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chem cal or biochem cal conpounds, nucleic acids, peptides, polypeptides,
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or nore of the devices of the systemconprise a positioning device. The
positioning device typically conprises at least a first alignnent nenber
that is pweioesormed to contact an inner wall of the nultiweldr/ytoasaisnwhen t he
multiwell plate is in a desired position on the device. The positioning
device f j j : ofhr8
TR i g T g i D S e
cont act vistphsitioredoon thio bettarh sutfaceadfi theromvetr. Therdlignmentiretrbdigin fackitates) hlpgrting

rocessin tens .of the invention can.al so.include cont.rol | er oper abl
Coup! ed £ THE0 BiFaBso s s de s ormer oy resivel baiicee fus FALRE BT aidie ©
sanpl e holedrh s%&%?ﬂxc@ﬂlﬂti%llfﬁ%& Phe HifEar¥ah KoM ehiFBlRiehtO LoR@fMRaDraNe or

.nmore of the devices. Operator instructions to program and direct the system
t hr ough theavy onatarizl bunh asstainipssistaehl A de-tidding stitionds albo optimally incappriratad ints er

det i ng e SPBRe FE T ERE G e BHEEON it B TGV HID A gAPETe B asei ng
system as provided g4aN8s optithallRsitesiedlor Prdcatded i HErbseht HisRads doghpise

plurality of device steps, wherein each device step instructs one of the
one or nothenves) pt bivchemichlecomppundh noclgispeids preptides pakypsptédespro&insl ural ity

of nove st re al created. Fach,nove step instruycts at |.east first

rember orc B ariB S5, Btiserana < BoR SPe: Sfiull LRSS rirbrESor
t he sanplsdibé HRé.SFérexatplel bné BEMBRLiRAry I CDNIE Hidl&tiles [HRiseR ¢ intelesd #ds, and
t he nove stef)s are then arranged into a step list, the stegll_lst defini ng

an order danblesrangedRAA m@@cpl%mg@ne regulgtay megionss pde opetahly ltked éme

i nvention Vi h of transf.ernn ald t sampl es fromtwo
or or o SRR €255, e PRIdAy Sirobfe I E B RIS ReetiRonyBEBRGH SuBC o
set of nMulibraM&l dre phadRSly dEHSedBbMORnéyhhicat Hiffezentially eRprepdedin dicBly t he two
or nore nenbers of the tirst set of nmultiwell plates, which nenbers

conpri se 4apengingppen the nsgscuemes absence of aparticplen stiablep. Gembinateriahbibrasies of

mar ker i : il . t] I lurality of

sanpl es gcnl%h%az@%Pg%édsgiialﬁé%tlﬁaggEﬁg%@gdi Sﬁfgc}}rlﬁ P%gérﬁrg#ger %pof t he ?‘/i rst

set of multiwell plhta&ition ta tiesdagrlesadestritedaboond ssaindakt ofidatripiehdldgk atees;

and the | ocation of e ker fromeach nenber of the first set of

mul ti wel | ORICRRE5A§RY E‘&éc’igé%éf’m@f‘s? ﬁ%lt%‘%féﬁéﬁ)/%’fea&?nt ICPRHCING 05¢ Q5oL

det er nune LA : i = =7
Qs%éﬁflfe; dgl‘sz@’alﬁtﬁdérg' %R%&ﬁﬂ cBﬂllpﬂge %ﬁ@oﬂ?ﬁéﬂé%ﬁ&g@ncntﬂﬂrpg{sg’}ﬁ? which

PCT/ US01/ 32 y conprises visual nonitoring or uor escen

noni t or i ngtestampdxaradtie] toche hssap otaerineds, ¢.pe fibir sfirss edt ob famplethioldekd, tpl at es
typically, conprises rker which differs fromthe marker ip other nenbers
of the fi‘ileéffrgg‘é"ta‘ﬁﬁf%ﬁﬁ‘iit fept mpleson té‘? gssay-¢ 3@3%r€k%r%elﬁc 2§80l or ed
dyes and I%éi*fbrﬂi@ﬂ kfihe pléseh@dystchsif@udd bar arf hot INRitey B, 8 THHRIteih @ﬁu;g@d kREftor
conprise Tluorescent ‘'dyes and differ in the concentrations of the

f | uor escesfsayipdenasFpgsiap.ad prptepbreasseyvisahospiftase essgpadrnsedntianf aspay, anddiel

