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Multiple Label Fluorescence Polarization Assay System

and Method

BACKGROUND OF THE INVENTION

1. Field of the Invention

The  invention is directed toward biochemical
assays, more particularly toward assays using
fluorescence polarization detection with two or more

fluorescent labels in the experiment.

2. Description of the Related Art

Fluorescence polarization (FP) assays are
becoming popular, since they are homogeneous and
relatively safe, with no radiocactive material. A good
discussion is provided in the recent review article by
John Owicki entitled “Fluorescence Polarization and
Anisotfopy in High Throughput Screening: Perspectives
and Primer”, published in the Journal of Biomolecular

Screening, Volume 5, No. 5, pp 297-306 (2000).

The technique has at its core the detection of relative
intensity of fluorescence emission in two orthogonal
states of polarization. The labels are probe molecules
(probes) which are excited with linearly polarized light
and, depending on the molecular rotation rate and the
excitation lifetime, their fluorescence emission is
preferentially polarized along the axis of the
excitation beam to a greater or lesser extent. If the
molecular rotation time is long compared with the
excited-state lifetime, the polarization of the emission
is more highly polarized; if the.rotation time is short,
the emission 1is more nearly random in polarization.

Since chemical binding or other reactions alter the
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molecular rotation time, they alter the FP value and so

can be detected.

FP is defined by the equation

P = [Ill - I;1 / [I” + I,] = [IH/I_]_ - 11 / [IH/IJ_ + 171[1]

where I, and I, are the intensities of fluorescence
emission polarized in the same sense as the polarization
light and polarized orthogonal to it, respectively.
There is a related concept termed  fluorescence
anisotropy (FA), which normalizes according to total
fluorescence emission I = I;; + 2I, and is defined by the

equation

r= [I)) - I.0 / [I)), + 21,] = [I/TI - 11 / [I,,/1 + 2][2]

One can convert between P and r using the equations

P=3r/ (2 + r) (3]

r= 2P/ (3 - P) (4]

and in general, instrumentation or assays that provide a
measurement of P will provide a measurement of r as
shown 1in equations [31] and [4]; and vice versa.
Similarly, instrumentation that provides an improved
ability to measure one, will also provide an improved
ability to measure the other. For simplicity, this
specification refers to FP throughout, but is equally

applicable to FA.
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Measurements of FP are complicated by the presence of
contaminant signals such as background fluorescence.
These contribute fluorescence emissions with
uncontrolled FP, shifting the measured FP. Optical
filtering and other aspects of instrumental design are
designed to minimize these signals. As reported by
Owicki, post-processing by ratiometric corrections is a
suitable way to correct these contaminants, since the
contaminant is additive, rather than multiplicative, in

nature.

There is at present no system or method for measuring an

FP assay with multiple probes.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a system and method for performing multiple
probe assays. It is another object to enable SNP (single
nucleotide polymorphism) detection and coexpression

using FP methods.

It is a further object of the invention is to measure
the fluorescence polarization of two or more probes
using the instrument described in my pending application
serial no. 09/395, 661 entitled “Fluorescence
Polarization Assay System and Method”, the contents of
which are hereby incorporated by reference, together
with suitable optical filters for the probes involved;
and to attain the high accuracy and self-calibration

feature described therein for multiple probes.

Yet another object of the invention is to provide a

method for measuring the fluorescence polarization of
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two or more probes using instruments of the prior art

such as the LJL Analyst or Acquest.

Another aim of the invention is to provide methods for
measuring the fluorescence polarization of two or more
probes at once with high accuracy, utilizing instruments
of the type described in my pending co-filed application
entitled “Instantaneous Dual Band Fluorescence Detection
Systems” (Docket No. 34250-28A), the contents of which

are hereby incorporated by reference.

It is also a goal of the present invention to provide
for self-calibration that yields accurate values of FP
without need for a ‘priori knowledge of the target FP

values of the probes.

The invention resides in a system and method for
measuring FP or FA for two or more probes in a single
sample, even though they may have overlapping excitation

spectra or emission spectra, or both.

