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(57) ABSTRACT 

A luminescence detecting apparatus and method for analyZ 
ing luminescent samples is disclosed. Luminescent samples 
are placed in a plurality of sample Wells in a tray, and the tray 
is placed in a visible-light impervious chamber containing a 
charge coupled device camera. The samples may be injected 
in the Wells, and the samples may be injected With buffers 
and reagents, by an injector. In the chamber, light from the 
luminescent samples pass through a collimator, a Fresnel 
?eld lens, a ?lter, and a camera lens, Whereupon a focused 
image is created by the optics on the charge-coupled device 
(CCD) camera. The use of a Fresnel ?eld lens, in combi 
nation With a collimator and ?lter, reduces crosstalk betWeen 
samples beloW the level attainable by the prior art. Preferred 
embodiments of the luminescence detecting apparatus and 
method disclosed include central processing control of all 
operations, multiple Wavelength ?lter Wheel, and robot 
handling of samples and reagents. Preferred embodiments of 
processing softWare integrated With the invention include 
elements for mechanical alignment, outlier shaving, edge 
detection and masking, manipulation of multiple integration 
times to expand the dynamic range, crosstalk correction, 
dark subtraction interpolation and drift correction, multi 
component analysis applications speci?cally tailored for 
luminescence, and uniformity correction. 
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FIGURE 4 
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FIGURE 6A 
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FIGURE 7 
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LUMINESCENCE DETECTION WORKSTATION 

[0001] This application claims the bene?t from Provi 
sional Application Serial No. 60/144,891, ?led Jul. 21, 1999. 
The entirety of that provisional application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to the ?eld of apparatus and 
methods for detecting and quantifying light emissions, and 
more particularly, to detecting and quantifying light emitted 
from luminescent-based assays. Still more particularly, this 
invention pertains to apparatus and methods for detecting 
and quantifying luminescence such as bioluminescence and/ 
or chemiluminescence from luminescent assays as an indi 
cator of the presence or amount of a target compound. 
Preferred embodiments of the invention include as an imag 
ing device a charge coupled device (CCD) camera and a 
computer for analyZing data collected by the imaging 
device. Further preferred embodiments include the capacity 
for use in high throughput screening (HTS) applications, and 
provide for robot handling of assay plates. 

[0004] 2. Description of the Related Art 

[0005] The analysis of the luminescence of a substance, 
and speci?cally the analysis of either bioluminescence (BL) 
or chemiluminescence (CL), is becoming an increasingly 
useful method of making quantitative determinations of a 
variety of luminescent analytes. 

[0006] Recently, methods have been introduced that uti 
liZe luminescence detection for quantitatively analyZing 
analytes in an immunoassay protocol. Such luminescence 
immunoassays (LIA) offer the potential of combining the 
reaction speci?city of immunospeci?c antibodies or hybrid 
iZing nucleic acid sequences and similar speci?c ligands 
With the high sensitivity available through light detection. 
Traditionally, radioactive reagents have been used for such 
purposes, and the speci?city and sensitivity of LIA reagents 
is generally comparable to those employing traditional 
radiolabelling. HoWever, LIA is the preferred analytical 
method for many applications, oWing to the nontoXic nature 
of LIA reagents and the longer shelf lives of LIA reagents 
relative to radioactive reagents. 

[0007] Among other luminescent reagents, chemilumines 
cent compounds such as 1,2-dioXetanes, developed by 
TropiX, Inc. and other stable chemiluminescent molecules, 
such as Xanthan esters and the like, are in commercial use. 
These compounds are triggered to release light through 
decomposition triggered by an agent, frequently an enZyme 
such as alkaline phosphatase, Which is present only in the 
presence, or speci?c absence, of the target compound. The 
detection of light emission is a qualitative indication, and the 
amount of light emitted can be quanti?ed as an indicator of 
the amount of triggering agent, and therefore target com 
pound, present. Other Well knoWn luminescent compounds 
can be used as Well. 

[0008] Luminescent release may sometimes be enhanced 
by the presence of an enhancement agent that ampli?es or 
increases the amount of light released. This can be achieved 
by using agents Which sequester the luminescent reagents in 
a microenvironment Which reduces suppression of light 
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emission. Much biological Work is done, perforce, in aque 
ous media. Water typically suppresses light emission. By 
providing compounds, such as Water soluble polymeric 
onium salts (ammonium, phosphonium, sulfonium, etc.) 
small regions Where Water is eXcluded that may sequester 
the light emitting compound may be provided. 

[0009] The majority of instrumentation used to monitor 
light emitting reactions (luminometers) use one or more 
photomultiplier tubes (PMTs) to detect the photons emitted. 
These are designed to detect light at the loW light levels 
associated With luminescent reactions. The rate at Which a 
PMT based microplate luminometer can measure signal 
from all Wells of the plate is limited by the number of PMTs 
used. Most microplate luminometers have only one PMT so 
a 384 Well plate requires four times longer than is required 
to read a 96-Well plate. 

