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High Throughput Proecessing System and Methed of Using

COPYRIGHT NOTIFICATION
Parsuant to 37 C.FR. L.71{e), a portion of this patent docnment contains

material which is subject to copyright protection. The copyiight owner kas no objection to
the facsimile reproduction by anyone of the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent file or records, but olherwise reserves all

copyright righis whatsoever.

CROSS REFERENCE TD RELATED AYPLICATIONS
Pursuarit to 35 1.8.C. § 119(2) and any other applicable statute or rule, the

present application clatms benetit of and priority to U.S. Patent Application Serial No.
60/240,361, tiled Cctober 13, 2000, entitled “High Throughput Processing Systern and
Methods of Using,” the disclozure of which is incorporated herein by reference in its

entirety for all purposes.

BACKGROUND OF THE INVENTION
Automated processing systems are uselul in many applications and tields.

For example, automated laboratory systems are used in biotechnology and biomedical
industries, e.g., for producing large numbers of samples and screening these sumples for a
desired property. Such samples include, bul are not limited to, chemicals, cells, cell
extracts, or genetic material such as cDNA, retroviruses, or anti-sense oligonucleotides. To
facilitate faster processing, samples are typically processed together on a multi-well
specimen plate, such as 8 384 or 1,536 well plate.

Automated sysicms using specimen plates gencrally provide faster
processing of samples as compared to manual processes. High throughput autonated
systems typically involve rapid, repetitive manipulations of individual elements. Cne
defiviency in eaistiog lechnology is that as processing throughputs increase there is @
degradation of reliability,

One example of an antomated processing systerm is found in U8, patent No,
5,985,214, which rclates to a system having several workstations, A cenveyor transport
moves specimen plates holding samples between the workstations.  Accordingly, the
specimen plate moves in a lincar Fashion from a first processing workstation ta the next

1
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sequential processing workstation. ‘To move to any workstation, u specimen plate is first
retrigved from a central storage rack, and then transported diown 2 long linear rack wntl the
plate reaches one of the several worlistations. When the plate is at the destred workstation,
the platc Jeaves the fivst linear track and is placed on a second orthogonal linear rack that
prasents the plate to an automated instrument. This system, however, suffers from a lack of
tlexibility. The plates must proceed 1n & lincar fashion along the entire track, thus inmting
throughput. Further, once the rack, workstation, and cooperating transports are in place, itis
difficult 1o reconfigure the system. In addition, samples in the specimen plates arc subjected
to an open and unprotected envirenment for an extended peried of time as the plates move
from the sumple racks to the workstations. Thus, the swnples may become impermissibly dry
or contaminated.

Another known aulomated processing system is described in U.S. patent Ne.
3,928,952, which relates to a system having a series of processing units armnged to
scqueniially receive specimen plates holding samples or products. In this systerm., each
individnal unit performs a specific task using the specimen plaies. Further, euch unit has an
associated robotic device for receiving a plate from an adjacent unit. The syster uses plural
robots to perform patomated process having several steps. For example, for a unit
performing a step in the process, a robot associated with the unit retrieves a specimen plate
frorm the previous unit and moves the specimen plate to the processing position in the unit.
When Lhe unit has completed its step, the robet moves the specimen plate to whers the next
Tobol can retrieve the plate, In such a manmer, the syster is cumbersome to operste in a
process having many steps and using several different workstations.

Disadvantsgeously, curent high throughput processing systems are limited to
unidirectional workflow and inflexible testing regimes. For cxample, once the testing
sumplcs src delivered to a workstation in U.S. patent Na. 5,985,214 or the interchangeable
umit in U.§. patent No. 5,928,952, the samples proceed inexorably from ono workstation to
the next workstation in only one direction. Current systerns do not allow for a sample to
proceed, for example, from an assaying step, fo a dispensing step, and then back to the
previous assaying slep. [nstead, an entirely new workstation must be built subsequent to the
dispensing step in order to pecform the assay step that was provided two workstalions ago.
As each workstation is capable of perfonming enly one function, every additional step in
current systems involves adding arother robot and another workstation, thereby entailing
uddittonal alignment, integration and calibration with the overall system.

2
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Therefore, there exists a need for an efficient automated processing system
such as a high throughput pracessing systermn that is accurate, reliahle, and flexible. The
demand for high throughput systems with decreased reconfiguration needs that are prone to
less contaminativn and can process samples multi-directionally within the system is as yet
unmet. The present mvention provides improved hrgh throoghput processing systems that
fulfill thesc nceds and many others that will be appatent upon complete review of the

following disclosuie.

SUMMARY OF THE INVENTION
The present invention methods and systems for high throughput processing,

e.ir, tlexible, efficient, and robust high throughput processing, such as screening of chemical
and/or biochemica) libraries. Typically, the yystems comprise work perimeters that are
configured for eptiroum flexibility while retaining an efficient and precise system, The
systems oplionally perform assays of at [east about 100,000 samples in about e day, at least
about 350,000 samples in about one day, or at [eust about 700,000 samples in aboul ane day.

In one embodiment, a high throughput processing system is provided. ‘The
system typicaily comprises a plurality of rotattonal robots, wherain each of the rotational
robots has a reach which defines a work perimeter associated with that rotational robot.
Typically, at least one device is associaled with each of the work perimeters, and at least one
of the wark perimeters hias two or more devices exclusively within the reach of the associated
rotational rebot, In addition, one or more transler stations is ussocialed with at least a first
work perimeter and a second work perimeter, for transferring samples or sample holders from
the first work perimeter to the second work perimeter. The system can transfer samples along,
a multi-directional path, or 2 non-sequential or non-linsar path.

The systerns alse typically comprise a plurality of sample holders, e.g.,
comprising a plurality of test samples or compounds, which satnple helders are transposted
between devices and work petimeters duriog operation of the system. Typical sample holders
include, but are not Hmiied to, specimen plates, multiwell plates (1536-well plaies, 384-well
plates, andfor 96-wel] plates), petr dishes, test tube arrays, vials, crucibles, flasks, reaction
vessels, slides, and the like.

In some embodiments, the semple belders comprise one or more lids. An
example lid of the invention comprises a caver baving a tup surface, a bottom surface, and a

zide. An alignment protrusion extends from the side of the cover, ¢.g., positioned to
3
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copperate with an allgiroent meraber of the mnltiwell plate. In addition, a sealing perimeter
is positinned on the bottom surface of the cover. The alignment protrasion facilitates aligning
the lid to the plate sa that 4 seal i3 compressibly received between the scaling perimeter and a
sealing surface of the multiwell plate. The lids ute, in some embadiments, constructed of a
heavy material such as stainless steel. A de-lidding station is also optionally incorporated info
the systerns of the invention, at which station a lid is rermoved from a sample holder.

Sumnples optionally screened or processed in the present systems comprise
chemical or biochemical compounds, nocleic acids, peptides, polypeptides, proteins,
carbohydrates, cells, serum, phage particles, virions, enzyines, cell extracts, lipids, antibodies,
and the like. For example, one or more library of cDNA molecules, antisense nucleie acids,
double-stranded RINA molecnles, or gene zegulatory vegions, .g., operably linked to a
reporter pens, are optionally screened in the present systems. Regulatory regions in such
libraries are opticnally derived from genes that are differentially expressed in a cell
depending upen the presence or absence of a particutar stimutus, Combinatorial libranies of
chesmical compounds are also oplionally screened using the present systers.

In addilion o lhe samples described above, a second set of sample holders are
optionally assay helders that comprise containers and/or reagents for conducting one or more
assny. The assay holders optionally comprise one or more compancats of an assay, in which
a tegt sample is adied to the assay containers, e.g., {rem a fixst set of sarople holders, to
delerming the elfect of the test samples on the asszy. Assays, £.g., cell based assays,
perfotmed in the present systems include, but are not limited to, a G-protein coupled receptor
assay, 2 kinase assay, a protease assay, a phosphatase assay, & transciiption assay, and the
like.

The rotational robets, e g., belween about 2 and about 10 robots, of e system
optionally each comprise one or more grippers configured to transport the sample holders,
which grippers optionally comprise 2 sensor structared to determine a location of the gripper
apparatus relative to the object. In addition, tke grippers nptionally comprise 2 deflectable
member structured to couple the gripper apparatus to 2 robatic mewber, which deflectable
member is structured to deflect when the gripper apparatus contacts an item with a force
greater than a preset farce.

Devices for use in the system are typically sclected from & fluid transfer

device, e.g., 4 pin tool, a syringe, a pumyp or the like, a mixer, ap incubator, a storage

JP 2004-511788 A 2004.4.15
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compariment, a thermocycler, a plate carouscl, an automatic sample processor, a detector, a
replating station, and the like.

A fluid fransfer device is opticnally uscd as & device of the invention. The
fluid transfer devices ean, for example, transfer an aligquot of a test sample from 2 sample
haolder that comprises test samples 10 a0 assay sample helder in which an assay is to be
performed. Fluid transfer devices can gleo dispense fluids, such as reagents, ete., from &
reservoir inee one or more samgple holders. The assay holders typically comprise one or more
of living cells, cell extracts, nuclcic acids, polypeptides, antibodics, or chericals, e.g., fora
biachcmicat, chemicai, biological, microbiological, or ocll-bascd assay.

Fluid transfer devices of the inveation eptionally comprisc an arrgy of
receptacles, e.g., 96 or 384 receptacies such as syringes, arranged such that outlets of the
receptacles ure aligned with a ploraiity of wells of one or more moltiwell plae, Tn another
embodiment, a fluid transfer device aspirates a volume of sample into ane or more of the
regeptacles from a well of a multiwell plate which is aligned with the outlet of the receptacle.
The device then typically returns a substantial portion of the volure of the aspirated sample
to lhe well of the multiwell plate, the retumed volume of the liguid being less than the
aspirated volume so that a volume of sample is retained in the receptacle. A portion of the
retuined volume of sample is then dispensed, e.g., into o well of 2 second multiwell plate; and
any remainmg volume of retuined liquid is oplionally discarded. When a pin tool is used as a
fluid transfer device, the system can further comprises one or more wash stations in which the
ping are washed between transfers of fliid from one multiwell plate to another by the pin
tool. Typically, the ffuid transfer devices of the invention do not comprise disposable pipette
tips.

The systemas of the invention can include storage compartments that provide
storage capacity for at least about 350,000 samples. In some embodiments, storage is
providad for at Teast about 700000 samples, or at least apout 1,400,000 samples. An example
storage compartment has 2 housing that includes & plurelity of doors, which doors close at
least ane opening disposed through al Jeast one surface of the housing. At least onc mavable
shelf is disposed within the housing, which shelf is capable of aligning with the opening.
Bach of the plurality of doors is typically independently accessible by the ratational robot.

Detectors included io the systerns of the invention can include bat are not
Jimited o, a fluorescence detector, 4 spectrophotometric deteclor, a Jumninescence detector, &
phosphorescence detector, an X-ray detector, a radio-frequency detector, a bar code reader, a

5
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mass spectrometer, & radioactivity detector, an optical detector, and the like. In some
embodiments, the detector comprises # camera which records images, ¢.g., digital images, of
the assay tesults. The resulling images ace analyzed, e.g., at a Jater date or tirne, to determine
assay resulis which indicaie a desived efffect of a test sample.

In some embodiments, the sample holders comprise multiwell plates and one
or more of the devices of the system compnise a positioning device. The pasitioning device
typically corprises at Icast a first alignment member that is positioned to contact an innet
wall of the multiwell platc when the multiwell platc ts in a desired position on the device.
The positioning device further comprises a pusher that can move the multiwell plate in a first
directicn Lo bring a first inner wall of the multiwell plate into contact with one or more of the
alignment members.

The high throughput processing sysiems of the invention can also include &
coniroller operably coupled to the system. The conlroller typically directs I:ansl:.;url of the
sample holders berween one or more of the work perimeters or between ong or more of the
devices. Operator instructions t© program and cirect the system through the controlier can
optionally be reccived through a graphical user interface.

In another aspect, the present invention provides methods of defining a
process for operation, e.g., on a high throughput processing system as provided above. The
methods Lypically compsise creating a plurality of device steps, wherein each device step
instructs one of the one or more devices in the high throughput proctssi_ng system, A
plucality of move stops are also created. Bach move step instructs at least a first member of
the plurality of rotational robots, ¢ &, to move one or more of the sample holders 10 one of
the one or mote devices. The device steps and the move steps are then arranged inte a step
Liat, the step list defining an arder for performing the process.

In another aspect, the present invention provides a method of transferring &
plurality of samples from two or more members of a first set of multiwell plates to 2 member
of u second set of multiwell plutes. The method typically comprises providing the twa or
more members of the first set of multiwell plates, which members comprise the plurality of
samples. In addition, cach member comprises a marker in at least « first well of the multiwell
plate. The plurality of samples and the warker are then transferred frum the members of the
first set ot multiwell plates to 4 member of the second set of multiwell plates: and the location
of the murker rom each member of the first set of multiwell plates in the member of the
seeond set of multiwell plates is determined. Determining the Tocation of the markers

6



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(57) JP 2004-511788 A 2004.4.15

WO 02747 PCTATRN (32454

typically comprises visual monitering or fluorescent smonitoring. For example, cach member
af the first set of multiwell plates typically comprises a marker which differs from the marker
in other members of the first set of multiwell plates, e.2., the markers comprise colored dyes
and the marlkers differ in the color of the dye andfor the markers comprise flucaescent dyes
and dijffer in the coucentrations of the fluorsscent dyes.

Typiczlly the members of the second ser of multiwell plates have a nomber of
wells that 15 2 whole number multiple of the number of wells in the members of the first set
of multiwell pletes. For example, the samples and markers can be iransferred from four
members of the first set of multiwell plates to one member of the second set of mulliwell
plates. The fivat set of multiweil plates can be, for example, 90-well plates and the second set
of multiwcll plates are 384-well plates. Alternatively, the first set of muluiwell plates are 384-
well plates or 96-well plates and the second set of multiwell plaics comprises 1536-well
plates. The methods are particularly uscful for use with a high threughput processing systoo
as described herein. Such systema ean have, for example, one type of plare in one work
perimeter and & plate having a different well density in another work perimeter. The plating
methods of the invention .a]]crw e to ascertain whether samples are iransferred correctly
from one plate to another having a different well density. Each of lhese systems and methods

are described in more detail below.

BRIEF DESCRIFTION OF THE FIGURES

Figure 1 is 2 diagram of one exaraple of a high throughput screening system
mads in accordance with the present invention,

Figure 2 is a diagram of communication links for a high throughput screening
system, e.g., as shown in Figure 1.

Figure 3 is a diagram showing station jocalions for a high throughput
screening system as shown in Figure 1.

Figure 4 is = black diagram showing software agchitecturs in accordance with
the present invention.

Figure 3 jllustrates an input sercen for defining a step in a method in
seeordunce with the present imvention.

Figure & illustrates an input sereent for detiting 4 move for 4 method in

accordance with the present invenzion.
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Figure 7 is z block diagram illustrating 4 method of defining a sereen in
acgordance with the present invention.

Tignre 8 is & diagram showing ztation locations of a non-linear processing
systern in accurdance with the present invention.

Figure & illustrates an example high throughput processing system of the
invention.

u
Frgure 101]lustrafes a communication diagram for the system shown in Figure

Figures 11A-D illustrate fouw 96-well multiwell plates each comprising a
unique marker ugeful in a replating precedure.

Figares 12A and 121 illusirate higher well density plates that contain the
contents of the four 96 well plates in Figure 11. Figure 12A ilustrates a 384-well plate and
Figure 12B illustrates a 1536-well plate. Both of the higher well denxity plates comprise the
markers included in the $6-well plates to indicatc the orientation in which the lower well
density plates were transferred to the higher well density plates.

Figures 13A, B und < illustrate 2 muldiwell piate useful for precise alignment.
Figure 134 provides a top view, Figure 138 provides a side view, anod Figure 13C provides a
cross-sectional view.

Figure 14 jllustrates a positioning device in operation, with the alignment tabs

contacting the inner wall of a microwell plate, e.g., as shown in Figure 13.

DETAILED DISCUSSION OF THE INVENTION

The present invention provides flexible, robust, aceurate, and reliable systems
and methodls for high throughput processing, e.g., for screening large numbers of saniples.
The present invention alleviales to a greal extent the disadvantages of known systems and
methods for screening, analysis, and assembly. For cxample, the present system provides
multi-direclianal and non-lingar transport between multiple devices. Accordingly, the present
invention improves the reliability, efficiency, and flexibility of processes such as high
throughput streening and ether methods requiring repetitive manipulations of many
individual elements. In addition, the present invention also provides aceurate and quick
assembly of multi-clement devices such as medicul devices, testing devices, and’or slectronic

devices.
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A typical! system of the inveniion comprises a plaralily of rotational robots,
each of which is associated with 4 work perimeter. Within each work perimeter are a number
of devices, e.g., in various station locations within the work perimeter. In addition, each
station location and/or device is confligured to be accessible by the robot associated with the
work perimeier in which the device is posiGoned. Typically, at least one work perimeter has
at least two devices that are exclusively within the reach of (he associated rotational robot.