The probes can be simultaneously excited by a single
source, 1f desired. The instrument provides apparatus to
separate the fluorescence emission flux according to its
spectral band and quantify it. For example, this can
consist of a filter wheel containing filters that
preferentially transmit emission flux from each probe in
turn; or a birefringent network and a double-refraction
element that spatially separates light according to its
wavelength band and captures multiple bands
instantaneously. Other arrangements can also be used to
achieve the goal of quantifying the flux 1in wvarious

emission bands and polarization states.
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Alternatively, the probes can be excited separately
through use of sequential excitation at various
wavelength bands in turn. The fluorescence emission flux
and polarization state is measured for each type of

excitation.

The equipment and method are analogous whether the
probes are differentially excited through choice of
excitation band; or emit differentially into wvarious
emission bands. For simplicity a common nomenclature is
used; in either case, a given spectral band is said to
correspond to a given probe, whether it is an excitation
band used to preferentially excite that probe, or an

emission band in which that probe preferentially emits.

To measure N probes, a total of at least 2N pieces of
data, and preferably 4N pieces of data are required,
comprising the : various <combinations of excitation
polarization state, emission polarization state, and
spectral band. These measurements are the raw data from
which one will calculate the FP of each probe. However,
if one were to take the values obtained at the spectral
band corresponding to a given probe, and plug them into
the FP equétions of the prior art, one would not obtain
the desired result, namely an accurate value of FP for

that probe.

When 4N pieces of data are taken, the measurement can be
inherently self-calibrating, with no need for a priori
knowledge about the FP properties of the probes being
measured. Or, one may take a single full data set
comprising 4N pieces of data, from which an instrumental
calibration is derived; subsequent readings taken with a

smaller set of 2N pieces of data can be processed to
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yield accurately calibrated values of FP. The process
for taking an initial full set of measurements, deriving
an instrumental calibration, then working with
subsequent smaller sets of measurements to vyield
absolutely calibrated readings of FP / FA, is described

in my pending co-filed application entitled “Automatic

"G-Factor Calibration” (Docket No. 34250-28B), which is

hereby incorporated by reference.

The present invention provides, among other things, a
method for determining an accurate value of FP for each
probe from the various raw data measurements, in a way
that correctly accounts for thé complex multi-probe
assay system, the cross-talk between probes, and the

physical limitations of the instrument.

One can speak of speak of cross-talk between probes,
meaning the degree to which a given probe is detected
when the instrument is seeking to measure a different
probe (the target probe). This occurs because the probes
fluoresce over broad wavelength ranges which overlap,
even when they fluoresce most intensely in mutually
exclusive ranges. Mathematically, we write the
instrument’s response to probe k when set to read probe
j as ajx, and one can write the instrumental response
function for all probes and instrumental settings as a
matrix A populated with elements ajx. In such a matrix,
the diagonal represents the response of the instrument
to the target probes, while off-diagonal members
represent cross-talk. For this reason, the A matrix is
also called the cross-talk matrix for the probes and
instrument involved. For two probes and two
corresponding wavebands, this is a 2 x 2 matrix, and the

cross-talk is represented by the second diagonal. The
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degree of 1solation Dbetween flux from the different
probes is never perfect due to instrumental limitations.
In the usual case where probes have partially
overlapping spectra the separation is fundamentally

limited by the spectral cross-talk between the probes.

The core of the invention is the quantification of FP
for multiple probes through measurement of the cross-
talk by means of the instrumental response matrix A, or
an equivalent formalism, and the use of this cross-talk
information to determine the contribution of each probe
to the measured flux readings in each spectral band and
polarization state. From these derived quantities,
termed the probe contributions, one can accurately

calculate the FP or FA for each of the probes.

The matrix A can be measured using control samples that
contain only a single probe each. Indeed it is possible
to characterize a set of four matrices {Apn, Ay, Ay, Ayvl
for all possible excitation and emission polarization
states, when the instrumental response is known to vary
as a function of polarization. This can be caused by
factors such as polarization-dependent transmission in
dichroic mirror elements, which shifts the spectral
response and thus alters the contents of matrix A. The
set of matrices may then be used to derive accurate
values of the probe contributions, and thus of FP,
despite polarization-dependent cross-talk in the overall

assay.

It 1s possible to use the invention to measure and
correct for the relative exposure times or lamp
fluctuations associated with each measurement in the raw

data set, if desired.
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Through these aspects of the invention and others
described in more detail below, a multiple-probe FP is
achieved, with accurate quantification of FP for each
probe despite spectral cross-talk, instrumental
polarization sensitivities, and fluctuations in exposure

or lamp brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are all intended to be
schematic 1in nature, and like elements are denoted by

the same number:

Figure 1 shows the emission spectra of two probes
together with the instrumental bands used to detect

them.