[0010] The nature of biological research dictates that 
numerous samples be assayed concurrently, e.g., for reaction 
of a chemiluminescent substrate With an enZyme. This is 
particularly true in gene screening and drug discovery, 
Where thousands of samples varying by concentration, com 
position, media, etc. must be tested. This requires that 
multiple samples be reacted simultaneously, and screened 
for luminescence. HoWever, there is a need for high speed 
processing, as the chemiluminescence or bioluminescence 
may diminish With time. Simultaneously screening multiple 
samples results in improved data collection times, Which 
subsequently permits faster data analysis, and contingent 
improved reliability of the analyZed data. 

[0011] In order for each speci?c sample analyte’s lumi 
nescence to be analyZed With the desired degree of accuracy, 
the light emission from each sample must be isolated from 
the samples being analyZed concurrently. In such circum 
stances, stray light from external light sources or adjacent 
samples, even When those light levels are loW, can be 
problematic. Conventional assays, particularly those 
employing high throughput screening (HTS) use micro 
plates, plastic trays provided With multiple Wells, as separate 
reaction chambers to accommodate the many samples to be 
tested. Plates currently in use include 96- and 384-Well 
plates. In response to the increasing demand for HTS speed 
and miniaturiZation, plates having 1,536 Wells are being 
introduced. An especially difficult impediment to accurate 
luminescence analysis is the inadvertent detection of light in 
sample Wells adjacent to Wells With high signal intensity. 
This phenomenon of light measurement interference by 
adjacent samples is termed ‘crosstalk’ and can lead to 
assignment of erroneous values to samples in the adjacent 
Wells if the signal in those Wells is actually Weak. 

[0012] Some previously proposed luminometers include 
those described in US. Pat. No. 4,772,453; US. Pat. No. 
4,366,118; and European Patent No. EP 0025350. US. Pat. 
No. 4,772,453 describes a luminometer having a ?Xed 
photodetector positioned above a platform carrying a plu 
rality of sample cells. Each cell is positioned in turn under 
an aperture through Which light from the sample is directed 
to the photodetector. US. Pat. No. 4,366,118 describes a 
luminometer in Which light emitted from a linear array of 
samples is detected laterally instead of above the sample. 
Finally, EP 0025350 describes a luminometer in Which light 
emitted through the bottom of a sample Well is detected by 
a movable photodetector array positioned underneath the 
Wells. 
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[0013] Further re?nements of luminometers have been 
proposed in Which a liquid injection system for initiating the 
luminescence reaction just prior to detection is employed, as 
disclosed in EP 0025350. Also, a temperature control 
mechanism has been proposed for use in a luminometer in 
US. Pat. No. 4,099,920. Control of the temperature of 
luminescent samples may be important, for example, When 
it is desired to incubate the samples at an elevated tempera 
ture. 

[0014] Avariety of light detection systems for HTS appli 
cations are available in the market. These include the 
LEADseekerTM from Amersham/Pharmacia, the VieWLuxTM 
offered by PerkinElmer and CLIPRTM from Molecular 
Devices. These devices are all expensive, large dimensioned 
(?oorbased models), exhibit only limited compatibility With 
robotic devices for plate preparation and loading, have a 
limited dynamic range, and/or use optical detection methods 
Which do not reduce, or account for, crosstalk. The optical 
systems used are typically complex teleconcentric glass lens 
systems, Which may provide a distorted vieW of Wells at the 
edges of the plates, and the systems are frequently expen 
sive, costing in excess of $200,000.00. Perhaps the most 
popular detection apparatus is the TopCountTM, a PMT 
based detection system from Packard. Although the Top 
CountTM device has a desirable dynamic range, it is not 
capable of reading 1,536 Well plates, and it does not image 
the Whole plate simultaneously. 

[0015] Crosstalk from adjacent samples remains a signi? 
cant obstacle to the development of improved luminescence 
analysis in imaging-based systems. This can be appreciated 
as a phenomenon of simple optics, Where luminescent 
samples produce stray light Which can interfere With the 
light from adjacent samples. Furthermore, the development 
of luminometers capable of detecting and analyZing samples 
With extremely loW light levels are particularly vulnerable to 
crosstalk interference. 

SUMMARY OF THE INVENTION 

[0016] In order to meet the above-identi?ed needs that are 
unsatis?ed by the prior art, it is a principal object and 
purpose of the present invention to provide a luminescence 
detecting apparatus that Will permit the analysis of lumines 
cent samples. It is a further object of the present invention 
to provide a luminescence detecting apparatus capable of 
simultaneously analyZing a large number of luminescent 
samples. In a preferred embodiment of the present invention, 
a luminescence detecting apparatus is provided that simul 
taneously analyZes multiple samples held in Wells, Where the 
Well plates contain as many as 1,536 Wells. The present 
invention further includes robot handling of the multiple 
Well trays during analysis. 

