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(57) ABSTRACT 

The invention provides a method by Which an instrument 
can automatically measure the absolute value of ?uores 
cence polarization, FP, despite instrumental offsets, With no 
a priori knowledge What the actual FP values should be. The 
invention speci?cally provides a method for determining 
multiple G factors to accurately determine the FP values of 
each probe in samples containing tWo or more probes. 
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AUTOMATIC G-FACTOR CALIBRATION 

RELATED APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application Ser. No. 60/184,844 Which Was 
?led on Feb. 25, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention is directed toWard biochemical 
assays, more particularly toWard assays using ?uorescence 
polariZation detection. 

[0004] 2. Description of the Related Art 

[0005] Fluorescence polariZation (FP) assays are becom 
ing popular, since they are homogeneous and relatively safe, 
With no radioactive material. A good discussion is provided 
in the recent revieW article by John OWicki entitled “Fluo 
rescence Polarization and Anisotropy in High Throughput 
Screening: Perspectives and Primer”, published in the Jour 
nal of Biomolecular Screening, Volume 5, No. 5, pp 297-306 
(2000). 
[0006] The technique has at its core the detection of 
relative intensity of ?uorescence emission in tWo orthogonal 
states of polariZation. Probe molecules are excited With 
linearly polariZed light and, depending on the molecular 
rotation rate and the excitation lifetime, their ?uorescence 
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 life 
time, the polariZation of the emission is more highly polar 
iZed; if the rotation time is short, the emission is more nearly 
random in polariZation. Since chemical binding or other 
reactions alter the molecular rotation time, they alter the FP 
value and thus can be detected. 

[0007] FP is de?ned by the equation 

i315[Ipan_Ipe1p:l/[Ipan+Iperp]=[IparI/Iperp_1]/[Ipan/Iperp+ [1] 
[0008] There is a related concept termed ?uorescence 
anisotropy (FA), Which normaliZes according to total ?uo 
rescence emission I=Ipm+2Iperp and is de?ned by the equa 
tion 

[0009] One can convert betWeen P and r using the equa 
tions 

P=3r/(2+r) [3] 
r=2P/(3—P) [4] 

[0010] and in general, instrumentation or assays that pro 
vide a measurement of P Will provide a measurement of r as 

shoWn in equations [3] and [4]; and vice versa. Similarly, 
instrumentation that provides an improved ability to mea 
sure one, Will also provide an improved ability to measure 
the other. For simplicity, this teaching refers to FP through 
out but is equally applicable to FA. 

[0011] Most ?uorescence polariZation (FP) measurement 
instruments, in particular those designed for use With 
microtitre plates (e.g., 96, 384 and 1536 Well plates manu 
factured by Greiner, Nunc, Poly?ltronics, Corning), require 
the use of a “G-factor” for accurate measurement of degree 
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of polariZation. The G-factor is a multiplicative correction 
made to measured polariZation values that compensates for 
instrumental bias. 

[0012] A G-factor correction is required because instru 
ments typically do not read both polariZation states With 
equal collection ef?ciency and/or response. This manifests 
itself as an FP offset. Typically, G is a multiplicative factor 
close to 1 applied to Ip before FP is calculated With the 
above equation: 

[0013] A typical example is With ?uorescein, probably the 
most common ?uorophore used in FP measurements. It is 
Well knoWn that ?uorescein in an unbound state in solution 
Will have an FP value of about 0.027, or 27 mP, at room 
temperature. A G-factor determination is carried out by 
measuring free ?uorescein in solution and telling the instru 
ment softWare that it should be reading 27 mP. The instru 
mental softWare then determines What G-factor correction is 
required to change the measured values to agree With the 
target value of 27 MP. 

[0014] This is disadvantageous because it requires a priori 
knoWledge of What the FP value should be, Which may or 
may not be possible in the actual measurement conditions, 
due to interferences from other compounds in the Well, and 
other factors. 