Transfer statjons are also fypically included, e.z., between work perierers, ta
fucilitate transfer of samples fron ene work perimeter to another work perimeter.
Turtheninote, the whole system is typically coupled to a controller, e.g., « PC, ¢.g., tor
directing transport of sampie hulders between devices and directing processing by those
devices. The confrollers are typically confipured to receive operator instructions and provide
operator nformation,

The systems of the present invention provide fexibilily in multiple ways. For
example, the devices used in the systems of the invention are optionally arranped and
positioned at selected station locations according 1o the specific requirements of a desired
application. Therefore, the entire system is optionally tailored to a specific application. Tn
addition, the systerms offer flexibility within esch application. For example, the devices in
the system are oplionally accessed in any order. The controller is optionally programmed (o
secess the starion lecanons m any order, including backtracking 1o & previously used assaying
device. The random access and random processing provided by the present system increase
throughput and provide a system that is not limited by the speed of the rabot.

Advantageously, each robot efficiently effects the ransfer of objects between
&ll devices within that robot’s work perimeter. Such close ssociation between each robot
and its asseciated devices facilitaies increased throughput, veliability, and scouracy. Furlher,
sinee devices and/or station locations are casily added, n;movad, or reconfigured, the systems
ure highly flexible. Because each work perirmeter preferably contains a plurality of station
locations andf/m- devices, the overall system generally requires relatively few work perimeters
and associated robots to perform & given patomated process. Accordingly, transporting
samples from one end of the process to the othcr end of the process is efficienty and rapidly
accomplished. More advantageously, the present invention provides [or mulii-directional
fransporting within the system. Pracessing optionally occurs in any order and is independent

of the pliysical configuration of the stution lesations. A systemn made in accordance with the
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present invention performs high throughput pracessing quickly, acenrately, and with great
flexibility, as described in more detail below,

For example, 2 tobat in a first work perimeter is optionally used Lo transport 4
sample holder from a storage module, e.g., located in & first work perimeter, to a transfer
station, from which teansfer station the sump]e holder is retrieved by a second robot ani
transported, e.i., to a second work perimeter. Alternatively, aliquots of samples in the sample
holiier can be transferred at the trunsfer station (0 a different sample hofder such as, for
exarple, an assay sample holder. Yo the second work perimeter, the sample holder is
aptionally processed, e.g., by transporting the sample holder to one or more deviees for
assaying the sample. The proccssing steps are also tlexible, in that a sample is aptionally
ussayed, detected, and then assayed again, e.g., using 2 second assaying device or by
transporting the sample holder back to the first ussay device. The samples are therefore
optionally allowed to provesd, ¢.2.. from an assaving step. to a dispensing of defecting step,
and back to the zssaying step, e.g., as dected by a controller, without having to rearvangs the
entire systemn or having an operator roanually transport the samples. This flexibility
decreases the need for reeonliguration of the system, e.g., by moving various devices around,
thereby alse decreasing the risk of contamination, ¢.g,, by decreaging the need to handle the
sarople containers.

The sampies precessed by the systenis of the invention arc typically contained
in one ar more sample holders, e.2., microwell plates, such as 96, 384, or 1336-well plates.
Such samples include, but are ot limited to, genetic material, such as cDMNA, chemicals,
biochemicals, serum, cells, cell extracts, nucleic scids, proteins, enzymes, antibodies,
carbohydrates, 1ipids, blood, inorganic materials, and the like.

The systems of the present invention are nptionatly used for high throughpur
sereening of samples, e.g., of chemical compounds against, for exumple, cells, cell extracis,
and/or particular molecular targets. Accordingly, the invention enables the identifieation of
novel, bioactive compounds that modulate biological processes and the identitication of
cellular and molecular targets, €.g., of smzll molecules.

Chemical compounds identified by high throughput screcning are optionally
used as tools fer probing and profiling cell responses and the key molecular entities
underlying them. In addition, chemical compounds identified using lhe present invention are
aptionally used as lead compaunds for therapentie, prognostic and diagnosiic applieations,
As one example, the present invention performs efficient, comprehensi ve, functional pathway
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scans on intact cells, thereby screening, e.g., about 160,000 putative periurbagens per day in a
1536-well forrat. More preferably the celi-bascd, biachcmical, or other screening systems
of the invention screen abwut 350,000 samples in about T to about 4 days with high relisbility,
and rmast preferably, about 700,000 samples in about a day (24 hours}. The large capacity
ultra high throughput system also provides reduced costs, e.g., on a per assay basis.

In another embodiment, the present invention entables high throughput
screening of cDNA oligonucleotides against cells and sub-cellular targets, e.g., to identify
specific meleoular targets associated with particular biochemical pathways. Accordingly, the
present invention permils comprehensive and sensitive functional pirofiling of the cotire
genome of a particular organism.

In another embodiment, the present invention encompasses functional
screening of antibodies to intracelinlar turgets; purified affinity-sclected 2-hybrid hits;
peptides; and both wild-type and mutunr proteins,

In summary, the present invention provides a high throughput processing
system that is not limited by robot speed or recnlinear sequential access w devices. The
present systen: provides random access o and multidirectional ransport between multiple
devices. In addition, the system provides veliable and accurate processing, e.g., Tor large
nurmbers of samples, ¢.g., in an nltra-high throughput maneer, &.g., using 1536-well plales.
Each component of the system is discussed in detail below, followed by example systems and
methods of using them.

I A High Throughput Processing System

The present invention provides high throughput pracessing systems that are
useful, for example, for screening large amounts of target molecules. The systems typically
provide an automated robotic process for handling, mixing, moving, storing, sssaying, and
detecting samples. For example, the systems are optionally desigoed to carry our assaying,
measuting, dispensing, and detecting steps, e.g., on a plurality of multivell plates,

Typically, the systerns comprise a plurality of work perimeters and a plurality
of rotational robots, e.g., about Z to ubout 10 robots. Each rotational robot ig typically
associated with one or more member of the plarality of work perimeters. For example, the
robots each have a reach which reach dofines the work perimeter associated with that robot.
The plurality of worl: perimeters and the plurality of rotational robots are configured to allow
transport one or roore swnple holder aiong a multj-dircetional path, ... to provide a flexible
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transpert system for a plurality of sample holders. In addition, the systems comprise ut least
one device associated with cach work perimacter. Typically, at least ane of the wark
perimeters has two or more devices exclusively within the reach of the associaied rotational
robot. for that work pertmeter. The system is configured Lo provide non-sequential tramsport
between the twa or mers devices, with each device being zccessible by at least one of the
rotatonal robots. To fusther aid the transport of the plurality of sample holders, the systems
typically comprise one or more transier station assoclated with at least 4 first work perimeter
and a second work perimeter, The transfer stations provide transportation of samples {either
by transferring the holders thermselves ot hy transfering aliquots of samples from ane sample
holder to another) between work, perimetors, €., from the fivgt work pestmetier to the second

work perimeter. Each of these clements is described in moge detail below.

A Retarional Robots

The systems of the invention we lypically based around a p]u(aiity of
rotational robots. For example, & system of the invention fypically comprises about 2 1o
about 10 rotational robots, Preferably, the robots each have a rotational range of close to
about 360 degrees, ¢.g., they rotate aboot a rotational axis a foll 360 degrees or almost & full
300 degrees. In addition, cach robot typically adjusts vertically and horizontally to align with
relatively higher or lower wark positions.

Preferably, each ratational robot has a robotic arm that extends and/or fetracts
froim the robot’s rotational axis. Accordingly, each retational robot has en associated
retatiooal reach, ¢.g., defining how far out from the base the robot operates. The rotational
reach defines a work perimeter, &.g., a circular work perimerer, for that robat.

Further, each robotic arm typically has a robotic gripper. For example, a
gripper is used to aid pick up and delivery of sample holders, The grippers are typically
configured to yemovably couple with a specimen plate, such as standard 96, 384 or 1,536 well
plates. A single gripper mechanism is optiomally confipured ro accomaodate any size plate.
Further, the robotic grippers can be confipured to handle other styles of sample holders,
including without limitation, custom sample holders, reaction vessols, flagks, ercibles, petid
dishes, (est tube arrays, or vial acrays. The robotie arms and robetic grippers are typically
operated pneumatically, magnetically, or by other means known in the art. The grippers
typically provide increased reliability, e.g., by use of ppeumatic bregkaway grippers. For
example, a gripper apparatus typically comprises @ member, e.g., a deflectzble member,
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struetuned to couple the gripper apparalus 1o a rabolic member, which member is structured
tor deflect when the gripper apparatus confacts an item with a foroe greater than a preset force.
For example, see o.g., USSN 09/793,254, entitled “Gripper Mechanism,” filed Febroary 26,
2601,

In some embodiments, the grippers incorporate pptical scnsors, e.g., for
detecting which sample holders are being transparted and which direction a particular sample
plate should be inserted into a device, e.g., & plate reader. In additian, a sensor optionally
detcrmines a location of the gripper apparatus relative to the object to be transported.

Tn one embodiment, three Staubli RE-60 robots are used. The robots are
typically pedestal mounted tobots, e.g., attached to the floor or ether surface. Siubli R3-60
robets are commercially availuble from Stiubli Corporation, 201 Parkway West, P.O. Box
189, Hillside Pack, USA-Duncan, South Carclina 29334 (CSA). Such robots are highly
accuratc and precise to within about one one-thousandth of an inch. However, uny other iype
of rotational robot is also optionally used in the robotic system,

The robots and associated work perimeters and station locations are typically
attached to enc or more frames that support the system. For example, weldments or
aluminum extrusion are optionally used to provide support frames, e.g., with optical table
tops for mounting variaus devices, e.g., defectors and the like. Such table tops are typically
commercially available, e.g., from Melles Griot {Irvine California).

The robots of the syster are typicélly used 1o transport one or more sample
helder, Tor exarmple, the robots transler samples, &.2., in sample holders, from one work
perimeter fo another work perimeter, e.ir., via  transfer station. To transfer between adjacent
work perimeless, a fivst robot retrieves » sumple holder or plate, positons the plate at a
transfer station, and then a robot from an adjacent work perimeter retrieves the plate from the
transfer station.  Alternately, the robots are configured to directly transfer a sample plate from
one robot to 2 second robot. Preferably, the robots transfer sample holders from deviee to
device or worl perimeter to work perimeter in about 1 to about ]0) minutes, more preferably
in about [ to about 5 minutes.

I addition, the robots transfer sample holders between station locations within
the associated work perimeter of the 10bot 4t issue or between devices. In this manner, the
sample lrolders are transported to the devices of the invention, s.g., for further processing,

meagurement, or detection.
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Because the robols are rotational, i.e., they rotate about an axs, and are
pasitioned or configuicd to access an entire work petimeter, the devices or station locations
within the watk perimeter are randomly aceessed, e.g., no particutar order must be followed
when transporting sample holders to and from the devices. The robots therefore, provide
multidircctional andfor nen-linear tranzport within the sysiem, allowing sample holders to be
brought diresily to the desired station or device without traversing an entire preset path, This
inereases the throughput of the system to beyond ihat of presently available systorms.

B, Wark perimerers

A “work perdmeter,” as referred to herein, is an ares within the rotational reach
ol arobet. The work perimeters of the present invention typically comprise one or more
station locuton, and preferably Lwo or more stution locations. The station [o¢ations ane used
ta perforrn various processes, assays, and the like, ¢.g., on the samples within a sample plate
ot holder. Typically, the work perimeters are defined by the rotational teach of a rotational
robot as degcribed above, For sxample, Figure | comprises three work perimeters: area 105,
115, and 123, The work perimeters comprise the aren in which devices and stations are
placed and are defined by the rotational reach of the robots 135, 140, and 145. The rofational
reach areas are shown as circles or ovals but are optianally any other shape, depending on the
reach and extension of the robot arm. Typically, at least work perimetér hus two or more
devices exclasively within the reach of the rolational robot within that worl perimeter, In
some embodiments, two or more work perimeters have two or more devices cxclusively
within the reach of the rotational robot within cach pacticular work pevimeter. Tn the specific
embadiment shown in Figure 1, all three work petimeters cach have two or more devices
exclusively within the reach of the mspcéﬁvc rabot. The high throughput processing systems
of the invenrion. in some embodiments, have three or more devices exclusively within the
reach of the rotatianal robot within that work perimeter,

Although Figure 1 illustrates three work perimeters, the number of work
perimeters is oplionally less than or more than three, depending on specific assay
requirements. Typically a work perimeter is provided for each rotational robot in use and the
work perimeter extends at [east as far as the rolational reach of the roboi. The devices
associated with eech work perimeter can encompass additional space, for cxample, as shown
a3 11, 120 amd 130 in Figure 1. The ratational rohot need reach only far onough to place a
sampde or sample holder in of an the desired device, For exwmnple, 2 dispensing devics
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optionally uses up space heyond the rotational reach of an associated robot, e.g., to
accommodate a pump and or & waste receptacle, yot the robot optionally rcaches only far
enough for the dispensing device to receive the sample holder.

Each work perimeler is optivnally directed to & cerlain task or group of tasks,
e.g., using the station localions and devices located within that area.  For example, 4 first
wark perdimeter is optionally used for storing samples or compounds, while a second work
perimeter is nsed for processing a sample or group of samples, e.g., by adding reagents,
shaking, heating, incubating, or the like. A third work perimeter is optionally used for
analyzing and/or detecting the samples once they have been assayed. For example, a sample
is optionally separated into various components, which are then detested, €.g., using a
fuorescent detector. Altemmatively, each work perimeter is directed to 2 particular type of
assay in a process that involves multiple assays. Although each work perimeter is penerally
dizected to 2 particular type of task, ¢.g.. detection, storage. or the like, the fonetionality of
the work peritneters is optionally overlapping. For example, a work perimeter that is
generally used for storage, may also be vsed 10 perform a heating step in an assay of interest
or aome other processing step.

One advantage of the present invention is that thete is no particular order that
must be followed in transporting samples betwesn work perimeters, as is the cass in nany of
the existing systems. Because the system hag multidircetional utility, samples are optionally
transported from the first work perimeter to the second work pestrneter and then back to the
ficst aves, <., Lor further processing, pricr to deteciion in & third work perimeter. This
provides un operalor the zbilily ta rezpond, &.¢., to results or information gathered in a first
assay, 4nd reprogram the system accordingly for further processing, e.g., further dilwtion in a
different work perimeter can be directed during operation if a sample {5 found to be 100
concentrated in a detsction step.

Furthermore, because each work perimeter preferably accommodates a
plurality of devices, and work porimeters are positioned adjacent each other, an entire high
throughput screening system is optionally configured to fit into & reasomably compaet
physical space. Tor exaraple, a system 85 shown in Figore 1 can fitin an 18 x 12’ space.
Fitting into a compact space et only is efficient from a cost standpoint, but alse facilitates
cfficient moverent of saple holders between work perimeters and from ooe end of the
system to the other end of the systera. By enabling « compact physicat arcangement, the
speed and efficiency of the overall system are increased. Further, because peripheral devices
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are compacted inio a small physicul vrea, the amount of time 2 specimen plate is in trunsport,
and potentially uncoveicd, is reduced. Thus, the risks of contaminaiion and undesirable
evaporative effects are reduced. Anather advantage of the compactness of the present
invention stems from the ability to enclosc the entire system inte a chamber with a well-
confrolled environment. As such, environmental cffects such as temperature, preasure,
hurnidity, and particle content can be strictly maintained.

Each work perimeter typically comprises one or more devices, e.g., as
described below. At least one work perimeter typically has at least iwo devices within it that
ure exclusively within the teach af the associated rabot. Example deviees compatible with

the present systemns are provided below.,

C. Devices

Typically, each work perigneler in the high ibwoughput sysiems of the
invention containg 2 plurality of deviees. These devices can be, for example, automated
instruments. Automaled instrument devices are used, e.g£., to store, process, and/or defect
samples, e.g., in sample holders. For example, devices ure provided in the work perimeters
for storing, assaying, dispensing, and measuriag fhids, reapents, samples, and the like,

The devices are typically located in or on a station location, e.g.. # platform or
table comprising electrical connections and computer and/or controller connections. The
devices are typically positioned at 2 statien location prior to aperation of the system,
however, a device is optiomlly added (o a station location during operation of the sysiem as
well. Tn addition, the devices ave optionally moved wround within 2 work permeter, e.2.,
either before operation of the device or upon reconfiguration prior to using the device for
another application, The devices need only being positioned within a wotk perimeter, e.g., to
he within the reach of the retational robot associated with the work perimeter. If enoagh
station locations are nat available, & device is opticnally positioned within the reach of the
robot without a dedicated station location. Typically at least twa devices within at least ene
work perimeter are exclusively within the reach of the associated robot.

