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Biosensors in immunology: the story so far
Sulabha S. Pathak and Huub F.J. Savelkoul

. W iosensors can be defined as
devices that combine a bio-
logical recognition mechanism
with a suitable fransducer,

al in

response to changes in concentration of a
given biomolecuie at the detector surface.
Evanescent optical sensing devices, which
rely upon the evanescent field to probe
changes occurring at the sensor surface as a

result of binding, are being in

Optical biosensors are finding a
range of applications in
iniimology. They enable
biomolecular interactions to be
characterized in veal time without
the sieed to label reactants, and,

because individual binding steps

can be visualized, are particularly

suited to complex assays.

singly used
in immunology'. Several different types of
evanescent field biosensors have become
commecially available (Box 1). The most
common sensor surface is a flexible hydro-
gel matrix composed of carboxymethylated
dextran chains of a thickness of 100-200 nm.
It is possible to inamobilize various mol-
ecules to this dextran layer by conventional
chemical methods. The ligand may be one
of the reactants in the interaction of interest,
a capture antibody having a high affinity for
one of the reactants, or even streptavidin
to which the biotinylated ligand is later
adsorbed. Recently, stir-coated polystyrene
surfaces have become available. It is poss-
ible to coat such surfaces by simple adsorp-
tion. The polystyrene surfaces may have an
advantage over the dextran surfaces in that
they are flat, unidimensional surfaces.
However, many of the criticisms directed
against enzyme-linked i t

of immune p Solid-
phase immunoassays such as ELISAs or
radioimmunoassays (RIAs) require the
labeling of one of the reactants, are time-
consuming, discontinuous techniques and
comprise cycles of washes during which the
primary antibody/antigen might dissociate.
They are therefore influenced by the affinity
of the reaction?. Moreover, adsorption to the
plastic surface is found to denature many
proteins or disrupt their quaternary struc-
ture®. Also, mass transport iimitations may
lead to under-estimation of the analyte®.
In biosensors, the response can be meas-
ured either directly as thiat of a ligate ex-
posed to the biospecific surface, or secon-

observed in ELISAs, and such adjustments
are also useful in biosensors. However,
other parameters such as diffusion of the
analyte in the dextran matrix and aftinity of
the secondary reagents may influence de-
terminati in the bi ith h the
latter constraint can be minimized by the

use of high-affinity secondary reagents.
Shuck® has suggested that using a consider-
ably thinner dextran matrix could minimize
the mass transport limitations in the biosen-
sor, because the size of the gel is the single
most important variable for the mass trans-
port within the gel. The use of aminosilane
surfaces or direct linking of the biomolecule
of interest to the sensor chip may help over-
come some mass transport limitations, but it
is difficult to immobilize significant amounts
of proteins to such surfaces®.

Most of the published studies of the use
of biosensors for concentration determi-
nation or interaction analysis use purified
or semi-purified samples. When the protein
of interest is in very small concentrations as
compared with the other bulk proteins,
mass transfer limitations could seriously

darily as the resp from a sut I

introduced ligate-specific reagent. Tie use
of the secondary reagent enhances the sig-
nal. It also increases the specificity of the
system. Biosensors suffer from one major

assay
(ELISA) surfaces (denaturation of proteins,
changes in protein conformation, desorption,
etc.) are also valid against such polystyrene
surfaces. This article discusses the scope
and limitations of four major areas of appli-

also shared by solid-phase
immunoassays: a high percentage of immo-
bilized molecules may not be in the correct
conformation for interaction. The use of the
biotin-streptavidin system can help in over-
coming this constraint by increasing the

cation of optical bi conc ivity and the specificity of the assay.
deter kinetic i analysis, Bi are especially usefu!l where
epitope mapping and DNA-ligand interac- deter is desired in

tion analysis.

Concentration determination
Biosensors offer the possibility of quick con-
centration determination of the analyte.

small volumes and hands-on time is lim-
ited. Moreover, biosensors can measure bio-
molecules quantitatively at a single dilu-
tion. Furthermore, the sensor surface can
be regenerated, so that multiple determi-
nations can be done on the same surface.