SUMMARY OF THE INVENTION 

[0015] The invention consists of a method by Which an 
instrument can automatically measure the absolute value of 
FP despite instrumental offsets, With no a priori knoWledge 
What the actual FP values should be. This is achieved 
through a measurement sequence requiring tWo measure 
ments in addition to Ipan and Iperp. 

[0016] Once this information has been obtained for a 
given probe and instrument, and the G-factor has been 
determined in this Way, one can measure subsequent FP 
values accurately using only the conventional readings of 
Ipan and I 

[0017] The invention provides a method for determining 
multiple G factors to accurately determine the FP values of 
each probe in multi-probe FP experiments, even if there is 
signi?cant spectral cross-talk betWeen the spectral bands 
used to detect the various probes. There is no need for a 
priori knoWledge of the FP values for the probes involved. 
And, as in the single-probe case, determination of the G 
factors requires tWice as many measurements as are nor 

mally taken, after Which one can obtain accurately calibrated 
FP readings using only the normal set of measurements. 

[0018] The various features of novelty Which characteriZe 
the invention are pointed out With particularity in the claims 
annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and 
speci?c objects attained by its use, reference should be had 
to the draWing and descriptive matter in Which there are 
illustrated and described preferred embodiments of the 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] FIG. 1 shows the apparent FP of ?uoroscein as 
calculated using the prior art, and using symmetric calcula 
tions, for an instrument With unequal gain in the v and h 
detector channels; and unequal exposure for v and h exci 
tation, as a function of the differential gain betWeen the v and 
h detector channels. 

In the drawings: 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0021] Throughout this discussion, the term probe and 
label are used interchangeably, to refer to a compound that 
?uoresces When exposed to excitation light. Band or spectral 
band are used to describe a range of Wavelengths in the 
visible, ultraviolet, or infrared range. 

[0022] In the description of the background art, Ipan Was 
used to refer to the ?uorescence intensity having the same 
state of polariZation as the light used to excite the sample. In 
general, one may speak of the intensity of a given polariZa 
tion component of the emission light, When excited using a 
speci?ed excitation polariZation, using the notation IXe, 
Where x refers to the excitation polariZation state, and e 
refers to the emission polariZation state In this discussion, 
the subscripts h and v are used throughout. The h and v 
components need not literally be horiZontal and vertical, but 
are the tWo principal components of polariZation for the 
instrument. 

[0023] Using this notation, IVD indicates the intensity of 
horiZontally polariZed emission, When excited With verti 
cally-polariZed light. Conversely, IhV indicates the intensity 
of vertically polariZed emission When excited With horiZon 
tally-polariZed light. Either Would be referred to as Iperp in 
the prior art, such as in Equations [1] or Similarly, the 
intensity of h- or v-polariZed emission When excited by light 
of the same polariZation state, Would be inidcated by Ihh and 
IW, respectively; and these Would be referred to as Ipan in the 
prior art, such as in Equations [1] or 

[0024] In my co-pending patent application, Ser. No. 
09/395,661, entitled “Fluorescence PolariZation Assay Sys 
tem and Method”, dated Nov. 23, 1998, a method and 
algorithm are presented that measures the absolute FP value, 
even if the instrument has polariZation bias and Would 
require G factors other than 1. Speci?cally, if one calculates 
the FP using the equation: 

P=(Ihh_Ihv+Ivv_ vh)/(Ihh+Ihv+Ivv+Ivh) [6] 
[0025] one Will obtain a measure of FP that is absolutely 
accurate despite systematic errors in the instrument. This 
result is due to the symmetric nature of the measurements, 
and a complete proof of this is provided in the patent 
application cited above. Throughout this discussion, such a 
method of measurement Will be referred to as the symmety 
method, and a calculation of FP derived this Way Will be 
termed a symmetric calculation. 

