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Time-resolved fluorometry: an
overview of the labels and core
technologies for drug screening

applications

Ilkka Hemmild and Stuart Webb

Time-resolved fluorometry (TRF) with lanthanide chelate
labels is a well-established technology in diagnostics.
Recently, TRF has attracted great interest as a tool for
application in a range of assay formats in drug screening.
The advent of highly fluorescent lanthanide chelates has
made it possible to develop a wide variety of highly
sensitive TRF-based assay technologies, both hetero-
geneous and homogeneous. In addition, the ability of
TRF technology to combine temporal resolution with
high spatial resolution opens up the possibility of assay
configurations with features such as miniaturization,

multilabel or multiparametric analysis and greatly

improved sample throughput.

he advent of radioisotopic labels at the end of the
1950s revolutionized diagnostic routines by pro-
viding easy, rapid and quantitative assays!:2,
During the 1970s, the major goal was to find alter-
native technologies, to replace radioisotopes, to develop
simpler homogeneous assays, and to progress to even more
sensitive and more easily automated assays. Enzyme
immunoassays® were the first to gain wide acceptance in
diagnostics. Fluorometric assays did not achieve wider

acceptance (except in cellular applications and in some
homogeneous assays, such as fluorescence polarization
assays®, later commercialized by Abbott) until the develop-
ment of sensitive time-resolved fluorometric assays in the
early 1980s (Ref. 5). The major trend in diagnostics during
the 1980s and 1990s was not to find new technologies, but
to develop complete automation of clinical routines, first
with batch-analysing devices, and later with continuous or
random-access automates. All of those systems are based on
nonradioactive label technologies.

Somewhat similar trends are found in the field of drug dis-
covery. In high-throughput screening (HTS), however, the
use of radioisotopic labels still forms the core of assay
methodology. The development of scintillation proximity
assay (SPA) principles by Amersham researchers® strength-
ened the long-term position of radiolabels in pharmaceuti-
cal screening. The main reason for this continued popularity
stems from the requirements of the targets, which are gen-
erally low molecular weight compounds (molecular weight
range 300-700). Because of their binding properties, size
and the existence of only a few active sites for binding, it is
much more difficult to label these with a nonradioactive
external label than with internal labels such as 3H, 14C, 32P or
33p. Nevertheless, efforts to find nonradioactive labels con-
tinue, not only because of the problem of radiation disposal,
but also for reasons of performance, simplicity, automation,
speed, assay miniaturization, multiparametric possibilities,
stability of tracers and safety.
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Fluorometry uses nonbiological, stable labels. It is a very
versatile technology, providing a real alternative to radioiso-
topes in screening and, as will be described here, it could
make an important contribution to future assay development.

Assay technologies — from heterogeneous to homogeneous
The correct definition of what constitutes a heterogeneous
or a homogeneous assay format is fundamental to the under-
standing of assay design principles. Heterogeneous or sepa-
ration assays may be defined simply: after an incubation
period, the free or unincorporated label and (assay) matrix
are removed, thus effectively stopping the reaction at a spe-
cific time point. In homogeneous assays, all of the assay
components are in the same phase (i.e. liquid) and there is
no separation of the free label and matrix before measure-
ment; in addition, the reaction is not usually stopped G.e.
the assay equilibrium is in a state of flux). The measurement
can include real-time kinetics.

There is a third assay format, the nonseparation assay,
where one or more of the assay components are not in the
same phase (i.e. on a bead or other solid phase). Although
the free labelled ligand and matrix remain in the well during
measurement, unlike the homogeneous assay, the reaction
is centred on or around a solid phase, thus effectively local-
izing the signal and essentially converting the solid phase
(bead) into a partial separation step. The best-known system
based on this concept is SPA (Amersham International).

In drug discovery, the primary screening — the search for
‘hits’ — is based on the variability of competitive binding reac-
tions, such as protein—protein, hapten—protein, receptor-ligand
and protein—nucleotide interactions, in addition to assays
of secondary signalling cascades, enzyme activities (phos-
phorylases, kinases, proteases, peptidases), expressed genes,
cellular interactions (adhesions, cytotoxicity assays), etc.

For diagnostics, a noncompetitive assay format is
required, because the advantages of a homogeneous read-
out are outweighed by the need for a wide dynamic range
and high sensitivity not achievable without steps to reduce
the nonspecific background (i.e. low-affinity reactions)’.

