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(57) ABSTRACT 

This invention relates to methods and apparatus for per 
forming microanalytic and microsynthetic analyses and pro 
cedures. The invention provides a microsystem platform and 
a micromanipulation device for manipulating the platform 
that utilizes the centripetal force resulting from rotation of 
the platform to motivate ?uid movement through micro 
channels. These assays may be performed for a variety of 
purposes, including but not limited to screening of drug 
candidate compounds, life sciences research, and clinical 
and molecular diagnostics. Methods speci?c for the appa 
ratus of the invention for performing any of a Wide variety 
of microanalytical or microsynthetic processes are provided. 
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DEVICES AND METHODS FOR THE 
PERFORMANCE OF MINIATURIZED 

HOMOGENEOUS ASSAYS 

[0001] This application claims priority to US. Provisional 
Application Serial No. 60/140,105, ?led Jun. 18, 1999, the 
disclosure of Which is explicitly incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to methods and apparatus for 
performing microanalytic and microsynthetic analyses and 
procedures. In particular, the invention relates to micromin 
iaturiZation of genetic, biochemical and bioanalytic pro 
cesses. Speci?cally, the present invention provides devices 
and methods for the performance of miniaturiZed biochemi 
cal assays. These assays may be performed for a variety of 
purposes, including but not limited to screening of drug 
candidate compounds, life sciences research, and clinical 
and molecular diagnostics. Methods for performing any of a 
Wide variety of such microanalytical or microsynthetic pro 
cesses using the Microsystems apparatus of the invention are 
also provided. 

[0004] 2. Background of the Related Art 

[0005] Recent developments in a variety of investigational 
and research ?elds have created a need for improved meth 
ods and apparatus for performing analytical, particularly 
bioanalytical assays at microscale (i.e., in volumes of less 
than 100 ML). In the ?eld of pharmaceuticals, for example, 
an increasing number of potential drug candidates require 
assessment of their biological function. As an example, the 
?eld of combinatorial chemistry combines various structural 
sub-units With differing chemical af?nities or con?gurations 
into molecules; in theory, a neW molecule having potentially 
unique biochemical properties can be created for each 
permutation of the sub-units. In this Way, large libraries of 
compounds may be synthesiZed from relatively small num 
bers of constituents, each such compound being a potential 
drug lead compound of usually unknoWn biological activity 
and potency. 

[0006] More traditional approaches to compound library 
development are also yielding groWing numbers of candi 
dates, including the use of naturally-derived compounds 
extracted from plants, fungi, and bacteria. In part, this is due 
to a groWing understanding of the function of these com 
pounds, including hoW they affect the metabolic pathWays of 
the organisms Which synthesiZe and use them; the increasing 
re?nement in identifying and understanding compounds 
based on small structural and compositional differences; and 
improved methods for extracting and purifying these com 
pounds. 

[0007] Increased numbers of potential targets for these 
drug candidates are also being identi?ed. Recent advances in 
biology, most notably the human genome project, have 
discovered many molecules Whose biochemical activity is 
implicated in various disease states. Although these novel 
targets can provide exquisitely precise and speci?c indicia of 
hoW biological processes underlying disease can be effec 
tively controlled and manipulated, drugs must be identi?ed, 
usually by screening processes, to ?nd compounds that can 
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enhance, diminish, or otherWise alter these targets’ ability to 
affect the metabolic pathWays associated With disease. 