Typically each station location in the system contuing a single device,
however, multiple devices are optionally positioned at a single location as well. In addition,
the system mey comprise station locations that do not have associated devices or devices that
ave not essoctated with a station location. Unoccupied station locations are optionally used
for storage, teraporary holding of sample holders, or simply not accessed during operation of
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the system. In addition, all devices are not necessarily used during operation of the system.

A nuinber of devices are typically positioned within the station locations of the system prior
o operaticn. During operation of the systern, all of the devices are optianally used or only 2
portion of the devices muy be used. Because the rofational robots access each station location
independently, the devices are accessed in any omder desired, including skipping some
deviess all together andfor repeatedly accessing one o two devices. An operator typically
programs the system, ¢ g., via a controller, to transpert the sample holders from device to
device as desiredi for a particular app]icétior.:.

In addition, the devices typically each have a receiving module, e.g., for
receiving o sample holder. In some cases, the receiving module couples to a gripper or
positioning device on a robotic wm. In some devives, the sumple helder is placed on 2
canveyor by the robelic amo or placed in # sample compartment. For example, the wobotic
armn optionally opens a door en anineubaior and places the sample holder inside the
incubator, e.g., In & plate carousel,

The davices used in the systemes of the invention include, but sre not [mited
to, compound storage devices or modules, liquid dispensers, warkstarions, replating statfons,
thermncyclers, incubators, heating uaits, puraps, detectors, electrophoresis and/or
clromatography modules, purification and/or filtration modules, wash modules, centrifuges,
PCR modules, vacuums, refrigeration unity, mixing plutes, weighing modules, light sources,
and other types of devices known to those of skdll in the ait. Such devices are used to
perfarm a variety of technigues including, but not limited to, PCR, hybridizations, cloning,
translation, transeription, jsclations, cell growth, washes, dilutions, detection, and the like.
Some typical devices are desciibed in more detall below,

Corpound sterage devices, such as, specimen plate hotels, nests, and the Like,
are optionally included in one or more wortk peritusters, ¢.g., at a station location. For
example, an oparator optionally uses one or more plate hotels to introduce & set of sample
holders into the system. For example, an operator eptionally retrieves a set of plates from a
long-term storage arca, e.g., not connected to the sysiem; places the plates in 2 hotel; and
registess the plates with the system, e.g., for inventory purpuses. The operator then typically
specifies that the newly introduced plates should be processed by the system. Alternatively, 2
storage system, €.g., a long term storage system, is optionally coupled, c.g., via » conveyor or
rotational robot, ta a high throughput system, ¢.g., for storage and automatic retrieval and
entry inin the system.
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‘When multiple storage modules are used in the system, Lhey are optionally
identical devices such as those that are comumercially available, or devices specifically
configured for a particular application. For example, compound slorage devices are
optionally refrigerated, dehumiditfied, or maintained under an inerl aimosphere for storing
particular types of chomical, genetic, viral, or celtular material. Cther storage devices are
optionally configured to be at substantially room temperature, or to be warmed, c.g.. to 37
degrecs eontigrade.

The storage corgpartaients in the present invention typically have a storage
capacity of Jeast about 350,000 samples, at least about 700,000, or at least about 1,400,000
samples or more. In addition, other systems and devices are optionally used for storing and
retaining saroples, <.g., lemporatily or for eatended storage.

Iz one crabodiment, an incubator or storage compartment of the invention
optionally camprises a housing, which fousing has a plurality of doers. Example storage
devices are illustrated by storage device 235 in Figire 1. For example, stovage device 235
optionaily inciuwdes (wa 522 plate cupacily curousels, dry nitrogen for cooling, and "VCR
doors” for access. The doors close at least one opening disposed through at least ene surface
of the housing. In addition, the housing includes at least one movuble shelf disposed herein,
which shelf is capable of aligning with the openivg, Each of the plurality of doors is
independently accessible. e.g.. by a roiational tobat of the system. See, e.g,, USSN
G/306,481, filed 7718/01.

Crther devices which are opiionally placed in or pasitioned on station locations
in the present systcj'ﬁs include, but are not lienited to, devices for dispensing or transfeming
liquids or other reagents, ¢4, pin tools, syringes, pumps, and the like. In addition, a low
volume liquid dispensing system is eptionally used in the present systems, e.g., to increase
reliabiiity of the system.

In high throughput systems, smal! volumes of liguid ae often used and a need
exists to dispense them accurately, e.g., inte wells, with as little waste as possible, to provide
areliable system. Such dispensing devices are described, 2.g., in USSN 09/562,652, entitled
“Method and Apparatus for Dispensing Low Nanoliter Volarnes of a Liquid While
Mitiimizing Waste”, filed May 2, 2000; and in USSN 09/818,748, entitled “ Apparatus and
Method for Preparing Fluid Mixtures,” filed March 2%, 2001; which are herein incorporated

by reference as il set forth in their entivety.
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In one embodiment, a fluid transfer device of the invention aspiraies & volume
of sample into one or more of receptacle from one or more wells of a ronltiwell plate which is
wligned with the outlet of the receptacle. A substantial portion of the volume of the aspirated
sample is returned to the well of the multiwell plate, in which the returned volume of the
liquid {5 Jess than the aspirated votame 5o that & volume. of sample is retained in the
receptacle. A portion of the relained volume of sample is dispensed, e.g., into & well of &
second multiwel) plate, with any remaining volume of the retained fiquid typically being
discarded. See, e.g., USSN 09/362.652, for more information. Typicelly, the volume of the
aspirated sample is ut least several times the volume of the dispensed sample.

In other erebodi ments, pin tels are used for dispensing fluids, ¢.g., reagents,
simultancously into multiple sample wells. Pin tools are comupercially available, e.g., from ¥
& P Seientific, Inc., San Diego, CA. For example, an arvay of pin tools that aligns with a
plusality of wells in & microwell plate is optionally used to trasfer av aliguot of a sample
from wells of one multiwell plate to wells of another multiwell plate,

Devices comprising pin tools device also aptionully include one or more wash
stations in whick the pins are washed between transfers. For example, atter wansferring a
fluid from one multiwel} plate to another, the pins are optionally washed before using them
for addition of 4 second reagent, e.g., a different dye solution, or 2 diffcrent transfer. The
present invention also provides methods of washing a pin armuy. The methods typically
corprise sequentially dipping an array of pins into a series of wash solutions, such as
DMSQ, aleohol, water, and the liks,

Other floid dispensing devices are also optionally used in the present
invention. Far example, at least one sample holder or assay holder is optionally a multiwell
plate with which a fluid transfer device aligns. The fluid transfer device in this case typically
comprises an array of receptacles aranged such that the ouilets of the receptacles are aligned
with a plurality of wells on the microwell plaie, e.g., a 96-well or 384-well plate, The
Robbing [ydra is one example of such a dispensing device. The Robbins Hydra 384 or 96
{Rubbins, Scientfic, Sunnyvale, CA) peripheral device is an integrated workstation that
inchides, ¢.g., 100 microliter s¥ringes. The syringe tps are typically made of the titaniom
alloy Duraflex. “This petipheral device provides custom dispensing, e.g., of S0 nanoliter
volume samples, Dispensation of such srall volumes is particularly desirable for applications

such as, for example, high threughput protein crystallography.
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Other fluad mantpylation devices optionally used in conjunction with the
present systems include those dispensing systems that incorporate positive displacement
pumps and dispenser valves, &.g., coupled te the pumps, For example, a Cartesian,
SynQUAD (available from Cartesian Technologies, Inc., Irvine, CA and described in U§
Patent Na: 6,063,336) provides 1 integrated workstation that dispenses bulk amounss of
material, e.g,, about 0.5 to 3.0 microliters of fluid per well of cells or reagents, at the rate of
about one te about two minutes per plate. The SynQUAD comprises many components that
ate optionally positioned on a lab bensh o & station locution of the present invention, Pumps
rypically eenneet cach conponsnt to & main module and to a computer, e.8., with about 80
connections. Software is optionally iostalled, e.g., on a supervisor PC, to direct and conirol
cach compenent, Therefore, the systern is readily adaptable for vse in the systems of the
uvention.

A multi-drop peripheral device is also optionally placed on a bench for
installation of tubing, e.g., with a preassembled cassette, for dispensing of matersal. This
device is also compatible with the whotic system of the present invention.

Typicully, the fluid dispensing and transfer devices of the invention do not
comprise disposable pipetie tips. In one embodiment, the entire system contains na
disposable pipette tips.

Incubator devices are also optionally nsed in the systems of the present
invention. For examplc, an incubator device is optionally positioned in a station kocation
within-a work perimeter, €.g., work arca 110 and station Jocation 380 in Figurc 3. The
incubator is optionally set to provide a desired temperature, bumidity, exygen, Na, or CO;
level, e.g,, for facifitating growth of cellular inatetial. Dus o a particular environment wichin
the incubator, the incobator optionally compriges a sealed door, provided, for cxample, by an
girlock. Accordingly, a sealed door preferably has a gripping stracture, which gripping
stuchure js typically configured for coupling to 4 rebetic gripper on the robotic arm of 2
robot, e.g., in the same work perimeter. In such a manner, the robotic arm positions the
robotic gripper adjacent to the gripping siruciure and opens and closes the door. As the robot
opens and closes the docr, a wemporary jrolding area positioned adjacent to the incubator is
typically used for temporarily holding a sample helder, e.g., as il is moved into or out of
incubator, In addition, an incubator device of the invention optionally includes custom VCR

doors and one or mote plate carcusel, An example incubation systom far use in the present
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invention is described, c.g., in USSN 6/306,48), cntitled "THgh Throughput Incubation
Deviees (VCR DOORE),” filed Tuly 18, 2001.

Detectors ave also typically included in at least one work perineter of (he
invention. These devices sre optionally any detection device or any device used to measure
physical properties of a sample. For example, fluorescence, luminescencs, phosphorescence,
x-ray, radic-frequency (RE), electrical ar eptical detection, such as IR or UV, elecirochemical
detection, enzymatic or binding assays, radioactivity, nuclear magnelic resonance
speciromelry, light scattering, chromatography, or mass spectrometry, e.g., cloctrospray M3,
are opticnally used to quantify and/or characterize various properties of the sample.
Alternatively, the detection devices are charged-couple devices (CCD) or bottom scanning
devices. In ene embodiment, 2 camera is used o take images of assay results, in which case,
the agsay results are optionally analyzed at & later point in fime. This speeds up the
processing throughput hecause each indjvidual well need not be scanned in real time.
Typically, the camera jmages are stored jv a digital format. Other detectors, diagnostic tools,
or screcning devices known to those of skill in the art are also optionally used to detect,
screen, analyze, or otherwise process samples in the present systems.

For exumple, in cell unalysis syslems, a variety of detectors are optionally
used, such as a Flusrometric Imaging Plate Reader system (FLIPR®), e.g., from Molccular
Devices Corp., Sunnyvale, CA. In addition, Chemiluminescent imaging plate reader is also
aptionally used (CL[PRT-\.‘) {Moleculsr Devices Cotp.). It integrates a hig.l"l gensiitvity CCD
camera, telecentric lens, high precision positioning mechanism, and comjputer system with
software to control the instrument and record data. In fact, Molecular Devices makes a whols
line of microplate reader systems, including luminescence microplate readers, flunrescence
micreplate readers, absorbance microplate readers that arc optionally incerporated inta the
systems provided herein. For more on imaging systems, e.g., high content imaging, sce. ¢.g.,
WO 017643 (PCT USY9/21561).

An LIL Acquest {(Molecular Devices, Sunnyvale, CA) peripheral device is
anather integrated workstation optionally used in the present system. It has a multi-mode
reader and & modified nest for robotic access.

Other devices, include, but are not limited to, a Modified Forma Incubator,
Custem Compound Storage Carouscls.

Another automated device of for use in the present systems is a replating
system, The device or system iz used, e.g., to replate a pluraiity of sampies from one or more
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small surmple plates into a single large sample plate. Because the integrity of a compound
collection, c.g.. onc or more large libraries, and database is of great importance to most
discovery processes, muanagement of the compounds is an important issue. Thevefore, the
present invention also provides a repluting system and method for making the diffienlt
transformation from low density format microtiter plates to high density microtiter plates.
For example, compounds are optionally transferred or replated from 96 well to 354 well
microtiter plates and/or from 384 to 1536 well plates. This is typically a diffienlt
transfortaation becavse it is labor intensive, there ans mrany steps in which emor can be
introduced, it js difficult to teack the transformation while at the sams e being important to
rigorously track it. The present invention provides ao ellicient and flexible method (o track
the reformatting of microtiter plates. The system uses visual and readable controls to track
the reformatting and allows the user to verify that the reformatting was successful. Such a
system is opticnally included in the systems provided, e.g., at a station location in one or
more work peringeter. Alternatively, the replating procedurs is performed in cerbination
with 2 storage module.

Replating typically invelves multiple fTuid manipulations. For example, a
fluid dispenser, ¢.g., a progratnahble fluid dispenser, and # pipetior system are optionally
used in a teplating device, .., to transfer the samples contained in a lower well-density
plute, e.g.. 2 96-well plate or 384-well plate, to a plate having more wells, e.g., a 384-plate or
1536-well plate. In addition to transferring the samples in the smaller sample plate to the
higher well deosity sample plate, the device also provides and/or transfess markers or labels -
1o Lhe higher well density eample plaie ss cxplained in greater detail below. A Tecan
Miniprep (Tecan US, Durfvem NC), which comprises an automatic sample processor, is one

example of u device that is svitable for replating cperations.

D. Starion Locations

A “station location,” as referred ta hegein, is an area within a work perimeer,
which area is used to accominodate oue or more devices or sample plates. The station
lecation is a place, e.g., a tubls, platform, or location, which is configured to receive a device,
.8, a Tluid dispenser, a plate carousel, a detector, or the like. Each work perimeter of the
invention typically comprises two or more stution locations. For cxample, Figure 3 illusirates

various station locations, e.g., station location, 380, 385, 300, 395, 400, and 405, in work arca
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110. Each wark pextmoter typically cormprises two o more station lacations, which statton
locations optionally compiise one orf more device, e.g., an futomated device.

‘Typicully, each station location comprises one device for 4 given assay or
pincess, o.g., a thermocyeler, a pump, a lluid dispenser, an incubater, a storage module, or the
like. The devices will typically remain at a single station Jocation ducing an entire process
and be accessed, e.g., in any order desired, by the rotational tobots.

Allernatively, (he station locations are adapted ta a particular precess before
operation of the sysiem, such that every station location comprises a device of usc in the
immediate process. In this manner, the station locations convey a great deul of flexibility 10
the systent. Each location is typically sst up or configured to receive a device. For example,
« controller is optionally asscciated with each station location, e.g., for sending and receiving
process information. o addition, electrical connections are typically provided for each
station location, such that whenever a new device is desired, the hook up at a station location
is casily accomplished. In additfon, because the station locations are not necessarily located
along a linear path, e.g., 2 conveyor, the alignment problems are decreased as compared (o
existing sysicms.

In some embodiments, however, one or mare station locations are empty or
unuscd. For example, a siation locuilon optionally is lelt empty or used as a holding area, as
deseribed helow. In addition, some station Jocations have devices positioned therein that are
not used in a paticular process. In that case, the rotational robots are not instructed to
trunsport the sample holders to that station location. The location i8 skipped in the transport
path selected. Na time is wasted by having to transport the sample holders through an unused
station. Therefore, the system provides improved throughput snd efficiency.

In some embediments, the station locations comprise platforms, e.g., platforms
that ure oplionally raised and lowered, e.g., mechanically or pnenratically, In other
embodiments, the station Jocation is merely a designated place on a tablc or beneh to which 2
device is optionally affixed. The station locations act as place holders for devices and are
optionally any shape and size depending on the devices of interest.

Although high througbput screening system 100, as shown in Figures 1 and 3,
anly defines a select number of station locations, more or fevwer station locations are
optionally defined depending upon the reach of each robotic arm and the size of sclected

devices. Further, station locations arc optiomally added, moved, or removed depending on
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specific application needs. For example, 2 given work perimeter optionally includes about 2
to about [0 station locations, more typicatly about 3 to about 5,

Eecause station locations can remain the same irrespective of what device is
positioned in that station location, the high throaghput screening system is easily
reconfigared to accommeodate 2 variety of specific needs. Accerdingly, high throughput
screemng systems of the invention are optionally reconfigured to add, delete, or repluce
devices i any station location. Advantageously, station locations arc also aptionally added
or temoved to accommodate changes in the area or robot oxientation. Not only is the system
thereby flexibly reconfigurable, but the system easily adfusts to accommodate adjustments in
work flow.