[0026] The symmetric calculation may include another 
term that accounts for differences in brightness betWeen 
those measurements taken under conditions of h excitation, 
and those taken With v excitation exposure. These differ 
ences may arise from lamp drift, or sample aging, or other 
factors, that occur in the trim betWeen the various measure 
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ments. Also, in many instruments that incorporate tilted 
dichroic elements there can be systematic changes in bright 
ness associated With changing the excitation polariZation 
state. The polariZation-dependent behavior of tilted dielec 
tric elements acts to shift the Wavelength and/or intensity of 
the excitation light that reaches the sample, altering the 
amount of emission ?ux that it produces. 

[0027] One can obtain a perfect measurement of FP, 
despite such instrumental effects, by using the folloWing 
equation: 

[0028] Where y=[(Ihh~IhV)/(IW—IVh)]1/2. The result is that one 
can obtain a measurement of FP that is correct and abso 

lutely calibrated, despite instrumental errors that Would 
confound a measurement calculated using the prior-art 
method of Equation 

[0029] This is shoWn in FIG. 1, Which depicts various 
calculations of FP based on models using either the FP 
equation of the prior art, shoWn as 11; the symmetric 
equation, shoWn as 12; or the symmetric equation including 
the gamma correction factor, shoWn as 13. The calculations 
include 0.2% randomly distributed gaussian measurement 
noise in each measurement of intensity, and a systematic 
change of 10% brightness betWeen h and v excitations. The 
curves 11, 12, and 13 shoW the calculated FP as a function 
of mismatch betWeen the h- and v-channels that measure 
emission ?ux. The actual FP value for ?uoroscein, the probe 
modeled here, is 0.027 at room temperature. 

[0030] This ?gure shoWs that even if the detectors for the 
h- and v-polariZation are very carefully matched to Within a 
feW percent, there are large errors When one uses the FP 
calculation of the prior art. Mismatches of this magnitude 
are quite dif?cult to avoid. Yet typically one Would like to 
knoW the actual FP to Within a feW mP, Where one mP is 
0.001. This is readily achieved by the symmetric equations, 
Which essentially eliminate the effect of instrumental errors. 
For the highest accuracy, it is best to include the gamma 
correction factor. But While it is the optimum equation, 
comparable equations that merely approximate [6] and [7] 
can yield correction of instrumental errors that are signi? 
cant, if imperfect; variant equations may therefore be used 
if the errors introduced are acceptable for the purpose at 
hand. 

[0031] The present invention combines the folloWing 
steps: 

[0032] 1) measurement of all four quantities {IVW IVh, 
Ihv’ and Ihh}; 

[0033] 2) generation of an absolutely calibrated FP 
value despite the presence of various instrumental 
errors, using the symmetric calculation of equation [6], 
[7], or equivalents thereto; 

[0034] 3) derivation of a G factor from the experimental 
readings and the derived FP value; 

[0035] 4) use of the derived G factor to obtain accurate 
values of FP in subsequent experiments that utiliZe 
measurements of the set {IVW IVh} or the set {Ihh, IhV} 
but not both. 
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[0036] The calculation of PP using a G factor Was 
described generally in equation [5], and may be Written more 
explicitly as: 

[0038] depending on Whether the measurements are to be 
taken under h- or v-polariZed excitation, respectively. Note 
that different GX factors are required for the tWo cases. These 
may be calculated from the absolutely calibrated FP value 
using the equations: 

[0039] A single symmetric measurement of PP provides 
all the values necessary to solve [9a] or [9b], from Which one 
may calculate Gh and GV. Then, depending on Whether one 
Wishes to take the subsequent measurements under condi 
tions of v- or h-polariZed excitation, one acquires intensity 
measurements {IW, IVh} or {Ihh, IhV}, then uses Equation 
[8a] or [8b] to calculate PP. 

