemical forces such as
hydrophobic bonds, hydrophilic interactions
and H-bonding are relevant. Polystyrene, the
most widely used material for immunological
microplates, has hydrophobic characteristics.
Because for most ELISA applications the
pre-sence of hydrophilic groups is beneficial,
high-binding ELISA MICROLON 600 plates are
physicallytreatedtointroduceadefinednumber
of hydrophilic groups. CELLSTAR® plates, with
intended application for adherent cell culture,
undergo a different kind of physical treatment
toimprove celladhesion. Thistype of treatment
renders the plate surface more hydrophilic,
similar to the treatment of high-binding plates,
but the number of polar groups introduced on
the CELLSTAR®surface is much higher than on
a high-binding surface intended for ELISA ap-
plication. As the usability of CELLSTAR® plates
for ELISA is a frequently asked question, high
binding ELISA and CELLSTAR® plates were
compared with the insulin assay described
above as well as another assay based on the
adsorption of human IgG to the plate surface.
Both IgG and insulin bound very well on the
high-binding ELISA MICROLON 600 surface
(Fig. 7). However, insulin did not bind signifi-
cantly to the CELLSTAR® surface, resulting
in a very low 0D value, and the binding of 1gG
to the CELLSTAR® surface was much weaker
in comparison to the high-binding ELISA
MICROLON 600 surface. Coefficients of var-
iation (CV) for both assays were well below
5 % in each plate type. Non-specific bind-
ing on the CELLSTAR® surface, as is often
discussed for tissue culture plates, was not
detected under the tested conditions (data
not shown).
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Figure7: Opticaldensity values and coefficients of
variations for the insulin and the IgG ELISA on high-
bindingand CELLSTAR® microplates.

Theseresultsdemonstrate that the performan-
ce of ELISA applications on the CELLSTAR®
surfaceishighly dependent on the nature of the
molecule being bound to the plate. It is likely
the high charge density on the CELLSTAR®
surface is not beneficial for binding of in-
sulin and IgG, but rather prevents binding by
rejection. This effect is more pronounced
with the smallerinsulin molecule than with the
significantly larger IgG molecule. It is impor-
tant to note that, due to intended application
for use, CELLSTAR® plates are not subject to
the same quality assurance procedure that is
implemented for immunological plates. For
production of Greiner Bio-One immunological
products, raw material batches are checked
as a part of an integrated quality control pro-
cess to ensure specific criteria are satisfied
prior to the release of the finished goods. To
guarantee consistent binding properties the
ELISA products are continuously monitored
for inter and intra plate homogeneity. Quality
testing is performed to assure that the co-
efficient of variation in one plate does not
exceed 5 % for colorimetric assays and the
ratio of OD values of new plates to reference



plates is in the range of 100 +/- 10 %. As
CELLSTAR® plates have a designated intent for
cell culture, the quality control procedures for
these products are vastly different and involve
comprehensive monitoring and testing sur-
rounding that intended purpose. In addition to
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5/ ORDERING INFORMATION

Well format: 96, Bottom: solid, Raw material: PS, Lid: no

655001 F-bottom/Standard med.-binding = MICROLON 200 = O clear 25pl-340pl 10/ 40
655061 F-bottom/Standard high-binding ~ MICROLON 600 O clear 25pul-340pul  10/40
655080  F-bottom/Chimney Well = med.-binding = MICROLON 200 O clear 25pl-340pul - 10/ 40
655081 F-bottom/ Chimney Well  high-binding ~ MICROLON 600 O clear 25pl-340pl 10/ 40
675001 F-bottom med.-binding ' MICROLON 200 O -clear  halfarea 15pl-175ul  10/40
675061 F-bottom high-binding ~ MICROLON 600 O clear halfarea 15pl-175ul 10/ 40
Well format: 96, Bottom: solid, Raw material: PS, Lid: no

Item no. Well profile cha?;’:::‘r?sitc Bi"dr:’;?‘ga"d Product colour Plate design W”";"w‘i‘l’l‘)"“me Ot’;lil’t‘;‘:’”
701070 F-bottom = med.-binding = MICROLON 200 O clear strip plate 12x8 20 pl-350pl 10/ 100
701071 F-bottom high-binding ~ MICROLON 600 O clear strip plate 12x8 20 pl-350 pl 10/ 100
Well format: 96, Well profile: C-bottom, Bottom: solid, Raw material: PS, Plate design: strip plate 12x8,

Working volume (well): 20 ul - 300 pl, Lid: no

Item no. Binding characterisitc Binding brand name Colour stripe Ot’;lz’t‘zf”
705070 med.-binding MICROLON 200 O clear 10/ 100
705071 high-binding MICROLON 600 O clear 10/ 100

/ Pleasenote thisisonlyanextract of immunological products. You can find more information in our catalogue or on our website: www.gbo.com.
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