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BACKGROUND OF THE INVENTION
Automated processing systems are useful in many applications and fields.

For example, automated laboratory systems are used in biotechnology and biomedical
industries, e.g., for producing large numbers of samples and screening these samples for a
desired property. Such samples include, but 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 a 384 or 1,536 well plate.

Automated systems using specimen plates generally provide faster
processing of samples as compared to manual processes. High throughput automated
systems typically involve rapid, repetitive manipulations of individual elements. One
deficiency in existing technology is that as processing throughputs increase there is a
degradation of reliability.

One example of an automated processing system is found in U.S. patent No.
5,985,214, which relates to a system having several workstations. A conveyor transport
moves specimen plates holding samples between the workstations. Accordingly, the

specimen plate moves in a linear fashion from a first processing workstation to the next
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Disadvantageously, current high throughput processing systems are limited to
unidirectional workflow and inflexible testing regimes. For example, once the testing
samples are delivered to a workstation in U.S. patent No. 5,985,214 or the interchangeable
unit in U.S. patent No. 5,928,952, the samples proceed inexorably from one workstation to
the next workstation in only one direction. Current systems do not allow for a sample to
proceed, for example, from an assaying step, to a dispensing step, and then back to the
previous assaying step. Instead, an entirely new workstation must be built subsequent to the
dispensing step in order to perform the assay step that was provided two workstations ago.
As each workstation is capable of performing only one function, every additional step in
current systems involves adding another robot and another workstation, thereby entailing

additional alignment, integration and calibration with the overall system.
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WO 02/ 31747 PCT/ US01/ 32454 Therefore, there exists a need for an efficient
aut omat ed processi ng system such as a hi gh throughput processing system
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fromthe gfge vajrk pBEmeRYhas tRobr mddO8éiéRRREuEVelF within the reach of the associated
rotational robot. In addition, one or more transfer stations is associated 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 a non-sequential or non-linear path.

The systems also typically comprise a plurality of sample holders, e.g.,
comprising a plurality of test samples or compounds, which sample holders are transported
between devices and work perimeters during operation of the system. Typical sample holders
include, but are not limited to, specimen plates, multiwell plates (1536-well plates, 384-well
plates, and/or 96-well plates), petri dishes, test tube arrays, vials, crucibles, flasks, reaction
vessels, slides, and the like.

In some embodiments, the sample holders comprise one or more lids. An
example lid of the invention comprises a cover having a top surface, a bottom surface, and a

side. An alignment protrusion extends from the side of the cover, e.g., positioned to
3



WO 02/ 31747 PCT/ USO1/ 32454 cooperate with an alignnment menber of the
multiwell plate. In addition, a sealing perineter is positioned on the
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assay, a kinase assay, a protease assay, a phosphatase assay, a transcription assay, and the
like. ‘

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

Devices for use in the system are typically selected from a fluid transfer

device, e.g., a pin tool, a syringe, a pump or the like, a mixer, an incubator, a storage



WO 02/ 31747 PCT/ USO1/ 32454 conpartnent, a thernocycler, a plate carousel,
an automatic sanple processor, a detector, a replating station, and the
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The systems of the invention can include storage compartments that provide
storage capacity for at least about 350,000 samples. In some embodiments, storage is
provided for at least about 700,000 samples, or at least about 1,400,000 samples. An example
storage compartment has a housing that includes a plurality of doors, which doors close at
least one opening disposed through at least one surface of the housing. At least one movable
shelf is disposed within the housing, which shelf is capable of aligning with the opening.
Each of the plurality of doors is typically independently accessible by the rotational robot.

Detectors included in the systems of the invention can include but are not
limited to, a fluorescence detector, a spectrophotometric detector, a luminescence detector, a

phosphorescence detector, an X-ray detector, a radio-frequency detector, a bar code reader, a
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5 WD 02/ 31747 PCT/ US01/ 32454 nmass spectroneter, a radioactivity detector,
an optical detector, and the like. In sonme enbodinents, the detector
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wh i h devi t t f de th
et el sech Sevt ooyt S OSAART ARG SR B8 RLoIRES. SO SERAL,

created. &ﬁﬁﬂ@ll@P&&r%l?thﬁl% foUt‘ﬁE Sysim! €8S borfrdllief Eﬁ)ldﬁﬁ%ﬁ’éct@ftranéﬂaﬁ JHipg al ity
of rotational robots, e.g., to nove one or nore of the sanple holders to

one of tmnrdﬁéoldﬂrsmtwemtmmmorérhéthdmrb eelsmetpss arigtwéem anewe nyrrepbthar e
then arra ed i t he st t defi order .for

e on B8’ ObSale MsHReidnsdb prdeu ghE Bired e SREiPAIBEEFEIIE SN des a
net hod of optichaRY BE kdoBBred thridhgh agtdpmcafusaaMrﬁ&efromtm or nore nenbers of
a first set of multiwell plates to a nmenber of a second set of multiwell

pl ates. The nethod Iry@q%ﬁrlayp%mm@twmm@ prgvideemeiheds pf defgieg frenber s

o Serpt 5 Bl S 0 B BB G RIRSud l
first wel methods ty@ldmulytcbn@hlse ciehttdigea plkuditp biidetidet syepsf whéersil eash devdcd frep mir ker

are then transferred fromthe nenbers of the first set of nmultiwell plates
to a nmenbBFeRts preokibe Rg osmEAe iR in (e hightheuebputaracessBE FyeaRi n  of the

g?r rﬁ; f r o4 B BBV SEpOhre LIS chddit 182h nffve m:élptlh%ﬁ}c s RGeS fitsPnlelifbelBTOEr

the plurality of rotational robots, e.g., to move one or more of the sample holders to one of
the one or more devices. The device steps and the move steps are then arranged into a step
list, the step list defining an order for performing the process.

In another aspect, the present invention provides a method of transferring a
plurality of samples from two or more members of a first set of multiwell plates to a member
of a second set of multiwell plates. The method typically comprises providing the two or
more members of the first set of multiwell plates, which members comprise the plurality of
samples. In addition, each member comprises a marker in at least a first well of the multiwell
plate. The plurality of samples and the marker are then transferred from the members of the
first set of multiwell plates to a member of the second set of multiwell plates; and 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 is determined. Determining the location of the markers

6



second set of multiwell plates is determi ned. Determ ning the |ocation of
the markers 6 WD 02/ 31747 PCT/ US01/ 32454 typically conprises visual

noni t or i ngRfa/sfih440r escent nonitoring. For exanple, each mﬂi\*}zﬁsm/@hsﬁ he

first set of rrultlvvell pl ates typically conprises a narker ich differs
fromthe mar k i n ot her rrenbers of the first set. of rrultlwell platﬁi),
thet @Pgmeaﬁwlw EONHPERE o fdioressppt meptosingy Eps CxAmRlecarymepber

CO' or of b B¥& sBNGF b1 {M&ﬁ ﬁf%?ﬁaﬁ?%%‘g%é fa'r#%gfél CalﬁPﬁ dﬂﬁe?sgfroﬁqge H{ah{e‘?r

in the concentrations o escent nmenbers of the
second setn mrhexrmbmbeme lof thel fastest hiameltlavempmes eqf, thmaiaﬂ&rst_ ¢mahprise calondtbd s

nunber t e.nu lI's in rs of the first

mul tiwel | 2 I&i@lﬁ Sutkors AT eeco?qrwﬁe@affaﬁ oaﬁ& "?R@rcgnwalﬁe BuorrGht e, ed
from four anﬁ@i@’ﬂéﬁfrﬁth@fcoﬁ&%uﬁﬁérﬁtof%}%ﬂlﬁfres!wﬁttd plates to one nenber of

t he second set of nultiwel plates. The fi t set of multiwell plates can

be, for exanple, 96Twmcallpﬂmm@nlamdoff the ssmodnel cfenultiokll pidtes haet b npivkeest ar e

wol 1 pl at Bl i A oS Bhimb e iliofab Bmfi g e ooy S F e85
conpr i sesofipdfirwedl platep) F@neé(am PIeE tHERda IS affl endPRrh batbStransfét@iftdm EQlr use
with a high throughput proceSS| ng Séstem as described herein. Such systens

can have, rriembe@@frtm first seief nyphiéwell plsteateongmenbengfitke sgsend ﬁ@toé mudtheelh pl at e

ot hods- oP otdte TR Sebor SRR ohdle IR0 Chor PnkpIR e HED Blatc e R b Ather

transferr eﬂm@an@ Iﬂht;es afer 33 WélEplatest Altérdatardy, ey filayet aﬂnﬁltdvélf plaen tireves4l
density. Each of these systenms and nmethods are described in nore detail

bel ow. - BRIER phtescr 96w ellipbaes rpg e seemisetpjmnkivell platgs eorapisemnl §30-wisd
| h h
orosent | plitst 82 mo QAP SHARERAG OV R RAS dB.B05R pARAG I 2

t hr oughputs &cscnlmi hegems Yatlesysteensgean hase, Sbwosmanipie, lohe type of pldid PLore viorks a

di agram show n t| on | ocat i ns for a high throughput screening stem
as shown PF#Ipf ml 3 plafe; haying andifferegt HP%@R“W&@P‘&?W%%&WWQHW%AE heplating

ar chi t ect Y@ Jd8 oAHE S GABER al’MT)\tv Bine E(hgscgtctﬁﬁ ShetHePY: lbéjé}e i a fr@d Qorrectl]

illustrates an i nput screen defining a step | accof dance
with the fmmmtplatnvz@anqthm haf ngurchffé‘renﬂ Wels demitgs Each oﬁtheﬂe ssysteme and orethods

defi ni ng grer(ri%g&bfeg & JTE Eletal below accordance with the present invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a diagram of one example of a high throughput screening system
made 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 locations for a high throughput
screening system as shown in Figure 1.

Figure 4 is a block diagram showing software architecture in accordance with
the present invention.

Figure 5 illustrates an input screen for defining a step in a method in
accordance with the present invention.

Figure 6 illustrates an input screen for defining a move for a method in

accordance with the present invention.



7 WO 02/ 31747 PCT/ US01/ 32454 Figure 7 is a block diagramillustrating a
nmet hod of defining a screen in accordance with the present invention.
Figure 8 {y§ @/,9%89r am showi ng station |ocations of a non-Ij 0185R_¢€ssi ng
systemin accordance with the present invention. Figure 9 illustrates an

exanpl e hi gh throughput processing systemof the invention. Figure 10

il lustrates a conmufiedss | & Hpdgliagappillustiing\panethod Abdsiining £GEFED 9.
Figures 11A-Dy.i I & Il multiwell plates each conprising a
uni que nar 8&%&%@@%@5&3&%&?% procedure. Figures 12A and 12B
illustrate higher weigurel®msa diggpreshewingwistiondntaions bhanow-tinea pracesding he

four 96 well plates jn Figure 11. Fiqure 12A illustrates a 384-well plate
cb i fACPEnreYER e

and Fi guf ¥t 1 3qep _ preseat P?“Oﬁr ate. Both of the higher well
density plates conpgigyge b NRustHRE Kﬁéy@anhﬁl&hfgﬂféﬁiroh?hﬁd?%r&_@sﬂ\ﬁé dysihdbBdet O
indicate the orientation in which thelower wel density plates were
t r ansf er r sentport. he hi gher well density plates. Figures 13A, B and C

illustrate a multiwel | seful for precise alignment. Fiqure 13A

b ovi des & top vi ewrier TR R b inRESS) §EeGm A My seppPihTa e
provides @ cross-sectional view. Figure 14 illustrates a positioning
device in operation, with the alignnment tabs contacting the inner wall of
a microwel | plate, &iggres H-Bribusiratnionr orvellimultinelt plateryraph SOUBSSITB2A0F THE
| NVENTI ON_T: f e ' ' fl exi ble, robust, accurate, and
reliable grygﬁ%ﬁlﬁﬁ?%%ﬁ%%ﬁ%é@ﬂ?ﬁﬁﬁ%cﬁﬁfhr oughput processing, e.g., for
screeni ng | arge nunBglusesol2Asaipl 2Bsillustfdie higheseell demyig pldtethal dogwiathes to a
great extent the disadvantages of known systens and methods for screening,

anal ysi s, ceHentaeEbaiipyr 9oruell platesin Bigurenll. drisaed2Aslusteatesyr diA-weld plate and
mul ti-dir ' . i s '
Accor di ngl B H R AERP R AERRN G2 IRREL! bRl ARP R B aErtidiffe e |
and f| exi matkeryinofudpd ocths S6svelyglhteas indighte thdorbangdtjumtin sdieethe bgwaneelbt her
met hods requiring repetitive manjpul ati ons .of many individual elenments. In
addi ti on, g%ﬁgy@}ag%se‘ﬁ_rei“ﬁ‘%fﬁ’fr%w t&%’tﬂ%ﬁ”f\?ﬂ%‘f desidPiiFsate and quick assenbly
of multi-elenent deﬁi%l‘?és BUCIB A% CRisGat dRYHGRE pld BldiF o FLSE Sligrid(: O
el ectronic devices. :

Figure 13A provides a top view, Figure 13B provides a side view, and Figure 13C provides a

cross-sectional view.
Figure 14 illustrates 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, accurate, and reliable systems
and methods for high throughput processing, e.g., for screening large numbers of samples.
The present invention alleviates to a great extent the disadvantages of known systems and
methods for screening, analysis, and assembly. For example, the present system provides
multi-directional and non-linear transport between multiple devices. Accordingly, the present
invention improves the reliability, efficiency, and flexibility of processes such as high
throughput screening and other methods requiring repetitive manipulations of many
individual elements. In addition, the present invention also provides accurate and quick
assembly of multi-element devices such as medical devices, testing devices, and/or electronic

devices.



WO 02/ 31747 PCT/ USO1/ 32454 A typical systemof the invention conprises a
plurality of rotational robots, each of which is associated with a work
peri met erywowhihtss each work perinmeter are a nunber of dey 018284, 1IN
various station locations within the work perinmeter. In addition, each

station location and/or. device i s configured to be accessi.ble.by.the robot
256001 at ed wi t h t hok GBI HREFHLEF Ban G Eimhe® 8eliraas SEBuTH tivee:
Typi cal | y eachtofivaagt is@B® M dwRE b iRk BErilda®r. MithiPeh W Ip@ﬁﬂlb&?ﬁretehﬁiml%re
exclu5|vel¥ within the reach of the associated rotational robot. Transfer
stations &féevagesce-gy pi vaiouy siafien lagatdonsevithin theeyoukaerimstde. pepddidemesch t o
facilitat . er of.,sanples fromo rk _perineter tao,anot.her r

or et or SRR REE D BlalSUPRIGET SRR ATa P PP bR ey BRGGHED v the

cont r ol | ekorlep&imetar idGvhi€h the, deViRe is fisitRBed N Wy%ib@l%‘s, ROTehst@he SRR beriReleeRisS
bet ween devi ces and directing processing by those devices. The controllers

are typi callegst bupfeyjeesahatiase prcbesivedy wifbindhe reach of theassesiptedrptatipnaliobet-
operator informatio A . i.nv i i
flexibility in ml t?}fﬁ%&\?&%ﬁﬁ% aﬁéxt%ﬁn%@flﬁ?lﬁgé%s- "gdeggw%ge‘g&r%eﬁﬁ’gwé% ens
of the i nfeilitatonraasfer ofsanpieal from ane angeperaneer tpeaotheowerk pdring¢rect ed
station | ocati ons %O{ldi ng to the specific requirenents of a desired
appl i catig thepmore thyy whole gestem s ypically caplsdtogangrbet ¢-g & Boreth 106 a
specific ' ' i 1] - £.e L hi | it hin
each appl iai(iféaﬂtdin%%falnlg'jﬁc?rrt éé%&%%?%?&?ﬁg b%ltg\%lg% ggﬁ%%%td Elfgfegtgl%“{ %ﬁégs?%lgg %ﬂlleé)gr?al ly
accessed devieasy Thedentrolkhearedsypicallyl enfigsredpd regpiave lopemptargnsinoeohstand pacdés s
the station |ocations, in any order, including backtracking to a previously
used assafPHGOr JEAONThe  andom access and random processing provi ded by
the present system THEERASEs of E ?f&mqﬁveaa@in dewclme;@biﬁmhqmlﬁgﬁtwdyﬁ. Be}
limted by the speed of” the robot. Advantageously, each robot efficiently
effects t h?eampla,rtgft deviegds useq acthe systemgefithe &lvientdevare @ptionally arrappexdt andobot ' s
wor k perinetFr. Sgcq gkf%q.as o%iation %etﬁeﬁﬁ eacﬁ r obot nd i%s.

associ at eHOHEVICEEE Selacded patignulocitions according (o g sRiHC TeAUPRERY of 9 desired
accuracy. appHchReH., Therbfs titeiee Systnel{sQptishaly taflore@ath kSUSHiAdppli6ATIn. Yn
added, renmpved, or reconfigured, the systens  are highly flexible. Because

each wor k agsBtiomvdhesyspsmst afea Bleyibelin v ihis caghpipplicationy Fef expmanle.dhe déviesatin ons
and/ or deyj t erall t.em_gen I requires relatjvely few work
por i et or Se A€ oI efY se SURLETARTREEE il SEAVRER ufbflbioproftial®

Accor di nghgtesd thasspoi ldcagonssianpy el lifsluding backiraoking i€ a preat@B B Used hirxayiagher
end of the process is efficiently and rapidly acconplished. Mre.
advant age8¢dfs,, Thejandnmm deqess anl 1RAEOM Rroseesingie vidsd bimiing present aystqme ingrease

Lr 215001 Ui DRGRESLREh LOERISIB OGO IR 0 oY or0er
A system made i n acAdvadageuslyf dachlhebd efficiently effects the transfer of objects between
all devices within that robot’s work perimeter. Such close association between each robot
and its associated devices facilitates increased throughput, reliability, and accuracy. Further,
since devices and/or station locations are easily added, gemoved, or reconfigured, the systems
are highly flexible. Because each work perimeter preferably contains a plurality of station
locations and/or devices, the overall system generally requires relatively few work perimeters
and associated robots to perform a given automated process. Accordingly, transporting
samples from one end of the process to the other end of the process is efficiently and rapidly
accomplished. More advantageously, the present invention provides for multi-directional

transporting within the system. Processing optionally occurs in any order and is independent

of the physical configufation of the station locations. A system made in accordance with the



WO 02/ 31747 PCT/ US01/ 32454 present invention perforns high throughput
processi ng qui ckly, accurately, and with great flexibility, as described

i n nore daigaglzihel ow. For exanple, a robot in a first worlpqardoiBigl i S
optionally used to transport a sanple holder froma storage nodul e, e.g.

transtor SAvIRHERREHREL B BhyoebBurhubbARDe BoisySh ool HRINI ki

transport gexibgitg.as d&@r@esacm@ﬁb dedikbglew] meter. Alternatively, aliquots of
sanples in the sanple holder can be transferred at the transfer station to
a different sanple RoTermpe@obefinpdirst vesrk perimetesis epiioaglly uyeg|te UABIPGER | n
t he secon t r;

g by FERESORE! HOE MorktRoARE) B MRalin b T Wiri Bl B HREF
assayi ng tthigors droph whmmmnpfeoeteasm thg sainpleshoddes ivdetievbt dyiatseeondirobdthaatl a

sanple is optionall assayed, detected, nd t hen assayed again,
u3|mr::g a sgelgwarts&& R S&é@yndc%orgfpeﬂywtqrr %lﬁaﬁwq?hgﬂlﬂﬂ@sg ewaﬁh%ga%{a
to the fi hélheﬁc%?%é tHRVfe8d al (hE u%ﬁﬁ@f ﬁﬁ%cﬁ{ (i3] a&hﬁ&%ﬁpsra‘fh 191%199&%&'1 ¥s,3b! oved to

proceed, e.g rom an assayl ng step, spenS|n etectlng step,
and back txangile, am%%yyl sagpdt legderelmgthe secondiwoek pedimbtyr, ahe cmtplohdlder iswi t hout

havi ng to rear eth |re ste an operator .manually
Cr anspor { OPaeL eEsseart s by G e e SHaF ALiEE i o e Agyices for
reconf i gURALYIAR RS sahdpfe. SYIRL ikesSing stepdYre MR MkibI8 ih Akt a@%‘pfeeﬁ opticHaNg.

t hereby al so decreasing the risk of contam nation, decreasi ng t he
need to hassayasl, dﬁecte@,eamﬁltbemmmdmgals,eg hesm@arpd:@sldpsmmgémcwrbhe syst ens

o o i cimaPfheth stnlPle Rley a0 Bt assdly BMEe TR S B RSt s
i ncl ude, b?ﬁon%ﬂ? aNeked td’?r‘o@éédt 0., BORLA SssAPHESER to aHkPRnAAg 6RectimBRMEpcal S,
a

bi ochem ¢ , serum cel ceI extracts, nucleic acids, proteins,
enzynes, &l baskde gp, assayamg)ﬁm@r&x asglireptied by e, copireler, Withewtdaning torsaasiangg be
and the ! bife <TGy Y BhARD o bol A6 BLASAN, cl NSRRI, o ABRbAY, used Tor
hi gh t hroug pu screenl OP sanples, “e.g., of chem cal Conpounds agai nst,

for exanplesreased ths needfdr rﬁ)bhﬂg@ﬁaﬁon ofith@/spdterpas. i, Y ndvinfDvaub devitargeds,
Accor di ngI y, .the invention enables the identification of novel, bioactive
conpounds ey alodircreagingiths Bk f Lonigripaiones s a Y desreasingkibe nescdigthaple she

cel lul ar ?zﬂ%»l@% gltﬁ Ar targets, e.g., of small nolecul es. Chem cal
conpounds | ent| by high throughput screening are optionally used as
tools for probi ng aﬂ‘ﬁe paroples progessed by thesgsmmes:f &rednvdmlohaye typicelty t@rtained

entities . underl t he addi tjon enlcal nds i ntlfled usi ng
the presettOnefy ﬂnakgol%&  BlndPiciPWRL afa% SHelts %% dégg gyell plates.
t her apeut 5geh ﬁhﬁ%‘lﬁ&h@e %@'aﬁé'xﬁgﬁﬂﬁt@&@o %Eﬂéticqﬁ&thﬁ’ﬂssucﬁ%s eDR AR Gls, t he

present invention perforns efficient, npr ehensi ve nctional pat hway
biochemicals, serum, cells, cell extracts, ‘nucleic acids, proteins, enzymes, antibodies,

carbohydrates, lipids, blood, inorganic materials, and the like.

The systems of the present invention are optionally used for high throughput
screening of samples, e.g., of chemical compounds against, for example, cells, cell extracts,
and/or particular molecular targets. Accordingly, the invention enables the identification of
novel, bioactive compounds that modulate biological processes and the identification of
cellular and molecular targets, e.g., of small molecules.

Chemical compounds identified by high throughput screening are optionally
used as tools for probing and profiling cell responses and the key molecular entities
underlying them. In addition, chemical compounds identified using the present invention are
optionally used as lead compounds for therapeutic, prognostic and diagnostic applications.
As one example, the present invention performs efficient, comprehensive, functional pathway

10



10 WO 02/ 31747 PCT/ USO1/ 32454 scans on intact cells, thereby screening,
e.g., about 100,000 putative perturbagens per day in a 1536-well format.
Mor e pr ef @igalal3x747he cel | - based, biochem cal, or other scragmuwgysiens of
the invention screen about 350,000 sanples in about 1 to about 4 days with
h| gh reli n b bout.

o b5 B g R, PR PESEALAL ¥, 8080 08030y BRL SRl

pr ow des nsstsoell feosk SMcﬁ?e referolly ahdded]l- ms@,)bl@xhéhﬁcal |di1 o&i@@m@ém@gmchnﬁm nt,
t he presen{ invention enables high throughput screenin

ol i gonuc! ebiiedwentignsisen Rt HUXY wmplesanabewrl tPa?b@‘étt“sgaYé vgt% hlgla)rqhabﬂ:tty fy
i
specific gpd ﬁ%ﬁﬂe(ﬁéfe%az) énbéut%é%bm ey fgbo%spm{g@oupg%ﬂs 2 spiagﬁgvgays

Accordi ngly I nvehtion perm ensi ve an
f unct i onabltprhogh thramghpﬁt dylseneddso pevidge reaiweediosss, ar, tontaqieaass@y pasid.sm I n

anot her enbodi ment, _t he pres nt i nventi on enconpasse nctional screening
of antibodies to i nit&ahg dimgry %Preﬁ?Prtﬂ‘T‘fe@ O%P?q%}ﬁsﬁﬂrglb@%@E@ 2-hybrid

hits, peplbdBss o@élﬁNRQﬂ@oﬁ‘ﬁélébtf&P cé‘fﬁtaﬁi@tSUQ e QhNErg etsne?e [rﬂn@ﬁ?ﬁuf}; he

present invention provides a high t%r oughput processing i s not
limted bypecilonolspdedtargety asodidtedwith psﬂnpuhmbmaheraxcalelwhstdeﬁucoﬂmglsr hbe
present syste rovi des r. ndom %cess t and ti.di recttjblonal transport

P toeon st ReRlal poat toRmaantive md shaied BicHonil SHHHEG b 4 SR8 hnd

accurate Eémml@lﬁorggﬂgml arge nunbers of sanples, e.g., in an
ul tra-high throughput nmanner, e.g., using 1536-well plates. Each conponent

of the systemis di Svumstkest eimbodisnenit, thiptesent iﬁ\@nti@momamcaﬁmca'o&}st ens and

ot onserb el Bty ekl R LAY B ikl SRTRAL BRI BRIFD! o o,

exanpl e, f)q)"ud‘&@raﬁdfbbﬂﬂwil@ltﬁ% AdRhE Rbteindr get ol ecul es. The systens
typically provide an automated robotic process for handling, m xing,

moving, storing, as&h§Hgaryathg presenicaventignpavifess hlsbthreuﬁmpt ETOCQSH@gsyst ens
are Opf[ ' Og}asltén)( tlf‘!l??sl rg)?ﬁgn{eﬁ b%{)l!; é’st o%%?c%ﬂnfe% S V\%lﬁr%?igq‘]a{c'cgsg to$,e | C a h% and

detecting step at es y, the

syst ens Cpm%ntsgastan Fplr(w’l&ésl rmydcmﬁ ammom@a inficetti dikextiana tﬁnﬁ{idﬂf l@dtWééﬁ m@ftiple
rotational robots, e. bout 2 to about 10 robots. Each rotational robot

i s typi caffycesady éﬂlﬁ?%dh‘w;}tsl;?%ﬁ@v&es FoaBleagisesurae PF‘PFéS%Ilgneeﬁ ifoylagge wor k
t fi
Phe vor k. fambls o R, & 16 an WRECHEN FH6HaHRY rafiadrt BT il S35 6B Py | s

peri met er Bacincbnijoaemt afrthd sytstenofs disisdeid omdétail bblotvs falosveddyfdxgmpledsyttenalahdw
transport o nore _sanpl e holder along a multi-directional path, e.qg.,

to provi dgleﬂmid? ghygngthem.

L A High Throughput Processing System

The present invention provides high throughput processing 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, assaying, and
detecting samples. For example, the systems are optionally designed to carry our assaying,
measuring, dispensing, and detecting steps, e.g., on a plurality of multiwell plates.