It was the noncompetitive, excess-reagent immunometric
assays that provided the possibility to develop ultrasensitive
immunoassays for cancer antigens, peptide hormones,
cytokines, etc. While the separation-based noncompetitive
assay is able to measure analyte concentrations within a
range of four or five orders of magnitude without dilution’,
most homogeneous assays hardly achieve signal dynamics

of more than one order of magnitude.
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In a competitive HTS assay, however, reaction sensitivity
is influenced not so much by the method of separation but
by other, more important factors’. Thus, for HTS there are
fewer restrictions preventing the conversion of quantitative
heterogeneous assays to homogeneous formats.

Although almost all of the assay steps, such as dispensing
and diluting, washing, harvesting and incubation, are easily
automated, adoption of a simple homogeneous assay design
would speed up sample throughput. The reason is that
homogeneous assays require fewer steps, have more rapid
binding kinetics (all in solution), and do not need tediously
slow washing or harvesting or extra steps for signal produc-
tion (substrate incubation). In addition, the homogeneous
concept facilitates assay miniaturization, which is another
important goal for HTS laboratories.

The homogeneous assay format does, however, have some
drawbacks. In most of the homogeneous assay designs
known today, performance is limited by factors such as the
size of the analyte (ligand), the assay principle, sensitivity and
suitability for different sample matrices. In homogeneous
assay technologies, the dynamic range of the signal (signal-
to-noise ratio) is limited and in optimization of the assay it is
difficult to find enough signal; thus, less emphasis can be
put on increasing the binding kinetics, use of saturating lev-
els of binding reagents and obtaining a wide dynamic range.
This means, for example, that real reagent-excess systems
(i.e. noncompetitive assay formats) cannot be applied.

For signal measurement in the presence of all assay com-
ponents, considerable care should be taken to adjust for any
interference, such as fluorescence quenching or enhancing,
or interference by coloured components. In the past, meth-
ods to eliminate interference were based on a combination
of dilution, use of long-wavelength probes (>600 nm), sam-
ple pretreatment, or some form of simple algorithm to adjust
the measured signal to that of a known pure standard. With
new sophisticated software used in combination with multi-
technology instrumentation, the problems associated with
such interferences can be virtually eliminated.

Fluorescence resonance energy transfer

One of the earliest, and now one of the most widely dis-
cussed, homogeneous fluorometric assay systems is fluor-
escence resonance energy transfer (FRET), which was first
described in 1948 (Ref. 8) and was soon recognized as a
good method for enzyme kinetics as well as end-point
determinations. The first working immunoassay (FETI) was
described by Syva in 1976 (Ref. 9).
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FRET is based on the proximity of two labels brought
together by a specific binding reaction. With a suitable label

pair, the excited energy of the donor label is transferred by
a nonradioactive resonance mechanism to an acceptor mol-
ecule, provided that they are at a distance of less than 10 nm
from one another and that they overlap energetically®-11,
The main disadvantages of FRET are the narrower transfer
distance compared with conventional organic fluorescent
probe chemistries, and the fact that there is no way to sep-
arate the emission of an acceptor excited by energy transfer
through the donor from the emission derived from its direct
excitation!!. In addition, the vulnerability of conventional
fluorometry to the matrix and disposable derived interfer-
ences can limit the sensitivity. Only since the advent of time-
resolved fluorometry (TRF) and the use of donor—acceptor
pairs of differing decay times has FRET become a technique
suitable for wider application in HTS.

Fluorescence polarization

Fluorescence polarization (FP) technology is based on
measurement of the depolarization of emissions from fluor-
escent labels irradiated with polarized light. This depolar-
ization is a function of rotational movements of molecules
during their excited state lifetime (generally in the range
3-5 ns). FP has undergone a renaissance in HTS, mainly as
a result of the sterling work of Jolley!? and coworkers over
the years. It has had most success in small-molecule bind-
ing experiments [originally in fluorescence polarization
immunoassay (FPIA) of drugs], but with new optimized
labels, such as Texas Red and Pobidy, it has also found
application in protease analysis with labelled casein or pep-
tides. As a true homogeneous assay, FP is rapid and simple,
but applications are limited to analyses where there is con-
siderable change in rotational movements ~ either the bind-
ing of a small ligand to a larger receptor or the dissociation
of a larger complex into smaller fragments.

