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Preface

Biosensors herald the coming of a technology that will explode during the
next decade; they demonstrate that we can harness the incredible functions
of living molecules and cells, crafted for millennia by nature, for our own,
more limited purposes. Nevertheless, to make use of these small wonders, we
have to first capture them and restrict them geographically to the artificial
space in which we demand that they perform. Moreover, we have to do this
without jeopardizing the ability of the relatively fragile molecule or cell to do
the desired job.

Over the last decade, we have both attended numerous conferences
labelled ‘Biosensors’ in which over 50% of the papers centred on how to
immobilize a biomolecule or cell, i.e. a biomaterial, on a sensing surface. In
many cases, the papers presented documented the loss of activity suffered by
the biomaterial when subjected to glutaraldehyde or other abusive chemical
treatment. In other instances, the loss of activity was simply a function of
non-specific interactions of the biomaterial with the surface or steric hin-
drances placed on the molecule by the method of immobilization. There have
been discussions ad nauseam about how to immobilize a biomolecule in the
‘right orientation’, but the subsequent work often seemed to be more driven
by cartoons that could be drawn on a computer than by any deep apprecia-
tion of how the biomolecule or its function was being affected by the surface
to which is was attached.

And what is really happening to these harnessed biomolecules? The por-
tentous words of Enrico Fermi have become a favourite quote for both of us,
‘God made the solid state. He left the surface to the Devil’. Consider the
poor biomolecule or cell trying to do its job in its new location. It has to cope
with a foreign surface, which often—Ilike a hot skillet fries an egg—tries to
alter its conformation mainly through hydrophobic interactions and so dena-
ture it. It may have to cope with tethers that—like those the Lilliputians used
to immobilize Gulliver—tie it down via many small lines. It has to function in
a geometrically deranged configuration where solution mass transfer rules
usually do not apply. A variety of solutes are present which may affect not
only the immobilized cell or molecule but also the analytes with which it is
supposed to interact. And it is probably being asked to perform lying down
or standing on its head!

Both of us, frustrated with the lack of any recently compiled information
on biomolecule immobilization, have been considering such a book as this for
several years. Hopefully, it will become obsolete in the next decade as we
deepen our understanding of the factors controlling biomolecular interac-
tions with surfaces and biomolecular function at surfaces. However, we have
tried to provide the reader with a set of options to guide his choice of how to
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immobilize a biomolecule so that it can best perform the desired function.
Included are chapters on biomolecule immobilization via adsorption (John-
ston and Ratner), entrapment (Dave et al.), through a tried-and-true tether
(Shriver-Lake), and via site-specific binding (Egodage and Wilson), or
avidin-biotin technology (Wilchek and Bayer). Elegant surface chemistries
such as self-assembled monolayers (Liedberg and Cooper) or conducting
organic polymers (Schuhmann) can be recruited. An exciting new approach
describes a method for immobilization that reversibly regulates function
(Stayton and Hoffman). Bright describes a method for monitoring the
biomolecule once it is immobilized, and Karlsson and Léfas describe how
kinetic analysis is important in understanding the behaviour of these systems.
The advances in cell patterning which require both spatially and chemically
controlled immobilization are described by Clark.

We expect the field of immobilized biomolecules and cells to expand far
beyond biosensor applications. Already there are examples of immobilized
biomolecules used for pharmaceutical production and processing. Over the
coming decades, ‘biomaterials’ will become a term not limited to the scien-
tific community as immobilized biomolecules and cells are incorporated into
‘smart polymers’ which can respond to their environment, into filters for
remediating toxic pollutants, into artificial tissues for organ replacement, and
into silicon chips for advanced computing. Immobilizing the biomolecule in a
functional state is the critical starting point.

London T.C.
Washington, DC F.S.L.
May 1998
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