Typically, the systems comprise a plurality of work perimeters and a plurality
of rotational robots, e.g., about 2 to about 10 robots. Each rotational robot is typically
associated with one or more member of the plurality of work perimeters. For example, the
robots each have a reach which reach defines the work perimeter associated with that robot.
The plurality of work perimeters and the plurality of rotational robots are configured to allow
transport one or more sample holder along a multi-directional path, e.g., to provide a flexible

11



11 WO 02/ 31747 PCT/ US01/ 32454 transport systemfor a plurality of sanple
hol ders. In addition, the systens conprise at |east one device associ ated

wi th eachwaponlsiperi neter. Typically, at |east one of the werdusopgsdsiet ers
has two or nore devices excl usively wi thin the reach of t he associ at ed

oLt RS AT P 5 SRR BRe, FLEUOL PR LR hBe, y

each devi e didRGseiRsswith eact)ywaﬂc pegidseteroDgpiCdllyt Bileadt h&bf BB atorkobots. To
further aid the transport of the plurality of sanple holders, the systens

typi cal | yPEBRYEISIEs bife ObmOFteiaes aﬁw%velx pathinhe seash of heagsagiated &tat}@alst a
first work Befd ﬁfaft Work ﬁ%&?m@tets r? %eélﬁ{ Sﬂ%d??é & m{ he nbﬁ %Qcﬁ%g{l%lﬁfag%fgcgps

pr ovi de t ranspor ation erri
t hensel vebetareibthe ttwans here dﬂgc@l wqh @hch dﬁvma‘ﬁpiga&cémm l@ylst lsatpheof thel der

to anot her) between work perineters .g., . fromthe first work perineter to
t he seconH’ atmakroggw. rhetfaftherg We&ansmfg@ the Biwelity of sampple E?lida@dﬁm AYHERE

det ai | Y&all ) h?é 61&%‘@'m§9%ﬁ§fe #l%lo%yaié&:”ﬁed) 1th*& Teh SMAER \%rkgﬂ %Imeter
typlcally ased ar d a plurality o rotationa ots For exanpl e
system of anduesacnmb wtorlopeﬂr;uptmc alteytransfepstaes mbade trﬁnstportatad:rooﬁ sabplasqt@iaronal
robot s. robgts e ve a.rqtatjonal ra f cl ose t

oot 3600 bl gt e ortdtn Bt ERE! o By CuRrer b bR off sAbies Hork e

degrees Oﬁola&n@%ﬁotﬁe{)%iweeﬁ%rﬁ%gﬁﬁ@&%rs E% 32 ) fHecfﬁfst V@@}‘beeh%@r td YHR! s%é’éﬂdy
adjusts vertically and horizontally to align with relatively higher or

| ower wor Wopopsriniasers Eaeh of éms&btlymeefamdﬂ’scmmdlmmmre detbidbelosis a robotic arm
that extends and/or retracts fromthe robot's rotational axis.
Accordingly, each rotational robot has an associated rotational reach,
e.g., defpuni ngrb@wohdRospéts from the base the robot operates. The rotational
reach defines a work perineter, e.g., a circular work perineter, for that
robot. Further, eachhe w&ﬁm%oféhmrwmuaaw {yrieadly basestrseunsd ayplupdisy of For

exanpl e, Piarfn aﬂ%ﬁgts' %o*‘J ?}?a(iin afasfygteffl g@é’ H‘lvgﬁl[gonquwgﬁr Xorﬁ%nsseggﬁé)lﬁ 2r}8| ders.

The grippers are ured to renova a “speci nmen

pl ate, sugouaso scttamtm ﬁbb@)f& I&Bﬁéra@ dy thebdbotehdh hai'batreﬁttloﬁal?ra@kﬂ‘ cliyst pper
mechani smis ogtl onal ly configured to accommpdat e anéq size plate. Further,

the robot a*zougﬁ Dfesrecseas- Meyabiwg oreuraidionahaiva bith @qg»y¢6é§r ghmash Ak
hol ders, A[gﬂ NGy %cgff&weaéﬂ {&B@&gggmﬁaﬁgg’%rﬁ@ &aﬁ%&%ﬁﬁuy E@@%ﬂ With

vessel s, cruci est tube arrays
arrays. Tfmtrvebdnglmr@lrm;veirwbrkcpbmnons grl ppers are typical I y operated

G pper s tybl cal by PistoneécR sordbarblmater i 1oppyc e it epigndigpdlof etacts
preumnt | CrBfaRk AAYs d5taBIRA Sxis TALcoRIIPbRoh BraBbhRREborHARE AseiatedP! cal 1Y
conpri ses a nenber, e.g., a | ect ab
rotational reach e.g., defmmg how far out from the base the robot operates. The rotational
reach defines a work perimeter, e.g., a circular work perimeter, for that robot.

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 removably couple with a specimen plate, such as standard 96, 384 or 1,536 well

‘ plates. A single gripper mechanism is optionally configured to accommodate any size plate.
Further, the robotic grippers can be configured to handle other styles of sample holders,
including without limitation, custom sample holders, reaction vessels, flasks, crucibles, petri
dishes, test tube arrays, or vial arrays. The robotic arms and robotic 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 pneumatic breakaway grippers. For

example, a gripper apparatus typically comprises a member, e.g., a deflectable member,
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12 WO 02/ 31747 PCT/ US01/ 32454 structured to couple the gripper apparatus
to a robotic nenber, which menber is structured to deflect when the

gri pper appanasiug contacts an itemw th a force greater tharesoseset
force. For exanpl e, see e.g., USSN 09/793, 254, entitled "Gi pper

NeChani ST f b efh ERIURE 68 B0y 14 By SORE sFHIRS TR SrerIE: Q61 BRLE

i ncor pora I cCa enso ect| ng Whi C ers are

being tr anﬁdwlrette\dhe’iﬂﬁe wHppdy apparatisicomtaéts laﬁﬁtEmOMkkaﬁ fé‘r@é’r@fe@ter ﬂiaataq;rsmmrcb be
inserted into a devi ce, e reader. In addition, ens

. | a
opt i onal | §or Ferpleserees aqsgé%(??%f?ﬁ%ﬂ entdtleg iGrinper Msshanisns frl‘écl E@br%ry&é t he

obj ect to, transported. In one enbodinent, three Staubli RX-60 robots are
used. The robots are typically pedestal mount ed robots, e.g., attached to
the floor or other husdnacembdtimahtsj thR¥riffers imobgiosatabpticab sersosi akl, Yor

avail abl e from Staubl i poratio 201 Par kwa O Box 189,
Hi |l side BEfpgn gmw5 bl ate bing (psposies and W\é\e@%dlregﬁa@hapaﬁsw spmple

hi ghly r i t thin e i nch.
However, g%%/é %E)ﬁlgrad%? g%gt%aél?graoc{e?t@%o&n%fa?obot a‘?ég é ggdl{é%?%%ﬂﬁg ﬁéne%lell n the

roboti ¢ sygstmmmesthicatodoeftha gdprs sippirae telaoreko pier ohjedtt ¢év be araukpstted.i on

| ocations are typicall ttached,to gone .o e frames th S ort the
system For exanpl efl 9%1 10eqyy threg %ﬁ?%]hﬁ?%%ﬁ%ﬁe used- g‘%‘f}ir‘é%r%gﬁ“? used
to provi dgpridRpPedestd] aBRBiedGoBots, /.| tzﬁta@ﬁ’éd t%Qile ﬂ@&l&otﬁe@raﬁrfa&r STRIFN R XG0
vari ous deV| ces, e.g., detectors and the |ike. Such table tops are

typi cal | yrob@tsmﬁmletwalmaudﬂb EromeSgubli Cpmamrlt 21 Pyrkway Westithe. Box

o more sSprRISAE PR sApLiGur KA TRIRE LR S ER o BINERY, 7T,

sanpl e hohdarae add petiea s WKL abpet dngRinethdBaRiR bhex ineRr Howrvweﬁyebuheﬁtyge ,
via a transfer station. To transfer between adjacent work perineters, a

first rob@ffoﬁaéloﬂﬁléﬂb@t ig alsg eptiendily| uged indhe gohotie sysieri ti ons the plate at a
transfer station, ﬂ }&%Ekhﬁdragpo%ﬁat%c{ 0} tn?%!t&ggﬁ stARS Ic gﬁdr{l%&ee{ygga Iy .o

retrieves the plate from ranster s er na

conf i gur egttdchedlior @etdryndre &agfes thad ssspop tﬁe pysaetr@ Féosnanpig We(lﬂlﬁénti or a second
robot. Preferably, the robots transfer npl e hol ders from device to
devi ce or 2BHRIT EXGrgenbare optigRAk Ué@‘il r%rp&de .S\app&ﬁbfa%mqs £&--au8uertical @plsut es,

nore pref %?@?(}rﬁn%dﬁﬁggsgﬂ%usldév?cegb@ dée LRYLE Bhe iR %gh rtdb?{‘ﬁgg dre @1@%@}2 q

transfer et ween st |on ocations wt
wor k peri aﬁnmerouﬂlytatvaﬂahidamtg affromddelées@ridi€brvime ICatifvnhmes. In this rranner

the sanple holders_are transported to the devicges of the invention, e.g.,
for further pr ocessrrrﬁ1 roboy (2%8&;mareéyma@fyeq’spﬁ%transport one of more saiple

holder. For example, the robots transfer samples, e.g., in sample holders, from one work
perimeter to another work perimeter, e.g., via a transfer station. To transfer between adjacent
work perimeters, a first robot retrieves a sample holder or plate, positions 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 a second robot. Preferably, the robots transfer sample holders from device to
device or work perimeter to work perimeter in about 1 to about 10 minutes, more preferably
in about 1 to about 5 minutes.

In addition, the robots transfer sample holders between station locations within
the associated work perimeter of the robot at issue or between devices. In this manner, the
sample holders are transported to the devices of the invention, e.g., for further processing,

measurement, or detection.
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13 WO 02/ 31747 PCT/ USO1/ 32454 Because the robots are rotational, i.e.,
they rotate about an axis, and are positioned or configured to access an
entire wwaoparitneter, the devices or station |ocations TS/ 2E wor K
perimeter are randomy accessed e.g., no particular order nust be followed

when transporting s | e holders to and fromthe devices. The raobots
t herefore, provide ﬁ%‘lﬁ‘? @‘FF% (% 3 APLALARGrC-iRF. 1ot ahout PR AZSAI 4F t hi n t he

system aédsﬁi’&n@@ oee(smig%rézptbdaeee%s b eftfe WP g&%eef rtﬁé’&é\bfcets(?)r %ﬁasoﬁ RhfiGH
station or device wthout traversing an entire preset path I ncreases
t he t hr oughlpinttheWotkhperayeiereare tzmdbm;lmmt%shé,te of nppatenlat grdax/mud;tdialfell@y@:t ens.

B. Work perineters A "wo ter,. ferr to IS _an.area

o thin ¢ REherFaRpaRe SRERARIE gt DB Vie k| perPRS BrEos: PrABID eaent
i nvent i onmb M@ dndl W NOREliRAL A spBR FBthirS i sk @Bml ﬂWth@am@@%OMG%f@%b| y
two or nore station |ocations. The station [ocations are used erform
vari ous pbro@mtslesctlsa@sthygleswddtaﬂhe of didce ‘eﬂtgout tramensing aslaﬁrmpr@}srewtp n This
sampl e plate Ide caI t.he erineters defined by the
7ot bt § onatcassai e Ehap gt Ssioh rFolingt GBI AR f5leieo ol o
Figure 1 conprises three work perinmeters: area 105, 115, and 125. The work
perineters conprise the area in which devices and stations are placed and
are definBd byWeHerar8reersonal reach of the robots 135, 140, and 145. The
rotational reach ape

any ot her shape, de%eﬁg)rﬁgg I%Qt?ﬁga&rseg%ﬁ d%% Sg%rg%%%% ﬁgrﬁg‘%&?‘ﬁ]géra%

Typi cal | yof aabobbieaite warklpepiatetdtedfthe lpmeﬂt\mvdﬁﬁoﬂwlﬁcall@@mmse embmbmel y
within the reach of the rotational robot within that work perineter.

some enmboditipgiegationygndoprefastly W Rr were skttosrlacatigpe Tbﬁ)stmowpewémeeegd
excl usi Veﬁ rﬁgtrhl%ﬁo ni\tﬁ'oéé% Eaégé st Qlﬁi{hggﬁyé)%h%% g}%%eg{ﬁlpmst\ﬁﬁ{"n gg’gljé?le lRlate 1

partlcular peri e speci shown 1 n
al It hr eeontmiderp@ypicell g e warmpdnmmmm definabbe tibarstatiesal reachl afsumtahynaM t h| n

h h of th b hi gh through
of t he | rBAISGRSTIRIGBRE GHSGAREI BECRL EPrRRISGE T WPt G eaed 108
excl usi vejps whd 13) ThewofkEeinddrs E&ﬁgﬁ&ttﬁé hRAH whithQevied BhdlsthiigHs aOT K

perimeter. Although Figure 1 illustrates three work perineters, the number
of work pesddrmtlersdifmedbyitoneititionhlersacht éfdhe mbotsok3s, 14hand ﬂﬂééfhedepennhlng

f t i cal l k ded f
each T ot AERST PS5 SO ih e B oVHS PoLP R et vt shrgs e Rk h s,
far as t headodiltdx@mdlon’ T robbt 4rhe THpRAMy, am@stdﬁdik%ﬁmeeeﬁaﬂva{ &niet h each

work perinmeter can enconpass additional space, for exanple, as shown as
110, 120 davipes s¥rlpsively guthen the rqaed of dhearotasiondl reldsovithie durt el Rerbnetyr. far

enough t o, plAGS, B SAURLE §1nGRWRLE pAShAEN ol Blo Bimbladfal bedudfaty oo For

exanpl e, spenS|ng
w1th1n the reach of the rotational robot within each particular work perimeter. In the specific

embodiment shown in Figure 1, all three work perimeters each have two or more devices
exclusively within the reach of the respective robot. The high throughput processing systems
of the invention, in some embodiments, have three or more devices exclusively within the
reach of the rotational robot within that work perimeter.

Although Figure 1 illustrates three work perimeters, the number of work
perimeters is optionally 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 least as far as the rotational reach of the robot. The devices
associated with each work perimeter can encompass additional space, for example, as shown
as 110, 120 and 130 in Figure 1. The rotational robot need reach only far enough to place a
sample or sample holder in or on the desired device. For example, a dispensing device

14



14 WO 02/ 31747 PCT/ US01/ 32454 optionally uses up space beyond the
rotational reach of an associated robot, e.g., to accombdate a punp and

or a wastwgeggepizacl e, yet the robot optionally reaches orfgor/fisui/z2@pough
for the dispensing device to receive the sanple holder. Each work perineter
is option ' t in.t. I QF f. task .Q., using
the stati gé]d 3@%@ ?%r@dsg%(gﬁ% @ﬁ%éhs IP%@gﬁagag avcmht% ﬁlgﬁ%sﬁg&a{egrrggqt, ?:g'l’ a)exarrpl e, a
first woadcopiidda®t £purhp aepbi Dwasdtt yecupaclef vt tiRirobbitgtioasp) Lackes oflyaouNnds,
while a second work perineter is used for processing a sanple or group of
sanpl es, enqyeh fepthe disperpingedayigette receigdhs srgplabeldeiag, i ncubating, or the
like. Athird work j i I I 0, I

detecting the sanpl ggéﬂo\%g}ekeéeﬁ%@e t‘%ﬁ%‘éﬁ@é‘wgfs@%%& Ehl“—e(])ff% ﬂ?)?gl%r%{% Ogggé{aa%pk@sl’ e

i S optionell, ysing ey saitéh locdtiony and deisces dovacideritisn thuvacda. FHoeetdngyie, ddirect ed,
e.g., using.a fluorescent detectfor. Alternatively, each work perjnmeter is
di rect ed POUSPSHREPLY Pawoaax}lpfélsacf %Oragoglag SRTRPlES BF iy e ASPORLWAR 1 i ple
assays. Ahthqugh ' ' 8 dig - particul ar
fypo of 1 BapnialisPRETONioRRtd TRtile bPoSRDBY Sriles, o 15 e et | €01

t he wor k gekingehentingj imcolptingned thelike: ey thixdpiorly pefimetee kaopsioaallyaused far
perineter that is enerally used for storage,, may als e used. to perform
B heat i nguitgng ot debéchpe the bl oeS ey G rtB g es, BoutSRy. SeBbleone
advant age;sQiptibRA1yepRARd ihid“wRaRbLOE hSonkha! whibRaf thén B&eRBd, I £ Ulsilg LT der
that nust be followed in transggrtl ng sanples between work perineters, as
i s the ca8wotescenbdgieasdr. Alemativielt eadh wyktpenimetcBacditested the myigbantypesof

multidirectional utility, S les..are opti | | transported fromt

et “vor Bpor hebbsss it indt B oSRafkar O o BRieh catf, YRRt Aot SRRy
first areairefedioa pa@ticilaltyHesf Q6 SS TeRBiion stdige! 6r Bellike ] the Furctofalitbf d

work perinmeter. This provides an operator_the ability to respond, e.g., to
resul ts ofheiwrl primeters igapHenaly qvarlapming. sifor exemale, a siioak pepnelgr hat ishe syst em
accordi ng f 0 S| f BT plution | i fferent
wor k peri %r%l}eéﬁfchasga l%)éca}%?ﬁ rfgéec g‘lga& a%l) ?qenug‘e‘gtpde?ea Olntcr)lnhael|£ef%lg{élté gt SH%? %Ill {;gss%f %ﬁﬁ%r?esé be
t 00 concendonsd &ler processiaerpi on step. Furthernore, because each work
perimeter preferabl éngccommdat es a plurality of devices, and work

perineters are posi PngAdwrnirget dh Pregahingerian is dhat diere isaomagirulariprdghabut
screeni ng ¥ sid béve&’HIér&lﬁgbﬂﬁ%g%&H—EfeQHét@z@exﬁﬁoﬁk ‘Seri t&saasrigﬁﬁ% i¥m ct
physi cal space.” For exanple, a°systemas shown in Figute 1 can fit Iin an
18" x 12' thepadcting sydtérhs. nBedanscotha sgsiemaad mapaiirectimtal otility, sasnpdésf are bptiidnatlyom a
cost standpoint, but also facjlitates fficient novenment of s | e hol ders
bet ween vBPRPRE ﬁe{né & it ook BerBRIer @_ﬁge BACOR, B Orls pRTTBFIF Rt HE BickdP Bendof
the syst effist BeatN@0FdrH8rtRer GPETREGAg, PEYS tofdhecBibh N8 MR ork! féGimeter. This

provides an operator the ability to respond, e.g., to results or information gathered in a first

assay, and reprogram the system accordingly for further processing, e.g., further dilution in a
different work perimeter can be directed during operation if a sample is found to be too
concentrated in a detection step.

Furthermore, because each work perimeter preferably accommodates a
plurality of devices, and work perimeters are positioned adjacent each other, an entire high
throughput screening system is optionally configured to fit into a reasonably compact
physical space. For example, a system as shown in Figure 1 can fit in an 18’ x 12’ space.
Fitting into a compact space not only is efficient from a cost standpoint, but also facilitates
efficient movement of sample holders between work perimeters and from one end of the
system to the other end of the system. By enabling a compact physical arrangement, the
speed and efficiency of the overall system are increased. Further, because peripheral devices

15



speed and efficiency of the overall systemare increased. Further, because
peri pheral devices 15 WO 02/31747 PCT/ US01/ 32454 are conpacted into a small
physi cal ve®ez317she anount of tine a specinmen plate is in PCEUS@ANRY54 and
potentially uncovered, is reduced. Thus, the risks of contam nation and

undesirable evaporative effects are reduced. Another advantage of the
conpact ne¥8 cORPEh SR %‘ﬁf‘ﬁ DhYNGEh EIeBriIS RBAENS SR HEPes e Hq?/tetl%méFﬂ?ISB%fé t he

envi 1 onmene gyl AnSURRCT: SR STAR, o KA ConBinlth hPRRbirads such.
particl e eveperehve effgrtbae seduced. | &nmthi:mdathmt’egh ofthe homi)adtnqsepf ﬂetp;sdzsenl;/pi cally
conprises._one. or nore devige e.dg. descri bed bel ow. (At | east one work
por 1 met erMYSIOCAR iyl ti ApBiyap piase B PRIES Syt A ke with g well

excl uts! \l; ﬁ!oﬁtrb%l%d‘ér%%ﬁfoﬂﬁmh@%a?s&ﬁ, c%rﬂf?roﬁﬁn%ﬁ’tﬁl ﬁff&f@kdgugpgg ltenﬁse@éf@ﬂc e%%féss\ﬁk& es
conpati bl e wi e present systens are provided below. C. Vi ces

Tyg})cal | yhunaidigi, amdmmgéfrfcmrépgﬂbctttieﬂhmggltaimd)ughput systens of the

i nvention contains 5 | ural it Pf devi.ces. These devices _can be, for
exarpl e, aut omat ed SIRSTY BRSHter AN CEmer N P R RO 5T ER S8 & usea,
e.g., 1o &s&itd RINEASlcadtithie Worklpt@bbier SPMEAIIGBas & 16ast twddSAEHR vatHQ[tdR4LS -
For exanple, devices are provided in the work perineters for storing,

assayi ng, arepxglesissly gvithittheeach of thegpsseciaterbrobek dgeample deviags compatiblg wi

i ke. Th i cal ated in or on a station location, e.g.,
a pl atfo‘ratrthg§}r/ésgr§§%§él%%%yr%rggiﬁ%\%béé?‘gttri cal connections and conputer and/or
controll er connections. The devices are typically positioned at a station
| ocati on éri or_tq operation of the system however, a device is optionally
added to @& st aP#8¢¢Sl ocation during operation of the systemas well. In
addi tion, the devi OB i rgémgr Al r erineter,
e.g., either before 5€ag§’ét9#%r}gd§$|p%ﬁgg%g\§?tggh updgfﬁhﬁ'!‘etc%ﬁﬁ%&fgﬁ on prior
t 0 usi ng inhentaconrirfsarplualiot dfelevepplTihest devices Tirebe vt casphe adioanaked bei ng
positioned wthi na‘g work perineter, e.g., toa be within the regch, of the

r ot at | ondfSFYBTHS- 28 8OBIARABS I ARECGHIGT U5y -Fre{@Fore Pfogﬁ%ﬁuahﬁor_sqeé&cron

| ocat i onssaffesnOb., &Y RIhABhSIdeR. FBY RS RPIcEORR!PdviBQBintthOReFk Mirfdti&st he
reach of the robot w thout a dedicated station [Focation. Typically at

| east twdodsteiingsassdyirtg, dispensireg snd measuring fligserdagetts samples sodlthslike | y

wi thin the reach of .t he associated robot..Typically each.station.|location
in the system cont a’[%&eéncseis%qtgplag]h gé,tédﬁbég%? Sta ?)F?ﬂ‘ﬁl a‘éviaég%tg ot
opt i onal | t4b1B@EidpkisiAe @ledtrical Sdrgtfonk @ﬁ@&brﬁ?ut@ﬁaﬂ%ﬂ contrBll&dShhdcBBns, THE
system may conprise station locations that do not have associ ated devices
or devi cedeviggagre typisalhopositionsdiaba stdtion onationspriarite apéretert pithe systesscupi ed

station | 190%%8 12ePcE isogﬁt{o%g }I, Ll&/deﬁ%g g station location during operation of the system as

well. In addition, the devices are optionally moved around within a work perimeter, e.g.,
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 work perimeter, e.g., to
be within the reach of the rotational robot associated with the work perimeter. If enough
station locations are not available, a device is optionally positioned within the reach of the
robot without a dedicated station location. Typically at least two devices within at least one
work perimeter are exclusively within the reach of the associated robot.

Typically each station location in the system contains a single device,
however, multiple devices are optionally positioned at a single location as well. In addition,
the system may comprise station locations that do not have associated devices or devices that
are not associated with a station location. Unoccupied station locations are optionally used
for storage, temporary holding of sample holders, or simply not accessed during operation of
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for storage, tenporary holding of sanple holders, or sinply not accessed
during operation of 16 WO 02/31747 PCT/ US01/ 32454 the system |In addition,
al | devi @ ozsB4not necessarily used during operation of POBRUSHIE2esm A
nunber of devices are typi cally positioned within the station |ocations of
the system pri or era ion. During operation of the s stem all of the
devi ces P S}%&‘%Fraﬁ% @ﬁdsvweﬁﬂrg ng neﬁ&%S@Piy 566l dprRe RRFIIARNOT G SYSEMys ed.

Because t ReufidbAbi RRRles af%ttzb yg&%&&g%ﬂﬁﬁ g{e s@al&o:r“?&?ahbf‘?@of th@Qf‘d?éiﬂgﬁBf Ly,

t he devices are accesse rder desire i ncludi ng skippihg s
devi ces albloptmgien.hBuriag Opcnatwlepﬁﬁw ewWtym adtefsthe dgwoesar@ pptiamallgesédcannlya

t t t a control
(¥ anapor (04 But deRreraar Be pregmiicuree s tiinat Bbot 8Ghst Prebipttigh Topation
particul aihd@gélﬁhérﬁ@t tRMevicas Addictdsed intal§ bRy | 'déﬁl%dt Mll@hﬁﬁlg' kifpitdsdhave a
receiving nodule, "e.g., for receiving a sanple I n some cases, the

recei vi nglen‘t?@& Rl tagstiist @sd/pbreaefgcdlp) jpegessing opo et MOodﬂvngs davioperatny tgpiedhot i c

A R e s e T S SR

arm opt i Q[t&ide}as(d@ﬁﬂﬁlf@r melc@uar agplica@d,fbat or and pl aces the sanple hol der
inside the incubator, e.g., in a plate carousel. The devices used in the

systens of the i nveimﬁdéﬁlqnn&lﬁtﬁl@él,ce&)iyplcaﬂée@?élthalVP gireestving godelenpBuf@ st or age

sys! i allgchitha el
her ooy e ek aamplq ket W ERREBRER o ROSShA AR, o BRLAL s B ot i «

and/ or chpositiinggrdapiye omtiobetic apur infsogftdeviveqnhl eimpfle holdat is plice®enbes, wash
nodul es, centri fu?%‘?j PCR nodul es,. vacuuns, refrigeration units, mXing
pl ates, VROMYEYHHYHoritnbetc axm@hpla%bm@es@mp e RIRATIRGAL ¢ [oreaxamples i 10B2ti% nown

to those gf, ﬁﬁls]ci] gvariety of
t echni ques |0r$fh Ohg?%gpéngﬁt@%%?n ﬁym teﬁ&t 0 %Sg tth?%@}p z&ait&%%ﬁgslaéﬁ‘ oni ng,
t ransl at i inoybateramgg in pplaencarousel. at i ons, ceI | growth, washes, dil ut| ons
detection, and the Sone, t ypi cal es are descrl d in et ail
bel ow. Conpound st OJF'I%\‘?;%V&C&\W&%‘M QBytenes Ofl§§"eH¥Vﬁ%tH”blP&11uQC %qeélo g and
the like, &frﬁgdﬁﬁh's%@é& devidae biedules 1RARI &lﬁeéﬁ@ér@ M{gta@@l{s' gE?Ia%i'hg staﬁoﬂs at

a station [ocation exanpl e, an operator optional nor e
pl at e hottdabmlqcorclﬁrst invdb@ersahaing ahits prpipe, ddtﬁﬁtcoi&reéeqtmpbomm agl/et em For

exanpl e, an erat tjonally retrigev a.set | at ES fr ng-term
otor age. APRuRRgEgbRy peRbles HRieralh tIufudthodel B rndui fou e,

hot el ; armbR hﬂﬁuﬁés%a%uhﬁ@ efrflePiiionivnlts trﬁﬁlrﬁg}’lﬂﬁt%mw&glﬁn% Irfoﬂﬁleb rlig@ﬂf'&&fr&'es

pur poses. The oper ator then typically specifies that the newl y i nt r oduced

pl at es sHgl Qﬂh%é}’ﬂﬂs@é deviees linpvmte thassoéalillan theratat Sugbidgyices arsusediige syst em
e.g., al e%ntne rJEnS fat9§1 (i/ Seg ?nludlng, %BE n&qal lte}a tooﬁ&eﬁybn%lz%tlons cf%mng,

conv e yor
translat1on, transcription, isolations, cell growth, washes, dilutions, detection, and the like.

Some typical devices are described in more detail below.