Fluorometry in screening

Fluorometry is a very powerful and viable nonradioactive
technology for screening. All fluorescence technologies (EP,
FRET and FCS - fluorescence correlation spectroscopy) are
now being applied to drug discovery!3.

One of the strengths of fluorometry is its versatility. The
parameters provided by fluorometry include emission inten-
sity, the wavelengths, temporal parameters (rise and decay
times), energy transfer in measuring distances, polarization
for rotational movements and bleaching recovery for lateral
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movements, quenching caused by a variety of compounds
(in oxygen sensors, pH sensors, etc.) and very high spatial
resolution in two- and three-dimensional matrices.
Fluorometry can also be very sensitive, and the ultimate
limit of sensitivity — detection of a single molecule — has
repeatedly been reported!*15.

The inherent sensitivity of fluorometry to external inter-
ferences derived, for example, from the sample matrix has,
however, prevented its use in areas requiring robust and
highly sensitive analysis. Conventional fluorometry employs
probes that give short Stokes® shifts (frequency of radiation
used to produce the excited state minus frequency of fluor-
escence emission) and decay times, and is hence prone to
interference from effects such as autofluorescence, scatter-
ing and backgrounds of microtitration plates and optics?®.
Interesting developments are taking place in the design of
new fluorescent probes, probes with wider Stokes’ shift (e.g.
tandem probes)!”, near-infrared emissive probes'® and vari-
ous fluorogenic substrates applied in enzyme analysis and
used in sensitive enzyme immunoassays. Also, a large num-
ber of microtitration plate fluorometers have been devel-
oped by a number of companies, although there are still few
instruments available for time-resolved counting of labels
such as the lanthanide chelates (Table 1).

The advent of temporal resolution in a time domain of
milliseconds has been the major factor allowing the devel-
opment of highly sensitive and robust fluorometric
assays!?20. The synthesis of lanthanide chelates with long
fluorescence lifetimes?! has played an essential role in that
development, assay development being paralleled by the
development of new lanthanide chelates.

Time resolution

The additional feature available in fluorometric analysis —
time — has become very important in modern assays, par-
ticularly in different types of TFR analysis. Traditionally, tem-
poral resolution has been applied in phosphorometers, for
example, to discriminate the generally weak phosphores-
cence from the bulk of prompt fluorescence??. There are
various ways in which the temporal features of emission can
be utilized. Single-photon recording at nano- and pico-
second time resolution is used to analyse rapid transitions?.
Another temporal resolution is accomplished using sinu-
soidally modulated excitation with different frequencies
(phase-resolved fluorometry?) and following either de-
modulation or phase shift of the emission. Phase-resolved
fluorometry has been applied in analysing rapid decays,
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Table 1. Counting devices for lanthanide time-resolved fluorescence measurement

Label ions Plate format Other label Stackers
technologies

Wallac 1234 Eu, Sm, Tb 96 None None

Wallac 1420, Victor MLC Eu, Sm, Tb, Dy 1 {petri dish) to 384 (864 option) Fluorescence/ Yes
luminescence
photometry

SLT, SpectoFluor Eu 6-384 Fluorescence None
photometry

BMG and SLT, FLUOstar Eu 6-384 (864 option) Fluorescence None
photometry

Packard Discovery Eu 96, 384 None Yes

Perkin-Elmer LS-50 Eu, Sm, Tb, Dy Tube with plate option Luminescence None

Information based on commercial literature.

changes in decay times and, recently, in lifetime imaging?*.

For time resolution in micro- or millisecond time domains
long-lifetime fluorescent (luminescent) probes, short pulsed
excitations and delayed detection are used. The primary use
of this method is to provide more sensitive detection sys-
tems by avoiding background interference®. However, the
system requires luminescent probes with decay times that
are substantially longer than those of the background fluor-
escence. Chelates of certain of the lanthanides possess these
long decay times and have made TRF a viable alternative!”.