pl ates haye a nunber of wells that is a whole nunber nmultiple of the nunber
of wells Tn"the nenbers of the first set of nultiwell plates. For exanple,
the sanpl es and marfeé fotgmab@bblsagf Bétveen hiscuimfaad abseioaosotef oftthesystanst

set of multiwell plates to one nenber of the second set of nultiwell
pl at es. TPRNonplY eachaompriserane pryapre grinpesscopfiguid to franspest kg samplo Bolders)

pl ates a . . 0 )1 - L
A fernat Gy EpRES PP gy Tonlfsl b Wisor Rrithfisy B Bucliblad Eldcolofbeihe rigper
96- wel |  pimaesusaslhtivl e the objedt. Iebddifiomithd gnweks Eitihely compriiesedefleotblenel |
pl ates. The pethods are parficularly useful for use with a high throughput

processi NeBYeE ciEedioorplsdhe BEPRST APPasEH tos3 xabekig membeRaviich deflectablap| e,
one type i i V] i f nt wel |
donsi 1y 1 BBk Srbetulilo Boficer REich WY AprRh thrart R et L BEE

al | ow onegreatcnthor nipadsat folext her sanpl es are transferred correctly from one

pl ate to anot her hayi n different well density. Each. of these systens and
, met hods are descri g]éavﬁg?ﬁaﬁ%%@ lﬁéﬁ%\ﬂsmﬁ% .Plgﬂf}éfl B L BRNSFRlE

FI GURES F&l@z‘i&fe?e.k.,'aﬁ)i@tcﬁﬂ,aﬂsryﬁﬂg&faﬁﬁ?p 64BBMkE, 20hix@r,Ah GheubRfoR UodBUbe SCT €eni ng
system made in accordance wWwth the present invention. Figure 2 1S a diagram
of communi cation links for a high throughput screening system e.g., as
shown in Figure 1. Figure 3 is a diagramshow ng station |ocations for a

hi gh t hroughput screeni ng system as showl in Fi gure 1. Figure 4 is a block
di agram showi ng software architecture in accordance with the present

invention. Figure 5 illustrates an input screen for defining a step in a
met hod in




accordance with the present invention. Figure 6 illustrates an input screen
for defining a nove for a nethod in accordance with the present invention.
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accor danaeplafingstathan, pné therlikei nvention. Figure 9 illustrates an exanple high
t hr oughput processi systemof the invention., 3 Fjgure. .10 illystrates a
conmuni cation di agr‘ggln“f%ﬁrarfsﬁgé deyice é‘?’r?fgw yP?Fdﬁsﬁtd’e_glc_ﬁ.dlh?eg‘ﬂ?’@ﬂ‘oflibﬁ

i '] ust r atffiid fisf&Ctedles cafllfbi d@hdpldlahaer S8luePHPA 8l fagthple FBGNIRE ker
.useful in a replating procedure. Figures 12A and 12B illustrate hi gher well

densi ty plokdes that pempusasttest samples tooan saassapiple heldeninrwiteh aepssapisiods i n

Fi 11, Fi 12A il trates a, 384-wel I, plate and Fi qure 12B
1 Pust v asgol Rl Fut oot S0 ie Eip RistpHe e ol e fedls fis” o .
conpri se redegvdiBinkeofe driabred@thpldhdlgs Areusbdy Hol@re sypidallly Reipait€ohd16r more
orientation in which the |ower well density plates were transferred to the

hi gher weiflivingresilsycep|extraess, roictpiq acidsi palypeptides, aptibpdias tor ghemigalng.gi, fea1d
pl at e usef ul preci se . alignpent.. Figure ;13A proyi top view, Figure
Biel ) ROEGAT, ol BRE Blorobip i S s BA Bk

13B provi ( Cross-sectional view.
Figure 14 ill ustr atEsidarefdr de@bes f theinivemtionopioRklRy teprisd dnharfdyenfal i gnment

tabs contacting the inner wall of a mcrowell plate, e. % as shown in

Fi gure 13eceptacles, e.g., 96 or 384 receptacles such as syringes, atranged suc that outlets of the
receptacles are aligned with a plurality of wells of one or more multiwell plate. In another
embodiment, a fluid transfer device aspirates a volume of sample into one or more of the
receptacles from a well of a multiwell plate which is aligned with the outlet of the receptacle.
The device then typically returns a substantial portion of the volume of the aspirated sample
to the well of the multiwell plate, the returned volume of the liquid being less than the
aspirated volume so that a volume of sample is retained in the receptacle. A portion of the
retained volume of sample is then dispensed, e.g., into a well of a second multiwell plate; and
any remaining volume of retained liquid is optionally discarded. When a pin tool is used as a
fluid transfer device, the system can further comprises one or more wash stations in which the
pins are washed between transfers of fluid from one multiwell plate to another by the pin
tool. Typically, the fluid transfer devices of the invention do not comprise disposable pipette
tips.