In addition, to station locations, cach work perimeter also opifonally comprises
holding areas, ¢.g., temporary helding areas, e.g., for storing sample holders until nesded io &
particular asszy. For example, Pigure 1 flustrates holding areas 245 and 250 in work area
130 and holding areas 255 and 260 in work area 110. Holding arcas 255 and 260 in Figure 1
are shown with sample holders 210 and 205 positioned therein. The holding arcas are
typically used to tomporarily pasition a sample holder, These holding aveas optionally
contain nest devices such as static exchange nests or interchange platforms, Other devices
that are optionally employed in temporary holding areas are also contemplated within the
present invention. In one embodiment, one or more of the static holding areas ae wsed by the
operator, e.g., to manually introduce specimen plates into the system, Fewer or more
lemporary holding area devices are optianally used in the high throughput screening systems
of the fnvention. In fuct, the number of holding areas is variable within the same system and
is optionally changed from one operation to the néxt.

In the syster illustrated in Figure 1, holding arcas 245, 250, and 260 we
pusitioned away from any instramentation and provide a remporary resting agea, e g, fora
specimen plate. [or example, timing constderations sonietimes dictate that a specinen plate
should rest for 4 perod of time, ¢.g., at a holding area. In addition, the holding areas are
optionally used to cary out one or more processes. For example, filtration of samples,
application of vacuum pressure, or UV exposurs of the samples in the sample holder, are
optionally carried oul in a holding area. Alse, & holding aroa optionally accammadates the
fetporary holding of & sample holder when the next sequential device is nol yel available.
The robotic system typically retrieves the sample holder from the temporary holding area and
nmoves it 1o the next sequential device, when available, e.g., after processing is complote.
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Typically. the station locations of the invention comptise one or more devices,

¢.g., a8 described above, for processing samples, .4, a8 deseribed in more detail below.

E Trangfer Swations

A transfer station {or hand-off ares) is typically a loeation located proximel to
two or more work perimeters, o g, far transfersing samples or sample holders between work
permeters. In some embodiments, the transfer station comprises one or more platform for
placing the sample, e.g., unt] an adjacent robot retrieves it. However, the tansfer station is
also optionally an arez, e.g., on the system suxface or a table sutlace, In which two or mere
robotic arms meet and transfer 2 sample plate direstly frem one arm to the other, e.g., where
adjacent robots directly pass a sample holder from one robot to the adjacent robot.

In addition to transferring samples frem one device to a second device or from
one wark perimeter to another work perimeler, the transfer stations of the inveniion ave also
optinnally used to transfer szmples from one sample holder io another sample holder, o.g., in
areplating procedure as described in more detail below. Typically, a sample plate, e.g.,
contzining tost compaunds for screening, is transterred from a storage modulc to & transfer
station. From the transfer station, samples can be ansferred to the adjacent work perimeter.
Either the entire sample plate can be transferred to the next work perimeter, or aliquots
samples in the sample plate can be transferred to an assay plate. For example, the robot in one
work perimeter ttansfers an assay plate to a transfor station, which transfer station incledes a
fluid transter device that takes an zliquot of a test sumple (from the samyple plate) and puls the
aliguot into a well of the assay plate. The plate that containz the test samples is then put back
inti « storage incubator, and the assay plate is subjected to further processing (e.g., addition
of additional reagents, incubation, mixing, ete.). Afier thbe desired length of incubation time,
the assay plates arc moved ta a detector. The sample plates and the assay plates nover have
to Jeave their respective work perimeters. As used herein, the "test samples” or “test
conzpounds ate typically added fo assays to deterrnine the elfect of the test samples on the
assays.

Igure 1 illustrates two transfer stations. Transfer station 195 is positioned
between work perimeter 105 and 115 and tzansfer station 200 is positioned between work
perimeters 115 and 125, Tn the Beure, transfer station 193 comprises sarple holder 215,
which sample holder is available for pick up hy robotic atm 155 or 150. The rebatic anms
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then wansler the plaie lo any device or slalton location within the associated work perimeter,

e.g., work perimeter 105 or 113.

F Sample Holders

In the high throughput systems provided, sumples are typically stored,
processed, and detected using sample holders. A “sarmple holder” is eny contuiner that holds
o containg one or Mose samplc, e.g., a dvied or flurdic sample. A typical sample holder
comprises a multiwel} plate, microtitre plate, or specimen plate, which termos are used
interchangeably herein. Multtwell plates are typically constructed aceording to industry

slandards to have several individual wells, with each well configured to hold a sample. For

example, plates typicelly contain 96, 384, 868, or 1,536 wells. The high throughput systems
. ple, p ypically £ ghput 8y

of the invenlion are preferably configured to accommodate 96, 384, 968, and/or 1,536 well
specimen plates. For example, one work perimeter is optionally confizured te accommodate
384-well plates and p second work perimeter configuied tor 1536-well plates. Allematively,
all work perimeters in a system can be configured for cne type of plate (e.g., 384-well plates
of [536-well plates). Tn addition, many sther types of sumple holders, for exarople, custem
sampie holders, petei dishes, gene chips, assay holdevs, test tube arays, vial amays, crucibles,
Tesction vessels, or flasks, are also used with the present invention.

“Array holders” typically comprige containers in which assay are conducted.
For example, an assay halder is also optionally a microwel plate, e.g., one that contains the
reagents and/or components for a particular assay or sereen. In the present invention, a set of
zssay holders is optionally used in addition o a set of sample holders. The assay holders
typically contain asszy comporenis, into which are adied test compounds or test samples,
¢.g., from the sample holders. The lest samples are added o the assay holders to detsrmine
ihe cffect of the test sample on the assay results.

Samples contained within the sample holders typically include, but are not
limited o, biolegical or microbiological sumples, chemical or biochemical samples, eells, cell
ex(racts, serum, plant extracts, parts for an electionic or medical devices, and the like. In
some embodiments, the sample holders of te invention optionally coatain one of MOLo
library of cDNA melecules, library of prematers, or library of gene regulatory regions
operably linked to anc or more reporter gene, For eawmple, o library of gene regulatory
regions is optionally derived from one or more genes that are differeniially expressed in a
cell, e.g.. depending on the presence or absence of a particular stimulus. For assays using
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these typas of librazies, see, e.g., USSN 60/275,266, entitled “Jdentification of Cellolar
Targets for Biologically Active Molscules,” filed March 12, 2001; and USSN 60/275,070,
entitled Gepomics-Diriven High Speed Cellular Assays,” [iled March 12, 2001. For example,
USSIN 60/275,070 describes screens designed to identify gene regulatory segions and
metheds of producing librarjes of genc regulatory regions. USSN 60/2735,206 describes
methods for rapidly ideniifying targets of any molecale that is biologically active, The
methods involve making a library of cells in which the level of a molecular target is vaded
among library members, and identifying those library members that exhibit a change in
responise to the fest compound.

“I'he robotic amms described herein are optionally configured to hold, e.g., for
transport, any type of sample container useful for the assuys of interest. In addition, the
robotic arms typically comprise a gripper mechanism for lifting sample holders. The gripper
wmechanism is typically configured to hold the vanious size muldwell plates, e.g., including,
but not limited to 1536-well plates. Gripper mechanisms are described, e.g., in USSN
09/783,254, entitled “Gripper Mechanism,” filed February 26, 2061.

Ta reduce contamination and evaporative effcets, it is somelimes desizable (o
provide at leasi some of the sample holders with lids. A lid that sufficiently scals a sample
helder not only reduces svaporation and contamination, but allows gases to diffuse into
sumple wells more consistently and reliably. Lids generally have a gripping structure, such
25 a pripping edge, that the robotic amm gripper engages. Accordingly, a robot is able o lid
and delid the specimen plate 48 needed. Copending U.S. patent application serial number
09/569,325 catitled “Specimen Plate Lid and Method of Using”, filed May L1, 2000 discloses
a specimen plate lid for robotic use, and is incorporated herein by reference as if set forth in
itsentirety. To onc cmbodiment, the sample helder lids, ¢.g., stanless stee] lids, comprise o
cover having a top surface, a bottom surface, and z side. In addition, an alignment protrusion
extends from the side of the cover, e.g., positioned to cooperate with an alignment member of
a multiwell plate. The lids further comprise a sealing perimeter positioned on the bottom
surface of the cover, wherein the alignment protrusion facilitates aligning the lid to the plate
so that a scal is compressibly received between the sealing perimeter and & sealing surface of
the multiwcl] plate. The lids are of safficiont weight to compress the seal and form a tight seal
hetween the lid and the plate. For example, the lids typically weigh between about 100 grams
and about 500 grams. A lidding and/or de-lidding station is alse optionally inciuded as a
device in the present systems, &.g., to add andfor remove the Jids described above to o from
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the sample holders. Alternatively, the entire robotic system is optionally enclosed, thus
creating a contralled environment, to further reduce contamination and evaporative effects.
Tn seme embodiments, the bigh throughput processing sysiems of the
invention include one of more automated sysiems for precisely positioning an object, as
described in USSN 09/929,985, entitled *Automated Precision Object Holder and Method of
Using,” filed August 14, 2001. Microtiter plates must be placed preciscly under liquid

 dispensets to enable a liquid dispenser, for example, to deposit samples or reagents inte the

corveci sample wells. A folerance of about 1 mm, which can somefimes he obtained by
systems that de not include this type of automated precision abject holder, is adequate for
some low densily microliter plates. However, such a tolerance is often unaceeptable for high
density plates, such us a plate with 1536 wells. Indeed, u positioning error of one mm for a
1536 well micratiter plate could cause a sample or reagent to be deposited entircly in the
wrang well, or canse damage to the system, such as to needles or tips of the liquid dispenser,
Accordingly, positioning devices as described in USSK 09/929,985 are also eptionally
included in the systems of the invention, particularly when 1536 well plates are used,

These positioning devices have at least a first alignment membor that s
pusitioned to contacl an inner wall of the microtiter plate when the microtiter plate js in a
desired position on Lhe support. An jnner wall §8 of 4 microtiter plate is shown in, for
cxample, Figure 13. In some embodiments, two or mare alignment members are positioned to
contact a single inner wall of the microtiter plate when the miicretiter plate is in the desired
position on the support, The use of an inner wall of the microtiter plate a3 an allgnroent
surface greatly increases the precision with which the microtiter plate is positionad on the
support compared to, for cxample, aligning the microtiter plale using an outer wall, thereby
Tacilitating further processing of the samples contained i the microtiter plate. The
positioning devices can further include at least a second alignment member that is positioned
to contact a second wall of the microtiter plate when the microtiter plate Is in the desired
position on the support. This second wall is preferably an inner wall of the microtiter plate.
The positicning devices can include: a}) a first pusher for moving the plate in a first direction
o that a firet alignment surface of the object contucts 4 {irst set of one or more alighment
mermbers; and b) a sccond pusher for moving the plate in o second dirsction sa that z second
alignment surface of the ehject conlacts a second set of one or mote alignment members, In
presently preferred embodiments, either or both of the pushers includes a lever pivoting about
a pivot point. The lever can be operably attached to a spring or equivalent, which causes the
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pusher to apply a constant force to the object to, for cxample, move the object in the first
direction against the first set of alignment members. Figure 14 illustcates the positioner in
operation, including the use of alignment tabs 30. Por further inforroation, sce, USSN
09/922,085.

The automated precision object holders can also mclude 4 retaining device for
retaining a microtiter plate in a desired position on a support. These retaining devices can
include, for example, a vacuum plate which, when 4 vacum is applied, holds the micratiter
plate in the desived position. The vacuum plate, in some embodiments, has an interiot surface
and z lip surface, with the intetror surface being recessed relative to the Jip surface.

Sample holders, ¢.g., empty multiwell plates or sample holders comprising &
plurality of samples, ara typically intraduced into the system in one of two ways. First, they
are optionally manuslly placed inta an incubator and registered in the system, e.g., al a
controller PC. Second, they are optionally infraduced from a statte plate hotel, ¢.g., that is
also used for plate queuing during operation of the system.

In aame embodiments, sample holders are 1aheled with at least onc identifier
or {abel, for cxample, a bar code, RF tag, color code, or other label. When the samplc holders
arc labeled with a bar code, each rohat is typically provided with a bar code reader. The bar
code readers are optionally positioned on the rebotic arms or any oiher position on the robot
depending upon the application uand type of sample container used. 'By identitying each
specimen plate with a bar code, RF tag, or color code, the system can positively identify each
sample holder, & g, when retrieving, processing, or detecting sagh sample. In addition, the
information is also optionally used to provide repoits regarding assay outoomes and resalts,
and fo provide an inventory of a large number of samples, e.g. libraries of nucleic acid
samples. For example, an inventory is optionally used to compure a list of desired plates with
a list of plates present in the system, and notify un operator of any discrepancics.

Advantageonsly, when 2 sample holder is provided with a bar code ar opposite
ends, and the bar codes have indiciu relating orientation, the present invention determines
which end of the sumple holder is facing the robot. For example, onc end nf the sample
holder eptionally has a bar code with an even code, while the opposite end of the sample
holder has an odd numbered code. Accaordingly, the robols of the invention easily determine
whether a [eading or trailing edge of a sample holder is facing the bur code rader in the
robat. More advantageausly, in this example, the robot reliably and consistently determines
which end of a sample holder to insert into each device.
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Because compound management is a fundarental part of any reszarch
institute, the integeity of the compennd collections and the databases is important. Therefore,
the bar codes described ahove or other markers or labels affixed to the sample holders are
optionally used to provide a compound or sample plate inventory, e.g., that is tracked by a
controller module, for the high throughput processing systems of the invention. The
inventory typically keeps wrack Bf what samples andfor sample bolders se in the system, as
well as their Jecation and status within the syslem. By providing a bar code system on the
sample plates, the robotic arms are used to track the plates throughout the system. In
adrlition, information can be transferred to # central contreller, e.g., a PC, thut cocrdinales
locations with resulting data from various processes to provide an inventory combined with
assay resnlts.

Further to providing a complete inventory of samples, the present invention
provides a method for plating roatcrizls using matkers to track the plating procedure. For
example, samples, e.g., librarics of samplcs, often enter the system in a 96-well format and
arc subscquently condensed inte a single 384 or 1336-well plate. To aid in the inventory and
tracking process, the transtormation from o low-density format to a high density format is
tracked using markers os described below.

The system described below is typically used for the specific application of
condensing the contents a first sel of microwell plaies into a second sei of microwell plates.
Typically the number of wells in the second set is 4 whoie number muliiple of the number of
wells in the first sct of plates. Far example, four unique 96-well plates are optionally
condensed inte a single 334-well plate in a method comprising tracking the reformatting to
insure accuracy, e.g., 100% accuracy, e.g., in locating and tracking sarples. The concept
also applies to 384 to 1336 transformations and roverse processes. The accaracy af the
database depends on knowing exactly where each 98-well plate is located within the 384-well
plate after the iransfou is completed. By giving the operator a simple visual check as well as
providing a deteetor check systew, the method ensures tracking accuracy.

Corpounds provided in 96-well plates are typically in an 88-woll format with
one column empty, e.g., column 12. Gne column is typically kept ernpty so that when
compounds arc assayed there are blank wells, ¢.g., for assay contrels. The entire column is
not typically nesded for controls but it ig the standard way of plating compounds. Also used
is an 80-wel! format in which two columns, e.g., the first and last columns 1 and 12, are left
open.
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The process typically slatts with saeoples, e.g., samples stored us dry [tlms or
fluidic samples, in one or more 36-weil plates in the 88-well formal described above.
Typicelly, four 96-well plates are converted up to a single 384-well plate. A marker is (hao
added o one or more of the orapty wells, e.g., well A1Z,in the first 96-well plate. See Figure
11A ands 118 for labeling of wells and marker wells. The second plate receives a secand
marker or label, e.g., in well A12 alsa. The third and fourth plates, if they are used, also
receive a masker in the similarly located well in those plates, e.g., well A12. Each marker
used is différt:nt, .g., a different colored dye, a different fluorescent dye, or a different
concentration of fluorescent dye. The contents of the four plates {or fewer if that is the case)
are added sequentially into the Jarger plate. If dried films ave used in the smaller plates, they
are typically dissolved in the smaller plaies priar ta transfer to the Jarger plate. In the larges
plate, c.g., the 384-weli plate to 1536-well plate, a pattem of markers results, e.g., in the
upper tight comer, such as in wells A23-24 and B23-24, Tn this manner the accuracy of the
transfer is momnitored. When a colored dye is used, the process is optionally manitored
visually to cnsure accuracy by obscrving whether the intended pattern is obtained. If
fluorescent dyes are used, a fluerescent detector is used to monitor whether the plates were
accurately transferred. In seme embodiments, a fluorescent dye is used in combination with a
colored dye to allow visuul as well as instrument iracking of samples. Tn other embodiments,
wells other than AL2 are used for markers. Any well may be vsed as Joug as the resulting
pattern is predelermined to track the transfer.