Lanthanide chelates
The lanthanide series comprises metals with a (4f)” elec-
tronic configuration, where the unfilled 4f orbitals are
largely shielded from the environment and are not involved
in bonding. Lanthanides therefore possess very specific
magnetic and electronic properties. The ions in the middle
of the lanthanide series, mainly europium (Eu), terbium
(Tb), samarium (Sm) and dysprosium (Dy), have sharp elec-
tronic transitions, are able to accept excitation energy from
the surroundings (from the ligand field) and produce their
typical narrow-banded emissions with exceptionally long
Stokes’ shift and excited-state lifetimes ranging from a few
microseconds for dysprosium chelates to over 2 ms for
highly fluorescent europium and terbium chelates!.
Because of their unique fluorescent properties and their
relatively small size and hydrophilicity, lanthanide chelates
are able to form perfect labels (Figure 1). Lanthanides do
not, however, easily form chelates that are kinetically or
thermodynamically very stable, which sets high require-
ments on the design of suitable labels. Other concerns relate
to light harvesting or energy absorption, which has to be
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accomplished by the organic ligand, followed by energy
transfer from excited ligand to chelated ion, ion protection,
avoidance of internal and external quenching, as well as
demands set by the biological assay system?9.

Heterogeneous TRF assays

Starting from theoretical ideas about their potential appli-
cation as labels in the early 1970s (Refs 25,26), through the
development of the first working system — dissociation-
enhanced lanthanide fluoroimmunoassay (DELFIA) — in the
early 1980s (Ref. 5), lanthanides have found widespread
application, particularly in neonatal and prenatal screening
where both immunological and hybridization recognition
reactions are utilized. Today, at least half a dozen additional
TRF assay technologies are available for routine diagnostic
use (Wallac Oy, CyberFluor, Cis-Bio)319.27-30, The first assay
system, DELFIA, is still the most widely used (Table 2). It is
a technology based on two different chelates: the first, a sta-
ble hydrophilic chelate optimized for labelling the target
molecules, and the second, a highly fluorescent f-diketone
chelate, formed after completion of the binding assay®. As a
heterogeneous assay performed on a 96-well microtitration
plate, it has been applied in competitive and noncompeti-
tive immunoassays!*2°, in DNA/RNA hybridization31.32, en-
zyme analysis33-34, cellular applications’® and receptor-ligand
interactions3¢37. The assay design has the advantage that
it does not include any compromises in chelate design with
respect to size, hydrophilicity and charge. Different chelates
can be optimized for each type of binding assay according
to the individual requirements. Accordingly, chelates have
been developed that are optimized for immunoassays38, DNA
hybridization assays®, europium release in cytotoxicity
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Figure 1. Examples of lanthanide chelates and europium cryptate used
in time-resolved fluorometric applications.
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feature that is particularly important in
high-throughput genomic screening for
analysing a number of point mutations
simultaneously*2.

Multilabel assays have real application
possibilities for HTS. Scientists from
Xenova have published details of a dual-
label screen®? where the second label acted
as an internal control to identify false
positive wells that would otherwise be
incorrectly recorded as a ‘hit’. This work
has led Xenova to develop screens where
the quality of the ‘hits’ observed can be
automatically checked, thus eliminating
false results and unnecessary retesting.

The extensive research on lanthanide
chelates2!:3044-40 that incorporate high
absorption, efficient energy transfer and
hydrophilic properties into one single
structure without compromising any of
them has resulted in alternative assay
technologies (Table 2), including assays
with direct surface measurement
(immunofluorescence, fluorescence in
sit hybridization, microimaging and
microfluorometry) and different forms of
homogeneous assays.

Homogeneous TRF assays

Homogeneous assays in particular would
benefit from time resolution because all
components of the samples are present
during measurements. Samples such as
human plasma or serum contain a myriad
of interfering fluorescent compounds in
addition to their high scattering interfer-
ence, which renders development of sen-
sitive homogeneous fluoroimmunoassays

based on conventional fluorometry

assays®® and im vivo experiments such as pharmaco-
kinetics®. Regardless of the target, type of assay and
labelling reagent, the dissociative fluorescence enhance-
ment solution® creates an optimally fluorescent solution
with high quantum yield (>70% with europium), long decay
time (730 ps) and sensitivity down to a few attomoles (10-1%
mol) per well. In addition, DELFIA can incorporate up to

four labels in simultaneous quadruple-label assays*, a
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almost impossible!¢. TRF brings new perspectives to homo-
geneous assays. The first homogeneous TRF assay for serum
analysis was based on environmentally sensitive europium
or terbium chelates, the fluorescence of which can be modu-
lated separately when bound to antibodies or free in solu-
tion (hapten-labelled; Figure 2a and 2b and Table 3)#4,
This assay format is simple, rapid and easy to optimize. The
most suitable assay formats for fluorescence-modulated
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Table 2. Key references for heterogeneous time-resolved fluorometric assay technologies