[0008] The function of drug candidates, targets, and the 
effect of the candidates on targets is assessed in the early 
stages of pharmaceutical development through a process of 
screening that typically includes: binding of a drug candi 
date to a portion or domain of the target molecule; immu 
noassays that bind to drug candidate target domains corre 
lated With drug ef?cacy; enZymatic assays, in Which the 
inhibition of an enZymatic activity of the target by the drug 
candidate can be used as a sign of ef?cacy; protein/protein 
binding; and protein/DNA(RNA) binding. Additional assays 
involve the use of living cells and include gene expression, 
in Which levels of transcription in response to a drug 
candidate are monitored, and functional assays designed to 
investigate both macroscopic effects, such as cell viability, 
as Well as biochemical effects and products produced in and 
by the cells as a result of treatment With the drug lead 
compound. (Wallace & Goldman, 1997, “Bioassay Design 
and Implementation”, in High-Throughput Screening: The 
Discovery ofBioactive Substances, J. P. Devlin, ed., Marcel 
Dekker, Inc.: NeW York, pp. 279-305). 

[0009] In initial screening of compounds against targets, 
the number of possible screens is roughly the number of 
candidates multiplied by the number of targets. As a result 
of the groWth in both the number of candidates and the 
number of targets, the number of assays that must be 
performed is groWing rapidly. In addition to the increasing 
the number of assays to be performed, it is desirable to 
reduce the time required to perform the assays in order to 
obtain results of such screenings in a timely and useful 
fashion. Finally, “multiplexing” technology that alloWs the 
performance of multiple assays on one sample Within a 
single reaction Well—for example, by using readily-distin 
guishable signals, such as ?uorescent moieties With different 
characteristic Wavelengths—can be used to increase 
throughput. 

[0010] In addition to drug screening assays, biological 
research has uncovered a vast reservoir of genetic informa 
tion and diversity having little if any correlation With the 
function of the gene products encoded by the deciphered 
DNA. On the one hand, the identi?cation of the nucleotide 
sequence of the human genome, coupled With bioinformat 
ics analysis of these sequences, has identi?ed a larger 
number of protein coding sequences (termed “open reading 
frames”) that can and probably do encode functional pro 
teins. HoWever, since these sequences have been uncovered 
by simply “reading” a sequence Without any information 
(such as the correlation of a genetic locus With a mutation 
associated With a disease), the function of the gene products 
of such a locus must be determined in order to fully 
understand and identify What protein target is encoded 
thereby and What utility drug candidates directed to such a 
target might have. On the other hand, human genome 
sequencing efforts have also identi?ed genetic mutations 
(such as single nucleotide polymorphisms, or “SNPs”) that 
may or may not be associated With human disease. In either 
instance, the products of this human genetic information 
must be assayed to determine the activity of the genes, both 
“Wild-type” and mutant, encoded at each neW genetic locus. 
Progress in life sciences research requires researchers to 
perform large numbers of assays as they investigate the 
structure and function of proteins coded by the groWing 
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number of identi?ed genes in the human genome. Many of 
the same assays and assay formats used in drug screening 
may be used in other life sciences research. 

[0011] Large numbers of assays must also be performed in 
the ?eld of molecular diagnostics, in Which individuals can 
noW be assayed for genetic mutation associated With a 
disease state or the propensity to develop a disease state. For 
example, any particular disease or propensity for disease 
may be associated With several different mutations in more 
than one gene that can determine disease susceptibility or 
severity. In the monitoring of a disease state, a disease may 
have a “?ngerprint” consisting of certain genes the expres 
sion level of Which can be used diagnostically to predict the 
severity of the disease. Monitoring expression levels of 
these genes can provide an indication of the response (or 
lack of response) to different treatment modalities. 

[0012] For these and other applications in drug discovery, 
life sciences research, and molecular and clinical diagnostics 
there exists a need for systems and assay methods that can 
perform very many assays in a highly-parallel fashion at loW 
cost. The primary approach has been and Will continue to be 
to miniaturiZe existing assays in order to decrease compound 
and reagent costs (that scale With the volume required for 
performing the assay). MiniaturiZation has been accompa 
nied by the development of more sensitive detection 
schemes, including both better detectors for conventional 
signals (e.g., calorimetric absorption, ?uorescence, and 
chemiluminescence) as Well as neW chemistries or assay 
formats (e.g., imaging, optical scanning, and confocal 
microscopy). 
[0013] MiniaturiZation can also confer performance 
advantages. At short length scales, diffusionally-limited 
mixing is rapid and can be exploited to create sensitive 
assays (Brody et al., 1996, Biophysical J. 71: 3430-3431). 
Because ?uid How in miniaturiZed pressure-driven systems 
is laminar, rather than turbulent, processes such as Washing 
and ?uid replacement are Well-controlled. Microfabricated 
systems also enable assays that rely on a large surface area 
to volume ratio such as those that require binding to a 
surface and a variety of chromatographic approaches. 