[0040] It is equally possible to derive an equivalent set of 
factors, termed G‘ factors, Which are used When a given 
observation set consists of {Ihh, IVh} or {IW, IhV}, that is, 
When one observes the intensity of emission in a given 
polariZation state, While varying the excitation state of 
polariZation. The invention can be used here in analogous 
fashion to that just described, by ?rst performing a sym 
metric measurement of PP, then solving for G‘, and ?nally 
making subsequent measurements that utiliZe this factor in 
connection With {Ihw IVh} or {W, IhV} to calculate accurate 
values of PP. 

[0041] It is possible to use this method With an instrument 
having any design Whatever, so long as the instrument is 
capable of measuring the four intensity values referenced in 
the symmetric FP equation. Many commercially available 
instruments provide this capability, including the Analyst 
(LIL Biosystems, SunnyVale, Calif). 

[0042] Using the present invention, such an instrument 
could be automated to calculate the determination of G 
factors so that the user need not key in, or even knoW, the FP 
value of the probe being measured. A number of bene?ts 
accrue from this. 

[0043] First, there is the convenience of not having to 
manually perform G-factor calibration. 

[0044] Second, there is improved data integrity since the 
prior-art method requires calibrating the instrument by use 
of a chemical standard. If this sample is not perfectly 
prepared, all subsequent measurements Will be systemati 
cally shifted due to miscalibration. The present invention 
does not derive its calibration from the sample, and does not 
require that the sample exhibit any particular FP value in 
order that the method Work accurately. Third, the invention 
is useful in cases Where the target FP value is not knoWn. 
This is especially valuable When developing neW probes for 
Which there is not a Well-knoWn FP value. Indeed, an 
instrument incorporating the present invention provides 
such a value. Fourth, because the invention generates FP 
values that are absolutely calibrated, it provides a Way to 
detect changes in sample chemistry that Would go undetec 
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ted using the G factor methods of the prior art. That is, 
changes that systematically change the chemical standard 
and the test samples in the same fashion Would not be 
observed if one calibrated to the standard, as taught by the 
prior art. The present invention provides a Way to detect such 
shifts, Which usually indicate an unWanted change in the 
experimental conditions. 

[0045] More generally, the invention provides a Way to 
measure FP With the full accuracy and self-calibration of the 
symmetric method, Without the speed penalty that Would 
otherWise be incurred from measuring all four quantites {IW, 
IVh, IhV, and Ihh}. After the symmetric measurement is 
performed once and the appropriate G-factor is derived, the 
instrument can be used With that probe in a conventional 
manner requiring tWo readings per sample, instead of four. 
This doubles the plate reading speed for subsequent mea 
surements, compared With a full symmetric approach. 

[0046] The invention for automatic G-factor calculation 
can also be applied When measuring more than one probe per 
sample. The topic of multi-probe ?uorescence polariZation 
measurements is addressed in my co-pending application 
“Multi-label ?uorescence polariZation assay system and 
method”, ?led the same day as the present application, the 
contents of Which are hereby included in full and made a part 
of this application. 

[0047] In general, one needs a total of 4N pieces of data 
to make a symmetric calculation of PP for N probes. These 
data comprise the various combinations of excitation polar 
iZation state, emission polariZation state, and spectral band. 
These measurements are the raW data from Which one 
calculates the FP for each probe. HoWever, if one Were to 
take the values obtained at the spectral band corresponding 
principally to a given probe, and plug them into the FP 
equations of the prior art, one Would not obtain the desired 
result, namely an accurate value of PP for that probe. Yet 
When one uses the symmetric calculation together With the 
methods taught in “Multi-label ?uorescence polariZation 
assay system and method”, the multi-probe measurement is 
inherently self-calibrating, With no need for G factors or a 
priori knoWledge about the FP properties of the probes being 
measured. 

[0048] In practicing the present invention With multiple 
probe samples, one takes a single full dataset comprising 4N 
pieces of data, from Which an instrumental calibration is 
derived using the symmetric multi-label calculation; G fac 
tors are developed for each probe; subsequent readings are 
taken With a smaller set of 2N pieces of data and processed 
to yield accurately calibrated values of PP using the G 
factors for each probe. The process is entirely analogous to 
the method described above for single-label experiments. 