Assay principle Label ions Refs
Dissociative enhancement (DELFIA) Eu, Sm, Tb or Dy 5,19,20
Dissociative multilabel Eu, Sm, Tb and Dy 41
Desorptive enhancement (LANFIA) EuorTh 29
Ligand as label, BCPDA (FiaGen) Eu 27
Ligand as label, TDA in cell labelling Eu ' 35
Time-resolved fluorometric enzyme immunoassay, chelating substrate Tb 28
Direct measurement of cells or tissues EuorTb 47
Direct measurement of beads Euand Tb 32

BCPDA, see Figure 1; DELFIA, dissociation-enhanced lanthanide fluoroimmunoassay; LANFIA, lanthanide flucroimmunoassay; TDA, terpyridine diacetate.

chelates are small haptenic antigens or small ligands, where the
environment of the tracer is changed upon protein binding.

Time-resolved FRET (TR-FRET; Figure 2c¢) is another
homogeneous TRF principle. The assay utilizes probes with
different decay times to avoid the general problem of inter-
ference from directly excited acceptor emission!!. The
advent of fluorescent, long excited state lifetime lanthanide
chelates makes this a fascinating alternative. The homo-
geneous TRF developed by Cis-Bio is based on the low pho-
ton emission efficiency of europium cryptate as donor, and
a signal-amplifying fluorescent phycobiliprotein (derivative)
as acceptor. The donor-acceptor pair described by Mathis3©
leaves space for further improvement with regard to donor
quantum yield, decay time, hydrophilicity and emission dis-
tribution (centralized emission into donating transition).
Unfortunately, the use of high millimolar concentrations of
fluoride ions needed to reduce water quenching of the
cryptate luminescence appears to limit its application. This
addition of an antiquench agent is not required for assays
that use hydrophilic labels (e.g. 9-dentate lanthanide chelates).

As well as europium and allophycocyanine (A-PC), new
acceptors are being published, such as rhodamine for ter-

Table 3. Key references for homogeneous time-resolved

fluorometric assay technologies

bium3%-53 and an infrared-emissive carbocyanine dye (Cy-5)
for europiumS-33. The great variety of europium and ter-
bium chelates synthesized has also served as a platform for
the development of time-resolved energy-transfer based
assay systems for immunoassays (e.g. for prostate specific
antigen and human chorionic gonadotrophin), receptors>4,
protein kinases and proteolytic enzymes>, with various
organic compounds as acceptors (thodamines, carbocya-
nines, phycobiliproteins). In addition, the combination of a
lanthanide chelate with a quenching spin label has been
exploited for enzyme kinetics studies (Figure 2d)35.
Regardless of the robust detection of energy transfer by
TRF (no matrix-related background fluorescence), the very
variable matrices used in compound libraries may still cause
quenching problems in some homogeneocus assays (e.g.
coloured compounds). The schematic energy flow diagram
in Figure 3 shows the critical processes of the FRET assay
and highlights the transitions potentially sensitive to matrix-
related interferences. For time-resolved measurement, the
most common interference relates to high UV absorbances
and excitation attenuation, but in screens containing
coloured extracts of natural products there is a risk that up
to 20% of constituents are compounds
exhibiting long wavelength absorbtion. To be
able to correct for all different samples, a

Assay principle Label ions
Fluorescence modulation EuorTb
TR-FRET, cryptate with A-PC Eu
TR-FRET, chelates with various acceptors Tb
Fluorescence quenching Th

multiparametric analysis is required, includ-
ing fluorometric and photometric measure-

Refs ments to adjust for all types of interference.
48,49 ]

30 Automation

51,53,54 In HTS, the major goal is the total automation
55 and increase of throughput. In contrast to to

diagnostics, where random-access single-tube

A-PC, allophycocyanine; TR-FRET, time-resolved fiuorescence resonance energy transfer.
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systems have largely been adopted, the HTS
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Figure 2. Principles of time-resolved fluorometric homogeneous assays based on environmentally sensitive chelate
labels or energy transfer. A, acceptor molecule (e.g. tetrametbylrbodamine, A-PC or Cy-5); BSA, bovine serum
albumin; Eu, europium chelate; Ln, terbium or europium chelate; S, spin label.