Conc ion d in

assays are generally based on equilibrium

SCTOBR
464

ER

Vol.18

L K gni e e G50 SKOUSTISNT 00

Adi

the flow rate or the stirrer rate
helps reduce the mass transport limitations

7

No.I0

hamper The
published reports generally indicate a de-
tection limit in the nanogram to microgram
range. This detection limit may not be low
enough to permit analysis of molecules that
are normally present in low concentration,
such as rare antibody types, cytokines and
cytokine receptors. Furthermore, since the
biosensors read the changes in the sensor
surface (refractive index or resonance) that
oceur as a result of binding/dissociation of
biomolecules, the current instruments are
not suitable for determining the interaction
between very small molecules (molecular
mass in the range of 5 kDa) directly. Bio-
sensurs have been successfuily used to
monitor Fv secretion in an Escherichia coli
fermentation” and for the determination of
the concentration of antibodies against
human iimunodeficiency virus 1in secum?.
As judged from the pubiished reports, the
miost popular application of the instrument
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seems to be kinetic interaction analysis
rather than concentration determination.

Kinetic interaction analysis

Antigen-antibody interactions have tradi-
tionally been measured using a variety of
methods such as RIA, ELISA and fluor-
escence quenching’. All these approaches
have many theoretical and practical draw-
backs*!". When information regarding the
kinetics of the reaction per se is required, rapid
kinetic measurements are desired and the
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Box I. E of ¢

{SPR)

cial field bi s

Surface pl

Examples: BlAcore and BlAlite (Pharmacia Biosensor AB, Uppsala, Sweden); IBIS

( B.V, Al

* Sensors consist of a thin metal layer (about 50 nm) deposited on glass
* Evanescent wave generated by total internal reflection interacts with free
oscillating electrons (called plasmons) in the metal film surface, resulting in

resonance

Tesonance occurs

sensing layer

Light energy is lost to the film and the reflected light intensity drops sharply when

Conditions for exciting resonance are extremely sensitive to any changes in the

traditional methods may not be suitable'". * Reactions occurring at the sensing layer can be followed by monitoring the
Biosensors have been successfully used for resonance position

such !. A detailed th ical * The resp from the instrument is measured in terms of resonance signal
consideration of kinetic amlysls and es-

pecially the matt involved is given mirror (RM) bi

in Refs 11 and 12,

One of the major problems of kinetic
interaction analysis by optical biosensors is
the biphasic nature of both the association
and the dissociation phases, which has been
thought to be intrinsic to dextran sur-
faces"'*. However, such biphasic dissoci-
ation may not be restricted to dextran sur-
faces, since Mattes reports observing
biphasic curves for antibodies dissociating
from cell surfaces, with one fraction that
dissociates rapidly and the other at a much
lower rate. Thus, a defizitive explanation
for this effect cannot be provided at this
point of time, and may be attributed to the
bivalent nature of the antibody.

Box 2 lists some of the factors likely to

Example: IAsys (Fisons Applied Sensing Technoiogy, Cambridge, UK)

* Waveguiding technique devices
Sensing layer is placed in the e

structure

region of a d

A dielectric resonant layer of high refractive index that is separated fmm the prism

by a layer of low refractive index is present at the sensing surface

At the resonant point, light penetrates into the high index layer and propagates

some distance along the sensing interface before coupling back in the prism

Angle of of

is very

the and

to changes at the sensing interface

Change in the angle of resonance (in terms of arc.seconds) can be directly related to

of ki

techniques'. This kind of kinetic analysis is
particularly useful in the development of
recombinant antibody technology and ias
been achieved using biosensors in, for ex-
ample, the development of high-affinity

o

c deviations from Langmuirian approxi-
mations of the biosensor data. These nu-
merous factors may be operative in different
degrees depending on the instrument used
as well as the characteristics of the inter-
action under investigation. However, with
an understanding of the possible artefacts
that can interfere with biosensor measure-
ments, it is posible to obtain relevant kinetic
information for interactions between a
variety of biomolecules such as antigens
and antibodies®, adhesion molecules® and
cytokines/h and their 1617,

from a naive library by chain
shuffling'”. Biosensors have also been used
in the development of phage libraries,
where it is essential to determine the affinity
of the displayed Fv fragments and their
homologous antigens™.