[0017] It is yet another object of the present invention to 
provide a luminescence detecting apparatus capable of ana 
lyZing loW light level luminescent samples, While minimiZ 
ing crosstalk from adjacent samples, including and espe 
cially minimiZing crosstalk from adjacent samples With 
higher light level output than the sample to be analyZed. 

[0018] The apparatus of this invention employs a Fresnel 
lens arrangement, With a vertical collimator above the Well 
plate, With dimensions to match the number of Wells. Thus, 
a 1,536-Well plate Will employ a dark collimator above the 
plate With 1,536 cells in registry With the Wells of the plate. 
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Fixed above the collimator is a Fresnel lens, Which refracts 
the light such that the vieW above the lens appears to be 
looking straight doWn into each Well, regardless of its 
position on the plate, even at the edges. 

[0019] Above the Fresnel lens is a CCD camera arranged 
so as to take the image of the entire plate at one time, 
vieWing through a 35 mm Wide angle lens, to give Whole 
plate imaging on a rapid basis. BetWeen the CCD and 
Fresnel/collimator is a ?lter, typically arrayed on a ?lter 
Wheel, disposed at an angle to the lens. The ?lter is selected 
to permit the passage of the speci?c Wavelength of the light 
emitted, and re?ect or absorb all others. Several ?lters may 
be provided on the Wheel, to permit sequential detection of 
light emitted from multiple reagents emitting light at differ 
ent Wavelengths. 

[0020] The samples are fed to the optical detection plat 
form through a loading device designed to Work Well With 
robotic and automated preparation systems. The Well-plate, 
With reaction mixture already provided, is placed on a 
shuttle by a human, or preferably, robot. Alignment of the 
plate on the shuttle may be relatively coarse, notWithstand 
ing the requirement for tight tolerances to match the colli 
mator grid array. As the shuttle leaves the loading position, 
a resilient means urges the plate into strict conformal align 
ment. The shuttle positions the plate under an overhead 
injection bar, Which may accommodate up to sixteen Wells 
in a column at one time. If not previously added, a triggering 
agent or luminescent reagent is added to the sample Wells, 
and the plate indexes forWard to load the next column of 
Wells across the plate. The shuttle then advances through a 
door into the sample chamber, and the plate is aligned With 
the collimator and the Fresnel lens. Since many reactions 
proceed better, or only, at elevated temperatures, the sample 
chamber is insulated, and provided With heating means, for 
heating the air in or provided to the chamber. In order to 
maintain temperature in the chamber close to room tem 
perature and to accurately control temperature, the chamber 
may also be provided With a heat exchanger. 

[0021] The light emission from the entire multiple Well 
plate is imaged at once, With subsequent imaging through a 
different ?lter if multiple Wavelengths are employed. The 
signal obtained is processed to further reduce crosstalk 
reduced by the collimator and the presence and amount of 
luminescence is quickly detected and calculated by a per 
sonal computer using automated softWare. Data is then 
reported as intensity per Well or further analyZed relative to 
speci?c assay standards. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0023] FIG. 1 is a cross section of a preferred embodiment 
of a luminescence detecting apparatus according to the 
present invention; 
[0024] FIG. 2 is a detailed cross section of the optics of a 
luminescence detecting apparatus according to the present 
invention. 

[0025] FIG. 3 is a cross-sectional vieW of the plate trans 
port system of the invention. 
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[0026] FIG. 4 is a perspective illustration of the injector 
arm assembly of the invention. 

[0027] FIG. 5 is an exploded vieW of the ?lter Wheel 
assembly. 

[0028] FIG. 6 is a cross-sectional vieW of the optical 
housing. 

[0029] FIG. 6A is a plan vieW of a robotic mechanism of 
the invention. 

[0030] FIG. 7 is a How chart illustration of the processing 
method of the invention. 

[0031] FIGS. 8-15 are illustrations of the results obtained 
using the invention in Examples 1-10, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Referring noW to the draWings, Wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several vieWs, and more particularly to FIG. 
1 thereof, a preferred embodiment of the luminescence 
detecting apparatus of the present invention uses a shuttle or 
tray to carry a micro plate (plate) 10 comprising a plurality 
of sample Wells 20 Which may in the preferred embodiment 
number as many as 1,536 or more. Persons of ordinary skill 
in the relevant art Will recogniZe that the number of sample 
Wells 20 is limited only by the physical dimensions and 
optical characteristics of the luminometer elements, and not 
by the technology of the present invention. The sample Wells 
20 may be ?lled With analyte manually, or robotically prior 
to delivery to the inventive apparatus. Agents necessary for 
chemiluminescence may be ?lled automatically via the 
injector 30, to Which analyte is supplied through an array of 
supply tubes 40 or prior to placing the plate on the tray. 
Typically, the sample Wells Will contain chemiluminescent 
reagents. These reagents emit light at intensities propor 
tional to the concentration of analyte in the sample. This 
light can be very loW intensity and requires an instrument 
With suf?cient sensitivity to achieve the desired detection 
limits. 

