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Topics covered by this lecture will include a brief review of the principal methods of
linkage of biomolecules to solid phase matrices. Copies of the key self explanatory slides are
presented as figures together with reprints of two publications by the author dealing with a
preferred chemistry for the covalent linkage of antibodies to hydroxyl and amino functional
groups and the effects of changes in solid phase matrix and antibody coupling chemistry on the
performance of a typical excess reagent immunoassay for thyroid stimulating hormone.

Historically, prior to the development of monoclonal antibodies, covalent linkage of
antibodies to particulate solid phases was widely used. Functional groups on its largely
carbohydrate based polymers, cellulose and Sephadex were activated, originally by cyanogen
bromide, and linked to IgG fractions of polyclonal antibodies for use in limited reagent,
radioimmunoassay, methods. Solid phase antibodies could be used as primary reagents, or in the
separation stge as solid phase second antibodies. The advantages in radioimmunoassay were
originally perceived to be related to speed of assay. Primary antibodies attached to solid phase
did not require time consuming and expensive second antibody precipitation. But, advantages
were soon discovered of improved precision at lower antibody binding levels as a result of the
introduction of multiple wash/separation systems. This had the effect of removal of
misclassification error, washing away the proportion of free counts misclassified as bound,
effectively removing the distortion caused at low binding levels from liquid phase
radioimmunoassays and improving precision. As a result radioimmunoassays could be prepared
using greater dilutions of primary antibody and often realised an improved sensitivity. However
physical preparation of the solid phase tended to be wasteful of valuable antibody since linkage
is random resulting in the steric hindrance of a proportion of the antibody coupled.

A further disadvantage was the physical form of the solid phase particle. Cellulose particles,
size 20 um, required shaking for incubation times greater than 1 hour. This stimulated research
into the provision of more ideal particles of improved buoyant density. Smaller particles, silanised
glass particles, later particles and uniform polystyrene particles with a shell of added methacrylate
(Dynospheres) have since been developed which do not require agitation incubation.

A number of alternative chemistries, periodate, hydroxysuccinimide, carbonyldiimidazole,
tresyl and tosyl, designed to extend the range of polymers and functional groupings available for
antibody linkage have also achieved widespread application.

A novel development has been the production of magnetic solid phase particles, magnetic
cellulose, silanised ferromagnetic particles, and spherical latex particles polymerized around a
ferromagnetic core. These particles can be separated from immunoassay incubates by magnetism
avoiding the requirement for centrifugation separation. This is however achieved at a loss of both
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buoyancy, due to the greater density of the ferromagnetic component, and antibody coupling
capacity.

The initial development of excess reagent assays was constrained by their use of polyclonal
antibodies and as a consequence the poor capacity for antibody linkage of the cellulose solid
phase particles. Since optimal assay performance required a high capacity for antibody linkage
larger porous particles e.g. agarose, sepharose, sephacryl were often used. However, with the
advent of monoclonal antibodies and their inherent mono-purity solid phases of lower capacity
could readily be used. A change of emphasis could now be made to physical adsorption; binding
of antibody by hydrophobic interaction to the surface of polymeric materials. Polystyrene tubes,
beads and microtitre plates, the latter in strip or single well format became widely used.
Consequently, the commercial quality of the polystyrene similarly improved. It is now possible
to purchase tubes and plates with a guarantee of standard binding behaviour. This format was
readily adapted to automated immunoassay instruments.

The evolution of solid phase technology was not however a series of random unconnected events
but a logical progression related to improvements in immunoassay technical simplicity, precision
and sensitivity. This technology particularly with excess reagent assay systems has led to
dramatic advances in precision and sensitivity in comparison with limited reagent assays. Time
permitting the lecture will illustrate these points with examples from immunoassays used in a
busy clinical endocrinology department.

Solid phase TECHNOLOGY

Limited Reagent Immunoassay Excess Reagent Immunoassay

RIA IRMA

(Radioimmunoassay) (Immunoradiometric Assay)

Solid phase Specific Antibody Solid phase Specific Antibody

Solid phase Separation Antibody
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PHYSICAL ADSORPTION

FORM

TUBE

MICROTITRE PLATES
STRIPS (8-well 12-well)
WELLS (individual)

BEADS/BALLS
(Etched)

PARTICLES
(Microspheres)

POLYMER

POLYSTYRENE / POLYPROPYLENE

STAR TUBES
MAXISORB TUBES (NUNC)
MINISORB TUBES

POLYSTYRENE/POLYVINYL CHLORIDE
(Centrified surface quality)

POLYSTYRENE

POLYSTYRENE
POLYSTYRENE/METHACRYLATE
(Dynospheres, Magnetisable)

COVALENT LINKAGE

FUNCTIONAL GROUPS

AMINO

COVALENT CHEMISTRY

DIAZO
GLUTARALDEHYDE
CARBODIIMIDE

CARBOXYL

HYDROXYL

CIS-DIOL

CARBODIIMIDE
GLUTARALDEHYDE

CYANOGEN BROMIDE
HYDROXYSUCCINIMIDE
TRESYL
TOSYL
CARBONYLDIIMIDAZOLE

PERIODATE
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COVALENT LINKAGE

FORM POLYMER

TUBE POLYSTYRENE (Coated)

POLYPROPYLENE (Glutaraldehyde)

MICROTITRE PLATES

STRIPS (8-well 12-well)

WELLS (individual)

POLYSTYRENE

COVALINK (Nunc)

COVALENT (Costar)

BEADS/BALLS NYLON

POLYSTYRENE

(Surface Modified, Pierce)

PARTICLES CELLULOSE

BEADED DEXTRAN (Sephadex)

BEADED AGAROSE (Sepharose)

POLYACRYLAMIDE (Biogel, BioRad)

CELLULOSE (Magnetisable)

(Microspheres) POLYSTYRENE/METHACRYLATE
(Magnetisable, Dynospheres)
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C.V. (%) PRECISION PROFILES
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