[0014] The development of ?uid-handling and processing 
for miniaturiZed assays has primarily involved scaling doWn 
of conventional methods. The vast majority of initial drug 
screens have been performed in 96-Well microtiter plates 
With operating volumes of less than 0.5 mL. The Wells of 
these plates serve as “test tubes” for reactions as Well as 
optical cuvettes for detection. Fluids are typically delivered 
to these plates using automated pipetting stations or external 
tubing and pumps; automation is also required for handling 
of plates and delivery to sub-systems such as plate Washers 
(used in solid phase assays, for example). 

[0015] MiniaturiZation has led to the creation of 384-Well 
and 1536-Well microtiter plates for total reaction volumes of 
betWeen 0.015 and 0.1 mL. HoWever, a number of problems 
arise When miniaturiZing standard plate technology. First, 
because the total volumes are smaller and the plates are open 
to the environment, evaporation of ?uid during the course of 
an assay can compromise results. Another draWback of open 
plates is the existence of a ?uid meniscus in the Well. 
Meniscuses of varying con?gurations (due, for example to 
imperfections in the plate or differences in contact angle and 
surface tension) can distort the optical signals used to 
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interrogate the samples. As the strength of the optical signals 
decreases With decreasing assay volume, correction for 
background distortions becomes more dif?cult. Finally, opti 
cal scanning systems for high-density plates are often com 
plex and expensive. Methods that minimiZe evaporation, 
provide a more uniform optical pathWay, and provide sim 
pler detection schemes are desirable. 

[0016] Highly accurate pipetting technologies have been 
developed to deliver ?uids in precisely metered quantities to 
these plates. Most of these ?uid-delivery methods for loW 
volumes (beloW a feW microliters) rely on expensive pieZo 
electric pipetting heads that are complex and dif?cult to 
combine or “gang” into large numbers of independent pipet 
tors so that many Wells may be addressed independently. As 
a result, ?uid delivery is either completely or partially serial 
(i.e., a single micropipettor, or a small number of parallel 
delivery systems used repeatedly to address the entire plate). 
Serial pipetting defeats the aim of parallelism by increasing 
the amount of time required to address the plate. Methods 
that reduce the number and precision of ?uid transfer steps 
are therefore needed. 

[0017] Fluid processing in microtiter plates is also dif? 
cult. The small dimensions of the Wells, While enhancing 
diffusional mixing, suppress turbulence and make difficult 
mixing on length scales betWeen a feW tens of microns and 
a feW millimeters. For similar reasons, Washing, an impor 
tant step in many assays can be problematic. Methods that 
reduce both the number of manipulations of ?uids on the 
plate as Well as manipulations of the plate itself (such as 
passing the plate to and from Washing stations) can reduce 
cost While improving assay quality through suppression of 
contamination, carry-over, and ?uid loss. 

[0018] Thus, there is a need in the art for improved 
micromanipulation apparatus and methods for performing 
bioanalytic assays more rapidly and economically using less 
biological sample material. Relevant to this need in the art, 
some of the present inventors have developed a microsystem 
platform and a micromanipulation device to manipulate said 
platform by rotation, thereby utiliZing the centripetal forces 
resulting from rotation of the platform to motivate ?uid 
movement through microchannels embedded in the micro 
platform, as disclosed in co-oWned U.S. Pat. No. 6,063,589, 
issued May 16, 2000, and co-oWned and co-pending patent 
applications U.S. Ser. Nos. 08/761,063, ?led Dec. 5, 1996; 
08/768,990, ?led Dec. 18, 1996; 08/910,726, ?led Aug. 12, 
1997; 08/995,056, ?led Dec. 19, 1997; and 09/315,114, ?led 
May 19, 1999, the disclosures of each of Which are explicitly 
incorporated by reference herein. 

