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Ab Antibody

Abs Absorbance

Ag Antigen

AP Alkaline Phosphatase

ELISA Enzyme Linked Immunosorbent Assay
HAMA Human antimouse antibodies
HRP HorseradistPeroxidase

NSB Non Specific Binding

oD Optical Density

PBS PhosphateBuffered Saline
RT Room Temperature

RTU ReadyTo-Use

SA Streptavidin

SNR Signaito-Noise Ratio

TBS Trisbuffered Saline
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Introduction to ELISA

ELISAs are used to detect and quantitate peptides, proteins, antibadalsormones in biolog
calspecimens. Antibodies (Ab) or antigens (Ag) are adsorbed to a solid surface and bind with
affinity their complementary reagents that are typically conjugatecetzymes. The enzymatic
reaction triggered by appropriate substrates allows the quantitation of the analyieterest

ELISAs are useful tools because they allow for the rapid screening or quantitation of a large n.
ber of samples. Other techniques haween developed, but ELISA remains popular because of t
ease of performance of the assay, accuracy, and the low cost.

This guide is divided in eight sections that follow the traditional development of an ELISA.

1. ELISMesign
Figure1l. A schenatic descriptiol This section introduces the most common ELISA formats; pr
of the most common type ¢ senting their advantages and disadvantages.
ELISA, the sandwich ELISA.

2.Coaing

Suggestionsfor optimizing the coating of the solid pke are
listed in this section.

3. Washing

Wash out excess reagei reduce background signal and- i
crease the signab noise ratio(SNR) Guidelines for optimizing
the washing buffer and the washing procedures are suggested.

4. Blockng andstabilizing ELISplates

The critical aspects to consider for preventing ramecific
binding (NSB) are discussed. KEm¢ SO 5 A | Syyittetic( A
Blocking Buffeand WellChampiorare ideal reagents for blée

ing and stabilizing ELISA plates.

5. Dilution of samples, standards & controls

Specimens, standards and controls need to be diluted in speci
buffers before adding them in the microwells. K&nTec Dig-

y 2 & (iSar@piePLUS?2, Effect Dilugngsd ProteinStabilPLUS
are the ideal diluents for reduajncross reactions and interfe
ences.The use of AQi&alsodescribedn this section

6. Dilution and stabilization othe conjugate

Specific diluents are used for achieving the optimal coneentr
GA2y 2F O2yedaAl SR ! 0 Q& M&N !
KemEnt SO 5Al 3y2aidArA0aQ RAfdzSyaze
to prevent loss of activityThe Alkaline Phosphatas@AP) and
Horseradish PeroxidagelRP) labels are also described

7. Enhanced conjugates:naplification systems

KemEnTec Diagostics has developed an amplification systen
based on the biotirstreptavidin binding, which enables 100 fold
signal enhancement.

8. Substrates

Adding the substrate is the last step in an ELISA. This guide
cuses on chromogenic substrates for AP and HRP. The brc
range of KewEn¢ SO 5Al Iy2aiGA0aQ Lt i
described in details for the highest level of optimization.
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Environmental considerations during assay development

Over the past decadeyYD manufacturers have been working towards more enviromentalty co
sciousand sustainable manufacturiniyluch of this effort has been focused on reducing usage of
facility water and energy use, reducing facility waste, increasing facilitycliag, and sarcing
recycled/recyclable product packagingcosensible optionsaare now availabldor the develg-
ment and production ofliagnostics assays.

Many common components used ELISAsontain biological and chemical hazards which were
traditionally used to inrease assay quality and to prolong assay dhelf Considering that the
average automated immunoassay analyzer in a clinical lab can run 200 tests per hour wAile pr
cessing samples 24/7, these components can generate a consideaanount of hazardous
waste. ELISAs have not traditionally been-gensible and several compants in this type of
assay are sually environmentally harmful:

I Many components contain bovine serum albumin (BSA). This is a natural productdrom b
vines and can carry disease. Itightly regulated to avoid this issugemEnTec Diagnostics
totally avoids using BSA its products. For instance KeBntec Diagnhostichias developed
proprietary blockers which are more esensible and block with high efficiency as well.