In one example, a solation of colored dye, e.g., 2bout 9.5mg/ml, plus a
flarescent dye is added to well A12 in cach 96-well plate. The first plate in the
transformation receives a red dye and a fluorescent dye at concentratien 1x. The sccand plate
teceives 4 yellow dye with a fluorescent dyc concentration of 0.5x, the third platc receives 2
green dye and a fluorescent dye at 0.25x. Finally the fourth plate receives a blue dyc and a
fluorescent dye at 0.125x. For example, the dye concentration is optionally an FITC sclution
ranging in concentration from about 0.1 mg/tnl to abour 0.0125 mg/ml, The contents of the
four plates are then added in sequence to 4 singls 384 well plate. In the final 384 well plate a
coloted pattern is formed in the upper right comet {e.g., wells A23-24, B23-24), as shown in
Figures 11 and 12. For example. Figure 11 illustrates four 96 well plates with markers,
which are then xeplated into 2 384-well plate as shown in Figure 12A and then four 384-well
Flates are optionally replated in 4 1536-well plate, e.g., in a format as shown in Figare 12B.
Each pattern in the {igures is indicative of a different type of dye in the well as shown in the
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figure legends. As illustrated in the figures, the colors allow for the human eye to monitor
the process to ensure accuracy. A simple check te determine the oricntation of lbe solored
dyes allows an operator to be sure of the plate orientation. The flucrescent dye is detecisd by
one of various {luorescent detection instruments and allows the plating procedure to be
monitoved by instrumentation.

In some embodiments, the sumples from one or more plates are 10 be mixed
with the corresponding sample in one or more additional plates. In this case, the mixing can
e ruonitored by determining the color of the dye in the macker well of the target plate, For
example, i a first plate has a yellow marker and the second plate has a red matkes, when the
markers are mixed, the corresponding well in the target plate wil]] have an orangs marker,
Similarly, if the markers are fluorescent dyes of different concentrations, the target plate will
have a coucentration of dye can be determined based on the amounts in the original plates
and the dilution factor.

In the systems of the present invention the markers can be dispensed inta a
sampie plate al ope sialion location, ¢.g., comprising & fluid dispenser, and typically
transterred into a bigher well densily plate, €.g., at the same station location or at a different
location. The plate havizg the higher well density i then typically transferred to a detection
station Jocation, £.2., in the same or & different work penroeter to detect the resulting color
and/or fluozescent pattem in the larger plate, o8-, the 384 or 1536-well plate. Ta addition, a
color photograph is optionally taken or an operator optionally views the resulting larger plate
to cnsure the cotrect color pattern. Alternately, 2 colorometric detector is used.

Although the high throughput systems of the invention are primarily
aufomated robotic systems, certain funchonality is optionally manual, For example, an
operator optionally manually intreduces a particular sample holder into 2 hogh throughput
sorecning system, €.g., by placing the sample holder onto a table device, holding area, or the
Iike. For example, holding areas 240 and 258 in Figure 1, are optianally used to manually
introducc a sample holder into the system, ¢.g.. into work perimeter 105 or 115 respectively.
A, rotational rebot arm pptionally retrieves the sample holder from the manual helding table
or area. Jtis optionally moved to a storage o1 station location, or moved to a transfer area,
such as transfer arca 195 or 200, e.g., to be retrieved by a second rotational robot. The
rotational robot that retrieves the sample plate from the holding arca or transfer station
typically moves the sample holder into any of its associated station locations. (o be operated
on or processed by the device associated with that station. For example, a rotational robot
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pesitions a saople holder in ane of the detectors included in the system or deposits the plate,
it a receptacle for a dispensing device, To facilitate snch manual operation, the operator
typicelly nses a basic command set to introduce, mave, and process individual sample
holders, Any cornbination of manual and automated processes is contemplated witldn the
present invention, However, sample holders are alse optionally introduced into the system
antomatically, e.g., [tom a slorage module within the system or coupled o the system. Io this
case, a ceniral controller or a conlroller coupled to the storage module is used to ditect which

sample holders are introduced into the system.

. Conzrallers

The high throughput screening systoms of the invention typically operate
under control off one or more computer systems. For exanple, a control unit is optiomally
coordinated with the operation of the high throughput system. Alternately, a single computer
or multiple computers are optionally used to control and monitor the entire system or a
desired portion of the system. Operator stations, e.g., including alerts, are aiso (ypically
provided to allow an operator to control and/or monitor the systern.

For exarnple, Figure 1 illustrates a control unit 324, which is optionally nsed
to coordinate the operation of high thronghput screening system 100, As operator menitoring
is typically desired for such & system, an operator station, e.g., station 310 is also provided.
Operator station 310 optionally accommodates, for example, operator console 315 (or
momitoring computer and process functionality, and operator alert 325, e.g,, for alerting an
operator with cither a visual, audio, or pager alert. The operator console indicates, for
example, what station locations andfor deviees are oocupicd, what transfer stations are
oceupiad, robot status, incubator status, temperatire of vadous system components, and any
other infarmation the operator wishes to know about the systen.

Operator alest 325 is optionally an automated paging system that pages one or
more Operators upon notice of an error condition, ¢.g., requesting operatar intervention.
Alternatively, the alert is & visual or an audible alarm. For example, a telephonic system
allows a control PC to initiate calls to predetermined numbers, e.g., to tclephones or pager
numbers. Lior example, if an error condition develaps during operation, the system calls a
number from a predetermined list of coniacts, plays a recended message and waits for a
telephone keypud respense. In this manner, the system is optionatty controlled and kept in
operation from a remate location, The system can alss inclade one of MoTe Cameras, ¢.8. a
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wehcam, which allows the operator to view the systom remately. This can allow the operator
to troubleshoot the system from a remote location.

Preforably, operator station 215 is located adiacent to one or more work
petimeters, such as work perimeters 105, 135, and/or 125, Tn such a manner the operator not
only sees operator conscle 315 but is also shle to visnally inspect robotie activity and the
devices of the myenticn. Accordingly, components of aperator alert 325 may be placed in a
work periineter or even on the devices themselves. The work perimete.rs are also optionally
positioned distant from the operator and the operator comsole, with the operator alext
operating to page the operator.

Refarring now to Pigure 2, an example of interconnecting centrallers in high
throughput screening system 104 is provided. Automated instrument devices typically have
anintegral contieller or a controller assigned to eperate that instrunient device. For example,
instrument device 25 is shawn with integral controller 345 instrument device 265 is shown
with integral centroller 368, and fnstruroent devies 270 is shown with Integra) contralier 370,
Also, instrument device 230 is shown with a separate dedicated controller 330, and in 2
similar manner, instrument device 280 is shown with sepurate dedicaled controller 360. For
some instrument devices, a single controlfer operates more than ene insoument device. For
example, instrument devices 290 and 285 ure shown under the control of controller 355. Any
controller devices und configurations known in the art arc conlemplated within ths present
invention.

The controllers nat only operate. the devices of the inveniion, but also typicatly
oft-load processing from a system controller, e.g., controller 320. ¥or example, in one
embadiment, instrument device controllers collect and analyze data and send summary data
information to a system controller. In such a mamer, data communication requirements and
bandwidths arc rednced, thus requiring lower speed and therefore less costly communication
connections, Somes instrument devices, such 4s instrument device 233 and instrument device
285, opbionally de net have a sepazate station controller, but ars instead controlled directly
from a system controller, €.g., controller 320, Alse, an individual station optional)y takes
dirzction and passes data to more than one controller. For extmple, instrument device 238
optionally receive operational direction from robolic centroller 330, but also passes data back
to the central controller 324.

Although most of the communication links shown in Figure 2 aze shown as
point-to-point connections, ather types of connections are optionally used, such as network,
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Bthernet, wircless, or multi-drap conncetions, such as the multi-drop connection shown
between systerm controlier 350 and system contraller 345. Further, instrument device and
system controllers can be physically configured and connected in othet armmgements known
Lo those of skil} in the art.

Preferably, each rotational robot has iis own robol coniroller. For cxample,
robot cantreller 330 conlrols rebot $35, robot controller 335 contrals robat 141, and robor
coniroller 340 controls raber 145, Although Figure 2 shows each robot controller directing 2
single robot, a single robotic contraller also optionally controls voultiple robats. Conversely,
multiple robotic conteallers can cooperate to contre] a single robot, e.g., controlling a
carouse] and reach associated with each robot. For example, robotic controller 330, which is
primarily responsible for controlling robet 135, optionally accepts input from robotic
controller 333 which ean cffcct robotic movements. The robatic #and system controllers are
also optionally configured in othex phiysical and logical amimgements,

In the example lustrated in Flgure 2, each xobotic controller 330, 335, and
340 is preferably connected to system controller 320, Systera controller 320 is connected to
operator consule 315 locaied at operator station 310, System controller 320 also
comimunicates w0 operator alent 325, Operator alert 335 js, for cxample, an satomated paging
system that pages one or more operators when an efror condition ocours. fhurther, eperator
afert 325 optionally includes lights and audible signals for providing wamings and alerts o
operatoss and technieians in the area. For example, a light bar having color-coded Hghts is
optionally positioned adjacent 1o key devices, [n such a manner, an operator recelves a quick
visual indication of pracess status.

Further, system contraller 320 accepts instruction and passes data to other
syslems, .5, via centrul system link 3735, This link is optionally an internet link, a wirtcless
link, or a lagal area net\vork link such as an Btheret system. Other links, ¢.g., clectronic,
optic, magnetic, or otherwise known in the ert, are used to link system controllers.
Advantapeously, system controller 320 provides input to a centralized control and data
collection facility and receives sottware and operational updates from a remote source. For
example, asln'bl'lshing 1 web link provides alert and status information.

In onge embodiment, the system, and robots arc typically programmed in AIM
andfor V+. Each robot typically has a controller that is typically DoviceNet and Bthernet
compatible. For example, the contrellers are accessed via DeviceNet hack to a Controller
PC, which is typically a Pentium IiL, TV, or other appropriate, €.g., fasier, coraputer knawn to
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those of sktil in the art. [n addition te motton of the robot, the robot conirollors are
responsible for all metion within a designated work perimeter or station.

Saftwere for the PC is typically written in Microseft Visual C4++, 2.g., version
6.0, o other programming language known to those of skill in the art. The contraller PC is
typically used to coordinate the entue system, e.g,, providing high level canrdination that
reports and acknowlcdges all faalis and/or crrors, and provides user nferface functicnality,
The PC also typically acts as a data conceattrator, recording all data, e.g., in an Oracle format,
and optionally processing such data. Alternatively, the data is stored for future processing,
e.2., on another C.

The eontrollers and contraller links deseribed above are used with any system
as deseribed above or those cxamples provided belew. Tn addition, various methods of using

the system and (he controllers ate discussed below.

H Example systems

In the embodiment illustrated in Figures 1-7, high throughput screening
system 108 inchudes three work perimeters. The tirst work perimeter 105 is generally
direeted tn the task of storing samples or compounds. The sccond work perimeter 115 is
generally directed to processing semples by, for example, adding reagents, shaking, or
incubating. The third work perimeter 123 is generully directed fo analyzing the samples, for
example, by detecting the samples, or measuring physical properties of the samples.
Although the diselosed example has three work perimeters defined, fewer or more work
perimeters are nptionally uiilized depending upon application specilic requirements.
Advantageousy, there is no particular order that must be followed in transportiog samples
from one wark perimater to snether work perimeter because of the mulfi-directional wtility of
the present invention. For gxample, a sample may be processed in work perimeler 105,
tramsported to work perimeter 123 for detection, and ixansported back to work perimeturs 105
and 115 [or further processing,

Although cach work perineter is generally directed 10 a particular type of task,
the functionality for each work perimeter may overlap with the furcticoality of other areas,
Tor example, the area generally direcled to stoning compounds may also perfons certain

functions reiated to processing, detecting ov other type of sample property determination.
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In the high threughput system 101 dlsclosed in this example, samples are
typically stored, processed, and detected using specimen plates, ¢.2., 96, 384, %68, or 1,536
wells. For example, plates 210, 205, arnd 215 a3 shown in Figure 1.

Each disclosed work perimeter 105, 115, and 125 has an agsociated rotational
robot, For example, work permeter 105 has cotational robot 135, work perimeter 115 has
totational robot 14), and werk penmeter 125 has rotational rebot 145, Each rotatienal rebot
preferably rotates about its rotational axis close to a full 360 degrees. Further, each robot
preferably adjusts vertically and horizontally to alipn relatively higber or Jower work
pnsitions. In a preferred embodiment, cach yotational robot is a Stiubli RX-68 robot that is
pedestal mounted.

Preferably, each rotational robot has a robotic arm that eptionally extends or
retracts from the robot’s retational axis. For example, mobetic arm 150 and robotic arm 155
are both shown in Figure | in a moderaialy extended position. Robetic anm 160, howaver, is
shown in Figure 1 in an cxtonded position. Accordingly, cach rotational robot has an
associated rotational reach. For exarple, robot 135 has rotational reach 105, robot 140 has
rotational reach 115, and robat 145 has rotational reach 125. Although the rotational reach
pattcrns arc shown ta be generally circular or oval, the rotational reach can accomrnodarc
other geametries.

A transfer stution is preferably positioned between each udjucent work
perimeter. In one cmbaodiraent, the transfer station provides a temporary area for positioning
sample holders to facilitate moving a sample holder in or out of an ares. For example,
transfer station 1935 is positioned between work perimeter 105 and warl perimeter 115. In a
similar manner, ransfer siation 200 is positioned between work perimeter 115 and work
perimeter 1250 Although wransfer stations 195 and 200 are shown cenlered between adjacent
wark perimeters, the transfer station may be relatively closer to, or even within, a work
perimeter. The transfer area is also optionally positioned wiiere adjacent robots directly pass
& sample holder from one robat to the adjucent robot.

Preferably, eech robotic arn has a robotic gripper. For example, robotic arm
150 hus gripper 165, robolic atrn, 155 has robotic gripper 170, and rebotic amm 160 bas
robotic gripper 175. In this disclosed example, each robotic gripper 165,170, and 175 is
contigured to removably couple with a specimen plate, such as standard 384 or 1,536 well
plates. Robotic arms 150 and rebotic grippers 170 are optionally operated pncumatically,
magnebtically, or by other means known m the art.
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"T'he robotic grippers of the embodiment illustrated in Figure 1 are configured
to removably couple to specimen platss, such as spocimen plates 2085, 215, and 220. To
transfer between adjacent work perimeters, a first robot retrieves a specimen plate, positions
the plate inlo a transfer station, and then & xobot from an adjacent work perimeter retrieves
the plate from the transfer stalion. For exarnple, Figure 1 shows samiple plate 215 positioned
in transfer station 195. Accordingly, either robot 14¢ or robot 135 can engage and use
specimen platc 215. Tn a similar manner, Figure | shows rabot 145 cithor setarning specimen
plate 220 te transfer station 200 or retrieving specimen plate 220 from transfer station 200
and transporling specimen plate 220 for tutier processing, measarement, or detection.

Work pertmeter 115 also provides incubatar device 290 which can be, for
example, set wo provide the proper conditions for facilitating growth of cellular material. Due
1o Lhe particular environment within the incubator, the incubator may have 4 sealed door 300,
provided, for example, by an sirlock. Accordingly, sealed door 300 prefersbly has a gripping
structure 303 coupled to robotic gripper 170, Insuch & manner, robolic amm 155 cun position
rohotic gripper 174 adjacent to the gripping structore M5 and open and close door 300, As
the robot must open and slose door 30, preferably a lemporary helding arca 260 is
positioned adjacent to Incubator 2% for temporarily holding u specimen plale as it is moved
into or out of incubator 290

In the illustrated embodiment, work perimeter 125, which is primarily directed
o analyzing samples, comprises detector 265 and detestor 270, ¢. 2., fluorescent detectors.
After the specimen plates have been detected in either or both detectors 265 and 270, the
specimen plates are oplisnally retumned fo a storage facility, such us storage facility 230, or
may he deposited in a container device 275 for disposal or reuse.