Figure 2 shows the excitation spectra of two probes

together with the excitation bands used to excite them.

Figure 3 shows a generalized diagram of a multiprobe FP
instrument for use with multiple probes sharing a single

exciltation source.

Figure 4 shows a generalized diagram of a multi-probe FP
instrument for use with multiple probes having multiple

excitation sources

Figure 5 shows a multi-probe FP instrument which
measures emission flux in both states of polarization

simultaneously, for a single band.
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Figure 6 shows a multi-probe FP instrument which
measures emission flux in both states of polarization,

in two bands, simultaneously.

Figure 7 shows a flow chart indicating how one derives
the matrix A, and how to calculate the desired FP from
the measured intensity in each spectral band and at each

polarization setting.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

Throughout this discussion, the instrument and
method are described for two labels, but the principle
can be extended to three or more labels using the same
methodology. Also, where analysis and algorithms are
presented in the form of particular algebraic equations
or matrices, this is ©purely for the purpose of
explaining the invention; one may use other equations or
algorithms that achieve the same end in order to

practice the invention.

Throughout the following, one state of polarization is
termed h and 1its complement is v. These need not be
horizontal and vertical, but either h or v must
correspond to the major axis of the state of
polarization used to excite the sample in any given

measurement.

Figure 1 shows the emission spectra 11 and 12 of two
probes whose fluorescent emissions are measured after
passing through bandpass filters having respective
transmission bands 15 and 16. These are chosen so that
band 15 4includes spectra 11, and band 16 includes
Spectra 12.
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Figure 2 shows the excitation spectra 21 and 22 of two
probes which are excited by sources whose wavelengths
fall within excitation bands 23 and 24; and whose
fluorescent emissions are measured after passing through
bandpass filters having respective transmission bands 25
and 26. These are chosen so that emission flux in band
25 preferentially corresponds to excitation spectra 21
within band 23, and so that emission flux 1in band 26
preferentially corresponds to excitation spectra 22

within band 24.

In general one may use emission filters alone, or a
combination of excitation sources and emission filters,
to provide two sets of measurements at a detector. One
set corresponds principally to the first probe, albeit
with some contribution from the second probe; and the
second corresponds principally to the second probe,

albeit with some contribution from the first probe.

These measurements are undertaken for various
combinations of excitation and emission polarization
states, to obtaln the data from which FP is calculated.
If we denote a given measurement in terms of the
excitation polarization, the emission polarization, and
the spectral band selection as Mgep, a two-probe
measurement requires that one acquire e.g. the set {myvi,
Myn1i, Myv2, Myn2l}, {Mhv1, DMhni, Mav2, Mnn2t  {Myvi, Mael,  Mev2,
Mpy2} or the set {mppi, Mypi, Man2, Mvnz} . Note that the
third subscript on m indicates the spectral band b, not

the target probe p.

One can model the reading myep as
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Myepb = F * (Sxei * @xebl T Sxe2 ° Axeb2) [5]

where:
ajkxe 15 the instrumental responsivity in band j to
flux from probe k for excitation polarization x and

emission polarization e;

F is an exposure correction factor which reflects
the relative amount of excitation flux for {and
integration time, 1f the measurement is an integrating

type), for that measurement compared to a nominal value;

Sxep indicate the flux produced under the nominal
excitation flux, in excitation polarization state x into

emission polarization state e, by sample probe p.

Fundamentally, one wishes to determine sy from the
measurements mye,. As equation [1] shows, the reading m
obtained in a given band is the sum of signals from the
probe p primarily associated with band b, along with
signals from the other probe(s), weighted according to
coefficients ajyxe. As noted earlier, one may write the
coefficients aj; for a given choice of excitation state x
and emission state e, as a two-dimensional matrix A with
members ajx. Similarly, one may write the measurements as
a vector M with members m, and the flux as vector 8 with

members Sp.

By inverting A, one can calculate the value of sy from

the associated myep as

S =a'M [6]
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provided that the measurements share the same exposure

correction factor F.