[0049] This ?rst requires one to determine the instrumen 
tal response matrix. This matrix, also called the cross-talk 
matrix, describes the degree to Which a given probe is 
detected When the instrument is seeking to measure each of 
the different probes in turn. Mathematically, one Writes the 
instrument’s response to probe k When set to read probe j as 
aJ-k, and one can Write the instrumental response function for 
all probes and instrumental settings as a matrix Apopulated 
With elements aJ-k. In such a matrix, the diagonal members 
represent the response of the instrument to the target probe, 
While off-diagonal members represent cross-talk. For this 
reason, the A matrix is also called the cross-talk matrix for 
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the probes and instrument involved. The degree of isolation 
betWeen ?ux from different probes is never perfect due to 
instrumental limitations and the spectral response of the 
probes. In the usual case Where probes have partially over 
lapping spectra there can be moderate to severe spectral 
cross-talk. 

[0050] The matrix A is typically measured using control 
samples that contain pure samples, ie only a single probe 
each. One may use these to characteriZe a set of four 

matrices {A1111} Ahv’ Avh’ AW} for all possible excitation and 
emission polariZation states, for instruments Whose response 
is knoWn to vary as a function of polariZation. This can be 
caused by factors such as polariZation-dependent transmis 
sion 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 FF, despite polariZation 
dependent cross-talk in the overall assay. 

[0051] The method for measuring A is noW described in 
detail. If We denote a given measurement in terms of the 
excitation polariZation, the emission polariZation, and the 
spectral band selection as mXeb, a symmetric dual-label 
measurement requires that one acquire the set {mvvb mvhl, 
mWZ, mvhz, mhvl, mhhl) mhvz, mhhz}. Note that the third 
subscript on m indicates the spectral band b, not the target 
probe p. 

[0052] One can model the reading mXeb as 

[0054] ajkXe is the instrumental responsivity in band j to 
?ux from probe k for excitation polariZation x and emission 
polariZation e; 

[0055] F is an exposure correction factor Which re?ects the 
relative amount of excitation ?ux for (and integration time, 
if the measurement is an integrating type), for that measure 
ment compared to an nominal value; 

[0056] sXep indicate the ?ux produced under the nominal 
excitation ?ux, in excitation polariZation state x into emis 
sion polariZation state e, by sample probe p. 

[0057] To determine the contents of A, one typically takes 
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 aXebp for all bands; 
ie 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 S correspond to the 
?uxes produced by the control samples. 

[0058] The process is then repeated for all remaining 
combinations of excitation and emission polariZation states, 
to obtain the full set {Ahh, Ahv, Avh, 

[0059] It is important that the A matrices be precisely 
determined. While individual measurements of any type 
contain noise, one can virtually eliminate the effect of 
exposure ?uctuations, or other random sources of error, in 
estimating A, by repeating this measurement several times. 
For example, lamp ?icker Will introduce a random noise 
through the F factor. This can be eliminated by measurement 
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averaging, Which is not unWieldy since the determination of 
A is undertaken once for a given combination of probes on 
a given instrument. 

[0060] Turning to the calculation of FF, one ?rst reWrites 
the equivalent of [1] in terms of sXep in order to accommo 
date the formalism of a multi-label experiment: 

[0062] Where Ghp and GVp denote the G factors for probe 
p When measuring under conditions of h- and v-polariZed 
light, respectively. 
[0063] The symmetric equation of FF for a given probe is 

F P= (shhp—shvp+svvp—svhp) / (shhp—shvp+svvp—svhp) [1 2] 

[0064] and the symmetric calculation may further incor 
porate a correction for changes in exposure or excitation ?ux 
betWeen the h- and v-excited ?ux measurements, as 

FP[5hhp5hvp+Yp(5vvp-5vhp)]/[5hhp-5hvp+‘{p(5vvp-5vhp)] [13] 

[0065] Where yps[(shhpshv)/(swpsvhp)]w. these equa 
tions make clear, the contribution to intensity from each 
probe species sXep is analogous to the intensity IXe in a 
single-label experiment. 
[0066] One needs to determine sXep from the measure 
ments mXeb in order to derive either a symmetric FF or 
simple FP measure. As equation [10] 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 ajkxe. 
While this equation shoWs a tWo-label case, extension to 
more probes is straightforWard. 