Referring now to Figure 3, the specific configuration of a variety of work
perimeters will be further addressed. In the illustrated example, high throughput screening
system 100 provides configuration flexibility by, for cxaraple, providing a pluraliry of station
locations within each work perimeter. For cxamyple, work area 110 contains station locations
380, 385, 390, 395, 400, and 405, Work area 120 includes station focations 410, 415, 420
and 425, while work area 130 contuins stution iocations 430, 435, 440, 445, 450, and 455.
Although high threughput screening system 100 only detines a select number of station
locations, morc ar fower station [ocations are optiopally defined depending upon the reuch of
sach rebotic e and the stze of selected devices. Further, station locatiens are optonally ’
added, moved, or removed depending on specific application needs.
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Devices for performing process sleps are typically selected according to
spevilic application requirements. After selection, each device fs assigned to a particular
station location within & work perimeter. For example, devics 225 is assigned Lo station
Tocation 380, while device 230 is assignad to station Tocation 383,

Because stalion locations remain the same irrespective of what device is
positioned in that station location. the high throughput screening systern 190 is easily
reconfigured to accommodaie 4 variety of specific needs. For example, Figure 3, when
compared to Figure 1, shiows that a new station location 390 was defined snd holds a new
storage device 232, Figure 3 also shows that station location 400 has been reconfigured wo
have incnbator 237 teplace compound storage device 235, Purther, work area 120 has had
incubator 290 removed from station location 410, Accerdingly, the high throughput
sereening system 100 is reconfigured to add, delete, or replace devices in any station location.
Advantageously, station locations are optionally added or removed to accommodate changes
in the area or robot vrientation. Not only is the system thereby flexibly reconfigurable, but
the system casily adjusts to accommodate adjustments in work flow.

In another embodiment, the robotic work perimeters are arranged in a
substantially honeycomb configuration that permits a non-linear processing system 800, as
shovwn in Figuee 8. In this non-linear processing system, specimen plates 814 are moved,
e.g., from a first stution location 15 (0 a different station lecativn 815, e.g., in & non-linear
fashion. This setup oplimizes throughput of the overall system by permilting sample holders,
e.g.. specimen plates $19, 1o be moved to the closest appropriate station rather than through a
series of statians. Tn non-linear processing systern 800, & plurality of rotational robots 820,
are provided, cach having a votating robotic arm 828 ending with a rebotic gripper 830. The
robots are positioned within a rotational reach 840 of each other. The rotational roach 840 of
each robotie grippex 830 defines o eircle and each robot 820 is positioned so that the circles
defined by the rabotic grippers 830 intersect at several points. A these interscetion points
and at other points around rotational reach 841 of cach robotic gripper 830, station locations
815 mre located. Station locations 813 are configured to accept specimen plates 814 and/or to
conduct procedures or proccsses on specimen plates 810, For example, any station location
815 optionally stores, processes, and’or detects the samples in specimen plate 810, A station
location 813 is also optionally used 1o perform reagent additions, PCR, purification, filtration,
waghing, ransfer of samples to new plates, vacuum/pressute treatment, Iight/UV exposure,
and/or sample removal/addition.
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In non-linear processing systern 800, shown in Figure 8, a specimen plate 810
meves from one station Jocation 815 to othee station Jocations in a non-linear fashion thereby
allowing a higher throughput. Tn addition, this amangement of rotational robots 820 with
accompanying robotic arma 823 and robatic grippers 830 is optienally used to efficiently
aszemble devices, e.g., medical devices or clectronic devices. Because process stepa
sometimes require a device (o be cured, incubated or otherwise processed tn 2 manner that
requirss 4 specific time, a non-linear processing system 800 opiionally comprises nesting
stations as part of 4 slation lecation 815, In contrast, a linear processing systein requires the
device Lo pass down & linear pathway while if is being cured or otherwise processed, To a
non-linear processing system, the device can be left at a station location 815 and then when
required, d robatic gtipper 83 maves the devics to the next desired station Jocation 815,
which is optionally any stahon localion in the systetn. In this way, extremely efficient and
high threughput processing systems is provided. '

Figure 9 illusirates an cxample high throughput processing system. of the
invention. For example, system %00 comprises three work perimeters, 902, 920, and 940
Each work perimcter is associated with a rotationgl robot, e.g., rotational robols 916, 936, ind
946. Two trunsfer stations, stations 18 and 983, are provided to bridge the area and provide
irausport belween work penimeters 902, 920, and 940. Woark perimeter 90°% eomprises three
station locations, e.g., 904, 906, and 908. Station location 04 comprises compound
incubator 910 and station location 206 comprises compound incubator 912, A miniprep
device, e.g., dovice 914, such as a Tecan Minipzep, is positioned in station location 908.
Work perimeter 920 comnprises three station locations, e.g., 922, 924, and 926. Station
location 922 comprizes assay plate incubator 930 and stution Jocation 924 comprises 4 Hydra
384, device 934, A Cartesian Synquad, e.g., device 932, is positioned in location 926. In
addition, a Hydra workstatien device, e.g., device 928 is positioned at a station location
proximal to both work perhmeter 902 and work perimetcr 920 and is accessible by either
tobot 918 or robot 938, This device car thus function as & transfor staticn to transter sample
aliguots Cromt 2 sample plate in work perimeter 902 to an assay plate in work perimeter 920,
A pintool can also be used for this purpose in place of the Hydra. Work pemeter 940
comprises two station locations, e.g., locations 942 and 944, Station locaton 944 comprises
a LI Acquest plate reader, e.g., device 948, Station location 942 is [eft empty in the
cxample, but is aptionally fitted with a device at any time, ¢.2,, before or dudng operation of
the device, e.g., a8 needed.
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Many other embodiments are also available in the present invention. For
cxample, & systemn optionally compriscs ten station locations ocoupicd as follows: two
compound Libraries, 2 plate interchange platforms or transfer stations, an incubator, 2 Gquid
handling devices, 2 plate readers, and a mini-prep station. These stations are opiionalty
divided into two or three work perimeters. Other combinations olher devices, and different
numbers of devices are also optionally used for vatiaus processes, e.g,, as described in more’
detail below.

Figure 10 illustrates the control hardware used for the above configuration
comprising ten stations or devices. In Figure 10, three robot conwrollers are used, e.2.,
controllers 1006, 1008, and 1010, one for each robot in the system, e.g., to handle all motion
conirel. Each robot controller is typically DeviceNet and Ethemel cornpatible. Flute
carousels and incubators each have u controller, e g., first carousel dial 1000, second carousel
dial 1002 snd incubator dial 1004. In addition, sxch piece of peripheral hardware eptionally
has its owi controller, €.g., with an RS-232 interface to Device Net. For example, Tecan
Mini prep 1014 has liquid controller 7016 and an RS232 DeviceMet protocol converter, e.g.,

converter 1038, Likewise for Hydra 96 1018 and Bydra 584 1022, which are controlled via

controllers 1020, 1024, with converters 1040 and 1042, A liquid handler is alse typically
cotrobled using its own Hguid controller, &.g., Cartesian Jiquid handler 1026 with controller
1028 and converter 1044, The plate readers, e.g., 1030 and 1034, are alse connected to
controllers, e.g., contrellers 1032 and 1036 and to the central system via converters 1046 and
1048. Al controllers are accessed, e.g., via DeviceNer, ta supervisor PC 1012, whick is
typically a Pentium I 600 MHz or faster machine. Other control hardware and devices set
ups are also optionally used in the systems provided. The above is anly one of many possible

examples for use in the methods described below.

. High Throughput Processing Methods

The present invention provides high througliput processing systemns and
methods of using such systems. In general. the systemns above ars used to process a number
of samples, & p., simuitanecusly or sequentially. Processing typically refers to screening,
testing, building, or the like. For example, a Fhrary of drug candidates is optionally screened
or testcd for efficacy or an electronic or medical device is constructed. A typical process

comprises screening a number of a biochemieal or chemical compounds.
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The samples are rypically cantzived in saraple holders, such as micxowell
plates or specimen. plates, which are transporied through the system by rotational robots. For
example, a robot optionally retrieves a sample plate from a storage module fa a first work
pertmeler, ransports the sample holder to a second work perimeter for processing and theo to
a third work: pertmeter for detection and analysis.

The sequence of steps performed in a given proccess is typically specified, e.g.,
by an operator. The order of the steps need not follow a linear path through the system and
need not mvolve each device of the system in a sequential manner. Fach device of the
inventinu is optionally accessed as needed and the devices are aptionally used in 2 non-
sequentizl or random order. For cxample, a sample holder is optionally transported from a
fixst deviee to a sceond device to a third device and then back again to the first device, e.g..
for further mixing or inenbating prior to detection, «.g., at a fourth device. In addition, the
order followed for transporting & sample holder through the system need not be the same each
time the sysiem is vsed. The order is changeable and is typically divected at the beginning of
each assay, €.g., by an operator. Tin addition, upon receipt of the assay stalug, an operaror
optionally changes the assay and dircets a new path for a sample holdex in response to the
information.

In enc embodiment, the invention {s used to screen a plurality of samples. A
sereen is typically a test that is conducted on 4 number of specimen plates, and may include
multiple steps. A screen is performed by operating & defined method on a given set of
specimen phates. Using the high throughput systems of the invention, an mmprecedented
ameunt of samples are optionally processed and sereened simultaneoﬁsly, serially or in
parvallel, including sereening arrayed librarics of chemical entities such as small molecules,
combinatorial chetical compounds, synthetics, natural products, extracts, drugs or drug
candidates, nucleie acids, short oligonncleotides, anti-sense oligonucleotides, single-stranded
D:MA, RNA, double stranded DNA, RNA, RNA/DNA hybrids, triplexes, proteinaceous
substances such as wild-type and synthetic proleins. peptides, both natural and synthetic,
antihodies, Fab fragments, antibody epitopes, constrained peptides, prolein fragments,
dominant-nogative and dominant-positive proteins. mutated proteins, synthetically modified
proteins, as well as expressed sequence elements including eukaryotic and prokaryatic
expression cassettes, refrovises, adenoviruses, CMY, 3V40, Tnl{ driven full length

<DNAs, DNA [ragments, peptides, truncated proteins, and the like. For example, see c.g.,
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published PCT appleation PCTAISSR/27233 (WO 99/320619) for information regarding
double stranded RNA molzcule (BNAQ) methods for modulating gens eXpression.

Samples for these screens are optionally derived from synthetics deyivesd from
laboratones or engineered erganisms, as well as those obtained, exiracled, cloned, or
expressed frora naturally occwing species including, but not limited to, mammalisn species
(e.p., human, mouse, rat, rabbit, poat), cukaryotes including Drosephila, yeast, C. elegans,
prokaryotes including bacterial strains, and plunts such as algue, aloe vera and arabidopsis,
among others. Addificnally, the present systems are useful for screening whole organisms,
especially mictoorganistos such as bacteria, veast, ¢. elegans, and parasites such as malaria,
and vinses {j.e., hepaiitis and othar Paviridae, retroviruses, adenoviruses, and viroids). In
one embodiment, the present invention screens combinations of these organisms or cntitics,
cither scrially or in parallel to test their influence on & particular biclogical test or assay.

In this manner, any type of screen is conternplated within the present
invention, and in particular, screens for agonistsfantagonists, natural and synthetic, c.g., for
G-protein coupled receptors, kinases, proteases, phosphatases, and tranzeription;
agonists/antagonists of cellular, nenronal, hepatic, tamor celt differentiation, and
retrodifferentitation; aganists/antagonists of viral and parasite mechanisms of entry,
replication, exit, and paihogenesis; agonistsfaniagonists of imnune cell activation,
inactivation, energy, migration, or apoptosis; and agonists/antagonists of protein-protein
interactions important in intmunology, cardiovascular, signaling biology, metabolic diseass,
dighetes, osteoporosis, and other disease areas, ¢.g., 4s determined by synthetfic and
engincered reporter readouts using cell-free, cellular and organismal targets.

Methods of using the above descrtbed systems for a particular screen are

described in more detzi] below, e.g., methods of desigoing and performing sereens. For

" further information on various types of sereens that are optionally canied out using the

systems and mcthods af the invention, see, e.g., USSN 60/275,266, entitled “Identification of
Cellular Targets for Biclogically Active Molecules,” (iled March 12, 20013 USSIN

|604275,148, entitled “Chemical and Combinaterial Biology Strategics for High Thronghput
Gene Functionalization,” filed Masch 12, 2001; USSN 60/274,97%, entitled “Cetlular
Reporter Arrays,” filed March 12, 2001; and USSN 60/273,070, eniitled Genomics-Diriven
High Speed Cellular Assays,” filed Mazch 12, 2001, For example, USSN 60/275,070

describes screens designed to identify gene regulatory regions and produsing libraries of gene

43

JP 2004-511788 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(94) JP 2004-511788 A 2004.4.15

WO O2/31747 PCTATSNI32454

regulatery regions. TISSN 60/275,148 deseribes, e.g., methods for screeaing genes for a

vaziety of functions, .8, disease related functionality,

A Designing a process far use i o high throughput system

As described above, the systems provided herein are optionally used for a
variety of different processes, ¢.g., screening processes, which are described in more detall
helow, In genesal, the system relies on 4 medulur approact: to defining the process, Such an
approach not only enables logical development of screens, but also facilitates rewsability of
method modules and supports rapid reconfiguration of the system. Modular development of
methods provides substaniial flexibility in defining process steps, and facilitates rense of
steps and methods. Accordingly, Figare 4 illustrates software architecturs, ¢.g., for & high
throughput sereening system. Although other industries also optionally benefit from other
arrangements of a high throughput systcm. The embodiment jllustrated is primearily direcled
to operating screens for biotechnology or biomedical industries. For cxample, Figure 4
shows that screen 470 includes and is defined by combining informution in method module
490 ard sysiem variable module 495, )

Mathods are alse typically defined in 2 modular manner, with almethod
defining ind organizing individual process steps, e.g., using rules and directions. More
specificaily, a method is defined as i the method were to be executed on a single sample,
which simplifies method definition.

Preferably, after method steps have been defined, the opcrator indicates the
sample plates on which the method is to operate. In a similar manner, the operator optionally
defines a piate or a scries of plates on which the method is nel 1o be operated, This permits
the operaior to define selected plates for control plates or 23 exceplion plates. Accerdingly,
defining methods und screens is a logical and efficient pracess.

Typically, 4 screen 1s defined by a methed or combination of metheds. In
Figure 4, for example, In screen 470, meibod 490 defines a set of individual steps 520,
Preferably, each siep Js a disorete stage in & method, and is nsually associated with a specific
device. Bocause these steps typically operate on specific devices, the method also optionally
incotporates speeific device commands 530. In one embodiment, these sleps are defined to
operate on a specific class of instruments. For example, steps can be configured ro “dispense
100 nl” or “aspirate SO0 nl”. Accordingly, each step is typically defined to address speeific
desired fimctonality from 4 class of instruments, During execution of the method, 2 device
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dive, €., device drive 505, generates the low-level commmds necessary to drive a spevific
mudel of the instrument aclually configured into the systen.

For exaple, Flgare 5 shows ap example of an input sereen, screen 609, ez,
for defining a step for an incubator. The screen uses a graplucal user interface aind pormits
the operator to easily define incubator duration 614, settings 620, dependencies 630, and
alarma 640.

Sieps 524 are optionally combined or amranged, e.g., in one or more step Lsts,
e.g., step list 548, far performing steps in a sequential manner. Ilowever, Lhe sequential order
need not [ollow a predetenmined oxder diciated by the physical setup of the devices in the
system. Any device is accessed ai any point in the sequence, thereby allowing the assay
alone, rather than the pliysical setup of the system, (o dictate the sequence of the step list.

Further, the slart or pace of one step optionally depenis on the result of one or
more other steps. Therefore, the methad allows dopendencies 535 to be declared. Tn such a
mranmer, the step list is optionally intemupted or paused until prercquisitc dependencics are
mct. This not only simplifics defining metheds, but also cnables steps to operatc in parallel,
thereby increasing threnghput efficiency.

Furthermore, any number of screens and/or methods are optionally performed
simullaneously, sesially, or in purallel. For example, a high throughput system of the
invention oplionally performs three screens, e.g.; in parallel, operating multiple methods
simultanecusly. For example, an operator oplionalty defines the three screens with priotities
for certain steps. For example, the aperator initiates screen one, which begins with a
dispensing step followed by an incubation step, another dispensing step, ﬂnothér incubation
step, and a detecting step. Screen two includes a dispensing step, unother dispensing step, an
incubation step, an aspirating stop and a detccting step. Screen three entails o dispensing
step, a detection step, a dispensing step and another detection step.

A controller system typically coordinates the robots and/or robel controllers to
preserve the priorilies programumed in each sceeen. For example, 4 specimen plate A s
optionally incubating in screen one. In parallel, a specimen plate B has undergone &
dispensing step and another dispensing step in screen two, and must wait for the incutration
station now accupied by specimen plate A. The controller system \directs the appropriare
robot controller to move specimen plate B to o temporary holding avea until specimen plate A
has complated its incubation. In this manner, a specimen plate C undergoing sereen three can
utilize the dispensing station that was lormerly oceupied by specimen plate B in soreen two,
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As a tesult, rowlfiple screens are ran at the same time, thus masimizing the effieiency and
throughput of the overal] sysiem with minimal uman intervention.