Compound storage devices, such as, specimen plate hotels, nests, and the like,
are optionally included in one or more work perimeters, e.g., at a station location. For
example, an operator optionally uses one or more plate hotels to introduce a set of sample
holders into the system. For example, an operator optionally retrieves a set of plates from a
long-term storage area, e.g., not connected to the system; places the plates in a hotel; and
registers the plates with the system, e.g., for inventory purposes. The operator then typically
specifies that the newly introduced plates should be processed by the system. Alternatively, a
storage system, e.g., a long term storage system, is optionally coupled, e.g., via a conveyor or
rotational robot, to a high throughput system, e.g., for storage and automatic retrieval and

entry into the system.
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rotational robot, to a high throughput system e.g., for storage and
automatic retrieval and entry into the system 17 WO 02/ 31747

PCT/ USO1M3Q 453 74%hen nul tipl e storage nodul es are used | nPCHESeyRITM t hey
are optionally identical devices such as those that are conmmercially

avail abl e, or devic ifically figured for a particul ar
appl i cation. For ex§’§“ﬁ émﬁ'&?)lFrﬁE\‘i?ﬁT @?‘glrl%gaée Besdl 1B e syplem, gy naptigpally

refriger aitd@ﬁicaﬂﬁmégsthf:ﬂ %dtho&rth%@tsgm%famﬂﬂmm q?%ﬁcég SR Eﬁ@glgf for

storing particular types of chemcal, genetic, viral, or c
mat er i al . cadfigercddboa pgecdevippdisatinne Faypkamplal commponi isgpuagedlevwebareat

subst anti al | 00 u to be war , e.g., to 37 rees
Sonti o actbuohell? SRS RE Ghtiataingl ot rpriaiel B an itirt wiestere 1 SIEge)
have a stgyf@far t?ﬁé%aeﬁ'ché’mf&fa |g€ﬁe'ifc R8s cﬁ@}a@%te%arpbﬁ;ér stBfagk @@ vikesROUL
700, 000, ‘or at |east about 400, 000 sanples or nore. In addition, other

syst ens aeptiogelNy @@é@lr@i t@dﬂmatmdmtagntlaﬂésemomuemmrmrngman tie wagthed, mg1g0§é{rrpl es,
e.g., te eorf%rl I}y for extended storage. In one enbodi ment, an incubator
or storag &5 ﬁﬁs el’ of the invention optionally conprises a housing,

whi ch housing has aTm stomlet t¥m imﬁ@ﬁgmthgpmtenﬁn%ﬁ@mcm%ae@ﬁs@&@ge
illustrated by storage device 235 in Figure 1. For exanple, storage devi ce

235 opt | ¢wad woflﬁ%:sr alraK 35%0@zazn1plpataéleewé@mt@0@é)po@rsaé epst ghopt hitP9.88@n f or

CooL 10, SR S8 oL 57 Rt I ASRRoE ARG S8R SO D ™

housi ng mecdlmdgsamlbleéeagttemperamw@bﬂoeeﬁh@defds@brsgwsed therein, which shelf
is capable of aligning with the opening. Each of the plurality of doors is
i ndependent | y accesi eembodgnent,gn lacw@fcatqr siomgecoppartaent ¢fehg jnyenlian See,

e.g., Usa%tloﬁgﬂy?’g(ﬁn}é?e fhohﬁﬂ%t\]{/}ﬁgﬁ ﬁcl‘usn% % pfi&\éh d\%fscﬁx?ﬁglﬁgﬁ)g%nal ly

pl aced in‘or positl on st ocati ons he presen
i ncl ude, daviceanee itiogtrdtechby sidrape devdes23%m nglllredl Epleenmmms @torﬁgeai&sfoerzss ng

i qui d ther . ts. .., t ool the like.
| nad ¢ GOTATY BRfodg ez P cagéﬁqwg%yﬁﬂ& Gy sitdioeh Sssonimanty e i n
the preseforSVot 8kRss. Q‘hg doors @ldSQ af 1% ne Bﬁé&i ﬁ%j&kfg)ésiéd ﬂfroﬁ atslé’ I &8 sulr%cé"' gh

t hroughput systens, snall vol unes o 1 qu ften used and a nee
exi st's t oofdhsheussg. tThewdigionthahehsing mchpdes atdeast wed npyable shelhhqused theraimst e

o2 b Pl R L B B 3.
Sas pensi maaépewaéﬂﬁwcb&s@fblélgl ) r%/% Rkatnkl BHIH W \RteM. BellZg NOSYRst e”, filed
y 2, 2000; and i'n USSN 09/ 818, 748, entitled ' "Appar at us and
60/306,481, filed 7/18/01.

Other devices which are optionally placed in or positioned on station locations
in the present systefhs include, but are not limited to, devices for dispensing or transferring
liquids or other reagents, e.g., pin tools, syringes, pumps, and the like. In addition, a low
volume liquid dispensing system is optionally used in the present systems, e.g., to increase
reliability of the system.

In high throughput systems, small volumes of liquid are often used and a need
exists to dispense them accurately, e.g., into wells, with as little waste as possible, to provide
areliable system. Such dispensing devices are described, e.g., in USSN 09/562,652, entitled
“Method and Apparatus for Dispensing Low Nanoliter Volumes of a Liquid While
Minimizing Waste”, filed May 2, 2000; and in USSN 09/818,748, entitled “Apparatus and
Method for Preparing Fluid Mixtures,” filed March 27, 2001; which are herein incorporated

by reference as if set forth in their entirety.
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Met hod for Preparing Fluid Mxtures,"” filed March 27, 2001; which are
herein incorporated by reference as if set forth in their entirety. 18 WO
02/ 31747 WACW2/813071/ 32454 I n one enbodi ment, a fluid transfpreTasvixesdof the
invention aspirates a volume of sanple |nto one or nore of receptacle from

one or nore wells o mul tiwel | ChIS igned wth the outl et of
the receptacle. M&m@&}m%ﬂf él‘b‘ﬁ tré‘fls FheeWs lerdée BeRtinn aspispies p glume
sanpl e i spff ﬁfi) &ife 6rfi'§0r\9%lf kec@f)ta&l@?ro?ﬂ*‘ id (Yﬁhé)rem/é’l‘lrs of a'rﬁhlﬁ@bﬂ? Eé&é"@hm

returned vol of the liquidis lesst e aspirated volu sot at a
vol ume ofalmn@mthlthe owtediohte receptacte. Aeld:spanaall pertica pithe ivolunef of ttheaspatidned

e o e Setthetld RE AT ot e Syl PlaihicR e e ae ot e g

di scar dediiquR@® lef-tHan thb'aShir A ‘fdmE 3¢ that kaolﬁiﬁfee)fls%prerm}étaﬁed fEYtBé cally, the
volume of the aspirated sanple is at |east several tines the volune of the

di spensedesenigsle. Apartnhdrtherdritidienene opsamplo s dispeneedusgd iftora Whlh‘pfemm ng
fluids, t | t aneously i nto | ti

tools ar e%%%%ﬁ@%’i’l] pslatS\/‘gltHg £raige” ¥°]fu fwe rﬁi%‘%cl nﬂyip C\é\‘ﬁy lbﬁ’élg San
Di ego, CAdisdaédede’SeBN.€, USBNAWS62,652, RirAindre @lfsrrhdtidh. qupwaﬁ¥vmé Roemepfuliaal i ty
of wells in a mcrowe I plate is optlonally used to transter an aliquot of

a sanpl e aspiraiffl SRNPIS inat leasesaviral figgss thepiodiree pbthadispenssl samplener nul ti wel |
plate. Devices conpysjh Hﬂt% A%nf’t%}é 1s%%e &Aea(%%ro(g%ée?lg%l lf%ﬁl(ﬁsngl “?eeaggﬁxg,ror

nore wash stations in wh iFns are was érs

exanpl e, sfuiindougnsite Ifrmulﬁgleaamf)lewl/edlsf PiimooReardtdrhmeridllynivailgbie,@. aneémer ,
t he pins <gre opt | onaIIy washed befaore using them faor addition of a second

reagent, cienfifigy e r@AD18gR ol Her f‘éﬁmplﬁs a1y B fRols thahaligms withye
present i M@(ﬁ)ﬁ AlsA aRhRM 15&59_@ ﬁlefl ¥EAMH BndePid a1 B@e/famgﬂyﬁt hods

typi call rise sequenti a ng a array of pins nto a ries of
wash sol ufrororvlls ofiohe Hmltlvmysplateabmﬂiabf amﬂhalmulawdllphm i ke. OGther fluid

di spensi ng devices are al so optionall n the esent. i nvention. For
exanpl e, at |east oﬁ‘é‘”%eérﬁwﬁ’rﬁ t%’?{ &olf‘é’ cﬂp&Q iy ngyCF GRGPT Jpogp wash

nul ti wel |stati8n§t1@w}‘iflchhhé"ﬁ'n§ BreAydshbil get%@rpﬁgr?srferg%%ﬁ gl'e;gﬁﬁer trhf§refrrigl £

transfer device in this case typically conprises an array of receptacles
arranged #uwidfiromhene mhkiveli plate $o afothdrethe pospracptamaly waahadgmé«nte using thean
pIuralltyof | Is.on rowe ar 384-wel |

b1 ot o Te” it R e Robp e b e s gl gp€ sdlusiof onp dlfferenctpodes 16 ' the
Robbi ns Hytgeat #8éntin A% ploRdbOIRModS6f FRHidd @{;m%wfas}y‘mle et tpREAIRNET al

device is an integrated workstation that includes, e.g., 100 microliter
syri nges.Compisg yequapiéalty gippiag @neypy ehping intedeeriss of Iveash solaripusasuchl asoy

rl?ua:lg}‘: ?)e(rDNEOS a[%%ﬁblp@%{e%lan%%ﬁé fife. provi des custom di spensing, e.g., of 50

Other fluid dispensing devices are also optionally used in the present
invention. For 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 arranged such that the outlets of the receptacles are aligned
with a plurality of wells on the microwell plate, e.g., a 96-well or 384-well plate. The
Robbins Hydra is one example of such a dispensing device. The Robbins Hydra 384 or 96
(Robbins, Scientific, Sunnyvale, CA) peripheral device is an integrated workstation that
includes, e.g., 100 microliter syringes. The syringe tips are typically made of the titanium
alloy Duraflex. This peripheral device provides custom dispensing, e.g., of 50 nanoliter
volume samples. Dispensation of such small volumes is particularly desirable for applications

such as, for example, high throughput protein crystallography.
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vol ume sanpl es. Dispensation of such small volunes is particularly
desirable for applications such as, for exanple, high throughput protein
crystal | ogigap74719 WO 02/ 31747 PCT/ US01/ 32454 O her fl uipd-mgdeBadsat i on
devices optionally used in conjunction with the present systens include

t hose di spensing syst.e t hat .incorpqrate sitive displacenent . nps and
di spenser val ves, eé@?eﬁ&%‘ﬁ%ﬁ@ u@ﬁoﬁﬁ%w%qﬁﬁg@pm& rusggérh%fné‘,mcgowplgtg?an
SynQUAD ( pi¢gdnt afadtend neMideatidse dlispbns: RhRGhLSncorPérate pokitive RispfabeRBst
descri bede;én US Patent No: 6, 0%3, 3%%3@pr ovi des an i ntﬂegr at edpvvor kst ation

that di spPHBERSanshdigpeasasiatvesore., earpladitathe pingps, Fopexamplesa Cartesiap
icrolit ' | k. of.. : £ of —-about
e O LESTOPAD PR ] oo e Rl oS e e MF LB oot

that ar ePapitiNma,063,3893 ipkdvades dndite grated v diksiatiorothaediseabésiulk agatmtoof of t he
present inventjon. Punps_ typically connect each conPonent to a main npdul e
and to a ®akepat&s: a@@@tQ'S\mgH ngigekiterg of fleigdmsewell oh sellssygmeqgents, atdhepts ohal | y
installed SHPEI t i r %g& ngmrp%ent.
Ther ef or e?boﬁﬁgn%?gdtﬁgﬁ% Isr en\aflllctiﬁl:cs ﬁ:{;:r E%taeptlglgfgéa @A]gggm%ﬁgéshrg&?’yst m]sn%o t he

i nvent i onareAptiohally-pastionpe on p e dnchl ev a statiorsloghtban affthé preatdtyinyEndor.dPompsa
bench for! .iﬁstal | ati OR of tubing, e.g., cﬁ(ith a greassenbl ed . asset%&, for
di spensi ngPEALUKEPHIEFbFach FRIPONGIL (T ¢ AEmafiulg apd ifyd eQIBPYC, €18y WiHLARWHE? i ¢
system of cdhectingS §BEwh VY ﬁ&ﬂﬂ%]%ﬂﬁﬁﬁ'&g%ohﬁ%u@&ngrﬁtﬁB Rbnghd@dflirol |
transfer devices of the invention do not ~conprise disposable pipette tips.
| n one entasHicomponenthdhensfare ghe yyestenmiscoadibi adeptable fdi swas did syspnpeifitiee t i ps.

| ncubat or. devi ces are also optionally used in the systens of the present

i nvent i on™VEY%xanpl e, an incubator device is optionally positioned in a

station |ocation V‘Nlﬁhlﬁadf_?g'bkﬁﬂfé&zh%{d%é is tﬂs&optio%ﬂ%ﬂFEE&ﬁoﬂ&gerﬁﬂﬁcfoﬁt ation
| ocation 380 in Figure 3. € 1Incubator is optionally set to provide a

desired tiaspplptianeidubingnd.gi with amprgageemblagd cassetteClor dispevsing obmgterial. gFhis

facilitatjn [ h _of |1 terial. to a particular environment
i PO AR Bomeaile ke RESRC o Bem e SR At 2e0 Goor.
provided, for exanpigpichlyy,ae flgd dispeksind ek Misegdyvices sraBt B eft@SH do not
preferably has a_gripping structure, which gripping structure is typically
conf i gur eePIRRiseiipopatiRyPipstie tips blgtane cgibpgiveant,dhe emie sytiernicentgingnef a
robot, e. I work perinmeter. In such a manner, the robotic arm
posi ti ons&ts%%slaﬂlreg%%tu??ﬁg'r i pper adjacent to the gripping structure and opens
and cl oses the doorIncAsatbhéevicebate alapepionaligusldas @g dybientadthe presepopor ary
hol di ng area positioned adjacent to the incubator iis typically used for
t enpor ar | Welﬁgmdi 196 SRR pITEInAUadY device &8 optipaally pesitiofsddn aiskign dcaor  of
within-a work perimeter, e.g., work area 110 and station location 380 in Figure 3. The
incubator is optionally set to provide a desired temperature, humidity, oxygen, Na, or CO;
level, e.g., for facilitating growth of cellular material. Due to a particular environment within
the incubator,l the incubator optionally comprises a sealed door, provided, for example, by an
airlock. Accordingly, a sealed door preferably has a gripping structure, which gripping
structure is typically configured for coupling to a robotic gripper on the robotic arm of a
robot, e.g., in the same work perimeter. In such a manner, the robotic arm positions the
robotic gripper adjacent to the gripping structure and opens and closes the door. As the robot
opens and closes the door, a temporary holding area positioned adjacent to the incubator is
typically used for temporarily holding a sample holder, e.g., as it is moved into or out of
incubator. In addition, an incubator device of the invention optionally includes custom VCR

doors and one or more plate carousel. An example incubation system for use in the present
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i ncubator. In addition, an incubator device of the invention optionally

i ncl udes custom VCR doors and one or nore plate carousel. An exanple

i ncubat i owospesien f or use in the present 20 WO 02/ 31747 PGIhHﬁQLé§g£54
invention is described, e.g., in USSN 60/ 306, 481, entitled "H gh Throughput

| bl onyBRY ESEGYER DECHso Kool tchy AT DELARL BAVATS 3 S0

Ina one Wor |nven I on.
devi ces abeviogs (VCRIDQORSY,” figddefuty 18) 2del.i ce or any device used to neasure
physi cal properties of a sanple. For_exanmple, fluorescence, |um nescence

phosphorescence,  x! Detggtors érélabsoftyléﬁ%lg’rf@@u@?@:?‘ at dgagteqne Weik ReFmsirof B
det ect i ony siiedh. AhekRuficddhre 81!)’(%}1%.{19 G ERE@on RGHECL hﬁ}nde\ﬁ&zlys'ga'id fneure

bi ndi ng assays, radioactivit nuclear’ nmagneti c resonance spectronetry,
| i ght scaplsidahpropeities ovhia sm;npiphypr examphs sﬂusmscd;nce riatmggsccmcg, phosplectscasyper ay

M5, are optionally used antl and/ char act varj ous pr.operties
0T tha cati Padoeeaiey; (R el He Sbice b Sehnt i o5 € of Rl SleauBiiBren

devi ces (&eEdionr Bo? 6A1AH SMbRaSvityIn@i1&a %ﬂg‘ﬂ@! camera is
used to take }m%rie%gh{()a]ﬁ gssay rggaay?s In \l/\ﬁlygn casre tﬁ%%gg%agseresul ts are

optionall weawamytzyadlgmt scalttbangrchmatogmphyt, DnmassTSpestr@peteydg gj;ﬁltdm@spray MS,
processin ecau h i ndi vi.dual need canned in
Peat ot motte oplSaiRiga R RSy SRS duiasleny Brid'S meooics el o

Qt her det gak@afveldl A8 A8SEtidh ARRIeS are Phrgta cBEHle AGvIAEYVICRES) Sdnd é&aﬁﬂﬁﬁge of
skill in the art are also optionally used to detect, screen, analyze, or

ot her wi sedgiessedsonaembedimient, pisamprads ssed te jakedmegesafraseayaapilis, iniwhietetase,

Pl ot oret e ey 4B fiohell s 2060k R alioBld HBRE 1 st EC Lo

Devi ces CpropessinSuhidyigapie be€iise babhad@iwidualnwelﬂa&am ot Bt B&maedin ﬂeﬁﬂ&ﬁhé\g pl at e
reader is alsqo optionally used (CLIPRTM (Ml ecul ar Devices Corp

i nt egr at eSYRicHlyy Hescamgra imagey re¢ Hh%@lﬂltaltf@ﬂé@,te Hthercdetectays, qin@&jlﬁs%?'r f@@lss i on

et runond SR B ey SRk R RUERGR bt PR LRAIBIRER, T e

of m cropicaten, nedyier osythterise prlol‘iéslslslaknp\lgs Inuive pme:&rsgyaemcropl ate readers,
fluorescence mcroplate r aders rsa}b,sorbance m cropl ate readers that are

optional l'y incor por ?”e‘?i‘ap}ﬂ%“ﬂ Al analysisssystems ot Yaiedy Akdedeqions pis ontignally n

i magi ng s e , PCT
US99/ 2156;)1{3)%H {’A{\?%h I?g Eg}%oégfggfthc ? uPlgtme%g@iGgZ&%éunnyv g\oég{ %I(Za)%%g a%ar al

devi ce i sDewnes Gep.,iSunaygvadt, €A .whr ddslitani GhemﬂUmnwactdnylm@nig platetrhadep iseedent

SR o e B PRIP R GRTR A SR e BSRs  nBath e
camera, telecentric lens, high precision positioning mechanism, and computer system with
software to control the instrument and record data. In fact, Molecular Devices makes a whole
line of microplate reader systems, including luminescence microplate readers, fluorescence
microplate readers, absorbance microplate readers that are optionally incorporated into the
systems provided herein. For more on imaging systems, e.g., high content imaging, see, e.g.,
WO 00/17643 (PCT US99/21561).

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

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

Another automated device of for use in the present systems is a replating
system. The device or system is used, e.g., to replate a plurality of samples from one or more
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Cust om Conpound St orage Carousels. Anot her automated device of for use in
the present systens is a replating system The device or systemis used,

e.g., to weplhaieyya plurality of sanples fromone or nore p¢iWo1R2s81747
PCT/ USO01/ 32454 smal|l sanple plates into a single |arge sanple plate.
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at the sagg.biiftE,RekRdg) Lol j S| phi i - esent

i nvention prro&ﬂigggs 681% efO I cﬁfejr?t21 tgr}g3? Wg&%@%&s%@%g?}%ﬁgﬁh%cﬁﬁcﬁe
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controls to track. .the.refor ting and allows.the user to verify that the
r ef or mat twﬁfgd i GO trog éw_tgansgwﬁté?ﬁ Y\ogl_l%tbftti"c‘)ﬁ%{]ll? {me hemgdEgortaptife
systenms pfeMbify rablc &: Thelpréesliftdn®Bn pRAAA: AR kifiONSng Flex PR BeifBi Ko track
perimeter. Alternatively, 'the replating procedure 1s performed in

conbi nat i e refigimpttiag of oriergttenplitdse ThReydtem upgs wisyal awd tepdibie odnimeds toufack pl e
fluid manjpul ations. For. exapple, .a_fluj i spenser, e.g., a ogr amrabl e
flutd o opBie@imaliy - EitPEhter Svanbihe foiRGmLe Vadue sl Sl i ng
devi ce, esy@tem Is%g&ibﬁﬁlﬁ}f REIHBEInSBIPyesmEpralRieads | it AstdtiEbcMBh lin 806 t Y
plate, e.g., a 96-well plate or 384-well plate, to a plate having nore

wel |'s, e.Bore workapprigeigre Adternatiygly, thelreplpling proceduraigdietfooned i combaestionr i ng

t he sanpl i er sanple plate, to the higher well density sanple
pl at e, thgﬁgg\r}'lt%ggeaﬁgg&lﬁ'r ovi des and/or transfers markers or |labels to the

hi gher wel | densit yReplaph@typloalle ird®lwex phuadiple duidmghipalabond oiekapleow. A
Tecan M piprep (Tecan US, Durham NC), which conprises an automatic_sanpl e
pr ocessor Huiddispaaser e @np PEogsMmakle fiuidkdispraser; andyPiPaErTsYsish are ppaenaHg

oper ation | at |0 p ' ocatkon,." red.to

e e e R R
acconmodapletepag., ar96rwele phievorc8d -l slateploa plhethasing Hhere stedll) o, a B&E-plateodt | S

I , - ble, platf o ti , which i onfigured to
everve al ituvelpliite 15 addiyon G ahsiTape Aissampis i Mccsrestien suBble Dirbet or

or the |ijGeher5aANdaMRItY shBple PBke thddevidi&lso provides and/or transfers markers or labels -
to the higher well density sample plate as explained in greater detail below. A Tecan
Miniprep (Tecan US, Durham NC), which comprises an automatic sample processor, is one

example of a device that is suitable for replating operations.

D. Station Locations

A “station location,” as referred to herein, is an area within a work perimeter,
which area is used to accommodate one or more devices or sample plates. The station
location is a place, e.g,a table, platform, or location, which is configured to receive a device,
e.g., a fluid dispenser, a plate carousel, a detector, or the like. Each work perimeter of the
invention typically comprises two or more station locations. For example, Figure 3 illustrates

various station locations, e.g., station location, 380, 385, 390, 395, 400, and 405, in work area
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invention typically conprises two or nore station |ocations. For exanple,
Figure 3 illustrates various station |ocations, e.g., station |ocation,
380, 385wQ@99317805, 400, and 405, in work area 22 WD 02/ 3RGUDS01/32454

PCT/ US01/ 32454 110. Each work perineter typically conprises two or nore

station | pca s, which statio | ocations optionally, coaprise pne or nore
Seot vor ol BeR Suerk Bremet Bbisnlle compates Iip o Riose Hater of sy ich agption

conpri SeSloQa&fbnﬁ'%}Sﬁ&?allfy%n@ngé Uxf‘erbrélﬁér%)ﬁe%rce Pt VP Rtomated devige t hermocycler, a
punp, a di spensér, an incubator, a storage nodul e, or the Ilike. The

devi ces w I I typl caTj/gzcarlls'srath stetion loqangn eompatqsome dodiat famg:tmasga}amr entire

rocess and be acc ed rder desi.re rotation

Pobors. ATPEsRa Fvarpttomsteipyh 41lid Aisbitet A3 dineel 10%e Bafblectrths
process bgfeorghe dém%é@bvtlpfypﬁfally RemsN st Eéﬁhgl%léfdﬁohhl@dau@ﬂ ﬂﬁﬁ(n%hrﬁéﬂtﬁ@ r&@.%tl on
conprises a device of use in the immediate process. In this manner, the

station |&edweiaspessebmeeyin anypular desirall, ofthe If@?dil%taﬂ Iqb@tst o the system Each
location is typical %ﬁer%lgttlve tl.?‘oI stgtl? Ho@ 58 abelad ada t%ﬁ 't i%ﬁl\’a% gfocess(hegog%t i on,

exanple, a control y associ ated 1'on

e.g., foropmenidnred ey sttt eueﬂ tng everyOR &M lbwt@hrmtnpo@es d dbv&fédjfwsom the
el ectrical connections are typically provided for each station |ocation,

such t hatmm%ch%t@ PFocgssn diythis (laneer; degiadiop depatippeconyeya gfpahiea ok flegipdity to
location ys‘?&ﬁ' EXc}%EQ&H?u étb? llgtsgt Qéohﬂgurep?&?eldﬁﬁ/eta?ﬁvﬁg ai:bro&ample

Iocatlons are not necessari al on i nea
conveyor ,a ¢dngrodbt ig m;p&aﬂtalkyrashjcmmi Witk emt&rcstz&amddcmnp@ gpﬁcrresdndrog alakteeéﬂvhg

systens. |In sone enbodi . ver, one Oor nore station_ | ocations are
enpty or PIOFfFs GHormaiiong %ﬁéff &leeingel Wmm.%tyaﬁefﬁﬁw%ﬁd fereach; enpty

or used as?atﬁ)nrleoﬂfoﬂgs@h%t vﬂr%ne@?%?t@bvbﬁqlcg ‘?%]&Eé’lre(ll hARGHK & L}fsj dba s;%é%{b‘gl 188RhON

| ocati ons have devices positioned therein that are not

parti cul ais eprilycessmplished hit adsiitém, bedaese the atation ddcatiolpairs natrrtecmsari]yrietamd:t ed
to transport the sanpl e holders to that stat %‘gnloca&‘g The | oca |on IS
ski pped i #0163 152 Raihor-€- 2GR YPYQR Rt isgmeRh PRobIRIS e (erreasad B3 CHARATY L o
transpor tegidiRosgsBhg hol ders through an unused station. Therefore, the
syst em provi des i mproved t hroughput and efficiency. In some enbodi nents,
the station | ocati omsoosrembodengitatbwenss, ore @fmoqglsmtimrlmtionm eppy or

ot hereriiRhant <R pplsES oo o fERPLIsB) syRlodRes fabiinglies bon

tabl e or dwaetediteiomi BhadditicheydrEsthSorOlRtathg hhie @vides @dsitidhial thérdin BB are
| ocati ons act as place hol ders for devices and are optional |y any shape

and si ze & yesthinRgagiculaidrenss. daghafcasen theretationgd|reeis atie 1ot glytra¢tedimghput
Scr een ngt a}%ﬁg(%r? {He]s%gleat?oléérlg mhhtrbtel: o%%@a?lotll %ﬂg lo%atloﬁ) ﬂl s%xp% Il 11{1&% tr%ns?p lr@ ct

nunber I on ations
path selected. No time is wasted by hav1ng to transport the sample holders through an unused

station. Therefore, the system provides improved throughput and efficiency.

In some embodiments, the station locations comprise platforms, e.g., platforms
that are optionally raised and lowered, e.g., mechanically or pneumatically. In other
embodiments, the station location is merely a designated place on a table or bench to which a
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 throughput screening system 100, as shown in Figures 1 and 3,
only defines a select number of station locations, more or fewer station locations are
optionally defined depending upon the reach of each robotic arm and the size of selected

devices. Further, station locations are optionally added, moved, or removed depending on
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optionally defined dependi ng upon the reach of each robotic armand the
size of selected devices. Further, station |ocations are optionally added,
moved, orwiged dependi ng on 23 WO 02/ 31747 PCT/ US01/ 32424 ysoB8sish i C
application needs. For exanple, a given work perineter optlon 'y |ncludes

about 2 to about. 10 station. locations, nore typjcall t 3.t0 abou
Boonuse STRCTBPHCC Rededior Femans & L ytek pEradesh el binchidhs 0 oo
i's positinnrg 1mstﬁﬂi@f1o§5tﬁ$rﬂsolﬂoﬂfeq9ﬁt:mwabohb§t@aﬂmtBhr oughput screeni ng
systemis easily reconfigured to accommpdate a variety of specific needs.

Accor di ngly, hi gh t Becavghgiation k)catecmaucngrfswnéwesama itrhepertiveeoft wimt daviee is

opt i onaII L.eco red.t o, add el.ete ace. devices in any station
| ocat i on. %&It\'i p g@ﬁétﬁ‘ﬁ%on ?{:gtﬁnoﬂiqlgglé hir%‘f@ {)S@r%?ln% SPEMIRAPTY added or

renmoved t@c@ﬁﬁ@meoﬁh@ag@% vaRefyUT spé@Ac Abeds ORREorAIHgly) thadh Bfbughlbit only

is the system thereby flexibly reconfigurable, but the systemeasily

adj ust s t ereppirmiysigaset At nyeniontase pprionally keconfigured ko @@dd@lpt@nor replage at i on
| ?Cat ' ONS g 7&K ri'n \é@)f %}atﬁ) S fogﬁ Sl &J_ivsagtagg drsi)}g %!a i %focng% Ate ﬁls{;I Pon%%x%dﬁ&s

g., temporary areas, tori

needed i noBrenfoaed td:adcamnaﬁa@whaﬂfgys e ¥RMpdLor rbb&WiRnthtibh| Nt bl eSthbaletemg
areas 245 and 250 in work area 130 and hol ding areas 255 and 260 in work

area 110. thegnbyitleyibly eesenthzsablpbw gie system easi g adjusts feacspmppdajeradiusimpntein
hol ders 218,286,205 positioned therein. The holding areas are typically
used to tenporarlly position a sanple hol der. These hol ding areas

optional ly cont ai nImekiitichet gaesorslocdtions, eatiatviok ﬁemhaagﬁsmelatcmaﬂy comprises

i nt er chan | atforns. O her ces that are optional]y e ed in.
t enpor ar yﬁ]‘ﬁef g G S e %a%ené’roéaré{%ghil%ﬁ%ﬁ’rﬁigat %‘tﬁtﬁ?ﬁ‘ﬁ%ﬁmﬁlﬁg ﬁﬁsé@?} ’Beeded n a

i nvent i on%%meulglngssmiemm PGP lmﬁﬁe@ﬁom@g 2243048 aN@LSH idwarieae, ar e

used by t operator, e.g., to manually Introdice specinmen plates Into the
system Fb’:bﬂeanddtolcﬂtng ereas 3hpand260 mwdkmgeaalwa Hidding escaa R85 emd 2@hial Figuraded

nunber of SHSTNRY RReTe gy A R SR Brsioned Messit The hiingeasiie 1 "°
optional | yp fcaﬁpq%a tBrté}Hb&ﬁﬁl}gﬂﬁft%'a%nfp% hd1&erN&hbse ﬁd}dlhg%re%yg b&éRall

|IIustrated in" Figure 1, hol g areas 245, 250, and are p05|¥|oned
away fr onseaain inegdevicentughias ﬁtataﬁdxqbnanm mtsapruetmba@gwplaté@rmsn@thme@vwes g.,

f d d
that “a Spiet HERPRr B el B o Rl e AR Al o T Mg o o g

area. |n g@ghnt ih@ntiéh elnhmk EnibedBh@Romd 02 mR®bf MBataki¥ hdketh ieaat hyecnsgt thene
or nore processes. For exanpl e, filtration of sanpl es, application of

vacuum pr eSsipe ¢ gorto Dmasknmtioduest spepiEncs Mgiesiata the sysersafpher orgneker , are
optional | %érrg)%ﬁgg ﬂgld%{‘ét aréfdgn&glagé gﬁloﬁﬁﬁ?méél il the 1t gllP ﬁlrgﬁé}%u?gﬁ&n?rpé §y(§féﬁlsl y

acconmod
of the invention. In fact, the number of holding areas is variable within the same system and

is optionally changed from one operation to the next.