[0067] To achieve this, one may Write the measurements 
as a vector M With members mb and the ?ux as vector S With 
members sp, By inverting A, one can calculate the value of 
sXep from the associated mXeb as 

[0068] Fundamentally, equation [14] describes a process 
Which converts data about intensity levels in various spectral 
bands, into data about various probes. This operation yields 
data for each probe that is independent of the presence of the 
other probes, Within one’s measurement error and errors in 
derivation of the A matrices. This separates the coupled 
multi-probe measurements mXeb into independent probe 
measurements sXep. From that point forWard, the sXep values 
for each probe may be treated like the IXe values obtained in 
a single-probe experiment. 

[0069] Summarizing, the procedure for determining G 
factors in multi-probe experiments is the folloWing: 

[0070] a) obtain values for A for a given set of 
excitation and emission states using control samples 
of individual pure species as described above; 

[0071] b) repeat step 1) for all combinations of exci 
tation and emission states used, storing the various 
matrices as {Axe} . . . }, and inverting to yield 

{A_1Xe, . . . } 

[0072] c) using data from the pure samples just 
obtained or from multi-label samples, obtain values 
for M for all combinations of probes, and excitation 
and emission states; 
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[0073] d) calculate S from equation [14] for each 
combination of excitation and emission states used; 

[0074] e) calculate FP for each probe from the S 
values using a symmetric calculation such as equa 
tion [12], [13], or an equivalent; 

[0075] f) determine the GXp values for each probe, for 
a chosen excitation state X. 

[0076] Once the G factors are determined, one may obtain 
subsequent FP as folloWs: 

[0077] g) obtain values for M for all bands and 
excitation states of polarization, for a given emission 
state of polariZation x; 

[0078] h) calculate S from equation [14] using the 
appropriate AXe matrix; 

[0079] i) determine FP from equation [11a] or [11b], 
depending on the excitation state of polariZation. As 
in the single-probe case, it is possible to derive an 
analogous set of G‘ factors Which apply When one 
measures the sXep values at a given emission state of 
polariZation, for both excitation states of polariZa 
tion. 

[0080] The techniques and methods herein described may 
be used separately, or in combination With one another and 
With techniques knoWn in the prior art of instrument design 
and ?uorescence polariZation measurement. 

[0081] Thus, While there have been shoWn and described 
and pointed out fundamental novel features of the invention 
as applied to preferred embodiments thereof, it Will be 
understood that various omissions and substitutions and 
changes in the form and details of the devices illustrated, and 
in their operation, may be made by those skilled in the art 
Without departing from the spirit of the invention. For 
example, it is expressly intended that all combinations of 
those elements and/or method steps Which perform substan 
tially the same function in substantially the same Way to 
achieve the same or substantially the same results are Within 
the scope of the invention. Substitutions of elements from 
one described embodiment to another are also fully intended 
and contemplated. It is also to be understood that the 
draWings are not necessarily draWn to scale but that they are 
merely conceptual in nature. It is the intention, therefore, to 
be limited only as indicated by the scope of the claims 
appended hereto. 

[0082] The invention is not limited by the embodiments 
described above Which are presented as examples only but 
can be modi?ed in various Ways Within the scope of pro 
tection de?ned by the appended patent claims. 