Most of the published reports of kinetic
interaction analysis between antigens aind
antibodies are restricted to monoclonal
preparations. Indeed, reliable determination
of K,

seems more difficult for polyclonal
sera than for pure monoclonal antibody

P ions of similar c i be-

Association rate constants in the range
10-10° M~! s and dissociation rates of
107°-10"2 s~} are within the i ’s

cause of the heterogeneous affinities pres-
ent in the former (SS. Pathak and H.FJ.

unpublished). Probably, high-affinity anti-
bodies in the serum reassociate with the im-
mobilized antigen because the diffusion of
the unbound ligate away from the surface is
rate limiting. This problem of reassociation
could be less obvious in biosensors where a
constant flow of liquid is maintained over
the sensor surface. However, reassociation
that can occur within the dextran matrix
cannot be eliminated.
O'Shannessey and Winzor™! are of the
opinion that many factors could be respon-
sible for deviations from pseudo-first-order
kinetics in the biosensor and are perhaps
operative to different degrees depending on
the characteristics of the interactior under
investigation. They therefore suggest hat
all the rate constants obtained in biosensors

are apparent and phenomenological. Various
methods of data treatment are suggested in

capability'®. Determining equilibrium con-
stants of molecules with high dissociation
rates is especially difficult with conventional

1 published). Determination of
Ky, is also problematic for polyclonal sera,
because of failure to achieve appreciable
dissociation (S.5. Pathak and H.EJ. Savelkoul,
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stants""12. However, such treatments are com-

to obtain reliable affinity con-

plicated und may not be able to account
for all the factors involved. [t is therefore
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Box 2. Factors that can influence kinetic data obtained from the

biosensor
Mass transfer effects
Result from:
* Bulk transport (i.e. port to the sensor surf: can be minimized by adjusting
flow rates

« Transport within the dextran matrix; difficult to detect and eliminate

Ligand site heterogeneity

* Arises from random covalent coupling; some immobilized ligand molecules may

not be in the correct conformation
* Ligand sites deep within the gel are no

t easily accessible and therefore have an

apparent lower affinity than the accessible sites

Parking problems

* Potential binding sites within the dextran matrix may be masked when a large
" ligate molecule binds to immobilized ligand; can be reduced with lower densities

of immobilization

Complex interactions

* Bivalency/multivalency of either the ligaf
11 stoxchlomelry

* Coop ive or negati

« Rebinds uofthe di

te or the ligand leading to deviation from

between the ligate/ligand

d ligate mol

suggested that the term k,; or k,;,, be used
to describe the kinetic events rather than de-
scribing them in terms of individual kinetic
constants?. With proper precautions and
data handling, the observed affinity con-
stants, however, are thought to be a direct
reflection of the actual K, and are in agree-
ment with the data cbtained from other
methods of interaction analysis®. Thus,
evanescent field biosensors can be easily
used where determination of affinity con-
stants is desired for relatively pure samples
not containing a mixture of ligate molecules,
and especially where various preparations
are to be compared.

Using biosensor technology, it is possible
to study association and dissociation rates
separately. This is especially useful in study-
ing interactions of cell-surface receptors and
their ligands. This technology is therefore
eminently suitable for studying the inter-
action of cytokines, growth hormones and
other factors with their receptors. Until the
introduction of biosensors, such studies were
limited to conventional cellular bioassays
with the associated problems of specificity,
variability, longer duration and so on. With
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multi-unit receptors, it is possible to immo-
bilize the receptor subunit ectodomains to
the sensor surface (either .ndnvxdually orin
combination) and perform ki
action analysis to arrive at the bi
stants2® - studies that are vmually im-

low enough to allow such measurements at
present.