applications are, by definition, high-throughput assays and
accordingly development has moved towards totally auto-
mated batch-analysing systems based on the microtitration
plate. The wide variation in assay designs and tailor-made
protocols, however, requires an open system that can easily be
adapted to different protocols; automation through robot
workstations has consequently been the answer. The black-box
type integrated automates have not yet found applications in
HTS. The requirements in HTS are flexibility, adaptability to a
large number of assay formats, and a wide range of sensitivity
demands, albeit not as stringent as in some diagnostic assays.
The major trend is to move away from the use of radicisotopes,
not so much because of their performance, but mainly
because of regulatory waste problems and assay speed.
Microtitration plates are now the standard accepted for-
mat, and all of the required apparatus, such as dispensers,
washers, harvesters and measuring devices, is available for
both diagnostic clinical and HTS utilization. Despite the
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tendency towards higher throughput densities, the micro-
titration plate remains the standard footprint for future assay
development. Current instruments are mainly defined for
microtitration plates of 6—864 wells.

Whether future development will proceed towards ever-
increasing well densities based on the current footprint of
the 96-well plate (a frequent discussion point at confer-
ences) or towards more open ‘free’ formats remains to be
seen. Interestingly, the instrument manufacturers will play a
greater role in (maybe limiting some) future developments
than is often considered by screening laboratories.

A major feature of the current robotic automated lines is
that they can easily be used for very different technologies
such as those based on homogeneous solution chemistry, a
heterogeneous solid-phase format or filtration harvesting — a
modular approach has therefore been the key. Similarly, the
same system can usually handle many forms of signal pro-
duction, from simple photometry (enzyme immunoassay or
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Figure 3. Energy flow in time-resolved fluorescence
resonance energy transfer. The potential interference
points are bighlighted by numbers: (1) excitation and
its attenuation by coloured compounds; (2) energy
transfer from the singlet level of the chelator through
its triplet level to the chelated ion, with interference,
SJor example, by triplet level quenchers; (3) long lifetime
donor emission, with possible interference by colours
or by direct quenching of the ion; (4) resonance energy
transfer and competing processes; (5) energy-transfer-
related acceptor emission, and possible quenching.

ELISA), fluorometry in cellular assays, fluorescence polar-
ization in FPIA, luminescence with luminescent substrates,
reporter gene assays and time-resolved fluorescence. This is
in addition to beta-counting capabilities for assays such as
SPA where, because of size or coupling difficulties, alterna-
tive nonradioactive technologies do not exist.

One solution to coping with the various detection require-
ments is the integration of multitechnology (or multilabel)
detectors within one box. Combining muliiple detection
modes in one instrument not only makes it more versatile
and saves space, but provides the facility to run various
forms of multilabel assays and to control matrix interfer-
ences in homogeneous fluorometric assays. By using simul-
taneous photometry, the excitation or emission attenuation
by coloured samples can be monitored and corrected, and
combining prompt fluorometric analysis with time-resolved
analysis of decay times will give additional information
about all possible interfering processes that might occur
with aggressive coloured samples.
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Future of TRF in HTS

Clearly, the main trend is towards increasingly rapid assays
and the analysis of yet larger libraries. Presentations given at
recent HTS conferences (for example the NMHCC Meeting
held in January 1997 and Biochip Arrays, March 1997) reveal
that, if the trend for larger sample screening is to continue,
assay volumes must decrease to economically viable amounts
(costs and limiting amounts of library compound dictate this
conclusion). The increasing number of conferences on the
newly termed ‘nano’ technology reflects one extreme future
assay scenario. However, the converse situation could
occur, whereby rational use of multilabel assays, genomics,
computer modelling and neural networks would eliminate
the need for many repetitive assays, thus decreasing the
need for screening of large numbers. This would decrease
economic pressure to reduce assay volume and give the 96-
well plate a longer shelf-life than is currently predicted.
However, the need to screen more samples more quickly
may push the design of assays far beyond the current con-
straint (i.e. keeping the assay in a standard plate footprint)
to new approaches ~ for example, conveyer systems turning
screening laboratories into virtual screening factories.