In the system illustrated in Figure 1, holding areas 245, 250, and 260 are
positioned away from any instrumentation and provide a temporary resting area, e.g., for a
specimen plate. For example, timing considerations sometimes dictate that a specimen plate
should rest for a period of time, e.g., at a holding area. In addition, the holding areas are
optionally used to carry out one or more processes. For example, filtration of samples,
application of vacuum pressure, or UV exposure of the samples in the sample holder, are
optionally carried out in a holding area. AIso, a holding area optionally accommodates the
temporary holding of a sample holder when the next sequential device is not yet available.
The robotic system typically retrieves the sample holder from the temporary holding area and
moves it to the next sequential device, when available, e.g., after processing is complete.
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tenporary hol ding of a sanpl e hol der when the next sequential device is not
yet available. The robotic systemtypically retrieves the sanple hol der
fromthewenpsarary hol ding area and noves it to the nextPEeBRfa&rtiHl

devi ce, when available, e.g., after processi ng is conplete. 24 WO 02/31747

PCT/ US01/ 32454 Ty cal tion | ons.of the.inventiaon se
PCT) US01/ 52454 | TYPHARLAK, o tb3bdehlt 38 BROR ok AR b A
e.g., as gessdddagebddubans, Qoﬂﬁb@éslsm@%hﬁ}ﬂes ., Ay RR&IRA iPhiré aétsﬂaelbnvansf er
station (or hand-off area) is typically a |'ocation | ocat ed proximal to two
or nore work perineters, e.g., for transferring sanples or sanple holders
bet ween vgrk )or%#g}egtg;l ae | N SONME enbodi nents, the transfer station

conpri ses one or re platformfor placing t he sanple, e.g., until an

adj acent robot ret rAenaﬁsfet $tatidiogee erd-off laeea) fsappically $loehii@nlocsted ptoxdmal to

optionally an area, e.g., on the systemsurface or ‘a table surface, in

whi ch t wdWeroriagre Wqﬂé%‘ﬂliﬂete%ﬁs f8- Aevetansfearing samalesrorsampledioldess hetwesn wess | v
from one t he o) a
ol o ot Whomhis, O BAR e AL p AR & ShEE lMoBAT:

t r ansf er rplagng thiephaplel egmuatibardsdjaceat Jtod)oiarememd tlewiceer, dre tfansfer stranen isor k
peri neter to anot her work erlqjgter the transfer stations of the invention

are al so AIRUORANY 0 BSacF-8-00% theryPlem YHATA A< PPlsHPERAS: Ehipic (B PHETE o
anot her  sappi€a iRl A% an@ ulnsfed z{’salﬁfblé gla{eaélfeeay RORCGRULR BIhIGRE, b%e@vﬁei’e nmor e
detail below Typically, a sanple g., contalning test conpounds

f or scr eeatijavgnt riobots dimetiepased samp}enha)l@r fnoagenermotiot te tlneoa@actenmmbbtar stati on.

From the transfer at.i |es. can b ransfe red to the wor k
beriteter B ther Wagofie BURsFSng Yimales HERRSHE 6 R b Y6 REHnE:

wor k- per i giRtvdrk pefimdter @y icther SPSTR Ipeﬁmb@r tthe e seatidh @ bethe dveRBon hngoer r ed
to an assay plate For exanple, the robot in one work perineter transfers
an assay qutienally esed to tramﬁ@‘eqarrmﬂ@tfrm ong\kingife holénlsﬁo@rm@@asar@me holdeuges in
sarpl e pi aEerigp g sEautdR de B Do A R Tobeihe 58RaG BHEEE:
sanpl e pl u n 1 e 1%%” The

pl at e t hadont@iih@tddscdmisounds forsaiRhias, is Srahdfefe PHbmRARSragd ﬁio@ula t6 b faggfer

i ncubator, and the assay plate is subjected to further processing (e.qg.,
addi ti on StifonaHem therieAnsher sighen samples Ganbe Banslarrodita ghe adjacent wopknerimeles.
desired | 0 vV,

detectorJg %%thﬁghggb %g%ﬂa%gw%ﬁgmgggggﬁ%@%ﬁ%%%%§§éghﬁhﬁR(ﬁQH ﬁeave their

respect i veaniplyskn persampleplate ohs besedsfheedionn dskey plhte SForsxamipis theavbdttie she
conpounds are typi caIIy added to assays to determ ne the effect of the t est
sanpl es oWoRksrimgter sspnsters; ap assayiplate te3 frangfestatiny, whighdrapstes stationyipgludes a

Transfer ﬁl}ﬁttﬂaﬁﬁexj&'iudesch&qakés'aﬂ W% u%ttb‘fta"t‘.&‘? Qaﬁ&‘@ﬁ e thOBinESle Hfre)aRd phdImand

transfer station 200 1s positioned between wo
aliquot into a well of the assay plate. The plate that contains the test samples is then put back

into a storage incubator, and the assay plate is subjected to further processing (e.g., addition
of additional reagents, incubation, mixing, etc.). After the desired length of incubation time,
the assay plates are moved to a detector. The sample plates and the assay plates never have
to leave their respective work perimeters. As used herein, the "test samples" or “test
compounds are typically added to assays to determine the effect of the test samples on the
assays.

Figure 1 illustrates two transfer stations. Transfer station 195 is positioned
between work perimeter 105 and 115 and transfer station 200 is positioned between work
perimeters 115 and 125. In the figure, transfer station 195 comprises sample holder 215,

which sample holder is available for pick up by robotic arm 155 or 150. The robotic arms
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perimeters 115 and 125. In the figure, transfer station 195 conprises
sanpl e hol der 215, which sanple holder is available for pick up by robotic
arm 155 owolf@i174Fhe robotic arns 25 WO 02/ 31747 PCT/ USO1/p3A%Esb1/3243¢N
transfer the plate to any device or station location within the associ ated

wor k- per | HE% Igsfere[h? glate\’\f%ralﬁ‘)//%%(/f&g%} §hidiORcMonithin thei %@%%tgd w 19 Sér%métn the

hi gh t hroug es are ty I'ca or e proceésed
and det ecégdmskp@rﬁaemﬂscbmllders A "sarrpl e holder" is any contai ner t hat
hol ds or contains one or nore sanple, e.g., a dried or fluidic sanple. A
typical sanpl e hol der conprises a multiwell plate, mcrotitre plate, or
speci men pl at eg %F (s are used interchangeably herein. Miltiwell

pl at es are typic y construct ed according to industry standards to have
several individual hahbhuthKMgmmuhymahkpﬂwhkﬂgmmmkﬁmmhqhdMgs&ﬁﬂple For

exanple, plates t |caII cont ai n 384, 968, 1,536 wells. hi
t hr oughpu rogﬁﬁé%ﬁég ected SlPﬁé@HPIFZ‘HId&FSe LY eml%l%qﬂgercdwsgeﬂnéadnqr gt holdh"

acco mmda&&o%@mns%ﬁé’or Wte s@BPO8 o 1addbd M‘F'ﬂhléldlcssg \dTEQ ¢ 1@51 ‘§§m IE(BBI f(arrpl e,

one work perineter is optional 1y configured to acconmmo pl at es
and a secomgprises k npgtiwelk plate, cuerbliyye phtk, bospet5a6 pete) wbichttams aﬁet tlmdnat ively,

al | vvork rlmeter onfigu one | at e

(el o el oty el MaLSRNER e Fr ol SoRtatidRimenii e types
of sarrpl estﬁkﬁia?d%rté ha{©$everd i @dudl wlIe %1tl§@£éﬁ|v€‘elf'£ﬂnﬁ%ﬁ1%d t@ﬁbfd‘ th;ﬁ@%rgene
chi ps, assay holders, test tube arrays, vial arrays, crucibles, ‘reaction

vessel s, @iﬂIﬁHl@@RaéeS tapically sentain &6, H4 A68. e 136 sealls. (The digh tbroughputrsastems
hol der s" fr/]tpm' cal conpr.i ont ai ne

ovanet o, S8Rk ERletor R B REbR QR NE To koS e B, GRNSHEEf wery T

t hat cont gjeBignenfated. ERGRbFPR) Sty okOFERIRRERRTS opt@inaBy RaifiduFed RN acBSHAbAE
screen. In the present invention, a set of assay holders is optionally

used in adff-vebplaes andasecerd %@rﬂﬁmeenmﬁr@emfggurqd@rd§§@yveﬂml@tg? dlternagivelal | y
conphes, EAUERTRAERT s LR TS lefiriRPbnd 5L of RN BT bss e

assay hol 6&91’5556tv®elﬂplhel§ﬁﬂﬂﬂ @ddltltb‘lﬁ nefrfyetlier Ofpeb bﬁsztnqﬂé heken| ﬁ)r@ﬁalhﬁl% astoly

results. Sanples contained within the sanple hol ders typi caI ly include, but
are not $4mRle Beldess, pasii dishgs. @gne @TIPWWMBP@P@QF%W & ApYSe ¥ial aFi @ueiblss,

bi ochem Ci%lactﬁﬁr%gﬁs Opﬁél Caﬁlrgges\l?lusgd(évftﬁ‘?ﬁ S}%I'ﬁs%ﬁ fﬁk%ntﬂ ant extracts, par ts

for an electronic of ces sone enbodlnents
t he sanpl e hol ders Mrraﬁholdms’etypucmiﬂy(apmpnmédnyalwmrawhlch rgsagrars@neucted.br ary
of cDNA npl ecul e I|braL of Ry ormterajI I|br? of gene re Iatogy
Cegi ons | EHERABPI: 1R el NPISCGiSGISG PHORAIY BT RR Bibffes-ERoRS itk ApHEnS
library oOfe,g@RealdiBofipdh¥nts for a particular assay or screen. In the present invention, a set of
assay holders is optionally used in addition to a set of sample holders. The assay holders
typically contain assay components, into which are added test compounds or test samples,
e.g., from the sample holders. The test samples are added to the assay holders to determine
the effect of the test sample on the assay results.

Samples contained within the sample holders typically include, but are not
limited to, biological or microbiological samples, chemical or biochemical samples, cells, cell
extracts, serum, plant extracts, parts for an electronic or medical devices, and the like. In
some embodiments, the sample holders of the invention optionally contain one or more
library of cDNA molecules, library of promoters, or library of gene regulatory regions
operably linked to one or more reporter gene. For example, a library of gene regulatory
regions is optionally derived from one or more genes that are differentially expressed in a

cell, e.g., depending on the presence or absence of a particular stimulus. For assays using
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regions is optionally derived fromone or nore genes that are
differentially expressed in a cell, e.g., depending on the presence or

absence ofvoaBatdzi cul ar stinulus. For assays using 26 WO Qu/1ads64/82454
PCT/ US01/ 32454 these types of libraries, see, e.g., USSN 60/275, 266,

ol ecul esTPIpes PR, Fe. GBS o R BBl Ul o dfinde
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gri pper mechani SI.1, IS tg ically configured to hold the various size

nul ti wel Ireﬁ?oélf%tm glgte rgpl%qnﬁldl ng, but not linited to 1536-well plates.

G“ pper mechani sns ’Fﬁ@rdﬂ)@ﬁ@ﬁfn@ﬁt%scﬁoéﬁ herdif) afé%‘ﬁonﬁ%/ doddigdrahto 8BId, kle€dor
"Gipper Mechanism™ filed February 26, 20 To reduce contam nation and

evapor at i Wanspeit.eaydypq of Samphﬁmtalmmslscfélsfomm assays of prtengstd dn additienghe sone of

th l e, h d that ff

ol der noPan S iRiebl BRs A ek B LI N b TR gfe o
diffuse i mteaaanﬁﬁmsltyaplmly @nﬁ@ﬁ@d@@ AsldshePdrions 8128 nigtiwvald blatesl-&.6S inkdngngl | y

have a gri ppi ng structure, such as_a gripping edge, that the robotic arm

gri pper ebiagbEmitad it oY plates, Shtpper meelisnismsere flescriber ectalin I

speci men p ation serial nunber
09/ 569,32@/2%3% '8 %ﬁempﬁ% R/%]gh%}gsr E’fl%dgﬁéb‘,?jé%ﬁ?,ﬁ £(¥(ﬁUSI ng", filed May 11,
2000 discloses a S’ﬂ&ﬁddﬁé@c@itﬁh&aﬁﬁﬂaﬂ@ﬂap&bﬁ% effel3€ it 1arsdmbﬁmesr1md&gaﬂeaé ed
herein by reference as if set forth in ts entjret one enbodi nent

t he sanpl BOKGedkleastisgme of thy Sangoé%wﬂ@wl@tl@éi A ligjtha ¥@§ﬁﬁh¢ﬁ@%36&ls T HPRe
having a {98 ot bt %ed@:e?@%&%[‘%t E@nta t13?,sduﬂgllo&/§1%£§ggfotdlffﬂse fath
al i gnnent protrusi exten rom t e of’ the cover, e.g., positioned
t o coopersplevvehs moraddngisteatly anerdiieblyoflidsegematally\ale a gtippiag st'fhﬁuiei, sisch

further co rise a sealing perinmeter positioned on the bott e of
the cover? PR En® g‘?ethéﬁ%ﬁﬁﬂ@% AP FPES edl,gagegc,ﬁq%)gg{;lggyg}qo Aiing ]rF ifid to

the plat eandsdéh'ﬁ'@l‘?é sp’écﬁl%l plhtd a6 REREES @'o{?éﬁﬁdgf@ &, P%ntbeg%)%ﬁfbnt REaSRFBRY

perimeter and a sealing surface of the nul he Iids are of
suf fi ci en@9/6@9,324 entidled 6fipecimen Phaee Is:daamthcbcbofrﬁJang’i ghied Maxill, 2000 discloses

a specimen plate lid for robotic use, and is incorporated herein by reference as if set forth in

its entirety. In one embodiment, the sample holder lids, e.g., stainless steel lids, comprise a
cover having a top surface, a bottom surface, and a 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 seal is compressibly received between the sealing perimeter and a sealing surface of
the multiwell plate. The lids are of sufficient weight to compress the seal and form a tight seal
between 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 also optionally included as a
device in the present systems, e.g., to add and/or remove the lids described above to or from
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between the Iid and the plate. For exanple, the lids typically weigh
bet ween about 100 grams and about 500 grams. A lidding and/or de-Ilidding

station iwo®a7@ptionally included as a device in the pregane18yshens,
g., to add and/or renove the lids described above to or from 27 WO
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Hol der anfélbl\/let nggéfg?é\lmgg{)%g?yp%? %&)&js ust ff%ggg@%ﬂ%grﬁg{gﬁn %Je 82.1? es nust
be pl ac eddqscﬂbddsiaIWSSM 06/92Dj980, edhtitleld SAeumsmIesi Rrecigioa lidtgeca Hal dpw |add Meslpmrder
for exa osit sampl e reagents into th correct, sanple wells.
A tol er andgngs %ﬁﬁfﬁgpgﬁﬂ&?ﬁ B rCios” BBy be Blecbprrinely ger S8 ems ¢ ha
do not i ngkhtigers M SndbYP£1ikid AKpLRRE, §6r BLBHIS 't@ﬁeﬂgit%%pﬁgIof'f'é’ggeﬂ@nﬁ@ﬁﬁuat €

for sonme low density mcrotiter plates. However, such a to ance is often
unaccept adsiresct sampié ghells.de tderagcepdfaabest, 1 g whach canpoateéimek bh ob&EBdWY! | s.

| ndeed, a Slt Qnj n (e} f [one mm for 1536 |l . m.crotiter ate
coul d cau s ‘?ﬁd 61%6 C#‘écg?gt ero %@PI‘F@G‘O@ Epadi:’h 1% qu%? h‘ﬁ
wel |, or ml@“ﬂ@sﬁaﬁynﬁ&oh&ep&yeﬁt Hmzveﬁéfcsh]cﬁ% téleraﬂe@fy dFen®natdep@bRffof High
i qU| d di spenser Accor di ng osi ti oni nge devi ces as described in USSN

09/ 929, 98@enaity phifesosusptas arpdate yVIth| 1336 wetdlsl In qdhe pggzsomng enbr ofimeimmdnt 4 on,

e e T SN R ey

wal | of tWweongwdlot taise Phiage B sydien Bucl 8 iolRedles af €pd &F thdliguid dasperRe
position on the support An inner wall 88 of a mcrotiter plate is shown

in, for Aseodingly. ppytipring deviess as deecribas SUUSSNIA9/929,98 Sce p epaPnagiiiment
menber s aﬁlauge&i&ehg@?&?ﬁ@of@gnﬁ\%ﬁ iofk Aﬁh[}% aglgm Ll dlée%'v&elﬁlaéebsre giotiter

pl ate when the mcro {8 position on e support.

The use of an Innel’Th@HpO@li:thllﬁg devicegiidve @t lepstal frsedligament ingmenthat isur f ace
greatly increases the precision with which the mcrotiter {)I ate is

posi t i oneRPSYIPIEAE CEH P NS M3t dha Bicretyer Raiaiies, hamigatiiggplakds in a
mcrotite r

o1 ocessi rer°ar® PRAHEL B IR TBHOE A b whIPRS BEY miciBler phft Mo Vit B

posi ti oni exgugdy ifc@se ¢ Aninfsontelearbodiménig éwabr hmeas ali gnnsme memmts ae pamﬁormelrtber

t hat t d t d. wal f th tit en
the. m or ottt 8B lednier VA Phibe FuSPREAPlafokber s TBReatie b che el

second wabdsitich dif BE 8AIILY TRB ukd\W¥edn iNRdr!walf off the nfid 6@t bfa?er asPn3@nmed 1€
positioning devices can include: a) a first pusher for noving the plate in

a first ddurkace greatly snwredsed the pfﬂcmsqzn with giadrthe suctbtite pbnte shpesitibheton thent act s

a first s %tppgxft cgrrr]qe)ar%ﬁ t(r)T%r exam e rz?ﬁgnmg the microtiter plate using an outer wall, thereby
facilitating further processing of the samples contained in 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 positioning devices can include: a) a first pusher for moving the plate in a first direction
so that a first alignment surface of the object contacts a first set of one or more alignment
members; and b) a second pusher for moving the plate in a second direction so that a second
alignment surface of the object contacts a second set of one or more 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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menbers; and b) a second pusher for noving the plate in a second direction
so that a second alignnent surface of the object contacts a second set of

one or rm?@@yjlgﬁment menbers. In presently preferred enypdiy&nsssyeit her
or both of the pushers includes a | ever pivoting about a pivot point. The

| ever can be operaply attached to a spring or equival ent, which causes the
26 V0 02/ BhabeRD LT DR B ueRbib dppryible Shuednt oWEHaE g Bhe
obj ect t ogirdc@ibn _ﬁézﬁﬁ%&'tﬁ‘e fifP¥R of E"I?%?ﬁ)dr@ﬁ{erﬂﬂérsf lFf‘gu?é iﬂllusfﬂht&@ﬁfe'p_@ﬁiti@ﬂé}'iﬂ_ﬁ t he

first set of alignment nenbers. gure 14 illustrates the positioner in

oper at i ongperatisinuthchyling de useoiodligameghtabn30.t Berdugher ifformation, lses, USENr mat i on,
see, USSI\b9 g?é ?%59 985. The autonat ed precision object holders can al so
i ncl ude a I/ armni'ng device for retaining a mcrotiter plate in a desired

position on a suppoThe adib@ERdpRIcHi Bigjedt@videtScaaiko ihflaleIf eotaihPle dR¥REBIE, A
vacuum pl at e whi ch, when a vacuumis applied, holds the mcrotiter plate

in the desstaiRiagganicratién plappén § desiighppsitioron p suppeie Thpisgdiaiing deviepssamn

interior f i r . WM interi . i DQ.

recessed TERUEGLefRRIE d (R AE St bled R ibEb Bt RORE BRI e

pl at es orplarrpltie dwiré®pssiCaThe Yaa\gmaplaf, it stnd smiffdimane) 1es an afteridrspifacd | y

introduced into the systemin one of two ways. First, thei,/i are optionally
BE

manual | y #idbrsfacs. wih thednisarosurtace beiagiredeateddcipfivg lndhe igseigcee. ., at a
controller PC Secf)@&}ngllke%%yde?sf g.g]g%%ﬂpgfﬂlluit}(vé&g}é}ﬁfgg HP&%&% Hmd@rs%lbﬁ'%)%igin l,ate

hotel, e.g., that is SO usé ate g I'ng during operati of the
system | plusabingofsabpdésyrerttgpicabninptredinet dieto sheasystehainadnedf wivd lwagit. Fiesisthepne
identifier or |abel, fqQr exanple, a bar code, .RF tag,. col or code, or other
| abel . \W&H oPHE" rmwaﬁwgw ntQ, AR INCYPRIPTAR glﬁteaedagrthec%@,m, &£t fobot s

typi cal Iy Qnbaed. WeddhddmBdhr nAlBPHRbductagrRAL sﬁgr@gﬁté RAeL S, AL is

optionally positioned on the robotic "arns or any ot position~on the

robot degemuseddouplate quessingpipting apératiorasfithe yypxernf sanpl e cont ai ner used. By

identifying each specinen plate with bar cod F. tag, or color cpde,
the system can posi th3&ST F‘?t_? Sé‘%’ff’ h@é%?@qﬂ%ﬂ?"cﬂe 1aﬂqé‘t ]_(éf“s,t Rt nifier
retrievi ngs1apg10fe@eRimfle, PhardSlE HE g, *AGH 038 other dbeBAiHEh b saldp® holders
information is al so o[l))tl onal ly used'to provide reports regardi ng assay

out cones amdabekssluvitls 2 bargadlet eich rehwit detypisallyipromidsd yithf a barlcadgteadenilde bef
a Faor

oamples, iRl AL sSRol LR Rl BRLaRARIy il R o
pl at es pr&geAding Apbh theSipplieonand typeidfk¥mple copRimt asedo B pilntdyBRicapianci es.
Advant ageousl| vy, wﬁen a sanpl e hol d)ﬂey}é is provided with a bar code at
opposi t e SREAESN RiRE Wikea briicode 5 aBaic0lpi@PEs. dhe wistem erp rasitivalyaidemsify cedte
D bo f”t o X% hglpg{‘j'%.t ?%ﬁgétgf%gg&ggﬁgﬁngf o diecHRTRAG NS Il adafiRG! MG the
information is also optionally used to provide reports regarding assay outcomes and results,
and to provide an inventory of a large number of samples, e.g. libraries of nucleic acid
samples. For example, an inventory is optionally used to compare a list of desired plates with
a list of plates present in the system, and notify an operator of any discrepancies.
Advantageously, when a sample holder is provided with a bar code at opposite
ends, and the bar codes have indicia relating orientation, the present invention determines
which end of the sample holder is facing the robot. For example, one end of the sample
holder optionally has a bar code with an even code, while the opposite end of the sample
holder has an odd numbered code. Accordingly, the robots of the invention easily determine
whether a leading or trailing edge of a sample holder is facing the bar code reader in the
robot. More advantageously, in this example, the robot reliably and consistently determines |
which end of a sample holder to insert into each device.
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hol der optionally has a bar code with an even code, while the opposite end
of the sanple holder has an odd nunbered code. Accordingly, the robots of
the i nvenvigoi/eagi |y determ ne whether a | eading or trailpigeidgssef a
sanpl e holder is facing the bar code reader in the robot. Mre

advant ageously, in I ﬂﬁg . i-abl ﬁ?gl i |y
determ nes which e}r%gé%lsgg S Anu&déﬁﬂjgg%ggﬁﬁ%gﬂ#ggﬁexl 0 gﬁ%ﬁﬁrg‘%&e\%ﬁ}:}e. 29 WO
02/ 31747 mMeTiutdSait/ idR464 ofBre asispoundtphieutidnsramndide darabades ivinipondatrerieadfogear t
of any research institg{té(ﬁébthe integrity of the conpound col | ec&i ons and

the dat abH§&8r ¢adep ApsFipahELOveIE pEep markers ordaidy aitisgd o the SRTPISAPIBLYE or
ot her mar f&aﬁ%ééﬂqglp%\%ééé@‘gp&.fﬁdtd?%alﬁelgﬁ):l%? iy}%fgt%gys . qhatqp&aa&a'ﬂ%a dused

to provide a conpound or sanp plate I'n hat Is trac by a
cont r ol | econtmtlet mpdilesfot e Higlgthrauphpuighrpedssipg eystans ofjths yisteation. 0Thd he

i nvention, The invento typically kee track of t sanpl es and/ or

sarpl e holAEHEHTEIcRDY i Sk Bhiars Ampes an gt 10F PPERATOH i 8V SR s
Wit hin thgesYsiRMIoBYioR Y kAR WvithiP e sTRLS. %@Waﬁ{gﬁébﬁ cod@8Rtn Bh &ees.
the robotic arnms are used to track the plates throughout the 'system 1In

addi t i on, sanfle platesi iha reloticlems pmnseé o teatktthe platee throaghano titersybtber Ine. g., a
PC, that coprdinates .locations with resulting . data fro i OUS_processes
Lo provi ECBieT R RTREISR G R HEReure 1o + bl SRublbe o 2. AR b BT o ng
a conpl et RcABHRRHN ¥s@fing afR iR viritfis PFREQRS td ek iaf MnveRfRY to8Bined Wethhod
for plating materials using markers to track the plating procedure. For

exanpl e, &afpresslis.e. g., libraries of sanples, often enter the systemin a

R

1536-well plate. To ai an €ss,

t ransf or npiolviies b il fo Pratl8y Siaterial Oisiipt minkeR t6 @bk dﬁgﬂitimg prodedate. iFor
tracked using markers as described bel ow. The system described below is
typi cal | yexpsaie.samplepes. g phiiapiprofsgpiples aelienengar the sisteaniy h 306 fespatapds a
first set_af I i i I

ot bt BN oy BRSO RSt SFENOLRLRSG)
of the nutriekingprocese) the tdansfofieatfonrfaim 8 ddw-dbngilyfbasat té-ahighxdempit efornatis

uni que 96-well plates are gptionally condensed into a single 384-well
plate in gxﬁ@?ﬁé‘&g 15 8% AepctiPedt§IoNg the reformatting to insure accuracy,

€.g., 100% accuracyqpqfem ifkchb&pbdoy i?@/ﬂic&flﬂg@d’ﬁr SRIBLEHC agﬂl{%aﬁ ﬁgpt

al so applies to 384 to 1536 transtornat s a rever se processes.
accur acy oindeheng thatcabza® adepesetst mivrémaplags édaatsbgondiser ef maodwdbplakes.|

plate |2 hoSaLEANLn L St BLALS lter e LAY SIS bt

provi di ngwaldRliRe Fifk s&RE platéy Ho Bkarhple, f8BE MAGuEIE Wel DldtESE bpiorR@IGUr acy.
condensed into a single 384-well plate in a method comprising tracking the reformatting to
insure accuracy, e.g., 100% accuracy, e.g., in locating and tracking samples. The concept
also applies to 384 to 1536 transformations and reverse processes. The accuracy of the
database depends on knowing exactly where each 96-well plate is located within the 384-well
plate after the transfer is completed. By giving the operator a simple visual check as well as
providing a detector check system, the method ensures tracking accuracy.