Epitope mapping
Biosensors are especially useful in epitope
mapping. since it is possible to perform
multisite analysis in which many relation-
ships can be established in a single run by
q 1 addition of antibodies or other
binding molecules. The open structure of
the dextran matrix makes the analysis of the
formation of large functional complexes
feasible. Since it is possible to immobilize
molecules so that they retain biological re-
activity and conformation after regenerat-
ing the sensing layer, the process can be
repeated using a different sequence of in-
jections unti] all possible combinations are
examined. Above all, the system allows the
visualization of each successive binding step®.
In their studies on the epitope-mapping

te-

of g ge colony-sti

lahng factor, Laricchia-Robbio et al.# have
compared the applicability both of ELISA
and biosensor technology to epitope map-
ping, to the clear advantage of the latter.
Levy et al.® have used the technique to es-
tablish the major immunodominant epitope
on the Goodpasture' antigen as well as the

possible with c ional

Biosensors have also been used to study
models of chain recognition and orientation
of cytokines while they are reacting with
their receptors?’. Mutants containing spe-
cific residues can also be rapidly tested, al-
lowing identification of regions on the mol-
ecules that influence the affinity of the
interaction?*?!, Recently, Stampfli et al.*® have
even extended the use of this technology to
study antigen-specific inhibition of IgE

of the ibody resp
in Good disease.
et al® have used the technique to study
the y of anti-nucl auto-

antibodies for double—stmnded DNA and
histone H3.

DNA-ligand interaction analysis

Understanding DNA-DNA and DNA-RNA
interactions, as well as those between DNA
and DNA-binding proteins, is becoming
mcreasmgly lmportant in elucidation of

binding to the high affinity FceRI receptor,
while Shen et a2 used the technology for
the determination of local and global deter-
minants for the interaction of interleukin 4

Mobility or
band-: shlﬂ assays have been commonly
used to study the interaction between DNA
and DNA -binding proteins. However, these

with its receptor. The cuvette design of the
1Asys (Box 1) could, in theory, allow the im-
mobilization of whole cells to the sensor
surface and therefore the study of protein-
celi interactions. However, the detection
limit of the available instruments is not

997

No.,10

are time-c g assays
that are hampered by the need for recording
arapid reaction with a small number of data
points and cannot provide a real-time pic-
ture of the associaion events™. Biosensors
have multiple advantages in this respect.
The rate of ligand binding and the sequence




specificity can be assaved easily and with
high precision in a biosensor. Since the
interactions can be monitored in real time, it
is possible to optimize key steps during the
procedure, which is not possible by other

lid-phase gene ly methods™. How-
ever, it is difficult to assay DNA-binding
proteins in crude cell extracts by the cur-
rently available biosensors. Biosensors also
Trequire more protein for the binding analysis
as compared with other methods™.

The most common method of immobiliz-
ing small oligomers of DNA is by introduc-
ing a molecule of biotin at the 3' or the 5 end
and using a streptavidin-dextran surface as
an efficient and robust capturing agent. The
sensor can then be employed to study the
kinetics of hybridization®, elongation by
reverse transcriptase”, and multistep solid-
phase gene assembly, as well as to assess the
performance of different enzymes routinely
used for the synthesis and manipulation of
DNA (Ref. 31). Moreover, in such assays,
the DNA synthesized on the sensor surface
can be eluted from the surface by the use of
alkali or released by the use of restriction
endonucleases, collected and further used
for PCR ampilification or other appli
Such manipulations are impossible with
conventional techniques.

Summary

In conclusion, biosensors are versatile tools
with a range of applications. With a thorough
knowledge of possible artefacts and limi-
tations, it possible to perform assays that were
heretofore not practicable in immunology.
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