Nano assays, however, are still in their infancy. The abil-
ity of the current liquid-handling systems to cope with nano-
litre volumes is poor because of problems with sample sol-
ubility, variable viscosities, etc. There is a need for a new
generation of dispensing and aspirating systems, albeit still
based perhaps around piezoelectric dispensers (ink-jet tech-
nology). Measurement devices will need to alter dramati-
cally in concept to cope with the high-density sample matri-
ces predicted for the future. The most likely systems to
emerge will be imaging of whole plates, or even the free for-
mat assay, assuming that the combination of homogeneous
TRF assay in a 384- or 864-well plate detected by imaging
does not have the required sample throughput. This leaves
free format assays as a possibility.

The free format assay has been around for some years,
and was utilized initially by cell biologists for quantitative
pathology in situ. If we picture uniquely tagged individual
assay droplets or beads instead of tagged cells, we can then
envisage a potential HTS format for the future. If this sce-
nario is taken further and existing multiparametric TRF assay
technology is applied, each assay array could be measured
in a few seconds. In real terms, this could translate to the
simultaneous measurement of thousands or individual reac-
tions in an area of a few square centimetres. Without the
fixed sample format of the microplate, this type of assay
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system must have a multiparametric design so that in the first
phase of measurement the unique tags are identified and
logged, and in the second phase all the reactions are simul-
taneously quantified and the results assigned to the logged
samples. This format is already being developed with time-
resolved label technology for future diagnostic systems32,

However, the common trend both in diagnostics and in
HTS is towards miniaturized devices able to analyse multiple
parameters from submicrolitre volumes of samples. The ideas
presented vary from multiparametric dual-label ratio measure-
ment designs®®->8 and imaging of arrays (chips and beads) to
multiparametric or multiplexing assays using micro or nano
beads in a capillary micro time-resolved fluorometer32,
There are now many companies in diagnostics, genomics
and HTS with clear ambitions in this area of research.

Some established remote-sensing technologies will
evolve to second- and third-generation systems, in particu-
lar FCS and, of course, FTIR (Fourier transform infrared)
spectroscopy, which can combine spatially resolved diffuse
absorbance FTIR with modern data visualization (hyper-
spectral analysis) software. This is the first remote-sensing
technique to be applied to routine screening and could
potentially replace some traditional fluorescence and time-
resolved fluorescence label methods.

In all of the current and future developments in label
chemistry, TRF, because of its ability to combine high
spectral resolution and potential sensitivity to high sub-
micro-metre spatial resolution, is the logical detection
method.

REFERENCES
1 Yalow, RS. and Berson, S.A. (1960) J. Clin. Invest. 39, 1157-1175
2 Berson, SA. etal (1950) J. Clin. Invest. 33, 170-190
3 Engwall, E. and Perlmann, P. (1971) Immunochemistry 8, 871-874

=N

Dandliker, W.B. and Feigen, G.A. (1961) Biochem. Biophys. Res. Commun. 5, 299
Hemmild, I. et al (1984) Anal. Biochem. 137, 335-343

Bosworth, N. and Towers, P. (1989) Nature 341, 167

Ekins, R.P. (1974) Br. Med. Bull. 30, 3-11

Foster, T. (1948) Ann. Phys. 6, 55

Ulman, E.F., Schwarzberg, M. and Rubenstein, K.E. (1976) /. Biol. Chem. 251,
41724178

10 Thomas, D.D. et al. (1978) Proc. Natl. Acad. Sci. U. S. A. 75, 5746

11 Morrison, L. (1988) Anal. Biochem. 174, 101

12 Jolley, M.E. (1996) J. Biomol. Screening 1, 33-38

13 Schroeder, K S. and Neagle, B.D. (1996) J. Biomol. Screening 2, 75

14 Hirschfeld, T. (1976) Appl. Opt. 15, 29652966

15 Peck, K. et al. (1989) Proc. Natl. Acad. Sci. U. S. A. 86, 4087

16 Soini, E. and Hemmili, 1. (1979) Clin. Chem. 25, 353-361

17 Glazer, AN. and Stryer, L. (1983) Biophys. J. 43, 383

18  Patonay, G. and Antoine, M.D. (1991) Anal. Chem. 63, 321A-327A

o0~ N

DDT Vol. 2, No. 9 September 1997

Hemmili, 1. (1990) Applications of Fluorescence in Immunoassays, Wiley-
Interscience