This process can be done for any and all combinations of
excitation and emission polarization states, yielding a
set of vectors Sy from which one may calculate FP for

probe p as

FPp, = (Shnp — Shvp) / (Snhhp + Shup) [7a]

or equivalently

FPp = (vap - Shvp) / (vap + Svhp) [7b]
FPp = (vap - Shvp) / (vap + Shvp) [7c]
FPp = Shhp - Svhp) /| Shhp + Svhp) [7d]

So, neglecting for a moment any corrections for
variations in exposure, one may obtain values for multi-

probe FP / FA assays as follows:

1) obtain wvalues for instrumental response matrix
A for a given set of excitation and emission states,
using control samples, as described in more detail

below;

2} repeat step 1) for all combinations of
excitation and emission states used, storing the various

matrices as {Ag, ..}, and inverting to yield (A Y, ..}

3) obtain wvalues of the measurement vector M for
the sample, for each combination of excitation and

emission states used;
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4) calculate the flux vector S from equation [6]
for each combination of excitation and emission states

used;

5) calculate FP from the 8 values according to

equation [7a], [7b]l, [7cl, or [7d].

To obtain the values of A, one may take measurements of
control samples which have only a single probe species.
From measurements of the same sample in each of the
spectral bands, one obtains ajewp for all bands; i.e. one
obtains a row in of A for that set of excitation and
emission states. By repeating for samples that have
single pure species of each probe, one obtains all rows
in A. This normalizes the analysis so unit values of 8
correspond to the fluxes produced by the control

samples.

One can virtually eliminate the effect of exposure
fluctuations F, or other random sources of error, in
estimating A, by repeating this measurement several
times. This is readily achieved, since the determination
of A is wundertaken once for a given combination of

probes on a given instrument.

The approach described in steps 1) - 5) is suitable for
use with any FP instrument, as shown in generalized form
in Figure 3 for a single-excitation system, or Figure 4
for a system with excitation sources at multiple
wavelengths, for example by providing a spectral
selective element 27 having bandpass filters 29. Both
instruments provide an excitation source 30 of light 31

having a chosen polarization state indicated by 32,
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which 1is reflected by dichroic mirror 42 and excites a
sample 50 on microtiter plate 33 to emit fluorescent
light 34 . The microtiter plate 33 has an array of
wells with samples being analyzed one at time; the plate
is moved by an X-Y table or the like to permit analysis
of all sample wells sequentially. The emission light 34
is captured by optics 36 and (having a longer wavelength
than the excitation 1light 31) 1s transmitted by the
dichroic mirror 42 and directed through one of bandpass
filters 39 1in spectral selective element 37 to a
detector 38. The emission light 34 is shown as having
state of polarization 35, which corresponds to the
polarization state 32 of the emission 1light 31, and
indicates molecular interaction with the label. The
degree of polarization of the emitted 1light is a
function of the molecular interaction; randomly

polarized emission light would indicate no interaction.

This approach is suitable for use with hardware of the
prior art, such as the LJL Analyst (Molecular Devices,
CA) or other instruments that obtain measurements of a
single excitation state, single emission state, and
single spectral band, at a time. For such an instrument,
a minimum of four exposures are required, one for each

Myep vValue.

It is possible to compensate for random fluctuations in
exposure in such an instrument by noting the intensity
of the excitation source via a reference detector that
samples the excitation beam, and dividing the
measurements mMgep Ly the relative intensity measure thus

obtained.
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The use of this technigue has been shown for the case of
a single excitation band for several emission bands, and
this has certain practical benefits in terms of
measurement simplicity. However, 1t is possible to
perform the same measurement using multiple excitation
bands, each with its own distinct emission band; or a
hybrid, where several probes share a common excitation
band while using distinct emission bands for
measurement, and another probe(s) has a distinct
excitation band. The formalism 4is identical to that
described above, and is contemplated within the present
invention. The key to the present invention is the use

of the matrix A to correct for the instrumental cross-

talk between bands, which can occur whether the probes
are excited at a shared band or at multiple bands.
However, if the probes are so widely separated in their
spectral response for excitation and emission, and have
such a small degree of cross-talk that there is no need
for the matrix A, then there is no benefit to employing

the cross-talk compensation of the present invention.