SUMMARY OF THE INVENTION 

[0019] This invention provides Microsystems platforms as 
disclosed in co-oWned US. Pat. No. 6,063,589, issued May 
16, 2000, and co-oWned and co-pending patent applications 
U.S. Ser. Nos. 08/761,063, ?led Dec. 5, 1996; 08/768,990, 
?led Dec. 18, 1996; 08/910,726, ?led Aug. 12, 1997; 08/995, 
056, ?led Dec. 19, 1997; and 09/315,114, ?led May 19, 
1999, the disclosures of each of Which are explicitly incor 
porated by reference herein. 

[0020] The invention provides apparatus and methods for 
performing microscale processes on a microplatform, 
Whereby ?uid is moved on the platform in de?ned channels 
motivated by centripetal force arising from rotation of the 
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platform. The ?rst element of the apparatus of the invention 
is a microplatform that is a rotatable structure, most pref 
erably a disk, the disk comprising ?uid (sample) inlet ports, 
?uidic microchannels, reagent reservoirs, collection cham 
bers, detection chambers and sample outlet ports, generi 
cally termed “micro?uidic structures.” The disk is rotated at 
speeds from about 1 to about 30,000 rpm for generating 
centripetal acceleration that enables ?uid movement through 
the micro?uidic structures of the platform. The disks of the 
invention also preferably comprise air outlet ports and air 
displacement channels. The air outlet ports and in particular 
the air displacement ports provide a means for ?uids to 
displace air, thus ensuring uninhibited movement of ?uids 
on the disk. Speci?c sites on the disk also preferably 
comprise elements that alloW ?uids to be analyZed, as Well 
as detectors for each of these effectors. 

[0021] The discs of this invention have several advantages 
over those that exist in the centrifugal analyZer art. Foremost 
is the fact that ?oW is laminar due to the small dimensions 
of the ?uid channels; this alloWs for better control of 
processes such as mixing and Washing. Secondly, the small 
dimensions conferred by microfabrication enable the use of 
“passive” valving, dependent upon capillary forces, over 
much Wider range of rotational velocities and With greater 
reliability than in more macroscopic systems. To this are 
added the already described advantages of miniaturiZation. 

[0022] The second element of the invention is a micro 
manipulation device that is a disk player/reader device that 
controls the function of the disk. This device comprises 
mechanisms and motors that enable the disk to be loaded and 
rotated. In addition, the device provides means for a user to 
operate the Microsystems in the disk and access and analyZe 
data, preferably using a keypad and computer display. The 
micromanipulation device also advantageous provides 
means for actuation of on-disc elements, such active valves; 
the application and control of heat to the disc for purposes 
of chemical or biological incubation; and means for adding 
?uids to and removing ?uids from the discs. The microma 
nipulation devices of this invention are more particularly 
described in co-oWned U.S. Pat. No. 6,063,589, issued May 
16, 2000, and co-oWned and co-pending patent applications 
U.S. Ser. Nos. 08/761,063, ?led Dec. 5, 1996; 08/768,990, 
?led Dec. 18, 1996; 08/910,726, ?led Aug. 12, 1997; 08/995, 
056, ?led Dec. 19, 1997; and 09/315,114, ?led May 19, 
1999, the disclosures of each of Which are explicitly incor 
porated by reference herein. 

