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Design of Diagnostic Assay Surfaces

The in-vitro diagnostics industry requires new tools for detection, prognosis, prediction and
monitoring of diseases, not least to deal with the market challenges posed by advances in point of
care testing.

Diagnostic assay design is encumbered by the necessity to work with biomolecules at surfaces.
Often the effectiveness of this surface-capture step is only determined by the efficacy of the end
point of the assay and is a factor in achieving high assay reproducibility.

Dual Polarisation Interferometry (DPI) allows the individual steps associated with assay development
to be measured and optimised. Steps such as surface preparation, target immobilisation, surface
loading and orientation, blocking, analyte capture, reporter capture (labelled or unlabelled) can all be
guantified using DPI. This can be done not only in terms of their mass loading and activity but also
their biomolecular structure. Due to the inherent dynamic nature of DPI, it is possible to accurately
and speedily identify design and performance issues as they occur thus accelerating the design
steps required.

The following describes some of the key features of DPI as an analytical tool for designing and
developing diagnostic assays for a whole range of formats.

Principles of DPI

DPI is an interferometric technique to derive
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diagnostic assays.
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Challenges in Diagnostic Bioassay Design

Biomolecule development
and characterisation

Non-specific binding
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Surface preparation
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Biomolecular immobilisation
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A key issue in bioassay design is Determination of identity, conformation

implementing the necessary measurement
requirements for the characterisation and
quantification of biomolecules at surfaces .

The following criteria are all addressed by
DPI:
[1] Metrology requirements for the identification and quantification of

biomolecules at surfaces. M R Alexander, Laboratory of BioPhysics and Surface
Analysis, School of Pharmacy, University of Nottingham (2008).

and activity of biomarkers at measurement surfaces
Quantification of immobilisation chemistries

at surfaces

Determination of layer coverage and biomolecular
conformation

Correlation of quantitative data related to surface
preparation and bioassay response

Real-time bioassay data in physiological media

Diagnostic Market Needs Addressed by DPI

Diagnostic assay design is becoming
increasingly reliant on a lower level of end-
user expertise. This is the case particularly
with  over-the-counter and point-of-care
applications. This necessitates greater assay
robustness and simplicity. Hence to
accelerate bioassay design it is necessary to:

* Ensure active immobilisation

* Optimise orientation

* Maximise surface loading

* Quantify bioavailability

» Enhance formulation

» Determine the effects of labels

The adoption of DPI introduces a traceable,
guantitative analytical tool into the bio-
analytical assay development process. DPI
can therefore be used to:-

« Emulate different surfaces or capture
chemistries
« Derive effectiveness of different cleaning protocols
» Quantify effect of pH, ionic strength, temperature
and co-factors on immobilisation density,
and conformation
» Determine effectiveness of different blocking
strategies
« Study stability & denaturing
« Understand batch to batch variability
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Measurement of surface density, molecular conformat

ion and orientation, together with their

dynamic bioavailability delivers an insight into th e design of an optimised diagnostic surface.

Examples of diagnostic assay design using DPI

1: Anticortisol, cortisol — immunoassay design and op

S

timisation for small molecule antigen

I 5 In this immunoassay, anti-cortisol antibody was captured onto a

o} protein G coated surface. As part of the assay design, DPI was
used to optimise the orientation and surface loading of the antibody.

From the assay, DPI was able to

quantify:

« the number of active molecules
on the surface

« the stoichiometry of the assay

« the conformational change
during binding

« 0.12nm conformational change at
saturation

« the affinity of interaction from

Mol. WtAb = 160,000Da
Mol Wt Ag = 362Da

0.14

0.12

Structure change / nm

Stoichiometry = 2:1

Ko = 0.8UM

both the mass and structural
response

oM

2: Anti-antibody immunoassay — characterisation of “

Log[Cortisol(uM)]

once over” effects after regeneration

In this immunoassay, anti-antibody was covalently captured by an amine-amine linker and blocked leaving a
10nm thick layer (point (a) below). During the subsequent antibody assay, a classic “once over” effect was
seen with activity greatly reduced after regenerating, shown below.

From the change in dimensions of

the antibody layer it is apparent that: 20
« the first antibody challenge

site o o0 @l
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18
results in a large increase in

16
thickness and mass — point (b)

14

- after regeneration the thickness

of the anti-antibody is greatly 12

reduced, removing oriented anti- 1007

antibody — point (c) g

« the reduction in activity

correlates to the loss of oriented

anti-antibody — point (d)

Mass (ngmm -2) / Thickness (nm)

* optimised assay requires
retention of oriented anti-antibody
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Examples of diagnostic assays unique to DPI

1. An immunoassay with discrimination against different isoforms

Despite identical mass responses from
antibody captured isoforms of the same
peptide, DPI can easily discriminate the
different structural responses. Shown on
the right, the green and blue structural
responses are dramatically different for

the two isoforms.
Image courtesy: Warwick University

2: Immunoassay discrimination of aggregate oligomers
The structural response of an
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Image courtesy: Lancaster University
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