Referting again i Figure 4, methoed 490 not only performs steps on individoal
instrument devices, but also aceounts for moving specimen plates between instrument
devices. between work petimeters, and to and from holding areas. Thetefore. method 490
includes move/position information 550, Figure 6 illustrates a preferred input screen, sereen
680, for defining 2 move step. A graphical inpul soreen allows the wser 1o select a “from”
device 685 from a pull down menu, and a “to” device 690 from another pull down menu.
Preferably, dependencies 695 are typicaily set such thid they must be satisfied befare the
move occurs. Typically, moves are defined from device ta device, independent of cither
devices” station location. Only later, as the method 1s compiled or run wili the system
associate a physical location with cach device so robotic moves are determined. And chus
advantageously, the physical location of devices can be changed wiihout affecting defined
methods.

Further. many sampics are time, temperature, and moisture sensitive, so the
processing times ave typically monitored. Accordingly, method 4940 ullows for a default or
defined time slice 525, Time slice 525 defines the maximum time that a specimen plate can
be in transition belween devices. For example, if the time slice is set at five minutes, then the
rmaximum lime a specimen plate can he in ransport between devices would be five minutes.
If such time is exceeded, then an ervor condition oecurs and the specific specimen plate
would be identified as a reject. Preferably, this error condition triggers an operator alert.
Alternatively, the tefected specimen plate is maoved, e.g., to a receptacle and/or disposed.

Scieens also optionally consider information captured in the system varlables,
c.é., vatiablcs 495 in Figure 4. Fur example, plate descriptions 555 define which specimen
plates are active in the systers, ¢.8, and log that information inte a central inventory, and
associate specimen plates with particular bar codes, if present, The plate descriptions 855 can
be modified using the editor 360, Plate deseriptions also include sueh information as the
number of wells and plate: dimensions. By editmg plate description 555, an operator
optionally fniroduces new plates into the system, ar requests that certain plates be removed
from the system. Further, an operator defincs which specimen plates arc used in a particulac
seroen, for example, by setiing & range of plates io be used or selling a location from which

top retrieve plales.
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The system variables 495 also optionally contain system configuration table
365, Preferably, system configuration table 565 nssociates purticular statios locations o
specific devices. Accovdingly, system configuration table 563 provides the logical
asgociation of & device to a physical location. In a preferred embodiment, steps are typicaliy
defined to pperate on devices, which arc logically identified. As long as a device is
consistently identified with the same logjcal idenfifier, the device can be physically
positioned in any available physical location. In such a manner, a device can he moved to a
new gtution location in a rapid and convenient manner without disturbing the method or
developing a ncw screen.

For example, a device is optionally physically moved from a first physical
station location to a second physical station location. As an illustration, e.g., in Figure 3,
storage device 295 at station location 425 is optionally moved, e.g., 1807 in relation to work
robat 140, e.g., to station Tocation 410. Rditing the sysicm configuration table 565 records
the physical change, e.g., now associating station location 410 with device 295, Since the
system controller still identifies the device with the sarne logical identifier and not the
physical station location, the process proveeds nermally, without having to develop a new
soreen. Using system configuration table 565 greatly improves the flexibility and ease of
reconfiguration for the high throughput screening systems disclosed herefn. Altemmatively, no
configuration table is used. Instead, each deviee has a sof of Cantesian ceordinates associated
therewith and the system is reprogrammed with a set of points that are associated witl the
device whenever equipinent is moved. In this manner, the robots are optionally
reprogrammed each time a new device is added at a particular location and defined station
locations are not needed.

Tn one embodiment, 2 methed is compiled once a screen has been completely
identificd by its method, plate set, and systemn variables, During the coropiling process, the
systemn controller preferably performs numerots quality checks on the metbod and utilized
devices. For example, the compiler checks that the systam has sufficient incubator capacity
for the proposed method. Preferably, the compiler ot onty cbecks for circular, conflicting,
or irrelevant step dependencies, but alse optimizes the mmethod by recognizing steps that can
operate in patallel, The compiler also verifies all devices specified in the methad arc present
in The gyatem, and determines the station Jocations for cach device. Accordingly, with the

physical location of each device known, the required robotic mottens are calculated und
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sequenced. If erross are found in the method, the operator is notified and the compilation
optionally aborted.

Provided the method compiles properly, the screen is bundled into a schedule
473 that executes. For example, the scheduie executes the appropriate method on the
identified specimen plates and collects and reports data according to specific application
needs. In addilion, opce ihe steps, meihods, sereens, and schedules are defined, they are
optionally rearranged and reused, e.g.. to facilitate the development of new schedules.

Still referting to Figure 4, the softwaic architecture alse includes input-catput
control 465, The input-nutput control includes physical conneclions and Iogical
communication to the individual instrument devices using instrument device drivers 305, It
alsa includes network or other links back io the central sysicm 515, and communications o
the operator, which opttonally include an operator console and operaten” alerts. The present
inventions also typically provide input-output to other devices or systems. For example, the
input-output control conld provide imaging or printed output.

Software architecture 460 also confernplates that errors will arise on eccasion
wilhin Lhe screening syslems, For convenience, etrors are classified as hard errors 570 or soft
grrors 580 as shown in block 508, For example, soft errors can occur when a robotic gripper
fails to couple o a specimen plate after three tries. Other soft errors may include low fluids
in fluid-handling devices, and humnidity or temperature out of range in an incobator. In one
ambadiment, such soft error failures require (he altention of an nperator, but do not warrant
falting the process of rejecting one or more specimen plates. Therefore, upon detecting a soft
error, the system preferably nedifics an operater, such as by paging the operater according to
paging or aclivaﬁﬁg warning Lights or audible signals using an cperator alert.

However, the high throughput screening systems provided rmay alse
experience hard errors 570, Hard exrors typically eomprise major system failures such as a
broken gripper, a [ailed robot, of any situation that substantially affects the process in
aperation. For example, a fluid well running dry or a critical error reported by one of the
automated instrument deviees would trigger a hard errer. Upon defecting a hard envor, the
system preferably notifies the operater via paging or visual and audible alerts using an
operator alert. Alteinatively, the systom rejects one or mare specimen plates, and dispose of
thetn, e.g., in a disposal station.

Prafecably, the paging rules define an escalating order of operator notification.
For examgle, the paging rules typically define that one or more junior operators be notified
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for soft errors, but that more senior operators or managers be notified upon a hard fajlure. In
another example, the paging rules include time dependencies so that if #n operator does not
respond within a given time period, then anather operator is paged. Paging rutes arc
optionally adjusted and configured according to specific application requirements.

Referring now to Figure 7, 2 method of defining a screening process, 700 is
shown. Generally, defining a screen includes defning a process methad 703, selecting a set
of specimen plates 710 on which to operate the defined method, and scheduling the screen
715,

As shown in Figure 7, the method in block 705 ie defined by creating device
steps 720, creating move steps 725, and ar:ung‘ing.the device and move steps into a step list
730. Block 735 defines uny order dependencies. Block 740 associates spesific devices with
their respective station locations, Alternative steps are optionzlly used in defining the method
of block 73, After the method has been defined in block 703, the method is optienally
compiled as shown in bleck 745. Compiling the method typically includes oplimizing the
method for more efficient opsration as shown in block 750. Fuzther, compiling preferably
checks for dependency errors 755, such as circular, redundant, ant irrelevant dependencies.
Also, compiling typically includes checking ihat ail utilised devices are available in the
system as in block 760. Preferably, the method of defining a screen 700 provides a moduiar
and hierarchical method of defining screens. Advantageously, the present inveniion develops
efficient sereens, provides reusable methods, und easily reconfigures or scales high
thioaghput systens to meet changing production requirements.

By asing the above methods of designing proccsses andlor screens, large
amounts of compounds are optienally tested in a relatively sheit period of e with
accuracy, reliability, and efficiency. For example, abeut 506,000 samples are optienally
processed in about L day to about 4 duys. Example processes designed as desertbed above,

e, for use with the systems described above are detailed below.

B Example screetilng processes
In one embodinen:, a combination of analytica) devices, such as dispensing
devices, incubators, and dolsetors are installed i various station lecalions, each device
preferably carrelating to 8 unique and individual logical idantifier. Multi-well specimen
plates such as 1,536 well plates are processed robotically and in an automated fashion,
although any size specimen plate 1s optionally used. In a particular example, 4 T-cell
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activation antagonist screcn is performed. A dispensing device robotically plates Judkat cells
in specimen plares al a rate of about one te two minutes per plate. Onee raboloally
transported to another workstation, ancther dispensing device dispenses about 50 pl of liquid
into the specimen plates. After subsequent dispensing sleps and an incubation step, & detector
analyzes the specimen plates. Using this method, about 7000 compounds are optionally
screened for T-cell activation in about 70 mnutes. This embodiment further illustrates the
imegration of comimercially available analytical devices into tlhic present invention in order to
easily and conveniently reap the benefits of all the aferementioned advantages. Exemple

prétocc]s are provided below.

Leading Plates into Hotel

Typically, an operator [oads a plate storage avea with micto-plates that contain
the test compounds. The operator then typically inputs, c.g,, to the supervisor PC, a protocol
to load the plates inio an appropriate incubator or compound storage hotel. The rabot
individually urdoads plates from the plate storage arca and loads them into the appropriatc
incubator or other compartment, e.g.. storage compartments 910 and 212 in Figure 3. The
robot associated with that work perimeter scats all the bar codes on the plates ta be loaded,

and the holel locations of the plates.

Plate Replicution

Empty largel plates are loaded, e.g., into a first plate storage area in work
perimeter 940, again refersing to Figwe 9. The operator writes the protocol and lists specific
Hbrary plates to be replicated. The rabot i work perimeter 902 unloads a compound plate
from the hotzl and loads it ento the able of 2 384 Hydra 928. The robot in work perimeter
940 removes an empty plate from the plite siorage arex to ransker station 983, [rom which
the robot in work perimeter 920 moves it onto the table of a 384 Hydea workstation 928. The
Hyidra aspirates a pre-delermined volume of DMSO from the wash reservoir and dispenses it
into the emply (target) plate. The Hydra aspirates a pre-determined volume of compotmd
from the source plate and dispenses it into the target plate. The source and tacget plates are
remeved from the 384 Hydra and loaded back onto the appropriate incubators or hotels such
us, for example incubators 910 apd 91% in work. perimeter 202, -

30

JP 2004-511788 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(101) JP 2004-511788 A 2004.4.15

WO O2/31747 PCTATSNI32454

Compound Picking

The operator enters, e.g., into the supcrvisor PC, the specific compounds and
volumes 1o be retrieved from the [ibrary. Empty multiwell plates are loaded into an tncubator
930, referring to Figore 9. The robot scans all the bar codes on the plates and the hotel
locations to verify the Jocation @nd presence of these target plates. The robot in work
perimeter 920 unloads an empty plate from the hotel and loads it onto the Cartesian liquid
nandler 932, The robat in work perimeter 902 removes Lhe appropriate componnd plate from
a hotc) on the dial and loads it onto transfer station 918. The robat in work perimeter 920
removes the plate from the transfer station and [oads it cnro the Cartesian liquid handler.

The Cartesian aspirates a pre-deternnined volame of fluid from the cosrest
well{s) of the compound plate and transfers the fluid ta the target multiwell plate. The
compound (source plate) is remeved from the Cartesian and loaded back onto the transfor
station 918. The compound plate is removed from the transfer station by robot 216 and
loaded bacle into the appropriate hotel or incubater. Afier the desired number of target
compounds bave been picked (or the protocol corpleted), the target muliwell plate is
unfeaded from fhe Caricsian and loaded inte a hotel or other plate storage area (..,
incnbator 912 for turther use.

Dispensing Cells

1536 weil assay plates are loaded into the incubator 930, Roboi Y36 removes
the exapty 1536 well assay plate from the incubzator and positicas it onto the Cartesian 932.
Cells are dispensed into the wells of the 1536 well assay plate, e.g., with an approximatcly 30
second cycle time, Robat 936 unloads the plate from the Cartesian and places if back into the

incubater, The process is optionally repeated for gll 135 plales.

Adding Compaund

In thie ciohediment, about 540 compound plates are present in the library plate
hiotel. Robot 916 loads a library plele from the library hatel to the Hydra 96 Ultra 928, which
functions as a transfer station between work perimeter 92 and work perimeter 920. Robot
936 rernoves & 1336 well assky plate (with cells) from the incubator 930 and loads it onto the
Hydra 96 Ultra Y28. Fluid 15 aspirated 4 times, e.g., using the 96-dispenser head, frong the 394
cempound plate and dispensed into the 1336 well assay plate (it tales approximately 3 min to
complete 4 washes and 4 aspirate and dispenses). Robot 936 remaves the assay plate from the
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Hydra and loads it back into the mcubator 930. Rebot 916 remeves the compound plate from
the Hydra and loads it back iato the library hotel 912, Typically, robots 936 and 916 load 2
tatal of 137 agsay plates and 540 compound plates into and out of the Hydra 96 Ultra.

Ienbarian
Assay plates are typically incubated for about 4 hours (plus er minus 10%),
.., pror ta being removed for imaging. Therefore, plates are typicaily being moved to the

readers while compounds are being dispensed info assay plates.

Dispensing Reagens and Plate Reading

A 1536 well assay plate iz removed from the ineubator 930 und loaded inte the
Camegian 932 Onc or more reagent is dispensed fnto each of the 1536 wells in the assay plate
{approx 45 seconds). Robot 936 removes the plate from the Camesian und loads it onto the
material handling dial 983, The matedial handling dial transperts (he assay plate from work
perimeter 920 to work perimeter 94, The robol in worlt perimeter 340 removes the plate
from the transfor station (which, in this case, is a material handling dial} and loads itinte the
plate reader 948. Plates are preforably loaded to the reader in less than sbout 30 seconds after
dispensing of reagent. The plate is read (approx 5 minutes). After the plate is read, robot 946
removes the plate from the incebator and loads it back on the material handling dial. The
material handling dial transports the plate from work perimeter 940 1o work perimeier 920,
The robot in work perimster %2 to returns the completed assuy plate to the incubator. The
process is typically repeated for each of about 135 assay plates.

When ldnetic plate reading is desired, the robot optionally returns the plates to
the plats reader after uddidonal incubation times. For example, robot 936 ronoves the plate
from the incubator and loads it joto 2 hotel in work perimeter %40, After 30 minutcs robot 946
removes the plate from the hotel in work perimeter 940 and loads it back inta the plate reader
948, The plate is read {approx 1 minute). After the plate is read, robot 946 removes the plate
from the incubator and loads it into the hote] in werk perimeter 940, After an additiona? 30
nminutes, robot 946 removes the plate from the frotel in work: area 940 and Joads it back inta
the plate reader. The plate s read (approx 1 minute). Afver the plate is read, robot 946
removes the plate [rom the plate reader apd loads it back on the material handling dial 983.
The material handling dial transports the plate from cell work. perimeter 940 to work
perimeter 920,
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Dispensing Lgitipment Process Developmen:

The aperator typically writes a protoco’ to dispense 3 pul of cells into one 1536
well plate and then manually loads one or mare 1336 well microplates onto the table
compiising a Cartesian workstation, which automatically dispenses cells into wells of 1536
well plate.  The operator optienally manually removes the plate and visually inspects it. The
plate is then typically manually loaded into a plate reader, which reuds the plate. The plate is

then typically removed, e.g., manually,

One skilled in the art will appreciate that the present inveation can be
practiced by other than the embaodiments which are presented in this description for purposes
of illustration and not of limitation, and the present inveniion is limited ooly by the claims
which follow. Jtis noted that equivalents for the particular cmbodiments discussed in this

description may practice the invention as well.

While the foregoing invention has been deseribed in some detail for purposcs
of elarity and understanding, it will be elear to one skilled in the art from a reading of this
disclosure that varieus changes in form and detail can be made withont depurting from the
rue scope of the invention, For example, all the techniques and apparatus described above
may be used in various combinations and other uses for the present invention are also
conlemplated. Tu particular, other high throughput processes may utilize the present
invention. Also, the present Invention is optionally employed to assemble electronic devices,
medical devices, or other devices that require multiple assembly steps. In addition, the
present invention can be wsed to perform medical testing, chemical synthesis, ot any ather
multiple process procedure.