Hemmili, 1. (1988) Scand. . Clin. Lab. Invest. 48, 389400

Hemmild, I. (1995) J. Alloys Compounds 225, 480-485

O'Haver, T.C. and Winefordner, ].D. (1966) Anal. Chem. 38, 602-607
McGown, L.B. (1989) Anal. Chem. 61, 839A

Lakowicz, J.R. et al. (1992) Anal. Chem. 202, 316

Leif, R.C. et al. (1977) Clin. Chem. 23, 1492-1498

Wieder, 1. (1978) in Proceedings Gth International Conference on
Immunofluorescence and Related Staining Technigues (Knapp, W., Holubar,
K. and Wick, G., eds), pp. 67-80, Elsevier/North-Holland Biomedical Press
Diamandis, E.P. and Christopoulos, TK. (1990) Anal. Chem. 62, 1149A-1157A
Gudgin Dickinson, E.F, Pollak, A. and Diamandis, E.P. (1995) J. Photochem.
Photobiol. 27, 3-19

Lovgren, T. ef al. (1996) Clin. Chem. 42, 1196-1201

Mathis, G. (1993) Clin. Chem. 39, 1953-1959

Lovgren, T., Hurskainen, P. and Dahlen, P. (1992) in Nonisotopic DNA Probe
Technigues (Kricka, L., ed.), pp. 227-261, Academic Press

Litid, A. et al. (1995) First Annual Conference of the Society of Biomolecular
Screening, 7-10 November, Philadelphia, PA, USA

Karp, M.T. et al. (1983) J. Appl. Biochem. S, 399403

Braunwalder, AF. et al (1996) Anal. Biochem. 238, 159-164

Blomberg, K. et al. (1996) J. Immunol. Methods 193, 199206

Takeuchi, T. et al. (1995) Anal. Chem. 67, 26552658

Weber, D., Evavold, B.D. and Jensen, P.E. (1996) Science 274, 618-620
Mukkala, V-M., Mikola, H. and Hemmili, 1. (1989 ) Anal. Biochem. 176,
319-325

Takalo, H. et al. (1994) Bioconjugate Chem. S, 278-282

Hemmild, I. and Mikola, H. (1990) Acta Radiol. Suppl. 374, 53-55

Xu, Y-Y. et al (1992) Clin. Chem. 38, 2038-2043

Sjtroos, M. et al. (1994) FEBS Special Meeting on Biological Membranes,
Helsinki, Finland

MacAllan, D., Hurskainen, P. and Hill, D. (1996) Second Annual Conference
and Exposition of the Society for Biomolecular Screening, 1518 September,
Basel, Switzerland

Mukkala, V-M. et al. (1993) Hely. Chim. Acta 76, 1361-1378

Mukkala, V-M. et al. (1996) Hely. Chim. Acta 79, 295-306

Takalo, H. et al (1996) Hely. Chim. Acta 79, 789-802

Seveus, L. et al (1992) Cytometry 13, 329-338

Hemmili, 1. ef al (1988) Clin. Chem. 34, 2320-2322

Barnard, G. et gl (1989) Clin. Chem. 35, 555-559

Thomas, D.D., Carlsen, W.F. and Stryer, L. (1978) Proc. Natl. Acad. Sci.

U. S. 4.75, 5746-5750

Selvin, PR. and Hearst, J.E. (1994) Proc. Nail. Acad. Sci. U. 5. A.91, 10024-10028
Li, M. and Selvin, PR. (1995) J. Am. Chem. Soc. 117, 8132-8138

Coates, J. et al. (1994) J. Chem. Soc. Chem. Commun., 2311

Hurskainen, P., MacAllan, D. and Hill, D.C. (1996) Second Annual Conference
of the Society for Biomolecular Screening, 15-18 September, Basel, Switzerland
Hurskainen, P., Toivonen, A. and Webb, S. (1996) Second Annual Conference
of the Society for Biomolecular Screening, 15-18 September, Basel, Switzerland
Janzen, W. and Domanico, P. (1996) J. Biomol. Screening 2, 6364

Ekins, RP., Chu, F. and Biggart, E. (1990) /. Clin. Immunoassay 13, 169-181
Ekins, R., Chu, F. and Biggart, E. (1990) Ann. Biol. Acta 194, 91-114

Kell, D.B. (1996) New Frontiers in Screening for Microbial Biocatalysts, 15-18
December, Ede, The Netherlands

381