Other embodiments may be preferred when high assay speed
or maximum precision are required. Figure 5 shows an
instrument used 1in a preferred embodiment of the
invention, based on the design from my pending patent
application serial no. 09/395,661. Its excitation
source 30 provides light in polarization state 32 which
is divided into substantially equal energy output beams
by a diffractive beam splitter 40. The output beams are
reflected by a mirror 41 to sample wells 50 at
microtiter plate 33, producing fluorescent light 34. The
mirror must be long enough to reflect all of the output
beams, but narrow enough that it does not greatly
occlude the optics 36. This light passes through optics
36 to a doubly-refractive element 51 that spatially

separates light of h and v polarization states 52a and
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52b, and directs them to distinct regions 53a and 53b on
an imaging detector 55 (there are two detection regions
for each sample 50). Filter wheel 56 contains filters
57a and 57b that spectrally select one band at a time,
so that different wavelength bands of emitted light must
be measured sequentially. This instrument enables
simultaneous measurement of emission flux levels in the

two orthogonal states of polarization.

Another preferred embodiment uses the instrument shown
in Figure 6. This instrument uses a design that is
described more fully in my co-filed application
“Instantaneous Dual Band Fluorescence Detection Systems”
(Docket No. 34250-28A). This instrument comprises an
excitation source 30 which provides a beam of light
which 1is split into a plurality of output beams by a
diffractive beam splitter 40, which beams in
polarization state 32 illuminate samples 50 at plate 33,
yielding fluorescent 1light 34. For reasons of clarity
only one of these beams is shown, but there are as many
emission beams 34 as there are output beams and sample
wells being analyzed at a given time. Each beam passes
through optics 36 and a selected one of the filters 58a,
58b.. of the filter wheel 56. These are dual bandpass
filters which transmit light in two spectral bands being
analyzed; alternatively they may have a single wide
passband which transmits both spectral bands. Double-
refractive element 51 spatially separates light of h and
v polarization states 52a and 52b, so they are offset in
the x dimension from one another. These separated beams,
which each carry both spectral bands, then encounter a
birefringent network 60 that transforms the polarization
of light to its complement for certain spectral bands,

while leaving the polarization of light in the remaining
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spectral bands unaltered. In the present case the
polarization state of one of the spectral bands is
rotated, so that each of the emerging beams carries two
spectral bands in two respective polarization states.
For example, the beam 62a carries the first spectral
band 1in the first polarization state and the second
spectral band in the second polarization state, while
the beam 62b carries the first spectral band in the
second polarization state and the second spectral band
in the first polarization state. The emission light next
encounters a second double-refractive element 63 that
spatially separates light of h and v polarization states
in each of beams 62a and 62b in the y dimension. Because
the light 1s initially split by element 51 into two
spots according to polarization, and each of these has
its polarization modified by network 60 and then is
further split by element 63, the result is that four
spots 65a-65d are produced at imaging detector 55. These
enable the simultaneous measurement of both emission
states of polarization, in both spectral bands, for a
given excitation state of polarization. Thus it 1is
especially well-suited to assays which use a single
excitation source and two probes having different but

perhaps overlapping emission spectra.

These instruments are especially well-suited to use in
multi-probe FP assays. First, these designs eliminate
all tilted dichroic coatings, which introduce a
polarization-dependent spectral signature. Thus, the
instrumental responsivity matrix A is nearly
independent of the excitation or emission state of
polarization, and a single matrix A may be used instead
of four matrices spanning each possible combination.

Second, these instruments provide simultaneous
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measurement of both emission states of polarization, in
either one band (as in Figure 5) or in two bands (as in
Figure 6), so one can obtain excellent signal to noise
by utilizing the so-called symmetric equations disclosed
in my co-pending patent application no. 09/395,661, and
can thus obtain absolutely calibrated values of FP. The
latter embodiment provides quartets of measurements myen
taken under identical exposure conditions, eliminating
exposure fluctuation errors completely as a source of

noise in the measurement.

Techniques and algorithms for taking advantage of these
aspects are shown now. Cross-talk compensation can be

incorporated into the symmetric equation of FP, as:

FP; = [a ‘11 (Mnn1~Tnyi Moyt —Mont ) +@ 112 (Mana—Mpyz+lgya—Tgnz) 1/
[a™ 11 (Mng My H g1 +Men1) + 27112 (Mane Hihy2 Hlly 2 Higns ) |
[8a]
FP2 =[a ‘22 (Mnna—Mavo HMyvz—Monz) +2 721+ (Mph1—Mhy1 gy —Mon1) 1/
[a™ 22 (Mhn2 +Mhve Moy e ) +2 7 21+ (Miny Fnys Hgyr Hlgn: ) ]

[8b]

where a™'ij are the elements of the matrix A™, the matrix
inverse of instrumental response matrix A. This gives an
inherently self-calibrating measurement of FP for probes

1 and 2, as it is based on the symmetric equation of FP.