All publications, patents, paient applications, or other documents cited in this
application are incorporated by reference in their entirety for all purposss to the same extent
as If each individual publication, patent, patent application, or ather documen were

individually indicated to be incorporated by refecence for all purposes.
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WHAT IS CTATMED 15:

1. A high throughput processing aystem, the systern comprising:
(@) 1 plurality of rotational robots, wherein cach of the rotational robots has 4
reach which defines # work perimeter associated with that rotational robot;
by at least one device associated with each of the work perimeters, wherein at

least one of the work perimeters has two or more devices exclusively within the reach of the

mwtational robot associated with that work perimeter;

(e one of e transfer stations associated with at least a first work perimeter and
a second work perimeter, for trmsferring one or more swples from the Orst worl perimeter
to the sccond work perimeter; and

{d) a plurality of sample holders, which sample holders are trangported between

two or more devices or between two or mors work perimeters durng operation of the systam.

"2 The high throughput processing system of claim 1, wherein members of a

first set of sample holdeis cach comprise a ptucality of test samples,

3. The high throughput processing system of claim 2, wherein the tost
samples comprise chemical or biochernical compounds, nucleic acids, peptides. polypeptides,
proteins, carbohydrates, cells, semam, phage particles, vitions, cnzymes, cell extracts, lipids,

or antibodies.

4,  The high throughput processing system of claim 3, wherein the test

saples comprise g library of cDNA molecules.

5. The high throughput processing system of clain 3, wherein the test
samples compsise a library of gene regulatory regions eperably linked to a reporter gene.

6.  The high throughput processing system of clahn 5, wherein the
regulatory regions in the library ave derived from genes that are differentially expressed in a

cell depending upon the presence or absence of a particular stimulus.

7. The high throughput processing system of clabm 3, wherein the test

samples comprise a library of antisense nucleie acids or doublo-stranded RNA molecules.
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8. The high throughput processing systetn of claim 3, wherein the test

samples comprise a combinatorial library of chemical corapounds.

4. The high throughput processing system of claim 2, wherein a second set

of sample holders are assay helders that comprise containers for conducting an assay.

10, The high throughput processing system of claitn %, wherein the assay
containers cOmprise One of more components of an assay, and a test sample is added to the

assgy containers o determine the effect of the test semples on the assay.

il. ‘The high throughput processing system of claim 10, wherein the agsay is
selected from the greup consisting of & G-protein eoupled receplor assay, & Kinase assay, a

protease assay, @ phosphatase assay, and a trapscription assay.

12. The high tbroughput pracessing system of chzim 10, wherein the assay is

a vell-based assay.

13. The lugh thronghput processing sysiem of claim 1, wherein the sample
holders comprise one or more of specimen plates, muliiweil plates, petri dishes, test tube

arrays, vials, crucibles, flasks, reaction vessels, or slides.

14. The high throughput processing sysiem of claim 13, wherein the samiple

holders comprise one or more of 1536-well plates, 384-well platcs, or 96-well plates.

15. The high throughput processing system of cliim 14, whesein a first work
perimeter comprises 384-well plates and 4 second work pedmeter comprises 1536-well

plates.

16. The high throughput processing system of claim 1, wherein the rotational

robots each compiise one or more grippers configured to transport the sample holders.

17. The high throughput processing systern of claim 16, wherein the gripper
comprises a scnsor struciured to determize & lucation of the gripper apparatus relative to the

object.

18. The high throughput processing system of claim 16, wherein the gripper
coinprises a deflectable member structured to coupls the gripper apparatus to a mobotic

35



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(106) JP 2004-511788 A 2004.4.15

WO 02747 PCTATRN (32454

member, which deflectable member is structured to deflect when the gripper apparatus

contacts an item with a force greater than a preset force.

19. The high throughput processing system of claim 1, wherein the transfer
station trausfers (he one or more samples by transferming a sample holder from a first work

perimeter 0 a second work perimeter.

20. The high throughput processing system of elaim 1, wherein the transfer
station comprises a fluid transfer device which transfers samples from a sample holder in the

first work petimeter to a sample helder in the second work perimeter.

21. The high throughput processing systern of claim 1, whereino, the rotational

robots are configured to transport one or more sample holders along 2 mult-directional path.

22. The high throughput processing system of cluim 1, wherein the system

comprises between 2 ana 10 rotational robots,

23. The high throughput processing system of claim 1, wherein fhe deviees
are sclected from the group consisting of a fluid transfer device, a mixer, an incubator, 2
storage compartment, a thormoceyeler, a plate carousel, an antomatic sample processor, 2

detector, and a replating station.

24, The high throughput processing system of ¢laim 23, wherein one or more

of the devices comprises a fluid transfer device.

25. The high throughput processing system of claim 24, wherein the fluid
transter device comprises an apparatus selected trom the group consisting of a pin tool, 2

syringe, end a pump.

6. The high throughput processing system of claim 24, wheren at least one
of the sample holders is 2 multiwell plate and the fluid transfer device comprises an array of
receptacles arranged such that cutlets of the receptacles are aligned with a plurality of wells

of the multiwel] plate.

17. The high throoghput processing sysicm of claim 26, wherein the fluid

iransfer device comprises 96 or 384 receptacles.
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28. The high thronghput processing system of claim 26, wherein the

receptacles are syringes.

29. The high throughpul processing system of claim 26, wherein the fuid

traosfer device:

aspirates a volume of sample intw vne or move of the receptacles from a weli of a
multiwell plate which is aligned with the outlet of the receptacke;

returng a substantial portion of the volume of the aspiraied sample to the woll of the
multiwell plate, the zetumed volume of the Hiquid being less than the aspirated volume so that
a volume of sample is retained in the receptacle;

dispenses a portion of the retained volume of sample into 2 well of a second multiwell
plate; and

discards any remaining volume of retained liquid.

30, 'I'he high throughput processing system of claim 29, wherein the volume

of the aspirated sample is at leasl several times the volume of dispensed sample.

3. The high throughput processing system of claim 25, wherein at least one
of the sample holders is a multiwell platc and the finid transfar device is a pin tool that

comprises an array of ping that are aligned with z plurality of wells of the multiwcll plate.

32. The high throughput processing sysicm of claim 31, wherein the pin toal
further comprises one or more wash stations in which the pins arc washed between ransfers

of flid from one multiwel] plate 1o another by the pin tool.

33, The high throughput processing system, of claim 24, wherein the fluid

transfer device does uot comprise disposable pipette tips.

34. The high throughput processing system of claim 33, wherein no fluid

transfer device in the systemn comprises disposable pipette tips.

35, The high throughpuot processing system of claim 24, wherein the fluid

transfer device comprises a positive displacement pump coupled (e a dispenser vaive.

36. The high throughpul processing system of ¢lairn 1, wherein ong or moxs

of the devices comprises an automatic sample processor.
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¥7. The high throughput processing systein of claim 23, wherein one or more

of the devices comprises an incubator or storage compartment.

38. The high throughput processing system of claim 37, wherein the system

comprrizes storage compartments that provide storage capacity for at least 350,000 samples.

39, The high throughput processing systers of cluim 38, wherein the storage

compartments provide storage capacity for at least 700000 samples.

4. The high throughput processing system of claim 3%, wherein the storage

compartments provide storage capacity for at least 1,400.000 samples.

41, The high throughput processing system of claim 37, wherein the
incubator or storage compartment comprises:
(a) a housing comprising a plurality of doors, which doors close at least one
opening disposed through at least one surface of the housing;
) atleast ane movable shelf disposed within the kousing, which shelf is capable
of aligning with the apening;
wherein each of the plurality of doors is independently accessible by the rotational

robot,

42, The high thronghput processing system of ¢lairn 23, wherein one or mors

of the devices comprises a detector which detects ene or more ieadouts of assay results.

43, The high threughput precessing system of elaim 42, wherein the deicctor
camprises a device selected from the group consisting of a fluorescence defectar, a
spectrophotemetric detector, a lurninescence detector, 2 phosphorescence detector, an X-ray
detector, & radio-frequency detector, 2 bar code teader, a mass specl.rnrneber,la radiozctivity

detector, and an optical detector.

44.  The high throughput processing system of claim 42, wherein the detector

comprises a camera which records fmages of the assay results.

45. The high lhroughput processing system of claim 44, wherein the images

arc digital fmages.

58



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(109) JP 2004-511788 A 2004.4.15

WO O2/31747 PCTATSNI32454

46. The high throughput processing system of claim 44, wherein the images

are analysed to determine assay results which indicate & desized effect of a test sumple.

47, ‘The high throughput processing system of claim 1, whersln the system

can perform assays of at least 100,000 samples in one day.

48. The high throughput processing system of claim 47, wherein the system

can perform assays of at least 350,000 samples in one day.

49. The high throughput processing system of claim 48, whorein the system

can perform assays of at least 700,000 samples in one day.

50. The high throughput processing system of claim 1, wherein the sample
holders are multwell plates and one or more of the devices comprises a positioning device
that comprises at leust a first alignment rcmber that is positioned to contact an inner wall of

the multiwel( platc when the multiwcll plate is in a desired position on the device.

51, The high throughput processing systen. of elaim S0, wheremn the
positioning device further comprises a pasher that can move the multiwell plate in a first
direction to bring &t lcast a tirst inner wall of the multiwell plate into contact with one or

more of the aligmnent members.

52, The high throughput processing system of cluim 51, wherein the
positioning devies further comprises a second pusher that can move the multiwell plate in a
second direction to bring a second inner wall of the multiwell plate inte contact with oue or
meore glignment members that are positioned to contact the second inner wall of the multwell

plate when the mulfiweli plate is in a desired position on the device.

53. ‘The high throughput processing system of claim 1, wherein the sample

helders comprise one or more Lids,

54. The high throughput processing system of ¢laim 53, wherein the sumple
holders are multiwell plates and the lids comprise:

a wover having a top suclace, a bottor surface, and a stde;
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an alignment protresion extending from the side of the cover, the
alignment prolrusion positioned W couperate with an alignmoent member of (he mvlawell
plate;

4 gealing perimaeter positioned op the hattom suvface of the cover; and

whersin the alignment protrusion facilitates wigning the lid to the plate
50 that a seal is compressibly received between the sealing perimeter and a sealing surface of

the multiwell plate.

55. The high throughput processing sysiem of claim 33, wherein one or more
of the work perimeters comprises a de-lidding station at which a lid is removed from &

sample holder.

56. The high throughput processing system of claim 33, wherein the lid is

constructed from stainless steel.

57, The high throughput processing systern of clzim 1, further comprising 2

controller operably coupled to the high throughput processing system.

58. The high throughput processiog system of claim 57, wherein the
controller directs transport of the sample holders between one or rere of the work perimeters

or between one or mote of the devices.

£9. The high throughput processing system of ¢laim 58, whercin said

transport is non-sequantial or non-linear tranaport.

60, The high throughput processing system of claim 57, wharcen the

controller is configured to recaive aperator instructions and provide operator information.

61, ‘The high throughput processing system of claim 60, whercin the operatar

nstructions are received through 2 graphical user interface.

62. The high throughpot processing system of claim 57, wherein a separate

controller controls cach rotational robot.

63. The high throughput processing systetn of clalnz 62, wherein the systen
further comprises an operator interface that receives operator instructions and provides

operator information from each controller.
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64, The high throughput processing system of claim 1, further comprising an
operator alert operably coupled to the system.

65, The high throughput processing system of claim 64, wherein the operater

alert comprises a visual alerl, an audio alert, or a paging alert.

46, The high throughput processing system of claim 1, wherzin the system
comprises # first wark perimeter directed to test sample storage and a second perirseter
directed to performing an assay.

67. The high throughput processing systern of claim 66, wherein the test

samples comprise chemical compounds.

68, The high twoughput provessing system of claim 66, wherein the transfer
station comprises a fluid transfer device that fransfers an aliquot of a test sample from a
sample helder that comiprises test saraples to an assay sample holder in which an assay is to

be performed.

6Y. The high throughput processing system of claim 68, wherein the assay
sample holder comprises vne or more of living cells, cell extracts, nucleic acids,

polypeptides, antibodies, or chemicals.

70, The high threughput processing system of claim 66, wherein the assay
comprises one or more of a biochemical, chemical, biological, micrabiological , or cell-based

assay.

71. The high throughput processing system of claim 66, wherein the sccond
work pediteter comprises an incubator for maintalning the assay sample holders in a desired

enviroiument.

72. The high throughput processing system of claim 60, wherein the system

[urther comprises a detection device for collecting data from the assay.

73, The high throughput processing system of ¢laim 72, wherin the
deteclion device is located in the second work perimeter.
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74, The high throughput processing system of claim 72, wherein the

detection device is located m a third work perimeter,

75. A method of performing a high threughput sssay, the method
comprising:

(=) providing a library of test samples in a phurality of multiwell plates, wherein
the muitiwell plates ste present in 4 high throughput processing systom that comprises:

(i} aplurality of rotational robots, wherein sach of the rotational robots has &
reach which defines a work perimeter associated with that retational roboet;

(ii) atleast one device associated with each of the work petimeters, wherein
at least one of the work perimeters has two or more devices exclusively within the reach of
the rotaiicnal robot associated with that work perimeter; and

{iii) one or moers transfer stations ussociated with at lesst a fitst work
perimeter and a second work perimeter, for iransferring one or more samples from the first
work perimetes Lo the secend work pedmeter;

(&) cxcouting a computer pragram which directs the high throughput processing

system to:

(i) dispense aliguots of the test sumpley into ussay plates;

(ii) dispense cells, reagents, and other assay components into the assay plates;
and

(iii) ransfer the assay plates to a defector which determines the results of the
ussay.

76. The method of claim 75, whercin the library of test samples is stored in a

first work perimeter and the assay reagents are dispensed in & second work perimeter.

77. The methed of claim 76, wherein the detector {5 present in & third wotk

perimeter.

78. A method of defining a process for operation on a high throughput
processing system ag provided in claitm 1, the method comprising:
{a) creating o plurality of device steps, cach device stefy instructing one of the one

or mors devices in the high throughput processing system;
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{b) creating a plurality of move steps, each move step instructing that at least a
first memdber of the plurality of rotational robets move one or more of the sample holders to
one of the nne or more devices; and,

(c) arrpnging the device steps and the move steps into a step list, (be step list

defining an order for performing the process.

T8 A method of transferting a plarality of samples from two or more
members of & first set of multiwell plates to a member of a second set of muldwell plates, the
wethod comprising

(a} providing the wo or more members of the first sel of multiwell plates, which
members comprise the plurality of samples, wherein cach member comprises a macker i at
least a first well of the multiwell plate;

(b)  teansferring the plurality of samples and the marker from the members of the
first ser of multiwell plates to & member of the second set of nrultiwell plates; and

{c) delermining the location of the marker from each member of the first set of

multiwell plates in the member of the second set of multiwell plates.

80. The method of claim 79, wherein determining the location of the markers

comprises visual monitoring or fluorescent monitoning.

81, The method of claim 79, wherein (he members of the second set of
multiwell plates have a numbec of wells that is a whole number multiple of the number of

wells in the members of the first set of multiwell plates.

82, The method of clairg 81, whesein the first set of multiwell plates are 96-

well plates and the member of the second set of multiwell plates is 2 334-well plate.

83, The method of claim 81, wherein the first set of multiwel] plates are 384-

well plates and the member of the second set of multiwell plates is 2 1536-well plate.

84, The method of cluim 85, whorein the first sct of maltiwell plates arc 96-

well plates and (he member of the second set of multiwell plates is a 1536-well plate.

83, The method of claim 81, wherein samples and markers are ransferred
from four members of the first set of moltiwell plates 1o one member of the second sel of
multiwell plates.
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86. The method of claim 79, wherein each member of the first sei of
multiwell plates from which samples are transferred 10 4 member of the second set of
multiwell plates compriscs a marker which differs from the marker in other members of the
lirst set of multiwell plates that are wansferred to the member of the second set of multiwell

lates.

87, The mewhod of claim 86, wherein the markers comprize colored dyes and

the martkers differ in the color of the dye.

88. The method of claim 86, wherein the markers comprise flucrescent dyes

and differ in the concentrations of the fluorescent dyves.

A9, The methed of clat 86, wherein the marker in each member of the firgt
set of multiwell plates comprises both & fluorescent dye and a colored dye, and the markers
differ amoag members of the first sef that are transferred ta 4 member of the second set of

multiwel; plares in the color of the colored dye and the concentration of the flenrescent dye.
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LOADING

a.) Y-Axis Pusher Open
b.) X-Axis Pusher Open
.} Vacuum Source Off

POSITIONING

a.} Y-Axis Pusherin Tension
b.} X-Axis Pusher Open

¢.) Vacuum Source Off

POSITIONING

a.} Y-Axis Pusher in Tension
b.} X-Axls Pusher in Tension
¢.) Vacuum Source Off

CLAMPING

a.} Y-Axis Pusher in Tension
b.) X-Axis Pushar in Tension
c.} Vacuum Source On
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