Compounds provided in 96-well plates are typically in an 88-well format with
one column empty, e.g., column 12. One column is typically kept empty so that when
compounds are assayed there are blank wells, e.g., for assay controls. The entire column is
not typically needed for controls but it is the standard way of plating compounds. Also used
is an 80-well format in which two columns, e.g., the first and last columns 1 and 12, are left
open.
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Conmpounds provided in 96-well plates are typically in an 88-well format

with one colum enpty, e.g., colum 12. One colum is typically kept enpty
so t hat wheyysgepounds are assayed there are bl ank wel | s,pcaykso1/3348l assay
controls. The entire columm is not typically needed for controls but it is

t he standard way of I rgﬂg . e i - I in
whi ch two col ums, rgﬁég% b‘%ﬁéﬁﬁ Ir té ?ag‘%crl lﬁlas I}c;ié)sl g iy Tﬁ%ﬁ%&ﬁﬂs&r&%@?@
open. 30 fMRRAathpled /infnE/ohibté 8244 pldtbeinphe 88swell fisghatalebotitgtiabbee. Wi t h
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than added to one or nbre o
96- wel | pliA endsSd® fier tpiebng Gfl weldnatsl rhdrBer welld. dbiel secrgldqﬂatwed:dewealademdker

wel I's. The eco | ate. receives. a cond ke r|l |, e.g., |n well
A12 al so.™ fpﬂf‘P > Gt Y 3 ﬂi“Fd i“TE{? Lé’?ad"ssegﬁﬁ%ﬂ 46 ug"rdeél-?f’ve

mar ker i nebd)@e § ke lih hel s%ﬁ&?ﬁlo\é@tt:h vde[l ih BR3E I?Jtc%tég v%ﬂ%lz vielch nikRer Each
marker wused is different, e.g., a different oore a different

f | uor esceuwsed dydiffersnt, z.gij dh&emnt colomdccbfm g diffieremt ﬂﬁoﬁelsqmt ém: ent diffezentThe

tent f t fo t h
cequent; argetipsR P EBpEsGRr S5 A8 Shienlnqtdfe f0oF ple’s @GP 5SmSR EC ) o
plates, theydderLqlistRiafRidty tﬁy 1@@% 12123 IIﬂdﬁ&pﬁﬁwAﬂaaéedqhaﬁ@mmdrglatésomey
transfer tothelarger plate. In the larger plate, e.

plate to ajrggﬁnwélmdlqﬁph@é in thesanaller plaiss pmrru@ér@Sﬁegmh@éarg@ nlate. ImtheRergeupper

acour acy BRct i it et B PR ane b Mbhitlor bR SR g e, 1

process igppeptipeiakier, smnlaéﬁf\eals Ammahhd/ng-mnsmuﬁs ﬁﬁﬁhﬁr&ﬁé’ad@ﬁrd@b%ﬂh&' ng
whet her the intended pattern is obtained. If fluorescent dyes are used, a

f | uor esceftnsirsiwpnitorrd. Weea acoloremhyois viprh thraproeens ippritoagliveweitodcur at el y
transferr f e i nation
o SR S0F, SRR T bt RSP B 08

sanpl es. fluredcherdyeshrdised, i fyoressent detestdrey udedat mdhoawhethsetle plaesvedrker s.

Any well may be used as,|ong as the resultjng pattern i redetermned to
track theactcﬁ%iy gpnsieniedy fla sapg FRIbedimenis, o qoeﬁcmt defersotissa rﬁ%nbleatgon wihaut
0.5my/ m , cgibid tJ AR 51641 tas TR a’s%ns?ﬁlﬁ%ﬁt sl 1dgD Iﬁ%gl'ar &ﬁb&ﬁglents,

pl ate. The |rs plate in the tran rrratlonrece s a red dye and a

f 1 uor escewtlldytbergharc Ad2 erd wsed farmackersTAaysed bmdy pe aSeel asrlegasvbs regultimigl ow

dye with a fluorescent e conc trat on of 0.5x, the third plate receives
a green PRI efqr{%‘?%lsteé’i‘?F gs? b 25x. Finally the fourth plate

receives a blue dyenaii &ambld!@5E866Mbf EbISredldyl. e.d 2abbut GOmghnRPRIs® the dye

concentration is optionally an FI TC sol ution
florescent dye is added to well A12 in each 96-well plate. The first plate in the
transformation receives a red dye and a fluorescent dye at concentration 1x. The second plate
receives a yellow dye with a fluorescent dye concentratioﬁ of 0.5x, the third plate receives a
green dye and a fluorescent dye at 0.25x. Finally the fourth plate receives a blue dye and a
fluorescent dye at 0.125x. For example, the dye concentration is optionally an FITC solution
ranging in concentration from about 0.1 mg/ml to about 0.0125 mg/ml. The contents of the
four plates are then added in sequence to a single 384 well plate. In the final 384 well plate a
colored pattern is formed in the upper right corner (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 replated into a 384-well plate as shown in Figure 12A and then four 384-well
plates are optionally replated in a 1536-well plate, e.g., in a format as shown in Figure 12B.

Each pattern in the figures is indicative of a different type of dye in the well as shown in the
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ranging in concentration fromabout 0.1 ng/m to about 0.0125 ng/m . The
contents of the four plates are then added in sequence to a single 384
wel | platgodazisfe final 384 well plate a colored patternpdsydpssBRY i n the
upper right corner (e. g , wells A23-24, B23-24), as shown in Fi gures 11
and 12. F | l.ustrates four at es

mar ker s, I%ngch % ‘%sh]é Stf%ﬁ‘%ﬁ‘ttbﬁ fﬁgﬁlfeéathe slars Aoy OW Wﬁteehu%%a SEHSJ\%H’IOHH% gure
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plate, (gy ina format as shown in Figure 12B. Each pattern in the
figures idyesadpeaan operafor & b surepkihe pwmn@ftatdyle The flueeespentidyads detiesiigd Bn
the 31 WO 02/ 1747 PCT/ USQ1f 32454 r nds illustrated.in the
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ensure acmum@@ydbﬁusstruﬁieﬁtaqbﬁck to determine the orientation of the col ored
dyes allows an operator to be sure of the plate orientation. The
f1uorescent dye is Heomeapbasimensnhe sanyles Bem ong gbmese Blates gi tedeinaired
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concentrations, the ta | at trat b
ot or ni neteasbaaif SEnuhemae damined g B paeubd i Rl pid on

factor. |ghddie agysdensiopf the pr esent invention the markers can be

di spensed into a sanple plate at one station |ocation, e.g., conprising a
fluid di spenser anth thg systerh$ 9f the peaseritenyeation ﬁtafnarkmsglaebe\d@pensaéﬂmptay

pl at e, n | ocation. or .a different tion. The
Dl at 6 havipIE Rlele it sher e foaliy ek tootristle S0l cberyet AnomfiRy Co
det ect i ontrarfstértddantol OE@hérORell Gonlity plafe, b3 ab BI¥RaME stutith idcatiembr MArdifferent
perimeter to detect the resulting color and/or fluorescent pattern in the

| ar ger pl lecatione The plagenleavdigthe highsswelhdensifyl iathen typicaltydranstened 5o a defleetion
phot ogr apsq tich l%géti ?l ! ¥ {h%lggﬂle% %#fé%@lﬁrv%rﬁr eﬁ&%le? Poaéhlft ct\ﬁllee 1{1H§ color
resul ting flarg (1 €10 £ nately, a

col or onet ﬁncxzomfﬁioe@bmt pa&emiﬁ(ﬂhe lé&gehplagb elghehd 3ot HBGug&lpplhtes ¥s bédisomfa t he
invention are primarily automated robotic systens, .certain functi onal ity

i s opti oneAlprPheiegsaph isppHorallyike orgh op%&rapapn%bt\il%\ﬁ%meye%ﬁ*&mgalmgy‘r plate
intr oducet% e?lsﬁ%rtﬁé ﬁ?dﬁe%[ coc’l@ﬂgaltfen{' ,{Xﬂ&ﬁ {}; 9 c@lo%rﬂ&n& H%ﬁ%b‘t@pﬁtﬁsed screeni ng
acing t sanpl e o

system e. by p onto e device, hol ding
area, or t he Although the high throughput systems of the invention are pnmanly

automated robotic systems, certain functionality is optionally manual. For example, an
operator optionally manually introduces a particular sample holder into a high throughput
screening system, e.g., by placing the sample holder onto a table device, holding area, or the
like. For example, holding areas 240 and 250 in Figure 1, are optionally used to manually
introduce a sample holder into the system, e.g., into work perimeter 105 or 115 respectively.
A rotational robot arm optionally retrieves the sample holder from the manual holding table
or area. It is optionally moved to a storage or station location, or moved to a transfer area,
such as transfer area 195 or 200, e.g., to be retrieved by a second rotational robot. The
rotational robot that retrieves the sample plate from the holding area or transfer station
typically moves the sample holder into any of its associated station locations, to be operated
on or processed by the device associated with that station. For example, a rotational robot
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| i ke. For exanple, holding areas 240 and 250 in Figure 1, are optionally
used to manual ly introduce a sanple holder into the system e.g., into

wor k periej@iz14@5 or 115 respectively. A rotational robq;cﬁggh/gpgshonal Iy
retrieves the sanple holder fromthe manual holding table or area. It |s
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fromthe holding area or transfer station typically noves the sanple
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the d te {, stat l.
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or ocessestivk ARt SRIBIE ot RO Rore SO R YRR AT M T G Bt HRRRE

hol der's agagnpid B6ld@RtatOmablyced it dbigRtEn.Nt 0 t he system automatically,
e.g., froma storage nodule within the systemor coupled to the system 1In

this case, a central controller or a controller coupled to the storage
nodul e issusedqf o (ﬁyergct whi ch sanple holders are introduced into the
system G Con?ror ers The high throughput screening systens of the

i nvention typ| cal | yThpkightieougtptiescresnitg Olstedds afiiee innventivheypioaipusgsratsy st ens.

For exanple, a control unit is optionally _coordipated w.th, the o%ﬁu{!atl on
of the hiYHlet AP RpARS %%P@ﬁomufeéﬁﬁ%%r@$ yFOTEXaMRIE, 8 CORFY NE S oreﬁ Ytiple
conputers ;x% r or, L] ra
desired p%ﬁ‘?gﬁe% adéé }ssg}st em %p tﬁ]llou Hgs@e%rh Alt%ﬁﬁlte?]g ul'Fl 10

are al so oypultiple opmp:mntﬂs' aﬂ@tmmalm lhsed/t(amrm@da alaad monitar the) i tre Isysimi/om 2} m) n| tor

th te F 1ill trat t | t. 320, ich i
oot onol ToRsistQortish et afit Cnefatop i, G SRl AeRs Sl ol ot ng

system 10&0vﬁ§d%ﬁl&$%oﬁ&@ﬂo¥%édﬁ&d hifl/SARbG R e s%t%hf ed for such a system
an operator station, e.g., station 310 is also provid Qperator station

310 optionally acc offerangis, ng.we éxdamtra@s a gpetreltunit 3@ﬂn‘s'b1ICb igamBioheHy used

e g, . °f or D oRRRE e e BoR oF Ben B bRl Rubtning Pb{kat 160 TR bpfyEr mepliprne
alert. Thg tpRedBtREiréPTeheh 4 Mt&@taﬂs)pefaaﬁ st@%A WE Sstatidtad105% alsb PRovi@sdt | ons
and/ or devices are occupi ed, what transfer stations are occupi ed r obot

status, i\perpiersiatign 3l sptianaiy eccomumedaigs, {anexauplesgparenr exnpleddAter and any
other i nf or mRLL AL S RGH FtPes R BEShatiR, kﬁc?%e%}%&le}t 1855Y8! BMlerting an

operator with either a visual, audio, or pager alert. The operator console indicates, for
example, what station locations and/or devices are occupied, what transfer stations are
occupied, robot status, incubator status, temperature of various system components, and any
other information the operator wishes to know about the system.

Operator alert 325 is optionally an automated paging system that pages one or
more operators upon notice of an error condition, e.g., requesting operator intervention.
Alternatively, the alert is a visual or an audible alarm. For example, a telephonic system
allows a control PC to initiate calls to predetermined numbers, e.g., to telephone or pager
numbers. For example, if an error condition develops during operation, the system calls a
number from a predetermined list of contacts, plays a recorded message and waits for a
telephone keypad response. In this manner, the system is optionally controlled and kept in
operation from a remote location. The system can also include one or more cameras, €.g., a
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Operator alert 325 is optionally an autonmated pagi ng systemthat pages one
or nore operators upon notice of an error condition, e.g., requesting

operator {Jyy@ryeption. Alternatively, the alert is a visyg®piansaudi ble
alarm For exanple, a telephonic system allows a control PCto initiate

calls to predetermn nupbers, e.q., to tel ephone or_pager .. nupbers. For
PSR A G T D S A e R =
a nunberofif ABlcahddt gstedyeich A6 o fedboredbetRAt acts, plays a recorded message
and waits for a telephone keypad response. In this manner, the systemis

optional |y control | Bufesaidy kapgratonstatioped atis lonated edjreent enenecorinoeratvask. The
system can al so incl ude gne or nor ra =0 a.33 WO 02/ 31747

ST Usot Beseiete i A ofiirerihei R afis RRe AR (o0 sy e e gy o
renot el y. onl{Pkdes ©BEratrlcOMécl1BLPRE Q1106 ablé & Vik@IRI iRSREObbHE agivEly QY fitieom a
remote | ocation. Preferably, operator station 315 is |ocated adjacent to

one or nofe¥iags pkthepeydangien.eAscordingly, sempendatsfrapriataratert 325 may be plased Bra 125,
| h . : . . '
al'so- bl o5 Wl BPGLAL B cBiles ABmiCIpRTTTHIRELR b eRE B S1sd baBliy °

i nvent i onposAivaed distigk Sronctheppereni andthe@peraadrebnsls mith3hb opendtopalepd aced in a

work perineter or even on the devices thenselves. The work perineters are
al so opt | MeEALIng to Pags the GRYEIMi st ant from the operator and the operator

console, with the : ' - : rring
now Lo Figure 2. antaeatmn st JiapEPE Al kil Bt AR ok SR ARSI 6l S
t hr oughputhr@ghp@nscregnisg syeem00 is propidetti dathmaAed msabmenti desicesitypitallgdavees

typically have _an integral controller or a controller assigned.to operate
t hat inst%wmfalagw%r%ﬁaﬁowﬁ P%S;gnefiﬁ%m#sﬁ&atawuw&%&%_ RGNt h
integral qonth&lildglics42s id ﬁ%&h%ﬁﬂhté&?&% ?gﬁﬁﬁ? 345, i8Rt WETibe 268 R3h&hn

control l er 365, and 1 nstrunent devicé I's showmm wwth integral controller
370. Al swith imsgrelnoatbllesdaSe endidSirimmers lovie @70 5 showe prtheinés grid dbutaolémt 370.

controller,350, and inh a siymlar manner, instrupent, devige 0 is. shown
W th sepaplpanysncsdBuleant ioPPuR 80 sopahie SN ORFbfigE0a Bt
singl e cofifigt MBAneRPRLRIRSt WBViBe RO sAH®n WA dep iRl dedRMicE@onfrSller I5O2FBE €,
i nstrunent devices 290 and 285 are shown under the control of controller

355. Any sapgringtoithent ddeives esingtricansnilenepesai¢sanerekhavene instrymees devige.eFor

opor at o ¢ rapby ke oRISR 200 an BHE RO LiF AT e BF EorfRplies! Any

processi ngonkolen dviys bedtaFukdions knoven th the 6ANkd @nkeanipldikd wiltod thexaeehe, in
one enbodi nent, instrunment device controllers collect and anal yze data and

send sunnﬁwyﬁhﬁﬁa information to a systemcontroller. In such a nanner,
data communi cation RO S RTER R 8‘1’?1?/ operate the devices of the invention, but also typically

off-load processing from a system controller, e.g., controller 320. For example, in one
embodiment, instrument device controllers collect and analyze data and send summary data
information to a system controller. In such a manner, data communication requirements and
bandwidths are reduced, thus requiring lower speed and therefore less costly communication
connections. Some instrument devices, such as instrument device 235 and instrument device
295, optionally do not have a separate station controller, but are instead controlled directly
from a system controller, e.g., controller 320. Also, an individual station optionally takes
direction and passes data to more than one controller. For example, instrument device 235
optionally receive operational direction from robotic controller 330, but also passes data back
to the central controller 320.

Although most of the communication links shown in Figure 2 are shown as
point-to-point connections, other types of connections are optionally used, such as network,

34



bandw dt hs are reduced, thus requiring |l ower speed and therefore |ess
costly comruni cation connections. Sone instrunent devices, such as

i nstrumenivogdewiee 235 and i nstrunment device 295, optionaldorgipgisqhave a
separate station controller, but are instead controlled directly froma

systemc roller, . e d.., ntroller 320. s0,, an .i.ndi vi dual .. tion

oot onal 1Gnpdeh Hirels drom GRHE pBbedER, bl 3 el R kR G H o
For exanetwednsbtet@ntrotenv330eand3FsteMtoh @I M5! Bafthaeimiamehi dade and
direction fromrobotic controller 330, but also passes data back to the

central cOREeRganipllgsgan pe phisicihly vonfigwed apbcaipaeiadhitebpioarangegesnts KBOWN i n

Figure 2 ar I nt-to-point connections, other types of
connect i otﬁstﬁ%s?te%?(g)\%%l?gﬁ%ﬁo y used, such as network, 34 WO 02/31747

PCT/ USO01/ 32454  Et hetefegiibly véatk k& sttonabrobbuhdsiitsciwaproboreuativilen Forenahples t he
mul ti-drop, connection shown between system controller 350 aigg system
ror1

control | eerQtAFS’P.trFlu?rt:ﬁ’é’rc,onfrﬂ]ﬂr?m?éﬁ@ , f_@@% coatrgller 338 rentpls cohnt Py awiddobol, pe
physi cal | ébn%ﬂ&‘ :ﬂfﬁrc%qBBﬁ oS C 'A*Hﬂokﬁhr Pi?ﬁf‘e.r 2 oA ? cERRIMRr df&tih %f e

of skill 1 nthe art. Preferably, eac otational robot has its own ro
cont r ol | esinglé&ovbog xeasimdle robotiolsontraizm alsolopgon B3 ontols molltpleabldts. 1G6nvershyot

controller 335 controls robot 140, and robo control | er 340 ntrols robot
Ton | Al t HEURTO R CO BB AaRpr BB SRR  SELTORRY B TARIAINE gt ¢

robot, a SIABLEadIBAN RsG@REA Rhith RhctPod6t. ARIrieRRAbleYrobBRE EHtFOIRHB30, Rifch is
robots. Conversely, multiple robotic controllers can cooperate to control

a si ngl e proharily respgnsiblednt ewitiolling rabotddS popsisinaliy dcaeptsdhpuidawe iabosd wit h

h bot. F | e, [ troll 0, which .i [ i
Fesponsi bieprr BEAPRER eSS BT 30 S0 hr roPliccdgcder RishbRp et
robotic AgNbptRIhBY cadBzubt @btk PheditLahd IsHhal beadRyRMENt s. The robotic and
systemcontrollers are al so optionall i‘i‘i configured in other g?&m cal and

| ogi cal arr angenent b the axample alkustrpled in Figusa 2.2edurabatiFicguirdlep 33@ 238, dsbot i ¢

|1 , d [ f I : I
320, Syst R BrrraP Pt d b BeREp B o SNSRI PHub RS CIRFRERIRL 177y

oper at or §leddtboddnddle 315YSdaesd £ opérak katiorB210. a8 Beem contraller 320 gisot 0 oper at or
alert 325. Operator alert 325 is, for exanple, an autonmated pagi ng  system
that pageZPTyRBIGIS Iy PCERIR Heth P25 vRBFTaiRR alsFh 325 it A HaTwe. 38 Alffosate paghgr |

operator o al.gf ﬁuagéa%g% gﬁ% {?ﬂ%}eyoﬂe&%rg An lah gﬁbé%a{agé@%cms.e T8 héerfaf&

provi di ng-warnin erts to operators an nicrans 1n t ar ea.

For exanpilert 335 bptidtalllpanciindesilizhtscal andibtecsghald fohpsoviding oftringsadnidyalerts to

DO ok A A ar BRI bk A% CSRERIas: L PP B TSAPER g e DI o1

320 accepfsidndRy poGioRA ANdeRas ke d0AA. 10 sRhNEhanner, an operator receives a quick
visual indication of process status.

Further, system controller 320 accepts instruction and passes data to other
systems, e.g., via central system link 375. This link is optionally an internet link, a wireless
link, or a local area network link such as an Ethernet system. Other links, e.g., electronic,
optic, magnetic, or otherwise known in the art, are used to link system controllers.
Advantageously, system controller 320 provides input to a centralized control and data
collection facility and receives software and operational updates from a remote source. For
example, establishing a web link provides alert and status information.

In one embodiment, the system and robots are typically programmed in AIM
and/or V+. Each robot typically has a controller that is typically DeviceNet and Ethernet
compatible. For example, the controllers are accessed via DeviceNet back to a Controller

PC, which is typically a Pentium HI, IV, or other appropriate, e.g., faster, computer known to
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systens, e.g., via central systemlink 375. This link is optionally an
internet link, a wireless 1link, or a local area network |ink such as an

Et her net )87yt her links, e.g., electronic, optic, MgERRGEdess243%
ot herwi se known in the art, are used to link systemcontrollers.

Advant | v, . Syst troller 320 i des j nput  t tralized
Nt rol R IBIRE Bt Mot toigrced teolpl e TobptsRBEldhaoper at i onal

contr ol af

updat es fEeQPnaiblSBPLE nRfidhGfithil @/desi SAATPY 6k RenRM I R Riafena web |ink
provi des alert and status information. In one enbodi nent, the system and

robots are typical | Sofprargfenthe8Ciintyhiadly anitieorin WiicroBeft Visusb6't-+1 §:pi geision has
a controller that is typi.cally DeyiceNet and hernet ¢ ati bl e. r
exanpl . ¢ Fereft pitarigh s g VoGRR T Ao udtin B ant 108 Hbgesf pST o
PC, whi chypisallyyiiedab t¥ordird@thé ffirt |sgsteﬂ1,\/e.%(&):prrcﬁldiﬁ% hidRRERPEORHRati6h that
faster, conputer known to 35 WO 02/ 31747 [ US01/ 32454 those of skill in
the art. IPporicndiackmrowledgastalldaulss andfns erioeend piesides berr ietgHecediunetionakitye
responsi bje r | . i it hi i gn . rimeter [on.
Sof tvar e 115 xS e NG #ia SRRkt BB RE EThth Glac B

version dd®ptiohalBt f6cespin@ueddatngAlamgtivge tha@mn id Rorel 6sEfutire prockdsingh t he
art. The controller PCis typically used to coordinate the entire system
e.g., provedPmannheydG.evel coordination that reports and acknow edges all

faults and/or errorg,, @Jﬁ(?rgﬂég\éhg %§ntpcﬁlr%g%ihfgst &L A8 d;Ib‘(Wg gﬁleﬁﬂgxgivﬁt){ any -é-{?s‘:t'erﬁ) C

al so typically acts as a data concen or, recording ta, e g., In an
O acl e f casrdebcribed atdowpdr thos dxympies pesddaichedare.nIrdadditi on\ivingousahéthed syof uking
data is stored for future processing, ..e g., on another PC. The controllers
and contr FP%?mpPﬂ%g“ﬁ%@@?ﬁﬁ%&“ﬁﬁ%%@“ﬁ#@kg%ed with any system as described
above or those exanpl es provided below. In addition, various nethods of
using the systemand the controllers are discussed bel ow H Exanple
systens |H. theEemgdesyreams i ||l ustrated in Figures 1-7, high throughput

screening system 100, i ncl udes ee r k_.peri rs.,. The first work
perimeter 105 is g aFmye erféﬁﬁlétﬂat\é\%mtkﬁgurteég% ; Efg%stpmghﬁmgﬁlﬁfﬁ“@% or
conpoundsgystth1 (ieaeRdey\Bide Wk pEBhfRferd 1Phd fSrst @#8ASHRIhalerdl 0586 k& A15/
proce53|28 sanpl es by, for exanple, adding reagents, shaking, or

i ncubat i ndirecEdeo the task obstaripgsammescar compourdsgdmese¢dnd vaorkeetimgter d1aisal yzi ng
detecti

or oper t 1 ol b5 e ERART beesSiga Tkl R iF PTG She B B Sor k.
per i net erigcalfkingeThe HRMWEW o peficterI2B Ks gdRfllyRIiRE®da6 BnOPpiih©ihelshinples) for zed
dependi ng upon application specific requirenents. Advantageously, there is
no parti ciNagplebydetechag thesgmplss, gransaswiies physicebproperties AGths swpples
Although the disclosed example has three work perimeters defined, fewer or more work
perimeters are optionally utilized depending upon application specific requirements.
Advantageously, there is no particular order that must be followed in transporting samples
from one work perimeter to another work perimeter because of the multi-directional utility of
the present invention. For example, a sample may be processed in work perimeter 105,
transported to work perimeter 125 for detection, and transported back to work perimeters 105
and 1185 for further processing.
Although each work perimeter is generally directed to a particular type of task,
the functionality for each work perimeter may overlap with the functionality of other areas.

For example, the area generally directed to storing compounds may also perform certain

functions related to processing, detecting or other type of sample property determination.
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fromone work perinmeter to another work perineter because of the
multi-directional utility of the present invention. For exanple, a sanple

may be pregeessd;i n work perimeter 105, transported to WydeeiisaRgier 125
for detection, and transported back to work perineters 105 and 115 for

further processing. t ho each work ineter is generally directed to a
parti cul gr type 019 @%?Elgﬂgﬂ@uallWW%%ﬁﬁé QIS?IBFC%‘&&W%\%?IPP e%ﬂ?é‘?sé}m may

overl ap V\‘ybi'&alﬁ@&ofe’d“ﬁfok@é@@d,iah& dekctel Hﬁﬁg P&ffien plakk, é?é?‘@&'ﬁtl, 663201 836
general ly directed to stori ngo conpounds nay al so performcertain functions

rel ated twelp: doessimple, pleteedl,25 omdR1Res shgpeimFiggenipl e property
det 1 nat i . 36 2{.31747 PCT/US01/ 3 | hi gh t hr. hput t
100 a1 Sc1 osed i n MRS Vor ppradecf s haina ol 8F Ol S REa “ana

det ect ed 1dbbt Fos RLEhPRNWBHkAIctitnetdd 105 haPfotattddl 1086613 kvodkc p&finet¥el 155has For
exanpl e, plates 210, 205, and 215 as shown in Figure 1. Each discl osed work

peri met errotag®nalirebot Idfdanbgortkperismetesd3d braxotationst rebpioktd Each peatiomaprobot
exanpl e, Kk i I i r ri r, 115
et ot FlsTARS foflE} Sopb e iR PhAL B AR 0 brec KURE CIFIRRL 0

Each r ot ajreferdly adjbat vemicgl eiraitorizogbny esalaaelativéls higHeabi Ret waxi s cl ose
to a full 360 degrees. Further, each robot agreferably adjusts vertically

and hor i ZRasttigns.y I pprefergad quahodiment) gach reptaonabrobobiser St RXkiobpbikatis| n” a

preferre i each rotational robot is a Staubli RX-60 robot that
IS pedegqeggg%oqhﬁ?g%q' Preferably, each rotational robot has a robotic arm

t hat optional |y extRamfzaldy, cacletataiddngl fobonhdshaobatioirnsthaodionalivextendssor For

exanpl e, robotic arm 150 and robotjic_arm 15 are, both sho in Figure 1 in
a noder at Bl OB SRS SirpiaEpna RBIBoFPEe’%‘P}H?%GE?OtW ,anﬁgob%mm 155

Figure 1 | ] i ; h i s an
g Aéé‘ bath EEhE g{ﬂ @'%u?@ﬁ':lﬁ .‘i1: girade ﬁgfgg@gmﬁaﬁ. ROBLE@L &R0, h@éae&erh@h

associ ated rotation reac exa 135 has rotati onal reac
105, robaothoWwAlGn fFagire i ot an extasdedrpeaition.] Ascordimgly, @bt rotationhlasbotdtasan onal

reach 125. Al.t hough.the rotational reach tterns are s t

Gener al | yissrSieig HHgabsath. Pareample Fonnt S5 aheBal SeeB B aber s,
geomet 1 i etatidnhlRad B, flPfobeiM455hREhes P keacRa35. ABNSESIIBE WRTorRAfACh

adj acent work perineter. In one enbodinent, the transfer stati onmfrow des

a t enpor apajteanseae showplodietgenerally cirgdansirevhb Hgaptatipoalfreash| dan geconipedatyy a
sanpl e hol Hler e’ n or out of an area. For exanple, transfer station 195 is
posi ti oned B RBEH SRor Kk perinmeter 105 and work perinmeter 115. In a simlar

manner, transfer stAtti@efe? §tibSisRRstiabBRAitoatibe s eichprldcemtvesk115 and

work perineter 125. Although transfer stations 195 and 200 are shown

cent er ed Pssimpsein Ia@peemhpdiment, the transfer station provides a temporary area for positioning
sample holders to facilitate moving a sample holder in or out of an area. For example,
transfer station 195 is positioned between work perimeter 105 and work perimeter 115. In a
similar manner, transfer station 200 is positioned between work perimeter 115 and work
perimeter 125. Although transfer stations 195 and 200 are shown centered between adjacent
work perimeters, the transfer station may be relatively closer to, or even within, a work
perimeter. The transfer area is also optionally positioned where adjacent robots directly pass
a sample holder from one robot to the adjacent robot.