1 Reagents caalso contairtoxic preservatives such as mercury, azide and other toxic camp
nents which can be environmentally harmfdlemEnTec Diagnostics avoids using any toxic
chemicals as preservatives, but still maintains long product stability.

9 In order to main&in stability, substrates can be solvent basédmEnTec Diagnostics b
strates are all aqueous based and contain no harfgénicsolvent, but still maintain swg
rior adivity andstability.

9 The acid used to stop the ELISA reaction can be hazafdmugreater than 0.5M 43Q).
KemEnTec Diagnostics TMB is formulated to require a-hamardous concentration of bu
phuric acid for stable stop stability, less than 0.3 p3@.

1 Duringthe execution ofELIS# water is wasted in the washing stegéemEnt SOQa 2 St f
Champion alleviates the need for 2 to 3 washing steps in the normal assay procedure allo
ing for less water wasting.

KemEnTec Diagnosti€®co-sensible options do not compromise assay stability or quality, and
can reduce production costdn some cases, ndmazardous alternativegsan enhanceperfor-
mance, simplifyassay productionand facilitateproduct transportation and distribution. Theed
velopment and useof ecosensible approaches enabiedividual VD manufacturers tachieve
more sugainable practices and allowsther members of the IVD ecosysten(including the
healthcare consumer) to improve theimvironmental sustainabilitas well,so that in the end,
everyone benefits.



1. ELISA Design

ELISA procedures currently used daagnostic testing are developed as combinations and modif
cations of a number of basic assay formats

ELISA
Formats

Direct Capture
Adsorption Antibody

Non-

Competititve Competitive

Direct Indirect

Figure2. A representative diagram showing the differdatmatsused for making an ELISA

Type of antigen immobilization

Theimmobilization of the antigen of interest can be accomplisheddivgct adsorptionto the
assay plate. This normally occurs through passive hydrophobic interactions between the plate
non-polar protein residuesf the antigen. Alternativela capture antibody, i.e. a primary ani
body that recognizes an epitope tife antigen or an antlg (or protein A/G)is adsorbed to the
plate andcan be used to immobilize the antigen of interest. Using a capture antilsoaigrmally
the preferred method when thantigen concentration is low and when the antigen does rt a
here properly to the solid phase.

Direct Adsorption Capture Antibody

Figure3. Schematics of the two types of analyte immobilizatibeft) An example of direct adsorption: the antigen is
adsorbed to the microwell surface; Right) An example of immobilization via a capture antibody: the capture antiboc
adsorbed on the microwell surface and birtdghe antigen to be detected.



Competitive vs. Noncompetitive Format

Competitive

ELISAs can be designed in a competitive or a noncompetitive format. The difference is based on
the presence of excess (noncompetitive) or limiting (competitive) antibody binding sites

Noncompetitive
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Figure4. Competitiveassays can be performe)
either using direct adsorptioar capture Ab.
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Figure5. Noncompetitive assays can be bas
either ondirect adsorption or capture Ab.

Format
descritpion

When the reference Ag is bound to the solid
phase, the sample Ag competes with it for a
limited amount of labeled Ab in solution
(Figure4, Direct adsorptia).

When the Ab is adsorbed on the solid phase,
the labeled reference Ag in solution compete
with sample Ag for binding to a limited amour
of Ab(Figure4, CaptureAb).
It is essential for the Ab to be in limited quéant
ties in the assay. This allows for the refereng
Ag and the sample Ag to compete for the
fAYAGSR 10Qa O0AYRAW¥3
ing amount of Ab, a small amount of Ag migh
show no detectatd change.

The Ab binding sites exceed the number of A4
being detectedFigure5). This property
makes the noncompetitive format the most
sensitive.

Advantages

1 Better for quantitation

9 Preferredin case of small Ag size or when
the Ag has only onantibody-binding site.

1 Can be higlty specific, even in the presemc
of crossreactivity

1 More sensitive asay
9 Can be used to assay muétpitope mok-
cules

Disadvantages

1 Only alimited amount of Ab can be used

1 Not recommended when the Aigsmall and
has only one epitoper Ab-binding site

Quantitation

A decrease in signal indicates the presence (¢
the Ag in the sample when compared to wells
without sample. This happens because the
sample Ag and the reference Ag compete fo
the same Ab binding sit€uantitation is -
tained by generating a standard curg&con-
centrationof added reference Ag vs activi
Theactivity in the standard curve is inversely
relatedto the Agconcentrationin the sample.