I claim: 
1. A method of determining a G-factor correction to the 

measured ?uorescence polariZation of a ?rst sample Which 
contains at least a ?rst probe comprising the folloWing steps: 

illuminating the sample to effect ?uorescence emission 
from the ?rst probe With a beam of excitation light that 
is linearly polariZed along a ?rst axis; 

measuring the intensities of a ?rst component of the 
?uorescence emission that is polariZed along the ?rst 
axis and a second component of the ?uorescence emis 
sion that is polariZed orthogonal to the ?rst axis While 
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the sample is illuminated With the beam of excitation 
light to obtain a measured ?uorescence polariZation of 
the ?rst probe; 

sWitching the state of polariZation of the beam of excita 
tion light to a polariZation state Wherein said beam is 
linearly polariZed along a second axis substantially 
orthogonal to the ?rst axis; 

measuring the intensities of a third component of ?uo 
rescence emission that is polariZed along the ?rst axis 
and a fourth component that is polariZed orthogonal to 
the ?rst axis While the sample is illuminated With the 
beam of excitation light that is linearly polariZed along 
the second axis; and 

calculating the absolute ?uorescence polariZation of the 
?rst probe based on the measurements of the intensities 
of the ?rst, second, third and fourth components; and 

calculating the G-factor correction for the ?rst probe from 
the absolute ?uorescence polariZation and the mea 
sured ?uorescence polariZation. 

2. The method of claim 1 Wherein the step of calculating 
the absolute ?uorescence polariZation of the ?rst probe 
includes a correction for changes in exposure ?ux betWeen 
the measurements of the intensities of the ?rst and second 
components. 

3. The method of claim 1 Wherein the step of calculating 
the absolute ?uorescence polariZation of the ?rst probe 
includes a correction for changes in excitation ?ux betWeen 
the measurements of the intensities of the ?rst and second 
components. 

4. The method of claim 1 further including the steps of 
obtaining the measured ?uorescence polariZation of the ?rst 
probe for additional samples; and 

calculating the absolute ?uorescence polariZations of the 
?rst probe for the additional samples from the G-factor 
correction for the ?rst probe and the measured ?uores 
cence polariZations of the ?rst probe for the additional 
samples. 

5. The method of claim 4 Wherein the step of calculating 
the absolute ?uorescence polariZation of the additional 
samples includes a correction for changes in exposure ?ux 
betWeen the measurements of the intensities of the ?rst and 
second components. 

6. The method of claim 1 Wherein the step of calculating 
the absolute ?uorescence polariZation of the additional 
samples includes a correction for changes in excitation ?ux 
betWeen the measurements of the intensities of the ?rst and 
second components. 

7. The method of claim 1 Wherein the sample contains tWo 
or more probes Which exhibit ?uorescence polariZations 
further comprising the steps of: 

illuminating the sample to effect ?uorescence emission 
from a second probe With a beam of excitation light that 
is linearly polariZed along a third axis; 

measuring the intensities of a ?rst component of the 
?uorescence emission from the second probe that is 
polariZed along the third axis and a second component 
of the ?uorescence emission that is polariZed orthogo 
nal to the third axis While the sample is illuminated With 
the beam of excitation light to obtain a measured 
?uorescence polariZation of the second probe; 



US 2001/0033376 A1 

switching the state of polarization of the beam of excita 
tion light to a polarization state Wherein said excitation 
beam is linearly polarized along a fourth axis substan 
tially orthogonal to the third axis; 

measuring the intensities of a third component of ?uo 
rescence emission that is polarized along the third axis 
and a fourth component of ?uorescence emission that is 
polarized orthogonal to the third axis While the sample 
is illuminated With the excitation beam linearly polar 
ized along the fourth axis; and 

calculating the absolute ?uorescence polarization of the 
second probe based on the measurements of the inten 

Oct. 25, 2001 

sities of the ?rst, second, third and fourth components 
of ?uorescence emission; and 

calculating the G-factor correction for the second probe 
from the absolute ?uorescence polarization and the 
measured ?uorescence polarization of the second 
probe. 

8. The method of claim 7 Wherein the third axis is the 
same as the ?rst axis, and the fourth axis is the same as the 

second axis. 