[0023] The invention speci?cally provides Microsystems 
platforms comprising micro?uidics components contained 
in one or a multiplicity of platform layers that are ?uidly 
connected to permit transfer, mixing and assay performance 
on the sealed surface of the platform. The platforms pref 
erably comprise reagent reservoirs containing a suf?cient 
volume, preferably from about 1 nL to about 1 mL, of a 
reagent solution for a multiplicity of individual assays. The 
reagent reservoirs are ?uidly connected by microchannels to 
one or more preferably a multiplicity of collection, and more 
preferably detection, chambers, and the micro?uidics com 
ponents arranged so that a speci?c volume of the reagent 
solution is delivered to each collection chamber. More 
preferably, said reagent reservoirs are ?uidly connected to 
mixing structures, most preferably a mixing microchannel 
that is also ?uidly connected to a sample reservoir, so that 
one or a plurality of reagents are mixed With sample and the 
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resulting mixture delivered into the detection chamber. In 
preferred embodiments, the platform comprises a multiplic 
ity of sample reservoirs and mixing structures ?uidly con 
nected With a multiplicity of detection chambers. 

[0024] In the use of the platforms of the invention, ?uids 
(including samples and reagents) are added to the platform 
When the platform is at rest. Thereafter, rotation of the 
platform on a simple motor motivates ?uid movement 
through microchannels for various processing steps. In 
preferred embodiments, the platforms of the invention per 
mit the use of a detector, most preferably an optical detector, 
for detecting the products of the assay, Whereby the collec 
tion chambers comprise optical cuvettes, preferably at the 
outer edge of the platform, most preferably Wherein the 
platform is scanned past a ?xed detector through the action 
of the rotary motor. Because the platforms of the invention 
are most preferably constructed using microfabrication tech 
niques as described more fully beloW, the volumes of ?uids 
used may be made arbitrarily small as long as the detectors 
used have sufficient sensitivity. 

[0025] The present invention solves problems in the cur 
rent art through the use of a micro?uidic disc in Which 
centripetal acceleration is used to move ?uids. It is an 
advantage of the micro?uidics platforms of the present 
invention that the ?uid-containing components are con 
structed to contain a small volume, thus reducing reagent 
costs, reaction times and the amount of biological material 
required to perform an assay. It is also an advantage that the 
?uid-containing components are sealed, thus eliminating 
experimental error due to differential evaporation of differ 
ent ?uids and the resulting changes in reagent concentration. 
Because the micro?uidic devices of the invention are com 
pletely enclosed, both evaporation and optical distortion are 
reduced to negligible levels. The platforms of the invention 
also advantageously permit “passive” mixing and valving, 
i.e., mixing and valving are performed as a consequence of 
the structural arrangements of the components on the plat 
forms (such as shape, length, position on the platform 
surface relative to the axis of rotation, and surface properties 
of the interior surfaces of the components, such as Wetta 
bility as discussed beloW), and the dynamics of platform 
rotation (speed, acceleration, direction and change-of-direc 
tion), and permit control of assay timing and reagent deliv 
ery. 

[0026] In alternative embodiments of the platforms of the 
invention, metering structures as disclosed in co-oWned US. 
Pat. No. 6,063,589, issued May 16, 2000 and incorporated 
by reference herein, are used to distribute aliquots of reagent 
to each of a multiplicity of mixing structures, each mixing 
structure being ?uidly connected to one of a multiplicity of 
sample reservoirs, thereby permitting parallel processing 
and mixing of the samples With a common reagent. This 
reduces the need for automated reagent distribution mecha 
nisms, reduces the amount of time required for reagent 
dispensing (that can be performed in parallel With distribu 
tion of reagent to a multiplicity of reaction chambers), and 
permits delivery of small (nL-to-pL) volumes Without using 
externally-applied electromotive means. 

[0027] The assembly of a multiplicity of collection cham 
bers on the platforms of the invention also permits simpli?ed 
detectors to be used, Whereby each individual collection/ 
detection chamber can be scanned using mechanisms Well 






