Activity

Increasing Concentration of Competitive Antigen

Quantitation is obtained by comparing the
activity obtained with a sample to the activity
measured from atandard curve made with
reference Ag. Since the measured signal is
proportional to the concentration of Ag ef
sent, this assay is often referred to as apr
portional ELISAThe activity in the standard
curve is directly proportional to the Agico
centration in the sample.

Activity

Concentration




Direct vs Indirect Detection

The antigen can be detected directly by means of a labeled primary antibody or indirectly

means of a labeled secondary antibody that binds to the unlabeled primary antibody.

Direct detection

Indirect detection

Plate
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Figure6. Direct detection in an assay based ( Figure7. Indirect detection in an assay base
direct adsorption of the Ag: the primary Ab | on direct adsorption of the Ag: a secondary
conjugated to the enzyme and binds to the 4 is conjugated with the enzyme and binds
to be detected. the primary Ab that had specifically reactg
with the Ag to be detected.
Format In a direct ELISA the enzyme isigled to the | In an indirect ELISA the enzyme is conjugat
descritpion primary/detecting Althat binds directly to the | to a secondary Ab that is specific for the-d
Ag Itis not frequentlyused in ELISAs. tection of primary Ab only, and not for the
eventual capture Ab
In order to avoid interferences, capture and
primary antibodies should be from different
host species.
Advantages 9 Only oneAb isused 1 The same Afzonjugate can be used to

1 No crossreactivityof secondary Ab
9 Smple, quick assay procedure

analyze different samples if all the primar
'oQa INBE FNRY GKS &

1 There is a large choice of labeled second
16 Qa @At ofS Ay

1 maximum immunoreactivity of the primary
Abis retained because it is not labeled

1 Signal amplification can be obtained as a
consequence of the several epitopes axalil
ble oneach primay Abthat can be boad
by the labeled secondary Ab

1 Possibility to use different detection miar
erswith the same prnary Ab

Disadvantages

1 Potential matrix effects (interferences of an
unknown cause from a biological sample)

1 Labeling of the primary Ab can affect its
immunoreactivity

1 Each new ELISA requires the labeling of a
primary Ab (a timeconsuming and expe
sive pr@ess)

1 Limitedsignal amplification

1 Requires an additional incubation step
1 More nonspecific binding issues due to th
crossreactivity of the secondary Ab.




Sandwich ELISA

The most common type of diagnostic ELISA is the sandwich. dg&agandwiclELISA is a comb
nation of different formats that results in a powerfdétection tool for diagnosticnarkers.It is a
typically noacompetitive method where the immobilization of the antigen is accomplished via a
capture antibody, so that the antigen is doad between two antibodies (from here the name
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ELISA

Formats

Sandwich ELISA

Capture Non-
Antibody Competitive

Direct Indirect

Figure8. A representative diagram showing the formats used to design a Sandwich ELISA

The label on the secondary antibody ozary, but most commonly is the horseradish peroxidase
(HRP) or the alkaline phosphatase enzyme (AP). Detection and quantitation of the bound labeled
secondary antibody is accomplished by assessing its enzymatic activity in the presencé-of a su
strate.

Direct sandwich assay Indirect sandwich assay

Figure9. Schematic of a direct sandwich ELISA and an indirect sandwich tBelSAalyte is immobilized using apea

ture Ab adsorbed to a microwell plateln a direct sandwich ELISAabeled secondarfb isdza SR (2 da &l YR A OK:
andyte.LY 'y AYRANBOG alyRgAOK 9[L{! I &aSO2yRINE ! 06 daalyRgA
secondary AbWashing occurs between each step of the process, allowing for only aisglgtiafic complexes toer

main bound to the plate.



An overview of procedures for the most common ELISA formats
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