Preferably, each robotic arm has a robotic gripper. For example, robotic arm

150 has gripper 165, robotic arm 155 has robotic gripper 170, and robotic arm 160 has
robotic gripper 175. In this disclosed example, each robotic gripper 165,.170, and 175 is
configured to removably couple with a specimen plate, such as standard 384 or 1,536 well
plates. Robotic arms 150 and robotic grippers 170 are optionally operated pneumatically,

magnetically, or by other means known in the art.
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work perineters, the transfer station may be relatively closer to, or even
within, a work perinmeter. The transfer area is also optionally positioned
wher e adjaepnizif@bots directly pass a sanple hol der frompreydoebeisst o the
adj acent robot. Preferably, each robotic armhas a robotic gripper. For

eX?‘”p' e, robotic arngh% PD%QUQ%ER%& ﬁpt% eljh%gdi[lﬁe?l? ﬁHs&%tgd ﬁ%ﬁrelhflirercggﬁéﬁrgd

gripper 170, and ro I'c ar n-tTh

di scl osedioaxmaphidy ceasnditd pecimed plate Redth dkGpedttn phites 2085215 and 26 Fured to
removably couple with a specinen plate, such as standard 384 or 1,536 well

pl at es. R‘éwﬁr@emq% aﬂﬁeelﬁﬂtprk@%mp@raga.fﬁﬁé@‘gotrmea%ea TeeimsADlaty, RASEIoRs ed

o 31747 Beplb T 4SFhE aiton, B én QbR cORPAE pS RN bl PMAE vttt T e
i n Fi gur eth phate fromthe gunsfer dtaiione oy akdnyple cmgllme 1t schowpee:mpierplmé 21®posisoredd as

speci nen Iate 2035, and 220. To tra n adjacent wor k
per i net er'd} rapskey iagion i%%ﬁmrﬁhpgkye@ﬂ&rgmm ‘ﬁ%‘sfingf‘%‘}‘r%l Whe plate
into a ”s?;i%%ﬂ‘nﬁ‘én 1819 A grgfapﬁﬁnﬁerr PRAte 1 5%3%%8@!4%%%& féﬁfr&ng%gééﬁfsﬁr

retrieves  the plate fromt transfer station. For exanple, Figtire 1 shows
sanpl e pl plae 22050 possifen satah 200rortretansiiig lspesmmem platel 229, frofn cangfenghtyon 200 her

robot 140 or. robot. 135 can en eC|nen ate 215 In a simlar
e R R T S Rl T e e e L Ry SRS S
transfer station 20Q/q@k péﬁﬁlEﬂeﬁ11519s§ pﬁﬁid& thddbabed&A&: 2900Rhich 8Ash&Host ati on
200 and transporting specinen pla O for further processing,

measur enmeeampue, sdicto geovidnthe\nweer pemdm@tsefpr feeBitatingeerowvoidedulan ouabsgiabr Due

d h he, f d
o 2o LG PR BB S S
envi r onnepyovitiel rfof\eﬂi.a{"h‘iﬁplb ﬂ@lﬁhaéﬂéok t Aot difilh dealed Y S0/ SrefertRharh 898Jing00,

provi ded, for exanple, an airlock. Accordingly, sealed door 300
pr ef er abl §trughse 403 thhdq@ robetio grinpeel A sinsyelp k awnner, rablote pam dpF pprepositian | n

To the oriingisg ERP a0 otaPhp IR AR pRAR kel AE0RH e ahP Rl 410, RCT

nmust openthamrébat nageopdindIMNie dooI0N;, priiforaslytaabidpoREYhdlaingdi kg 25068 260 is
positioned adjacent to incubator 290 for tengorarl l'y hol |ng a speci nen
pl ate as Pesiticneggdiagent tinsubptoindR0 for temmorasty Heldiema Speqingeqeplate jag &ftip mroved

enbodi mend.., YOSk PRILARLES9L25, Which is primarily directed to analyzing
sanpl es, conprises detector 265 and detector 270, e.g., fluorescent

detectors. After thethspasimed embaﬂememnavcﬁkmeﬁmethetléﬁt\elﬂch is pithdrdy daectbdt h

detectors 265 and 270, the speci tes are i ona returned to a
storage f RAPAIYEIRS Samples sCoTgriSESy e‘ft‘érc% g d?Sthor % hﬂéeﬁéﬁfo@ﬁt?céﬂ% n a

cont ai ner AfeVihE 8petimer PlatedihaPO6EN dRtecte@YR Bither or both detectors 265 and 270, the

specimen plates are optionally returned to a storage facility, such as storage facility 230, or
may be 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 example, providing a plurality of station
locations within each work perimeter. For example, work area 110 contains station locations
380, 385, 390, 395, 400, and 405. Work area 120 includes station locations 410, 415, 420
and 425, while work area 130 contains station locations 430, 435, 440, 445, 450, and 455.
Although high throughput screening system 100 only defines a select number of station
locations, more or fewer station locations are optionally defined depending upon the reach of
each robotic arm and the size of selected devices. Further, station locations are optionally ﬁ
added, moved, or removed depending on specific application needs.
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Referring now to Figure 3, the specific configuration of a variety of work
perineters will be further addressed. In the illustrated exanple, high

t hr oughpWys@leeRi Ng  system 100 provides configuration flgxifohiiseby, for
exanpl e, providing a pl ural i ty of station |ocations vvithi n each work

perimeter. For exanpl e, rea 110 contains station_ | ocations 380, 385,
390, 395, 400, and XBYce FRef QrEng PRCPHiSiaRs 8% Wpigpllnirlecd %(icelﬁlén&li)o 415,

420 and 3 t . 440,
PR e T i R S et R

defi nes astmrdocatmmhdnnaquk@tmmnterl Borxxiaopde, device22fy isfagsignedsd atation

| ocati ons, are e e di on.th each of each robotic

arm and tRE® tqu'czlgo rﬁ@‘éf%% dc}é ?Ee%q&ﬁ%ﬂ’éﬁ)ocag?%ﬁ%n | ocations are

optional |y added, pmMask stfiod BERIAL r&BAR MK dﬁﬁl&ﬁe%@ﬁilef bCwRARkVe8td on

needs. 38 WD 02/31747 PCT/ US01/ 32454 Devices for perfor m]@g process steps
u

are typi cositionsé ure&méﬁiambp@ﬂqmgthedngtp@ccbtfghpufaspmenmgtswnmr i$ eitENt S,
After selecti i S aSSI ned t| cul a[rl t at | ocati on

e SEbBed Raedifiolficn}aER I i SatteBa b Silile, 1HRS 3 0pd e,

| ocat i on &ifparddiol EgeleMi, sierwaBat Snewd StbGRETbCcAOnSIM W Adfipe@khd@RoldBbneBecause
station |locations remain the sanme irrespective of what device is

posi t i oneHoiage devige 232 tkigwreJoasa shoms thaistakion ﬂ\oqaﬁe@fl%mﬁbe@a f@r@nﬁa@reéwt em
i foy o
100 is ea@Jechdiag@ Vi %ﬁa‘%‘é c%&Pég&f&H@g@h&l A 'hlﬁt%ﬁe acfd%%?e!a 126 h[AE ﬁl P For

exanpl e ure ur e new s
| ocati on iﬁeﬂaamsz%eémbeeﬂ ﬁa@l stemilodslo@tmﬂmo sAoc(&gmngmedﬁgRﬂﬁougcﬂpgur e 3 al so
shows that station | ocation 400 has been reconflgured to . have i.ncubator

237 [) epl atEecaggrysism Kls serontgved éo adgh delefes prisplacgdevices ip any sigtipm LOCRBEN-
I ncubat or a%tég%eﬁgi gétitfoﬂ%éa&%%% dpﬁgﬁa{lhﬁadéégrdrej[ﬁofo‘%g%gd, 5%%?{15&5% JTﬁlaH%bp | ace

throughput screeni system is‘reconfigure
devices im thmyreabamhmnohemaiom ot ohdjyvmnhagemnsth;arebytfmmbd)ylrdcomﬁgurabis larte

optionally added or, ved to acca;il &ute chan n the area or robot
orientati Sysr{ﬁtpeaﬁyya W15 RACCBICHIE 7 étl%enfﬁlé ﬁ"?"’econfigurable but

the systemeasily afj M&r%&b@%ﬁéﬁ@ﬁ'@f&oﬁ@%ﬁ%ﬁ@ﬂh&eﬂs@ré’%% Ehawy In
anot her enbodi nent, the robotic work perineters are arranged in a

subst ant i albkstymmdbelynmw@mlm ncﬁnf@mrzmqndhattmamtq)enm -tigean pravesdingesatenpBb @ssi ng

systemBO%1 as. ho i.n Fi nthisnnllnear siem

S et e ioxfe HAgeR: 7 it Ba-finir grovei g syafen. shdtTRbn Bl ¥ alfmd¥Sh 7T |
a differegt sboatd Akt k@t iRBLGHLELS © Hiffeicht RatiobAtRF15, &8s Qﬂon-ﬁhéai
setup optin zes throughput of the overall system by permttl ng sa

hol ders, fashign, pr@@tu@mtlpnmsébroag@ut obthgeovarpllsysten hyrt@r@ntasgsztmﬁiggpblprsb ate
station rafhe ecfrﬁé"‘n Pl%{é evred‘% th%fctljésgs?tt g@%nate'lta?%'ﬂ Thth D68 BLQESSS' N9

system 80%‘,(3 ura | Snaf
series of stations. In non- hnear processing system 800, a plurality of rotational robots 820,

are provided, each having a rotating robotic arm 825 ending with a robotic gripper 830. The
robots are positioned within a rotational reach 840 of each other. The rotational reach 840 of
each robotic gripper 830 defines a circle and each robot 820 is positioned so that the circles
defined by the robotic grippers 830 intersect at several points. At these intersection points
and at other points around rotational reach 840 of each robotic gripper 830, station locations
815 are located. Station locations 815 are configured to accept specimen plates 810 and/or to
conduct procedures or processes 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 815 is also optionally used to perform reagent additions, PCR, purification, filtration,
washing, transfer of samples to new plates, vacuum/pressure treatment, light/UV exposure,
and/or sample removal/addition.

39



are provided, each having a rotating robotic arm 825 ending with a robotic
gri pper 830. The robots are positioned within a rotational reach 840 of

each ot hewo ob3g7470t ati onal reach 840 of each robotic gri prartuRdB248¢fi nes a
circle and each robot 820 is positioned so that the circles defined by the

robotic grippers 8 i nt.ersect at.severaloapoints.. these intersecti

boi nts. and at ot ne g Ried BbsihirErsstad bty diin ialie SoF RO G
gripper 82BvesStcth ofisth@6RIocMch SBBLH oicd sla6@iRetiondtiatindl-1neaietakiaes tzidbyar e
configured to accept specinen plates 810 and/or to conduct procedures or

pr ocessesilowinpabighenthprughpyt. dnedditien, thisamsngement pf ratattanghrobeis20svith 815
opti onal | e I I pl at e
b0, A o r PRy AbOESE3REs280 GRS AR 430 SR sidh SRACEED D
addi t i onsasséiRe dpuited, e @atmatical tevitésadrietsttronivaishicey , Bédaasesprecesobtepanpl es to

new pl ates, vacuuni pressure treatnent, |ight/ UV exposure, . and/or e]is;tgrrpl e
renoval / aXPERELimss reqigreggeyiede pa puiedneiedsy pthervise ERLEpSeHdR A MAEeHaa ng:
system 8 : LR 1 i : : tation
boat i on BTETee efifte Bni b o linBadRECRE Fudth B0F ol RYEEmpHAM R

al | owi ng saathinglaepart bf asgtipuiocation 8ikdi Ihicontrast,ha lmear pranessmgrstystein requissitional

robots 820 with acconpanyin obotic arns 825 and rqbotjc grippers 830 is
opti onal | §°V et_a PRy cg’f*"fﬂi %ﬂ%“ﬁ‘f g?li’wé%@g’lﬁlﬁllte‘gg@\?g@@ée? & .Oa'fe,rwﬁ_ﬁ@ Q?Sg)sege_irf tes or
el ect roni g df¥daf BRoced R HRCRS e Thf BE 1efBAMRYIHTR 0l B0H 81 S aRd HRY WARAt O be

cured, incubated or otherwi se processed in a nmanner that requires a
speci fi ¢ teiqwrgd, a roficl grippar 83y moessshadedgestoghs BH0 degitedstatiioh JoctinpBilSes

nesting stations. as. part of st.ati.on | ocati 15. In contrast | { near
b ocessi eyt Enionalt mres SherbloseipiBans Fas JRabay. PR BB i | o
it is beimgh@ub@chpat pREORINY SSeRECHOIRId. I N @ non-linear processing
system the device can be l'eft at a station |ocation 815 and then when

requi red, a roboti cFigpieghidlusigges amperasnnihkigh dviprghpubprogessinadysigasoirtbel
station l.ocation 815 ich IS tionall n t at.i | td ' e
Syotem 1R ) Bl oo Sl Vo gfi e B AL AE0dEP
systens | BadbrworkgRemeler @/issoQated Withtd @t£idnatobradIp), othidal tddoadi6pd6, and
processi ng systemof the invention. For exanple, system 900 conprises

t hree wor ¥ eFworprsier stagipps, staipns J4Q) andi P83, appprpvided fo idgeths aea prad provide
associ ate | ' - . I : : nd
946. Two ?%é‘?'@?‘“%%ﬁ%@g%%&%%%é%‘%§“%236'3(§)§’?19E%%&%?g?/@dée%&rg%gﬁ?ﬁe
t he ar ea smibrplocatione, e.g.r 2045 906 t ande0Be Srationrécafion Dok t@npri@82omPind and 940.

Work perineter 902 caonprises thr station | ocatjons, e.q,., 904, 906, and
908. Stat ﬁnahbat%"alﬁgaaﬁ%@n PR _§§§0%%%9aﬁamp?wd}safqﬂ ) AndHTEPERi on
| ocati on 8&@%99%9%%%5 f&{rmavwggda T@&aﬂ%&ﬁrealigpoﬁuéﬂeaﬁﬂgt%ﬁon ARYIGEI0E: 9.

9
device 914, suchi'as a Tecan niprep, Is positioned in station |ocation
908. Work perimeter 920 comprises three station locations, e.g., 922, 924, and 926. Station

location 922 comprises assay plate incubator 930 and station location 924 comprises a Hydra
384, device 934. A Cartesian Synquad, e.g., device 932, is positioned in location 926. In
addition, a Hydra workstation device, e.g., device 928 is positioned at a station location
proximal to both work perimeter 902 and work perimeter 920 and is accessible by either
robot 916 or robot 918. This device can thus function as a transfer station to transfer sample
aliquots from a sample plate in work perimeter 902 to an assay plate in work perimeter 920.
A pin tool can also be used for this purpose in place of the Hydra. Work perimeter 940
comprises two station locations, e.g., locations 942 and 944. Station location 944 comprises
a LJL. Acquest plate reader, e.g., device 948. Station location 942 is left empty in the
example, but is optionally fitted with a device at any time, e.g., before or during operation of
the device, e.g., as needed.
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Work perinmeter 920 conprises three station locations, e.g., 922, 924, and
926. Station location 922 conprises assay plate incubator 930 and station
| ocati on Ql2epri ses a Hydra 384, device 934. A CartesipmdT/&onauagd, e.g.
device 932, is positioned in |ocation 926 In addition, a Fydra

oKt ation devi oo g domef SN ARaRR o RONULGNEHy At A ALLADG P67 T on

proxinmal to both errne vvork eri

accessi blgxahipleghishgém olpfib@illygcbﬁlpﬂ’sed’t@b@ﬁat18&-&>caff(5ﬂssocd@pdb@@S ﬂnalewtshwﬁ) function
as a transfer station to transfer sanple aliquots froma sanp EI ate in

wor k per i $oEIROENg hbrayigs, é’npla@gatyr%%&edolatfp%roktrla@%f%%@t&nsmncub@t% ligeidl can
al so be §ﬂhﬁ§&ev&éyssz p%g&@ﬁ&eré M8 'a%ﬁl_pregtspﬁoﬁb’ ‘i*ggsf @%ﬁg&pﬁs{lﬂy 940

conpri ses tatioh I ons, atrons tat 1"on

| ocat i on @A+idled onptws ersthraze waidk péﬂqm@i Qthat eomigiaatéons othey devidesy an@dﬁﬁéﬂent
Station | ocat |on\fi342|s ft enp ){lnthe exanpl e, butlso gall :
fitted wilnoeryehdeyicespre mntlﬁgalsé 154 foryerigpePioresits ety 5156 PRI BOE ¢ he
devi ce, €ydhil bdSwneeded. 40 WO 02/ 31747 PCT/ US01/ 32454 Many ot her

enbodi mrents are al so available in the present invention. For exanple, a
system optional |y dEigptrei I9afusteatesshacomml hmdwaimsd@mdhphwea@nﬁgmﬂam t wo

conmpound |ibraries, te i nter n tfor or ansfer stations, an
" ebbat orcomBIng s o, Poagite 46, firedobE el Rt UsediH- pr op
station. cHARSRerS1006,3008 23R 100D QRab} ¥ach §oBt sietheisPétOmt ¥R , @ hinleh] Mofikn
peri neters. O her conbi nations ot her devices, and di fferent nunbers of

devi ces agostral. sliﬁcbpoquamrqﬂﬂls&eﬁlpfcaﬂy Davicolet @ﬂdﬁb@@@scon@agble Rdatelescri bed

in nore detal ur 10 il rates 1 nt,r dwar e, used for
the " above Eoirts gl wlhnoHCE pAG 4P BEE by sl SaBRRY O 2080 YRR GRFEer o
three robh@hl WAL idcRbstoAER] VSR, In@ddition, a6 bictd bEP&iphefd hariGfe opideallP 10,
one for each robot in the system_e.g., to handle all notion control. Each

robot corhasaisios Gosireles e gl withmn/R SRR interkre o Rsvice NegoHpaexapipie, Toran e

carousel t el _dial
1000, sez%@g% éaﬂqous(65\}13(3'11 gf&%g@éégg?%ﬁ@%gt& g?j R CgNﬁthz{b{O?& D 8%@0% “each
pi ece of @arefdId038. Dikteshigy for H@Hf:mﬁal(llﬁ ant) &8ydird 38401022¢ whichQird edntrofle@via Wit h
an RS-232 interface exaﬁ‘{2 rﬁ‘T can Mni prep 1014 has

l'i quid coqﬂnﬁrallﬁrérIO%EI&Zanltbﬁomztsas 1@@9 AL sgpiddiandishisalyodypicallyy . |

converter 088 ,
controll eéﬂi\%ged ﬁénﬁ? F’ﬁer@&f‘(%g,&@li%zf%” Wt ﬁ%er ?gﬁgéi% ‘gﬂg&@%l?g&eA
| i qui d hat(f8eandicenwdreo 1044i Elad ;bl;tte reagietsy agl dﬂ3(l|snchy)34{ grealso dongestet to
controll er ., Cartesian 02 th controller nd
convert erco}.’@@ﬂgrs The- fJ‘Prﬁ’Eoélere{a?ag 9 IQ%] detﬂ?dé?) ﬂﬁtﬁn vigieonygriegs i@‘%gﬁégt ed
to cont rﬂj{‘ﬂSe rﬁie&rtl%llersca%‘ﬁéc@ésjeﬁregg 1@%%@%N%9%@s@39v1§& BP0 Mhich is Syst em
via converters

typically a Pentium III 600 MHz or faster machine. Other control hardware and devices set

ups are also optionally used in the systems provided. The above is only one of many possible

examples for use in the methods described below.

IL. High Throughput Processing Methods

The present invention provides high throughput processing systems and
methods of using such systems. In general, the systems above are used to process a number
of samples, e.g., simultaneously or sequentially. Processing typically refers to screening,
testing, building, or the like. For example, a library of drug candidates is optionally screened
or tested for efficacy or an electronic or medical device is constructed. A typical process

comprises screening a number of a biochemical or chemical compounds.
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1048. Al controllers are accessed, e.g., via DeviceNet, to supervisor PC
1012, which is typically a Pentium M 600 WHz or faster machi ne. O her

control haiFwae,and devices set ups are also optionally pgegegkohRa4she
systens provided. The above is only one of many possible exanples for use

in the nethods descr.i bed bel ow 11 Hi gh. Thr oughput Processi ng .Met hgds The
resont Tnvention: oTRR RIS (VPG GURARED Bt HOHDS hAgeSy GBI TR eHor hods
of using suedh LiSi p1aths, SRS S H&EEndl 9GRS a
nunmber OIfﬁ sa(r)rﬁbgsl, e.pg.t, SI rlruliﬁ%ﬁrg%ﬂ’?f%&g&@g%qﬁg%iﬁgﬁlb?ﬁPrg%eggl%%rﬁg

t ypi cal | yexampls 8 rolwt optiemilyrgirievesessamplg plotei freth agforage mhdulk ik firgtavork
exanple, a_.library of drug capndidates is optiognally screened .or tested for
ot 11 bacy mrmertror P BRI FS nih o8 MolF Benbe REkE tecestl piERT
process L@RFAMCIR PeSmeRE Riridtedtioy iPinaBfsisa bi ochem cal or cheni cal
conpounds. 41 WO 02/31747 PCT/ USO01/ 32454 The sanples are typically

contained in sanpl ellirotedesnse of sieps pastarived owe Biveppeacess istyppalyi spesifipd. s,
whi ch ar eoa}rt Jrngtg)%Pa%It eﬁlog{i?ruoq Qh { Qgpessr}é%& g&@ 113}110 gat lgfe; gﬁp tl{rgﬁé% t;hte g?ﬁém and

exanpl e, opt y retrreves sanp rom age nodul e

in a firsiecMabkinvelot ebd @vicelofAMsHRIchbintdweqeaiial mahmdrd@ach devicseftthed wor k
perinmeter for processing and then to_ a third work perineter for detection

and anal yigveutiorigopiianaineecesiedss apeded apd ghereyicen ate qptiapllypssd 4 3 npa-

typically, 1 f I eed not
o1 ow o PRRaEel 4ifinadnPier, P BRnRE L aRle hENE: B Sffontly L ShERROREET. ¢
of the lS?/f&tledl’ﬁVid& ta gsgecmﬂrtteig&g tora dﬂnﬁL devg:&cdnddleaﬂ ek apaihhe the fivsteddvicene.gs

opti ona ccessed as needed and t evices are_optionally used in a non-
sequent | P BIETEERIRE OF therbalmngPriog S ection. S&mp ?ef%&ﬁidiéwwﬁs _i(wf%%{ﬁr@

1 anspor t ged A6 ed dritfahlpdtd & Sahfle ﬂoﬁlSP@]%fg%?H# S nikd it b (TSR

then back again to the first device, e. ther m xing or
i ncubat i ngmethesystem id @sal tThemrder.igchangeabde fralis typickdlyi directeldrat gutchieginmimg afhe

order foll owed for transporting, a | e hol der through the system need not
be. the. seffeh 8sieh &1 bt RE8pLL B RIHRs Boph PP LA de 8y SHERGECHFE ina |
typi cal | yofioh§i®f &ndés t_thgﬁsﬁsghﬂ‘ Qirfds Rhew PaHToRE SMpleRoer iPMsihs®REMBL OF .

I n addition, upon réceipt of the assay status, an operator optionally

changes tihormetary: and directs a new path for a sanple holder in response to

the information. In one odi t., the invention_ is used.lo.Screen
plurality of sanpl elgl. oK enﬁgﬁgg?{lﬁtge WSP%%B ]IS)}IS% {o?sgfeepﬁﬁuﬁag{ycogﬁgﬁgﬁ:&d?&On a
nunber of scEeAGd fItall attes thad ickof@ictbdieh & demberibitspptithes tphidss, addl Say eeludes
performed by operating a defined nethod on a given set of specinen plates.