[0033] The operation of injector 30 is controlled by central 
processor 50, Which in the preferred embodiment may 
control the operation of all elements of the luminometer of 
the present invention. Data collection, analysis and presen 
tation may also be controlled by processor 50. Further in a 
preferred embodiment of the present invention, the injector 
30 may also be used to add buffer solutions to the analytes 
and also to add reagents that enable “gloW” and/or “?ash” 
luminescence imaging, that is sustained or brief, intense 
emission, respectively, all under control of central processor 
50. 

[0034] After the analytes are placed in the sample Wells 
20, plate 10 is placed in sample chamber 55, Which is located 
in optical chamber 60 at a ?xed focal distance from and 
directly under the charge-coupled device (CCD) camera 70, 
in order to permit the CCD camera to image the luminescent 
sample accurately. The sample chamber 55 is preferably 
capable of precise temperature control, as many luminescent 
reagents and speci?c luminescent reactions are temperature 
dependent. Temperature control is provided by central pro 
cessor 50, Which can vary the temperature for each indi 
vidual sample plate 10, as central processor 50 controls the 
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movement and injection of the sample Wells 20 in each 
sample tray 10. In a preferred embodiment of the luminom 
eter of the present invention, central processor 50 also 
controls an industrial robot (not shoWn) Which performs the 
activities involving analyte handling in the luminometer of 
the present invention. 

[0035] With the plate 10 placed in the sample chamber 55, 
the optics 80 deliver the image of the complete microplate 
10 as a single image to the CCD camera 70. 

[0036] Although the operation of the luminometer of this 
invention is an integral, continuous practice, and all ele 
ments of the luminometer cooperate together to provide 
precise, accurate and reliable data, the invention may be 
more easily understood by reference to three separate, 
integrated systems, the optics system, the mechanical system 
and the processing system. Each is discussed in turn, With a 
discussion of examples of the operation as a Whole to folloW. 

Optics System 

[0037] Turning noW to FIG. 2, the optics 80 are shoWn in 
further detail. Luminescent emission 100 from the analyte in 
plate Well 20 located in the plate 10 travels ?rst through dark 
collimator 110, Which permits only parallel and semi-paral 
lel light rays to exit the sample Wells 20 for eventual imaging 
by the CCD camera 70. The effect of collimation assists With 
the prevention of stray light from the sample Wells 20 and 
With the elimination of crosstalk betWeen luminescent 
samples. The collimator 110 may be sealably engaged, or in 
close proximity, to the sample tray 10, to enhance the 
restriction of stray light from the samples. Each Well 10 is 
in strict registration and alignment With a corresponding grid 
opening in collimator 110. From the collimator 110, the 
luminescent radiation passes through a Fresnel ?eld lens 
120, Which focuses the light toWard ?lter 130. In a preferred 
embodiment of the present invention, the collimator 110 and 
Fresnel ?eld lens 120 are packaged in a cassette that can be 
changed by the user. Such an equipment change may be 
necessitated by varying optical characteristics of different 
analytes and different Well distributions in plates. 

[0038] The use of a Fresnel ?eld lens is preferable to 
alternative optical devices for several reasons. Initially, 
improvements in design and materials have capitaliZed on 
the superior optical capabilities of the Fresnel lens, While 
virtually eliminating its once inherent limitations. Today, 
many Fresnel lenses are made of molded plastic, creating an 
almost ?aWless surface With very little scatter light. The 
elimination of scatter light is an important element of 
eliminating crosstalk betWeen adjacent samples in the lumi 
nometer of the present invention. Furthermore, improved 
types of plastics commonly employed in the manufacturing 
of Fresnel lenses and other optical devices have optical 
qualities equivalent to ground glass lenses. 

[0039] Using high tech processes such as computer-con 
trolled diamond turning, complex aspheric surfaces can be 
cut into a long lasting mold for casting Fresnel lenses. In this 
manner, Fresnel lenses can be manufactured to produce the 
precise optical imaging effect that is most ef?cient for a 
charge coupled device camera, as in the present invention. 
Also, Fresnel lenses offer an advantage over conventional 
lenses in that they can be molded ?at and very thin. Because 
of the shape of the Fresnel lens, it can easily be integrated 
directly into the housing of the luminometer, enhancing the 
