To compensate for exposure fluctuations, one calculates

factors

Y1 = [ (Mpn1 © Mpy1) / (Myyz - Mopy) 1272 [9a]

V2 = [ (Mpn2 + Muy2) / (Myez - Myng) 1172 [9b]
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and then calculates FP ratios using equations

_1 —1 —
FP;=[a 11 (MhnaMnv1+Y1 (Mevi—Meni) ) @ 12 (MhneMav2tMyve—Men2) ]/ [a
1 -1
11° (Mnp1Hpe1 Y1 (v tMyn1) ) a7 12 (Mpn2 FMpye HMgv2+Monz ) ]

[10a]

-1 -1

FPy=[a "22' (Mpn2—Mpv2+Y2 (Myvz—Myn2) ) +a 217 (Man1 My gy —Mgna )
-1 -1

/(@ 22 (Mpn2+tMnyety2 (Myy2tMenz) ) +@7 21° (Mpn1 H0pe FMyy1 Hlen)

[10b]

In the case where the instrument uses the design of
Figure 6, both spectral bands are acguired at once, and
exposure correction factors 7y; and Y, are necessarily the

same. Then perfect exposure compensation is achievable

using the equations

_ -1

FP1=[a™'11 (Mpn1—Mnv1+Y (Myy1—Mgn1) ) +a 12 (Mpna—May2+Y (Myva—
-1 -

Myn2) ) 1/ [@ 11 (Mpn1+Hng1+Y (Myyr FMgn1) ) +a 12 (Mpno+Mpee+y (m-

vv2+mvh2) ) ] [118.]

-1 -1

FPo=[a "2z (Mpn2Mny2+Y (Myv2—Mynz) ) +8 21 (Mhn1 —Mayi Y (Meyvi—
-1 -1

Myn1) ) 1/ [@ 22 (Mpn2HMpea+y (MyyatMynz) ) +a7 21 (Mnn1 Mg +y (M-

vvl+mvh1) ) ] [11b]
where v = y1 = 7.

With these instruments, one follows the procedure of
Figure 7, but uses the equations [8], [10], or [11] to
calculate the FP for each probe. Measurement of the A
matrix 1is simplified with the apparatus of Figure 6,
since all matrix elements are measured with identical

exposure times, reducing errors in that step.
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The principles of this invention may be utilized with
the teachings in my co-pending applications incorporated
herein, as described above and in other ways that will
be evident to those skilled in the arts of instrument
design and polarized light. Similarly, use of optical
elements or algorithms that achieve substantially the
same results as the examples and embodiments shown here,
may be undertaken with success, and the choice to do so
will be dictated by engineering consideration, including
such factors such as economy, size, ease-of-integration,

computation speed, simplicity, and the like.
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CLAIMS
I claim as my invention
1. A method for measuring the fluorescence

polarization of a plurality of probes in a single
sample, which method compensates for spectral cross-talk
among said plurality of probes, said method comprising

illuminating a sample having a plurality of probes
with at least one linearly polarized beam of excitation
light, thereby effecting fluorescence emission in a
plurality of spectral bands,

measuring the intensity of a first component of
fluorescence emission that is linearly polarized along a
first axis, in each of said plurality of spectral bands,

measuring the intensity of a second component of
fluorescence emission that is linearly polarized along a
second axis that is orthogonal to the first axis, in
each of said plurality of spectral bands,

illuminating each of a plurality of samples which
each have only a respective one of said probes with at
least one linearly polarized beams of excitation light,
thereby effecting fluorescence emission in at least one
of said plurality of sgpectral bands f;om each of said
plurality of samples,

measuring the intensities of said first and second
components of fluorescence emission in each of said
plurality of spectral bands for each of said samples
which each have only a respective one of said probes,
and

compensating for spectral cross-talk amongst said
plurality of probes by determining the relative
contributions from each of said probes to the measured
intensities of said first and second components of
fluorescence emission at each gpectral Dband, and
calculating the fluorescence polarization of each of
said plurality of probes Dbased on said relative -

contributions.
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