Usi ng t hempitigle stepsouyPisen is petfemecdd?y aneeatingedefinehmethod o gl eniesiobd
specimen plates. Using the high throughput systems of the invention, an unprecedented
amount of samples are optionally processed and screened simultaneo{lsly, serially or in
parallel, including screening arrayed libraries of chemical entities such as small molecules,
combinatorial chemical compounds, synthetics, natural products, extracts, drugs or drug
candidates, nucleic acids, short oligonucleotides, anti-sense oligonucleotides, single-stranded
DNA, RNA, double stranded DNA, RNA, RNA/DNA hybrids, triplexes, proteinaceous
substances such as wild-type and synthetic proteins, peptides, both natural and synthetic,
antibodies, Fab fragments, antibody epitopes, constrained peptides, protein fragments,
dominant-negative and dominant-positive proteins, mutated proteins, synthetically modified
proteins, as well as expressed sequence elements including eukaryotic and prokaryotic
expression cassettes, retroviruses, adenoviruses, CMV, SV40, Tn10 driven full length

cDNAs, DNA fragments, peptides, truncated proteins, and the like. For example, see e.g.,

42



anount of sanples are optionally processed and screened sinultaneously,
serially or in parallel, including screening arrayed |libraries of chem cal
entitieswooh3as? snmall nol ecul es, conbinatorial chem cal PCDUR@IA2ES,

synt heti cs, nat ural products, extracts, drugs or drug candidates, nucleic

o S Sl B A RSB LS PShBDlngt on
Pr ot ei nacLAE: siAHII RROCHORUAR RNAY ﬂnefhbapﬁ)rmu%agggﬁé ExREQLRI NS,

peptides, both natural and synthetic ant i bodi es fragnents, antibody
epi topes, constrai nsamplepfardese smmseurmoptrcmg}iﬁdmved fwmsynathcuqse?gawd/feomnd

dom nant -ppsitive proteins, mnutated te nt heti cal l.y ;nodj fi ed

pr ot 61 ns, Bagagt ofETaRsPaLa Bl Sug e Rel S 1BRe DU MAlorGRlng UORG 0bt1 ¢ and
prokar yOtéx%res@é@ﬂr&ﬁ%aﬁﬂal@yam%ﬁ%&% eMidinsS Bt ncAGenRMitb Us &maliddVspeSi¥d 0,
Tnl O driven full length <cDNAs fragnents, peptides, truncated

pr ot ei ns, (e@ndumtea, mokee, r@ombbbtegmt)eeu@@@t% igcluding Drosaqppilgaveast, C. elegans,

PCT/ USOl/ e P S 9 ) for
ot or mat 1 BACRays? Mt NG Phs, AR AR S HCR AR e
modul at i rtgn@@mh@fxpmlaﬁidmny We%‘lt Epterhd@s @sEfal e Bereatifg Mhbleagiriyms,

derived fromsynthetics derived from | aboratories or engineered organismns,
as wel | a$Pegidl pRriSARIAMS syahy asbagigria,cleasied elagans, éR‘éPé@élé“d speihps Raltifal | y
occurri ngan%lpxﬁﬁfsg (1 en(ﬁhgﬂ tH3%nd %p‘ger ﬂ%l hﬁénr fliduSes g(f r‘.}iﬁ?—;@ eﬁ‘lae\&];oﬁﬁ &€ 9.
human, nouse, ra ar o es | ncfudi osophila, “yeast,
C. el egansae enﬂfcmlhﬁerytpthe?pmsaﬁﬂ mdmn@nbaeél&raommsattroas nfstheMgpmems sr antitizs,as
al gae, al ge vera_and arabj dopsi s, éqlr%CBFOt hers. Addi t| onal t he }present

|y
systens afieusarRly or & p@féﬂ@éﬂﬁsbﬂ\m & ah P paRiculag biglegica Wf or assa
m croor gani sms SUChInatﬁ Qﬁ&ﬁlﬁf'aﬂ %ﬁ:c%?tscregn 1s9éoﬁ ate@RGtnRAMEBH:ER Such as
mal aria, and viruses ga I's and other ‘flaviridae, ‘retroviruses,
adenovi r wslemtumnahd/mrmmts])lar $qneens i@ agnimet&lan@gbnistshmatmabMEtynthWem g.ofor
screens cqnbi nati ons of these . or gani s _or, e ities either.serially or in
par al | el &r?tggicquﬁgidﬁe?qwqrﬁrgﬂ %Hf%{eaaswhemtha‘i%% SDERBEIPYWet or assay.
I'n this npRRRkyaRiBonistPSE RiluBE REFNAS h@ﬂﬁ%etﬁﬁio@t:@l@ dMfdr&lititibRanAr esent
invention, and in particul ar, screens for agoni st s/ ant agoni sts, natural and
synt het i cnetred@ferenltmtlon@mt@lamamq@s @fdvuaéeecbpmste keqhagisys Oﬁr:@tlf}eas es,
phosphat ase

neur onal , ﬁ%@?}ﬂge}&{ ﬁﬂ'@ t@@één%@i’sﬁggﬁ:éﬁﬁnﬁg/oﬁﬁ ﬁﬁ’lmsultn% Olia?tfv é?lé?nt itation;

agoni st s/ RAEAGHBH Sén%rg(}f M gafibn, AR dpHR6AS 1 ahe apBGK8MAhSEBNINE of Piotéin-protein
replication, exit pat hogeneS| S, agoni st s/ antagoni sts of i mmune cell

acti vat i oifteraqtions {PReans in InRERY9SY., g QvesinT, Bgnalipe pidesys mejahplic discase,
agoni st s/ &Qﬁ&@@gktéégor%lf At Rled aRk Qsteea}%s %gt & @e‘féﬂnﬁ@éq Mgﬁﬁeﬁ%na n
i mrunol ogy, car , S|gna I'ng bro 0 I sease

di abet es, e@ﬁ&ﬁﬁlﬁép@ﬂte‘r,re@n)dtsaish@rcedlfmasalu@draaé organtymal &sgelet er mi ned by
synt hetic and

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

described in more detail below, e.g., methods of designing and performing screens. For

“further information on various types of screens that are optionally carried out using the
systems and methods of the invention, see, e.g., USSN 60/275,266, entitled “Identification of
Cellular Targets for Biologically Active Molecules,” filed March 12, 2001; USSN

160/275,148, entitled “Chemical and Combinatorial Biology Strategies for High Throughput
Gene Functionalization,” filed March 12, 2001; USSN 60/274,979, entitled “Cellular
Reporter Arrays,” filed March 12, 2001; and USSN 60/275,070, entitled Genomics-Driven
High Speed Cellular Assays,” filed March 12, 2001. For example, USSN 60/275,070

describes screens designed to identify gene regulatory regions and producing libraries of gene
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engi neered reporter readouts using cell-free, cellular and organi smal
targets. Methods of using the above described systens for a particul ar
screen arwo @s3ef7i bed in nore detail below, e.g., nethods pefr/desisgrikng and
perform ng screens. For further information on various types of screens

t hat i ) i i . f
et o SALBRALL S LS Y OB, RS AERIR IS |
Tar get s fvarietBioflfogitioas, leys. AtitdavereMuefimtenalitsf.i | ed March 12, 2001; USSN

60/ 275, 148, entitled "Chem cal and Conbinatorial Biology Strategies for
Hi gh Throughput Gene Functionalization," filed March 12, 2001; USSN

60/ 274, 979, enyjt el : wold 1 ed March 12, 2001; and
USSN 60/ 575, o%%sgée”ﬁ'%Ctl@éj‘e%{)%eg@?‘%{’%%glﬁ%%gﬁsygﬁieﬂed Cel | ul ar Assays, "
filed March 12, 200As ddsarbeixdpope,ehe $ySEMsGROPIde] Betbin alesptionaly usat foens
designed taq |d0§%%g;}% ene regqul atoré/,re i ons an?). rodycing |jbrariges.of
gene 43 W83 ik IERET B84 BACHRGIIOEFSFS, Whid BhEescraaNngBp s 751l g
descri beg,e| Ry It oeMBLN IS syfsRim REEEEMh AHIRBREPpbAh B de¥iting®hd/ piobedsUBGEN ADS,
e.g., disease re% ated functionality. A Designing a process for use in a

hi gh t hr cpgtoadh netyei penaesdegicalidoeclophentof s¢iaenss Yait adsosfagititaiésdedsahditeph are
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'on whi chwﬁﬁlés’ﬁgﬁﬁlﬁﬁmeéh(’tdo&eg‘ﬁg Hte. In a simlar nmanner, the operator
optionally Preferably, after method steps have been defined, the operator indicates the

sample plates on which the method is to operate. In a similar manner, the operator optionally
defines a plate or a series of plates on which the method is not to be operated. This permits
the operator to define selected plates for control plates or as exception plates. Accordingly,
defining methods and screens is a logical and efficient process.

Typically, a screen is defined by a method or combination of methods. In
Figure 4, for example, in screen 470, method 490 defines a set of individual steps 520.
Preferably, each step is a discrete stage in a method, and is usually associated with a specific
device. Because these steps typically operate on specific devices, the method also optionally
incorporates specific device commands 530. In one embodiment, these steps are defined to
operate on a specific class of instruments. For example, steps can be configured to “dispense
100 nl” or “aspirate 500 nl”. Accordingly, each step is typically defined to address specific
desired functionality from a class of instruments. During execution of the method, a device
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defines a plate or a series of plates on which the nethod is not to be
operated. This permts the operator to define selected plates for control
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For exanple, a hig systemo venti1 o tionally perforns

t hr ee scrisemion@ptonaliyrpepfarms thete, scogees,atd.ng pacallel, pperatieg hdkiple methods

si mul t aneous] y. For exanple, an operator optiopall efines the three
cr oens ERIGiepY- FacRerpte. 88 pPier cpiytly b fies i e Sisras Sfretegfies
I ni ti at esfopedrBRNstORS  FoMak ShplB ek Bpertdor MiBates screen one, which begins with a

dispensing step followed by an incubation step, another dispensing step, another incubation

step, and a detecting step. Screen two includes a dispensing step, another dispensing step, an
incubation step, an aspirating step and a detecting step. Screen three entails a dispensing
step, a detection step, a dispensing step and another detection step.

A controller system typically coordinates the robots and/or robot controllers to
preserve the priorities programmed in each screen. For example, a specimen plate A is
optionally incubating in screen one. In parallel, a specimen plate B has undergone a
dispensing step and another dispensing step in screen two, and must wait for the incubation
station now occupied by specimen plate A. The controller system \directs the appropriate
robot controller to move specimen plate B to a temporary holding area until specimen plate A
has completed its incubation. In this manner, a specimen plate C undergoing screen three can
utilize the dispensing station that was formerly occupied by specimen plate B in screen two.
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Alternatively, the rejected specimen plate is moved, e.g., to a receptacle and/or disposed.

Screens also optionally consider information captured in the system variables,

e.g., variables 495 in Figure 4. For example, plate descriptions 555 define which specimen
plates are active in the system, e.g., and log that information into a central inventory, and
associate specimen plates with particular bar codes, if present. The plate descriptions 555 can
be modified using the editor 560. Plate descriptions also include such information as the
number of wells and plate dimensions. By editing plate description 555, an operator
optionally introduces new plates into the system, or requests that certain plates be removed
from the system. Further, an operator defines which specimen plates are used in a particular
screen, for example, by setting a range of plates to be used or setting a location from which

top retrieve plates.
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reprogrammed each time a new device is added at a particular location and defined station
locations are not needed.

In one embodiment, a method is compiled once a screen has been completely
identified by its method, plate set, and system variables. During the compiling process, the
system controller preferably performs numerous quality checks on the method and utilized
devices. For example, the compiler checks that the system has sufficient incubator capacity
for the proposed method. Preferably, the compiler not only checks for circular, conflicting,
or irrelevant step dependencies, but also optimizes the method by recognizing steps that can
operate in parallel. The compiler also verifies all devices specified in the method are present

in the system, and determines the station locations for each device. Accordingly, with the

physical location of each device known, the required robotic motions are calculated and
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devi ce whenever equi pnment is noved. In this manner, the robots are
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soft errors can occur en a‘robotic gripper al to couple to a specinen
pl ate af t arflditvherdling desicefXdnd husndity @rtempsraty outrut rarge ih am/lr[cluhatds Ini ame

f1 ui d- handl deV|c S, and d|t .or tenperatuyre out of in a
i ncubat or &M hﬁg E 8ﬁ@€@g$5 n aPGP@?HFéﬂE%Pg' W@“m1

attenti Onhﬁflnéiﬂle%?@ée% o reJeleHﬁg Qﬁ)e Mﬁoﬁé@{né&ﬁ%n plates. Therefore, upon detecting a soft

error, the system preferably notifies an operator, such as by paging the operator according to
paging or activatiﬁg warning lights or audible signals using an operator alert.

However, the high throughput screening systems provided may also
experience hard errors 570. Hard errors typically comprise major system failures such as a
broken gripper, a failed robot, or any situation that substantially affects the process in
operation. For example, a fluid well running dry or a critical error reported by one of the
automated instrument devices would trigger a hard error. Upon detecting a hard error, the
system preferably notifies the operator via paging or visual and audible alerts using an
operator alert. Alternatively, the system rejects one or more specimen plates, and dispose of
them, e.g., in a disposal station.

Preferably, the paging rules define an escalating order of operator notification.
For example, the paging rules typically define that one or more junior operators be notified
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hal ting the process or rejecting one or nore speci nen plates. Therefore,
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system as j.n block 760. Preferably, the thod of definin creen 700
provi des %{flﬁlﬁa&ﬁcaqens,amwﬁ?seﬁea%@?ﬁ %&PO%@%%%PS@V refop AR o5 el hish
Advant agefitictputlsh&e Rt 65 83kt dHANGERE bRIIUEENEI§Bements.
By using the above methods of designing processes and/or screens, large

amounts of compounds are optionally tested in a relatively short period of time with

accuracy, reliability, and efficiency. For example, about 500,000 samples are optionally

processed in about 1 day to about 4 days. Example processes designed as described above,

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

B. Example screening processes

In one embodiment, a combination of analytical devices, such as dispensing
devices, incubators, and detectors are installed in various station locations, each device
preferably correlating to a unique and individual logical identifier. Multi-well specimen
plates such as 1,536 well plates are processed robotically and in an automated fashion,
although any size specimen plate is optionally used. In a particular example, a T-cell
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efficient screens, provides reusable nethods, and easily reconfigures or
scal es high throughput systens to neet changi ng production requirenents.

By usi ng ®oe@hnme nmet hods of designing processes and/ or IQITaEsns$/3245ar ge
anounts of conpounds are optionally tested in a relatively short period of

time wt r i d effici QU

L0 ono. SePREN Bkeah Pl bl CHShLSILY SR b R s
Exarrpl e pn spmsﬁax;pldeas |agmeﬂe aBatims oid foadoahioves peeplate, Gme rolsgicslly h t he
systens descri bed above are detail ed bel ow  B. Exanpl e screening processes
In one erfBERATIEAO aBOtBYBPTkaRlioM 2ppthandipRansiegIdedey ﬂt,sesnses bRty i of ignid ng
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| ocati ons, eac Srabryl cor el at g to a unique and RYIR P

| ogi cal iagelykés thespechibn p}aweJ Usﬁa@enﬂs mimﬂhodqulﬁsoe@edsmpsunhsaﬁeﬁopmhbupl ates
are processed robotlcall and in an automated fashion, altho any si ze
speci men spregResd 10§ Togell; %Haatm}i in@heut 70qminuissy tHhisgnzhodin %mé\néherallunsir@t@ﬁrt €9 WO
02/ 31747 ;B r

di sponsi i HeuPL St etabe A6t LNE DAt APARN O PR BE e By BRI B Ttrad o0,
rate of aelamm amgin®nvenitwdy mpﬂted&ndem op hlhtte. af@eaentioixdt ddvahthyes. Examslpor t ed
to anot her - vvorkstatl on, riot her di spensi ng devi ce di spenses about 50 | of
liquid iPRPEee ﬁ@%@@gﬁ%ﬁeﬁl""at es. After subsequent dispensing steps and an
i ncubation step, a detector analyzes the specinen plates. Using this

met hod, about 7000 conpounds are optionally screened for T-cell activation
i n about [tedingrRivtes intdikogelenbodi ment further illustrates the integration

order o casi y anbYrRoHet SRRy Padt ThE Tunet fret Map et phes T Snih | "

af or ementthORECRPOANHAARS - opE4afTItheé tyPlcal PRBLE, @getd)ﬁh@\éhﬁe@%s&eﬂ’@% 1oRR6l ng

Plates into Hotel Typi caIIy an operator | 0ads a plate storage area with

m cr o- pl & éeaditheplatesrintaian appmﬂﬂ@smlf@@mgumpwnldestmp@mtdr Tgmqbot ypical l'y
t ot | at t

appr opr 1 At 8vicwe i b pa RSy KB e SuBEL RERana s ARG RS R sBbPub 1, ™"

unl oads phaitbasorbr othet bBempirehéntSd. 0 aRgatedpatdedtd 9UF at SR inHigurt9eThe
appropriate incubator or other conpartnment, e.g., storage conpartnments 910

and 912 irAbetiagsnceated with hat M@@épelaeetémcaﬂe@ll metbﬁr eofles opdhkplgies fovee lordek ans
all the ba%t §11 Qatfoﬁlgo h%rt%)e%esto be | oaded, and the hotel | ocati ons of

t he pl ates. eplcalo npty target plates are | oaded, e.g., into a
first plate storage area in work

Plate Replication

Empty target plates are loaded, e.g., into a first plate storage area in work
perimeter 940, again referring to Figure 9. The operator writes the protocol and lists specific
library plates to be replicated. The robot in work perimeter 902 unloads a compound plate
from the hotel and loads it onto the table of a 384 Hydra 928. The robot in work perimeter
940 removes an empty plate from the plate storage area to transfer station 983, from which
the robot in work perimeter 920 moves it onto the table of a 384 Hydra workstation 928. The
Hydra aspirates a pre-determined volume of DMSO from the wash reservoir and dispenses it
into the empty (target) plate. The Hydra aspirates a pre-determined volume of compound
from the source plate and dispenses it into the target plate. The source and target plates are
removed from the 384 Hydra and loaded back onto the appropriate incubators or hotels such

as, for example incubators 910 and 912 in work perimeter 902.
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perimeter 940, again referring to Figure 9. The operator wites the
protocol and lists specific library plates to be replicated. The robot in

wor k periwel@r31202 unl oads a conpound plate fromthe hot glctasdiboggs it
onto the table of a 384 Hydra 928. The robot in work perineter 940 renoves

an enpty plate fr,om.the plate storage area to transfer station 983, from
whi ch th@onﬁé)%‘g @%kl%rk perineter 920 noves it onto the table of a 384

Hydra workstation 9Pig opbior dritels 2. @sipid tt espeavilsePCahe kpciTRrtovglounts 4fd DVBO
fromthe wash reservoir and djspenses it into the enpt étarget)_ pl at e.
oa
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perimeter 902. 50 WD 02/31747 PCT/ US01/ 32454 Conpound Pi ckj ng . The qperator
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to be rety, I N : i I : LAt 0 an
i ncubat orHahg%g,dﬁr'e err?]:';'ﬁéh ;\X%E @P%nﬁ@}g)m%%g{o&%%@l? agggﬁéaglclaﬁl ﬂllgﬁﬁlgrggg% es on
t he pl at eshaeldntthe diabtued ldadcibnrisansier vtetion 918. ke lrooxtin sorlapdimpetes®ce of
these target plates. The robot .in, work erimeter 9 unl oads. .an ty

ol ate 1 rdnrPKE Ropre G hedataiinant fedelanta e e BOSH JHRNEr. a2,
The robot in work pegd ORt&anWpirdt€IPYRUctdrRiRARNNRM 8 BuiB FRAHREREAL € from
a hotel on the dial and loads it onto transfer station 918. The robot in

wor k per i welt(ey ofgh® compormdedate lard phiesfers thedinid hethetangst roultisteditplaies Bhed | oads
it onto the Cartesian lLiguid handler. The Cartesian aspirates a

br e et o Y G TS SO RFSR HE ot ane JohePE BICHnRE i wofsbund

pl at e andstdtoargEBe MhelcbMpbhit flateQs tdhgovied TR theltahbfeRthtidd B fbotl 9IRS arionpound
(source plate) is renoved fromthe Cartesian and | oaded back onto the

transf er loadegthiagk irda ghe appeopsisteintieldr proabator. Aftes fin dagired ownbereof targeist er

station b . b LN t appr.opri . hat

i ncubat or%ngf?)tg gzrls }?%'g bgglgplrck‘%?ﬂﬁ%e& 8%)? b]tctét)?ng})é gd)cg]%pt%%ﬁ@ﬁﬁlgt\%@ ?éétggsr pi cked
(or the pmdbedfroaothelCuresihn abdRalled @6 a hotkl drvisthdr pdt@berdgs ardankggded from
the Cartesian and_| oaded into a hotel or other plate storage area (e.g.,

i ncubat oringubpsorPdd2) fog funther Uske. Di spensing Cel|s 1536 wel | assay plates are
| oaded into the incubator 930. Robot 936 renoves the enpty 1536 wel| assay
plate fromthe i ncubator and positions it onto the Cartesian 932. Cells
are di spebapéehsingt Gellshe wel | s of the 1536 well assay plate, e.g., with an

approximately 30 socond prel ool Tz Foba, 036, RS ud) RoBhYR Lhgt e

the empty 1536 well assay plate from the incubator and positions it onto the Cartesian 932.
Cells are dispensed into the wells of the 1536 well assay plate, e.g., with an approximately 30
second cycle time. Robot 936 unloads the plate from the Cartesian and places it back into the

incubator. The process is optionally repeated for all 135 plates.

Adding Compound

In this embodiment, about 540 compound plates are present in the library plate
hotel. Robot 916 loads a library plate from the library hotel to the Hydra 96 Ultra 928, which
functions as a transfer station between work perimeter 902 and work perimeter 920. Robot
936 removes a 1536 well assay plate (with cells) from the incubator 930 and loads it onto the
Hydra 96 Ultra 928. Fluid is aspirated 4 times, e.g., using the 96-dispenser head, from the 384
compound plate and dispensed into the 1536 well assay plate (it takes approximately 3 min to
complete 4 washes and 4 aspirate and dispenses). Robot 936 removes the assay plate from the
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i ncubator. The process is optionally repeated for all 135 plates. Adding
Compound I n this enbodi nent, about 540 conpound plates are present in the

library pwat@/;31f@t el . Robot 916 | oads a library plate fromdingsohishisary
hotel to the Hydra 96 Utra 928, which functions as a transfer station

1536 wol 11e B8 lER Bopch Py RE Vb S 830 TSl 2Bl Bs o b SR ol o

the Hydrthe BI§dtd dnddo KR8t back ihtd theslinani H&él@dzﬁyﬂiémg,, rébots 936U 6l a

96- di spenser head, fromthe 384 conpound plate and di spensed into the 1536
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aspirate and di spenses). Robot 936 renpoves the assay plate fromthe 51 WD
02/ 31747 PCT/ US01/ 32454 Hydra and loads it back into the incubator 930.
Robot 9l1@neshmmves t he conpound plate from the Hydra and | oads it back into

the library hotel 912. Typically, robots 9 and 916 load a total of 135
assay pl ates and 54‘@558}59%%6 Bl WCHPGCE%H gt Aolflo"trﬁ@q%rrﬁm%lwog’ra.
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di spensed into assay plates. Dispensing Reagent and.Pl ate Reading A 1536
wel | assay plate is renoved fromthe incubator 930 and | oaded into the

Car t esi anpR3&sid e d@bn/ RHPIERIERgl S di spensed into each of the 1536 wells
in the assay plate approx 45 seconds). Robot 936 renoves the plate from

the Cartesian and |4bd§36 wellastay pldteis maored Gbmitheridiciipajor?H) anddgadettieto the
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To wor k. pestiaian 992 e o RBRE R jsihs R ite el B 6 3834 Bl bR hERY Plase
fromthe @?ﬁﬂﬁh@ lseddndb). RObONVIBEGEmOoVEY thOpRiteCRG thd Sarfesiit Ridil6dds hedidd thHed

dial) and Toads it into the plate reader 948. Plates are preferably | oaded

to the rematerialihniléingdieh®$3. dbe matanl bawlbing sliad tresyportyithapaspas platedron wagent .
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The robot in work perimeter 920 to returns the completed assay plate to the incubator. The
process is typically repeated for each of about 135 assay plates.

When kinetic plate reading is desired, the robot optionally returns the plates to
the plate reader after additional incubation times. For example, robot 936 removes the plate
from the incubator and loads it into a hotel in work perimeter 940. After 30 minutes robot 946
removes the plate from the hotel in work perimeter 940 and loads it back into 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 hotel in work perimeter 940. After an additional 30
minutes, robot 946 removes the plate from the hotel in work area 940 and loads it back into
the plate reader. The plate is read (approx 1 minute). After the plate is read, robot 946
removes the plate from the plate reader and 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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removes the plate fromthe hotel in work perineter 940 and | oads it back
into the plate reader 948. The plate is read (approx 1 mnute). After the
pl ate i swean317apbbot 946 renoves the plate fromthe incubar/wsoizaresd oads it
into the hotel in work perinmeter 940. After an additional 30 m nutes,

robot 946 renoves the plate fromthe hotel in work area 940 and | oads it
back into the plate reader. The plate is read (approx 1 mnute). After the

pl ate is Dgpénsinlnli ,aé;ﬁprbeémmsezbﬂg sl ate fromthe plate reader and | oads
it back on the naterlal handl i ng dial 983. The material handling dial

transports the pl atEhg epgatertypicaBy Krjisa pretaspl iosbispeasap pkof ¢sdls intpoae 1630 .
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the table conprising a Cartesian workstation, mhlch automatically .
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nanually

Cypi cal | yP Rt Bip el 190oB Hub ¥ pRERAALT which 1FIR 1nPDRLS TR ARER,

pl ate isthmmgmumypwmabelegnmmnmaﬂﬁ g., manually. One skilled in the art

w Il appreciate that the present invention can be practiced by other than
the enmbodi nents which are presented in this description for purposes of

illustration and noé)né’ﬁlqhéc!ifl&tﬂ&hﬁ%ll%ﬁ@re&ﬁ?e tﬁéﬁﬁ@ festd?{BRNtOR cASbd | M t ed
only by the clainms which f not ed tha equi val ents for the

parti cul apraetided diy rotimdr shagi the ambedimemst\hlmsh amqgcsenwdummmdqupm for purpieees

i nvention ‘wel | . i) fore i nvent s ed | n
sone. det a¢! st gnand bt spTasy AR EReeset GRi<oRBn i Trgties puiEp e dihbar ¢ o
one skil | gaichMollde. Bfi§ nbte@ EHa@ecﬁlﬁﬁzﬁbrﬂg fétfthd Edrﬁculﬂﬂ SEbQEMERs dNBhssv@id @uS
changes in formand detail can be nade wt t departing fromthe true

scope of daseriptinnemey practicothe éxgnfiveas well: t he techni ques and apparat us
descrikbed above may be used in various conbi nations and ot her uses for the

present invention a{?\ﬁul%ltﬁé) {ort%%%rﬁegelgﬁérﬁ}oﬁqias lb?erp@erséﬁ&%ﬂ Omg\ltdla&{l fpﬁl@nBoses

t hroughput processes nay resent 1nven resent

i nvent i onofl artPtahd nﬁﬂéryta@dmg ayedl boclassewht ekilk@ i the @ﬂcfr(ﬂleulrmm g ofrrhﬂl cal
devi ces, or other devices_that reqU|re mul tiple assenbly ste
addi ti on, dlﬁﬂ@SUf‘be@EEﬁ‘tqu (rhaaes Fhfosmpng dletadlegn g H&?é‘@f"ﬁlihﬂuhé‘%ﬂaétwg fﬂf‘é@tﬂi‘%g,

chem cal §c|3§§ bﬁthe%ve%ﬂ%n OF&eéxa 1%&e&£xﬁ&?e§ Sl g;gzﬁgﬂdg Bescfibbd ab Ve

publ i cations atents, I'cat1 ons, or  other cunents cited in
this apphaygatusml mmrmmmminnaioad ab(j/ouhefmeetﬁmethe presérgiimveation aretaysof or al |

purposes éo%tetrrrll elateg mfn Sg(rttiglﬁtar, othér 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 used to perform medical testing, chemical synthesis, or any other
multiple process procedure.
All publications, patents, patent applications, or other documents cited in this
application are incorporated by reference in their entirety for all purposes to the same extent

as if each individual publication, patent, patent application, or other document were

individually indicated to be incorporated by reference for all purposes.
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as if each individual publication, patent, patent application, or other
docunent were individually indicated to be incorporated by reference for

al | purpogesoz;zimd WO 02/ 31747 PCT/ USO1/ 32454 WHAT | S CLAIPHIRdoE32454 A hi gh
t hroughput processing system the systemconprising: (a) a plurality of
rotational robots, wherein each of the rotational robots has a reach which
defines a work perineter associated wth that rotational robot; (b) at

| east on CRR Dafsed wi th each of the work perineters, wherein at

| east on%wﬁpwnet ers has two or nore devices excl usi vely within
the reach of the rotational robot associated with that work perineter; (c)
one or nore transfelr stAdtightsoagpacpateding styktemt tlieesastema:oiﬂmsmgmr k

perimeter and secqnd. wor erimeter, for tra ring.on r re

Dl es. from (Ab £ 1A RRaby o 9B oRBTERos sl <R ot FCRERPEIE & and
(d) a pl uahl &Mc@ﬁeﬁﬁ%ﬁ' ﬁoﬂk%eﬁﬁfe%er VR dSARPIHaL fb@altﬂﬁﬁﬁro%te transported
between two or nore devices or between two or nore work perineters during

operation of the S)%ﬂ@ﬁﬁ onezievibh@swcglltcdt\mth)g@hmjﬁhqowoﬂqmm@ersyslneemn@t claim

1, wherei,;n nenbe LISt der.s

o urai | ¢yt opeg, e Sipef pemgerdt oo of RBR: i SR SAE Su i Peyearhesre
claim 2, Mﬁbﬁél@oﬁ&%é&ﬁa’&ed WAN B 28§ ofOpRIth&er; chem cal or bi ochem cal
conpounds nucl ei ¢ aci ds, pepti des, polypeptldes proteins, carbohydrates,

cells, serum (phageoqgaxrtmqrﬁ érgnsfcdi atatmg aswnwque@th atdpast @fatrstamrls pemmpieﬂgnd or
ant i bodi &Ssecind Witk fHgh térhfo% DT A s Es? o&fth h SOGLEL N
A R cpo 0 gt p gh

the test ~sa

t hr oughpub tlw@e@@cswaﬂc}i‘&k'ﬁﬁam @ﬁd cI a| m 3 vvherel n the test sarrpl es conprise
a library of gene re at ons operably linked to a reporter gene.
5. The T gh t HAbugHIBITDR LI e GHhiGH SUPBP RPSrs e RanTHorFEOFEGEN af or y

regions O«otcl?‘?nclrla BF@E&C/F &rb%t&&%'t%%%rfrﬁile i b e%rhé}éfs d%ﬁggh%%% B thdls #’%‘l D ar

expresse in a ependi ng upon ence or a pa
stinmulus. 7. The high throughput processing systemof claim3, wherein the
test sanples corrprz.se Tae highrtaropghputpnddesens eysteme bcleinat) wierein members of a
doubl e- st r anded nBI cul e 54 WO 02/ 31747 PCT/éJlSOU 32454 8. The high
t hr oughpdttSipebeksazniy g@%‘isé?ﬁ? gOTRpIi§e R piur &7 STHRIC} e st
3.  The high throughput processing system of claim 2, wherein the test
samples comprise chemical or biochemical compounds, nucleic acids, peptides, polypeptides,
proteins, carbohydrates, cells, serum, phage particles, virions, enzymes, cell extracts, lipids,

or antibodies.

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

samples comprise a library of cDNA molecules.

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

samples comprise a library of gene regulatory regions operably linked to a reporter gene.

6. The high throughput processing system of claim 5, wherein the
regulatory regions in the library are 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 claim 3, wherein the test

samples comprise a library of antisense nucleic acids or double-stranded RNA molecules.
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sanpl es conprise a conbinatorial library of chem cal conmpounds. 9. The high
t hr oughput processing systemof claim2, wherein a second set of sanple
hol der s awe @z3ay hol ders that conprise containers for conguegdong@ap assay.
10. The hi gh throughput processing systemof claim9, wherein the assay

cont ai ners conpri Se&On?hQﬁlig'mfu%ugﬂﬂg%gﬁgcgés?nrﬁo%yg%?hgﬁ%@#e%ﬁ%génttl’?éstrestsa”pl e

is added to the assay contwai ner the test

sanpl es acamphs caspaye a tdmbihhwrial ratyrofehghivat cqupumdsi ng system of cl aim
10, wherein the assay is selected fromthe group consisting of a Gprotein

coupl ed receptor assay,.a,kinase assay, a. protease _assay,, a .phosphat ase

assay, and a transcri pFPBngéstgwgﬁﬁlﬁp}loFﬁ%mFé)ﬂ’ﬁtth?ﬁﬂﬂ thﬁFF‘?)‘Bé‘ss_g'(ﬁgiSQE/st em
of cl ai mJkQamplaaickdeds 51@%8@?%1@6&55&&@00%?&56 Q@iﬁﬁiﬂeﬁsf&aé’ond&é’ﬁng-rﬁeas?é h
t hr oughput processing systémof claim11, wherein the sanple holders

conprise one or nore of specinen gl ates, nmultiwell plates, petri dishes,
test tube arrays, M. allbe highibioygbent pracasting systeacel dainyBoxldrein thy assty des.

14. The hi gh.throughput processing system of cl| ai 3., Wherein anpl e
noi dors. CSMRILCHRE R onoR G5 Al @il of psb Ansgi sPLeTh Bpdddtog
96-vel | plsédye®ntaiders heetdtiniie thb effugip e tbsteeRpRE B tikyskgm of cl ai m 14,
wherein a first work perinmeter conprises 384-well plates and a second work

perimeter conprises 1536-well plates. 16. The high _t hroughput processing
system of claim 1, Weeddphighibroughpitipercsssing Historsoledaim 1o phcrain heassdris nor e

gri ppers s%ﬁ@{ehqwn?ﬁlegﬁ(s) js t?(gﬁqﬁgpé 8); gﬁ—@??ﬂ{ %@%ﬂ@&eﬁ;ﬁoﬁa@saﬂgﬁiﬁgggsa ]

t hr oughput” processin rein the gri'pper conprises a
sensor stproehserasshyt @ pledphntasagssay, land atianstripfion hssagr i pper apparatus rel ati ve
to the object. 18. The high throughput processing system of claim 16,

wherein the gripper, ,C 1ses a deflectable nmenber structured to couple
the gripper appar atifs ﬁg‘g@@‘&ﬁwgpgﬁwsé‘ﬁ@ftﬁf?dﬁ%@%ﬂ%%% © HERYSr |
whi ch def] gethkbeadigyrber is structured to deflect when the gripper
apparatus contacts an itemwith a force greater than a preset force. 19.
The hi gh throughput processing systemof claim1l, wherein the transfer

station transfers the dhehgght hpw ppocsssing systeanef daim hgvhereianh tankde der

froma fiyr work .perineter te a Seco wor k.. ineter. .20. T ihah

tnr oughpuloHsrbRerban R e b bRl PR pREChopichors. 6 sk
arrays, vials, crucibles, flasks, reaction vessels, or slides.

14. The high throughput processing system of claim 13, wherein the sample

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

15. The high throughput processing system of claim 14, wherein a first work
perimeter comprises 384-well plates and a second work perimeter comprises 1536-well

plates.

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

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

17. The high throughput processing system of claim 16, wherein the gripper
comprises a sensor structured to determine a location of the gripper apparatus relative to the

object.

18. The high throughput processing system of claim 16, wherein the gripper

comprises a deflectable member structured to couple the gripper apparatus to a robotic
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station conprises a fluid transfer device which transfers sanples froma
sanple holder in the first work perinmeter to a sanple holder in the second

wor K periﬂ@@y}”@l. The high throughput processing systempgefr edodsimsd
wherein the rotational robots are configured to transport one or nore

sanpl e holders alo |.ti-directional path 22. The high throughput

o obeosi TBOIEyS Birchrief b meteE Retc s 0y eReshics i LAt GRRHRES > and
10 rot at i @hgktsTAkRISwitR A fortB Srditdd hdn i g P3tke Pr 0CceSSi ng system of claim 1,
wherein the devices are selécted fromthe group consisting of a fluid
transfer device, a mxer, an incubator, a storage conpartnent, a

t hernocycl er, a pl adt% dhe bighdhroughpui prasessingsystenpoleclpinptexkasein the trapsfesct or
and a replati t.ion 4, The_ hi t.hr oughput i system of claim
23 her LR HnSHR 57 Bne mpH el by S IR PIE RO oA, oo
25. The Hjegnetditougbyontl isrkpesmerg system of claim 24, wherein the fluid
transfer device conprises an apparatus selected fromthe group consisting
of a pintool, a syringe,. and a punp. 26. The high throughput ];l)rocessi ng
system of claim 24, %Jﬁ@ﬁlrghébrquggw PERsEssing systed Qheipinel nBhaeindhs wangfer

mul {1 wel | plofBuidRded {fultl et BARK Fhich khaE:s SATBICl $5% ARuASIE AYIdR in the
receptacles arra geds such that outlets of the receptacles are aligned with
a pl ur al ifirgt wérkweliheterad atshaplieoldenws the ptcné wozll perfinetehi gh t hr oughput
processi ng system of claim26, wherein the fluid transfer device conprises

96 or 384 receptaclgs. .56 2/ 31747 PCT/USO1/ 32454 . 28. The high .

hr oughput  pr oceasiala THSALER BROUENH AFos8 NIk Eim hodkidtadhedtafiopa
Syringes.roB&s altdniibRd 1 AR Yne BE B68SSintifle BYIAERM Gy L£hnditilidRtioMd1al. N
the fluid transfer device: aspirates a volune of sanple into one or nore
of the receptacles froma well of a nultiwell plate which is aligned with
the outlet of the r¥cephabigh throsghpwiPrecessimstyatem ef clpior 1i wherein thaveystem une
of the aspirat ampl et I f the multiwell plate, the returned
vol une ofC%Fﬁpglsgsﬁ%eEWg“prb%%&él@goggt%ﬁgrr?%f’ﬁ'e aspirated volune so that a vol une
of sanple is retained in the receptacle; dispenses a portion of the

retai ned vol ume of 23anfihe hightthroagigitlprakssingesrntofelhin hewhereipltd ésviassd

are selected from the group consisting of a fluid transfer device, a mixer, an incubator, a

storage compartment, a thermocycler, a plate carousel, an automatic sample processor, a

detector, and a replating station.

24. The high throughput processing system of claim 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
transfer device comprises an apparatus selected from the group consisting of a pin tool, a

syringe, and a pump.

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

of the multiwell plate.

27. The high throughput processing system of claim 26, wherein the fluid

transfer device comprises 96 or 384 receptacles.
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di scards any remaining volunme of retained liquid. 30. The high throughput
processi ng systemof claim?29, wherein the volunme of the aspirated sanple
is at |eagloayermal times the volune of dispensed sanple. pglyushpga43i9h

t hr oughput processi ng system of claim25, wherein at |east one o% t he
sanpl e holders is iwell plaje and the fluid fransfer device is a pin
tool that conpris 'ahﬁ‘ﬁﬁﬁv gbﬁ’%ﬂ?‘}%scm%ﬁ@teé‘?f) ﬂé’@l&ﬁ’t‘ﬁheéelﬁlﬂﬁﬁ ality of
wel | s of &%tﬁwst&y\%}ﬂnggg.ate. 32. The high throughput processing system of
claim 31, wherein thHe pin tool further conprises one or nore wash stations
in which the pins are washed between transfers of fluid fromone nultiwell
plate to another by2%hdhgihighthestughpg prausesing srstenh phelghpd6, whaseiadhd Heidsyst em
of clai mta%’sfe\‘vggri é,n the fluid transfer device does not conprise

di sposable pip Y&t ps. 34. The high throughput processing systemof claim
33, wherei n naspiratesla vbluaisdfehm@RMih@eone br fige 6 S @BIHOIRIS iffRsa dicHRPaabl e

pi pette tips. 35. The high t hrouj%gput processi ng system of cl ai m 24,

wher ei n tTRtiMeliRiate prhighsis @l glps vitle thesidpt of ke geepRiadles ve di spl acement punp
coupled to a Cl!eﬁﬁﬁs“asﬁjbs%éﬁhéﬁgmr@& £HRE voL e otf@ﬁe%négi}&‘éh s ﬁfe% PG 1PYEHEM Of
claim1l1, wherein one or nor o The” deVICes "Comprises an aut omati ¢ sanpl e
pr ocessormulbiweplfie/1Ba rebilrPEYolubR Iof Fetlidhi B Being hess iaphthe hsparagidpslunpe ecthsisi ng

system of claim %3, wherein one or nore of the devices conprises an
i ncubat or® WIWEE 8f sayeple drisiaingiunhe ©8eptagles hi gh t hr oughput processing system
of claim 37, L : : i :
provi de stor aé%gé:egé%c% é@lﬁ%ﬁf tglt@r Ttglgg?%@g‘%oozg%g%@gm%gﬁg%gn‘?]?g‘ fiwell
t hr oughputlatpr ssing system of claim 38, erein the storage conpartnents
h hputlatpr oxlessi f clai wh [ h
provi de storage capacity for at |easft 700,000 sanples. 40. The high
t hr oughput prdﬁ%“é’%‘{%r?@lyé%’%‘ia’élﬁﬁ%‘fo%mﬁpfﬁ ne in the storage conpartnents
provide storage capacity for at least 1,400,000 sanples. 41. The high
throughput processizg Shshesh BfoushpitPrecbssiMb) §¥seind of Hdim RICKHRAEAThOVolaMer age
conpartnment conprises: (a) a housing conprising a plurality of doors, which
doors cl o¥dhaaspiratedtsampte is aplenst neyedddimassdbe volnmegif dispensedsamplee surface of
the housing; (b) at |east one novable shelf disposed within the housing,
whi ch shelf is cap e f.al b gnj i . i Rg . rein. f the
Blural ity of doors Tt AR e bt bhErARED of Paink 08 P RE ballork

of the sample holders is a multiwell plate and the fluid transfer device is a pin tool that

comprises an array of pins that are aligned with a plurality of wells of the multiwell plate.

32. The high throughput processing system of claim 31, wherein the pin tool
further comprises one or more wash stations in which the pins are washed between transfers

of fluid from one multiwell plate to another by the pin tool.

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

transfer device does not comprise disposable pipette tips.

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

transfer device in the system comprises disposable pipette tips.

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

transfer device comprises a positive displacement pump coupled to a dispenser valve.

36. The high throughput processing system of claim 1, wherein one or more

of the devices comprises an automatic sample processor.
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robot. 42. The high throughput processing systemof claim 23, wherein one
or nore of the devices conprises a detector which detects one or nore

readouts Rly @5 results. 43. The high throughput process &Yss.am of
claim42, wher e?d}l’? the detector conprises a device sel ect eé %rom tﬁe group

consisting of a fl escenc etector, a .spectro to ric detector, a
i nescence. det ect o, 10 BrodBiRUERREaEssiEl Soiet b SHIRED ayferdB oBL pofor
radi o- f r efYRNER iR BRIpPikes A iRAIbakROE stofRERbmpatABES Spectroneter, a

radi oactivity detector, and an optical detecCtor. 44. The hi gh throughput

processing systemof claim42, wherein the detector 'con?ri ses a canera
whi ch records i nage38. oflhe highdbrmaghpus Purcessingisystemhef ¢pigh 31 Hvksiin pag system

W0 01 a1 Pty ke Sl YHERRM D Minds R0 B BBkEsnFoo) ERRR, >

claimd44, wherein the inages are analyzed to determ ne assay results which
i ndicate a desired 3.f abht hih thrdugbput pasiebsng dybtend beclhing BS twiiendig fhpdtorage
processi ng systemof claim1l, wherein the system can perform assays of at

| east 100-O0UBIEIHEH REQViHR stoFge gaRacity §or atpgas ?/Q?no put processing system
of claim47, wherein the system can perform assays of at |east 350, 000

sanpl es in one day-4(ﬂ9ThIﬂ?%hﬂhﬂiﬁ§BﬂIt$>g&J§$&%% Q{s%ﬁé?&lgﬂn §§,S&/1§‘e%iﬁfthé3§t&ia§% 48,

wherein the system can pertform assa east 700, 000 sanples 1 n one

day. 50. cPhepahtngghtstirovidgbiorige prparces Soma lepsl,400,000 sdnaples. 1, wherein the
sanple holders are multiwell plates and one or nore of the devices

conpri ses a positiop ng.,devi.c t hat _conpr.i ses . at ast first alignnment
renber that | s posiT-odh P Brrebil sERURHRE S pf §RH i el P b at e
when t he igtidatorr ktopdgatc®niparthienfcoh@sisegd position on the device. 51. The
hi gh t hroughput processing systemof claimb50, wherein the positioning

devi ce further(atonpt hatsingroppsting amuralitsael deotse Whikh daors ¢lags 4t lggskane in a
first difreetion to?e&)@k&%h% 162 65E s@rilde’ Flnd I%L%fn val | of the multiwvell
d COR AT W Tre 3

plate into comta ne or nore o |gr%’rent menbers. 52. The high
t hroughput pro@gssi sideBysieamivbadbledhalimispbsedwRhigithe hb\Bing) 04iidh sholf Rgcapadlece
further conprises, a second pusher that can nove the nultiwell plate in a
second di¥ebigning with theiorgniagisecond i nner wall of the nultiwell plate into

contact wi th apg. ot caBREEALh IS dBRVEhTefdiAtndY &cBRHIL bPBRdolAofAN aCt

the second i nner wa
robot.

42. The high throughput processing system of claim 23, wherein one or more

of the devices comprises a detector which detects one or more readouts of assay results.

43. The high throughput processing system of claim 42, wherein the detector
comprises a device selected from the group consisting of a fluorescence detector, a
spectrophotometric detector, a luminescence detector, a phosphorescence detector, an X-ray
detector, a radio-frequency detector, a bar code reader, a mass spectrometer,‘ a radioactivity

detector, and an optical detector.

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

comprises a camera which records images of the assay results.

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

are digital images.
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plate when the nmultiwell plate is in a desired position on the device. 53.
The hi gh throughput processing systemof claiml, wherein 'the sanple

hol der s cwprizieione or nore lids. 54. The hi gh t hroughputpcangnessisng
system of claim53, wherein the sanple holders are multiwell plates and

Si'de: 50 v 02) o178 BLrishgPSly bORe Ml G5 & SRbl ALt SR ARG, "

from t he asd gl phediih@eteani@e asdah esalts ghivRnhdipstoh desitedrerfzosofd wsiedmple.

cooperate with an alignnment menber of the multiwell plate; a sealing
perimeter positioned on the bottom surface of the cover; and . erein the
al i gnnent  prot rusi 04% f abe P}g@&h@gg%w @mCﬁﬁntgrfé/Siemoftcgmqu plestie estysieRat a

seal is %?HB{: ‘Zﬂng%sﬁs&‘gﬁ%ééﬁg%de@%g‘;ﬂ%?ﬁg@%?ﬁaw perimeter and a sealing

surface o t’hr oughput processi ng system
of claim53, wherein one or nore of the work perineters conprises a
de-1lidding station 48 Whe bighahioughpus prasasvinegisysteomolzclaisedih véhetadh thersyst68. The

hi gh throughput processing s of claim53, wherein the lidis
constructcégpg&%ﬁ@isﬁ}'wf&geagfe@ﬁj&%?{np & RRSPEY hr oughput processi ng syst em
of claiml1, further conprising a controller operably coupled to the high

t hroughput processi49g T¥6hMth8ghpil rdteding Vs RuOBIUIAIn48) G REdifA theSysteam of
claimb57, wherein the controller directs transport of the sanple hol ders
bet ween B peiomppwsaps of 4i deagin Q0,000 sapmples ig ongdatbet ween one or nore of the
devices. 59. The high throughput processing system of claim58, wherein

said transport is n i =1 t e jgh h
t hr oughput pr ocessigr?g g?}gﬁ gﬁ]q%"lfoﬁg}ll@lil’t %@gfsﬁ%ﬁ%ﬁéﬁgﬂ,%@%}fx Ither I d
conf i gur dobldess sreaeiltiweld patatant ona st moed ofahs devickspompirides opesitiining device

i nformati

n. 61.. The_high_throughput processjng system of claim 60, rein
the oper égﬁﬁompﬁé?%%&?qsgﬁgf%ﬁ%g'}g%@é mgpet ﬁ%ﬁ@?maoa?fﬁmoe&rst sigpes kP ace.
62. The hh&ﬁuﬁtmapgﬁﬁ%he%%ﬁﬁxﬁi\{)&ll SURLEM é)&esﬁjeéhgéiégn %H%r&bﬂe.a separate
controller controls each rotational robot. 63. The high throughput

processi ng system of claim62, wherein the system
51. The high throughput processing system of claim 50, wherein the

positioning device further comprises a pusher that can move the multiwell plate in a first
direction to bring at least a first inner wall of the multiwell plate into contact with one or

more of the alignment members.

52. The high throughput processing system of claim 51, wherein the
positioning device 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 into contact with one or
more alignment members that are positioned to contact the second inner wall of the multiwell

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

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

holders comprise one or more lids.

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

a cover having a top surface, a bottom surface, and a side;
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further conprises an operator interface that receives operator instructions
and provides operator information fromeach controller. 60 WO 02/ 31747

PCT/ USO1/ Q¥hsi1dg. The high throughput processing system gictobisrabs
further conprising an operator alert operably coupled to the system 65.

al'ert corpri see o vi suly aupepp DIERE el e e bR £ 11

hi gh t hr cllighipeit ROOERSS peiti Gied k@ bdPerad dithah aliph@etimerhbe of yisd maktivedinpr i ses
a first w?rk perimeter directed to test sanple storage and a second
peri net erP!ai rected to performng an assay. 67. The hi gh throughput

processing system of - oh TRk GhAubIR &Rk boRdTRLARCAMRE Lakrahan ca

conmpounds. 68. The hig put processing system of claim 66, erein
the transfer station ehapin geslignhentiplotrusiorsfacilitalesvalipaingthe lit tatiefpdats an
al i quot of test sanple froma, s | e hol der. that conprjses_ test sanples
Lo an asSyiuaipilds AOPERFSIPY Ty Bevceudhs Sqeling GermEicp iR & 3oinE Sedicefe
hi gh t hr quohputwdl peessi ng system of claim 68, wherein the assay sanple
hol der conprises one or nore of living cells, cell extracts, nucleic acids,
pol ypepti des, antibodies, or chem cals. 70. The high throughput processing
system of cl ai m 66,55whé&hehightthewughpprocesning $ystezn ofndaigr Shorheren oge or more

bi ochem cal, chem cal . bi ol ogi cal 1 &rohi.ol ogi cal r.cell-pbased assay.
71 %The. 1 e SRR st s DA i B0 SRR Socone
wor k per isaRip® hdl@pri ses an incubator for maintaining the assay sanple

hol ders in a desired environnment. 72. The high throughput processing

system of claim66, wherein the system further conmprises a detection
device for col | ecti¥fy dhehighthroughput psacgssingsystepnel ¢aighS3.yhsagin B lid 1s

pr ocessi SR, Y wherein the detection device is located in
t he seco%nvgmxfc& pe%ﬁ%%@%gsg%l'm 02/ 31747 PCT/ US01/ 32454 74. The high

t hroughput processi ng systemof claim 72, wherein the detection device is
| ocated in a third S¥r Khpaighrtbtosghput processing system of claim 1, further comprising a

controller operably coupled to the high throughput processing system.

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

or between one or more of the devices.

59. The high throughput processing system of claim 58, wherein said

transport is non-sequential or non-linear transport.

60. The high throughput processing system of claim 57, wherein the

controller is configured to receive operator instructions and provide operator information.

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

instructions are received through a graphical user interface.

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

controller controls each rotational robot.

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

operator information from each controller.
60



75. A nmethod of performng a high throughput assay, the nethod conprising:
(a) providing a library of test sanples in a plurality of nmultiwell plates,
wherein woexsathtiwel |l plates are present in a high throupodpusopnesiessi ng
systemthat conprises: (i) a plurality of rotational robots, wherein each

assoct at od wi th thabir dietiSnBrodRRbrosine s L EgRg. e eoTaetins oo
Wi th eachoRfatbBeBpéabB  doliBle8 S theW@b@i N at | east one of the work
perimeters has two or nore devices éxclusively within the reach of the

rotational robot associated with that work perinmeter; and (iii) one or nore
transfer stations aé%oclihgthégh threughput preeessing systems of Qi 64pwheraiatthe opgraton

second wofk rineter,. for. transferring one or re sanples fromthe first
wor k peri‘ﬂ%’ftggmpgg Sﬁe‘h%ueag%lﬁ%f’ vg%?lkﬁ%%lﬁﬂh%rtae?%gl gffiﬂ\’)%'xecuti ng a conputer
program which directs the high throughput processing systemto: (i)

di spense al i quots 066.t Nehethegh theauphpetSprocdssing Sgsdsm pf allais 1, (vhereindihs pesias
cells, reagents, and other assay. cogonents into the assay plates; and
(iii) trapnRgses pérsiaeorl pprimetss direrted (odeet sampleHnTess Kk eIchPHERCHACT esul t s

of the a&i?é.%dt@%erfgﬂﬁing%%@&ypf claim75, wherein the library of test
sanples is stored 1n a first 'work perineter and the assay reagents are

di spensed in a second work perinmeter. 77. The nethod of claim 76, wherein
t he detector is pre6snt Thahightimonghpu ptocessirg systearof cr8m 66, mihietein theftest

defining a process for, operation on a high throughput processing system as
provi ded { P&?Saﬁompﬂsefh%&?éfm%la}ﬁ%ri sing: (a) creating a plurality of
devi ce steps, each device step instructing one of the one or nore devices

in the high throughggll THeQGESHrABhHNSIBMdssiAg sY¥RA 2 BThif G6PRRAEIEARS BT
(b) creating a plurality of nobve steps, each nove step instructing that at
| east a fstpiéan Gasppsises afluidhisansfaydgyice thaptranséera en aliguot obp éss sappple fioea or nor e

f th I ' : , .
o gt oS OB L or o8 s 0 AU B S
list defbepaitpraedor der for performing the process.

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

polypeptides, antibodies, or chemicals.

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

assay.

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

environment.

72. The high throughput processing system of claim 66, wherein the system

further comprises a detection device for collecting data from the assay.

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

detection device is located in the second work perimeter.
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79. A nethod of transferring a plurality of sanples fromtw or nore
menbers of a first set of multiwell plates to a nenber of a second set of
mul tiwel wW@bzased? the nethod conprising: (a) providing tPReTAUSO/32454m0r €
menbers of the first set of nultiwell plates, which nenbers conprise the
plurality of sanple erein_each nenber conprises a marker in at |east a
First well of the nift }'ﬂ?@lhlgfbﬁhaw, PYYPFOGeSHAS PR A cm%w gpinthe of

sanpl es ] ] fgq,;g; . he first set of multiwell

pl at es tgﬂ‘geértr%%lg?{cg?ﬂtoﬁéete@e%%ﬁu set E@?n%ﬁe%'i wel | plates; and (c)

determ ning the location of the marker from each nenber of the first set of
mul tiwel | plates in73.heA methyerof perfoieing e haghdthsmighpiit assdyt theehdthed at es.  80.
The nethod of .claim 79, wherein determ ning the |ocation of the markers
conpri ses" S oni t or i ng or fluorescent nonitoring. 81. The nethod of
claim79, wherghn tpeviRAbLBradf of ti& sERGRE th §PIurzﬂfty ofHultiwEll plaek abiegeiRave a
nunber of wells that is a whole nunber nultiple of the nunber of wells in
t he nenbethe nyfltiwpld platessare peesensin arbyighithronghmit arassssigpsystpethabedraniises: cl ai m

81, wherein the firss f |.t.1 wel | at re - | 1. pl t he
menber of the seconzl)ség) iug ltpfu%;ffcigt\%\te\{\@ai Ibq%gfééglﬁ?lgemaeaggg-f%Irf)ta%fng%lgsb(ggga%e
met hod of reattaiwiicB lefinked @bk pdiendtéra8toct@dd with Mk totukdral lbat,es are 384- wel |

pl ates and the nenber of the second set of nmultiwell plates is a 1536-wel |
plate. 84. The met héd) dtleastanafgvice ypesidpd witheaeh pithe swrk perimefers; whptein

bl ates ar g 1981 giiPld nPLAKERe AR ahiG TRIBERR e 80005 Sl wTubdchue! |

plates is a of clarm wher el n sanp
and mar keths ratatorial astsit @ssoendtedfwidmhbhoworkipeninets; afd t he first set of

multiwell plates to gne nmenber of the second set of ltiwell plates. 63
W0 02] 31747 PCT Uso R onsar s tapgler St prscaseacialed, i Ableaghicitel Wokach nenber

of the fi f i j red to
a menber %e:ﬂl?ﬁglt asngicao%gbﬁsde%%%pﬂnnﬁ ?f&%ﬁrﬁﬂ%ﬂn@? n%%%o?i %Egﬁlge%r%r ?rl@ﬁv\%s?ch
di f f ers f work pdnenatartkdéhe second Werk peemimders of the first set of nultiwell

| ates that are.transferred to the nenber, of the secand _set .of nultiwell
iepeedRp it SRS S f R A A A Ll R AT

dyes and gyshen frkers differ in the color of the dye. 88. The method of

cl ai m 86, wherein the markers conprise fluorescent dyes
(1) dispense aliquots of the test samples into assay plates;

(i1) dispense cells, reagents, and other assay components into the assay plates;
and
(iii) transfer the assay plates to a detector which determines the results of the

assay.

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

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

77. The method of claim 76, wherein the detector is present in a third work

perimeter.

78. A method of defining a process for operation on a high throughput
processing system as provided in claim 1, the method comprising:
(a) creating a plurality of device steps, each device step instructing one of the one

or more devices in the high throughput processing system;
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and differ in the concentrations of the fluorescent dyes. 89. The nethod of
claim 86, wherein the marker in each nenber of the first set of nultiwell
pl ates cov@o/sd7 both a fluorescent dye and a col ored dyePCEuMo/I2¢s4mar ker s
di ffer anong nenbers of the first set that are transferred to a nenber of

h
Egﬁ CZ‘:S ?2? i zﬁt @3 f t hgllél?.t}lr:l_ﬁ)\,\glglgélmat ﬁ%@l enst%gfeegc Igcr)veosftept Elgtrgc%{n%rtﬁac’ic ag}/%staand the

first member of the plurality of rotational robots move one or more of the sample holders to
one of the one or more devices; and,
(c) arranging the device steps and the move steps into a step list, the step list

defining an order for performing the process.

79. A method of transferring a plurality of samples from two or more
members of a first set of multiwell plates to a member of a second set of multiwell plates, the
method comprising:

(a) providing the two or more members of the first set of multiwell plates, which
members comprise the plurality of samples, wherein each member comprises a marker in at
least a first well of the multiwell plate;

(b) transferring the plurality of samples and the marker from the members of the
first set of multiwell plates to a member of the second set of multiwell plates; and

(©) determining 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 monitoring.

81. The method of claim 79, wherein the members of the second set of
multiwell plates have a number 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 claim 81, wherein the first set of multiwell plates are 96-

well plates and the member of the second set of multiwell plates is a 384-well plate.

83. The method of claim 81, wherein the first set of multiwell plates are 384-

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

84. The method of claim 81, wherein the first set of multiwell plates are 96-

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

85. The method of claim 81, wherein samples and markers are transferred
from four members of the first set of multiwell plates to one member of the second set of
multiwell plates.
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86. The method of claim 79, wherein each member of the first set of
multiwell plates from which samples are transferred to a member of the second set of
multiwell plates comprises a marker which differs from the marker in other members of the
first set of multiwell plates that are transferred to the member of the second set of multiwell

plates.

87. The method of claim 86, wherein the markers comprise colored dyes and

the markers differ in the color of the dye.

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

and differ in the concentrations of the fluorescent dyes.

89. The method of claim 86, wherein the marker in each member of the first
set of multiwell plates comprises both a fluorescent dye and a colored dye, and the markers
differ among members of the first set that are transferred to a member of the second set of

multiwell plates in the color of the colored dye and the concentration of the fluorescent dye.
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