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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DETAI LED DI SCUSSI ON OF THE | NVENTI ON The present invention provides

fl exi ble, robust, accurate, and reliable systens and nethods for high

t hr oughpwope/eriessi ng, e.g., for screening | arge nunbers @CTHHRIPBBISS The
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transferred at the transfer station to a”different sanple hol der such as,
for exanple, an assay sanple holder. In the second work perineter, the
sanple holder is optionally processed, e.qg., by transporting the sanple
hol der to one or nore devices for assaying the sanple. The processing steps
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then assayed agaln e.g., u5|ng a second assaylng deV|ce or by transportlng
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The systens of the present invention are optionally used for high

t hr oughput screening of sanples, e.g., of chem cal conpounds against, for

exanpl e, w@b3/3174Tel | extracts, and/or particul ar nol ecul aPCTASHEIHS4
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typically provide an autonated robotic process for handling, mxring,

novi ng, dnasiejingecosdangg iwith the pepserdtieveniialy sanpl es. For exanple, the systens
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systens G 6.¢.,as phawmin Figuefl, wor k peri meters and a plurality of
rotational robots, e.qg., about 2 to about 10 .rohots, Each rotational robot
is typically associéﬁ&ﬁ 3 esliagsam showing stagignihesatigns toga high thequghputor wor k
peri met elgsreefifh <GASARL Show & FiBRRLS each have a reach which reach defines
t he vvorkspgsflﬁngtszr assoc‘i) at edpl%ﬁfféhlst hat robot. The plurality of work

peri meters and t he Ipgured is fyplark diagramishomingrsoftets: atldtecané irgaccertiance with ow
transport, one or .nore sanple holder along a multi-directional path, e.g.,

to provi dee Brepentinsplon. — wo 02/ 31747
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devi ce associ ated wth each

addition, the systens conprise at |east one
"wor k per ianeardance Wi thalprsentinvénsist one of the work perineters has two or
nore devi ces excl usI;.veI y6.\ﬁi Etpitn t he lgea(_:h ?f %E.e.associ a{ted rotba%i onal
.robot for that Worklglértci e era.esf'r‘ollemgytsS Y elﬁﬂggkh’f“%e o(gaprp% PO

non- sequeBtdrdhndevalts e Hresest ine&lionhhe two or nore devices, with each device
bei ng accessible by at |east one of the rotational robots. To further aid
the transport of the plurality of sanple holders, the systens typically
conprise one or nore transfer station associated with at |least a first work
perimeter and a second work perineter. The transfer stations provi de
transportation of sanples (either by transferring the hol ders thensel ves or
by transferring aliquots of sanples fromone sanple hol der to another)

bet ween work perineters, e. g., fromthe first work perineter to the second
wor k perineter. Each of these elenents is described in nore detail bel ow
A. Rotational Robots The systens of the invention are typically based




rotational robots. For exanple, a systemof the invention typically

conpri ses about 2 to about 10 rotational robots. Preferably, the robots
each havavaoz/at7ati onal range of close to about 360 degree®TAISgl/3245hey
rotate about a rotational axis a full 360 degrees or alnobst a full 360

d . ddi ti : ts ' .adj j .
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Pr ef er ablagcordande widt thicipoeseht ihodmionhas a robotic arm that extends and/ or
retracts fromthe rqgbot's rotational axis. Accordingly, each rotati onal
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t he base r : k:apnal reach defines a work perineter,
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typically has a robidigire Qjtlugtpases. anfxampleatnigh éhroaghput proeessing aysteth efdhei d pi ck
up and delivery of sanple holders. The grippers are typically configured to
- renovabl )}“E“dﬁ‘ﬁ%e with a specinen plate, such as standard 96, 384 or 1,3536
wel | plates. A singkigy@rioRR&strARCmMramitaiRRliadial by the APt 8 4hs#n iR Figure
accomobdat e any size plate. Further, the robotiT grippers can be confl gured
to handl &.other styles of sanple holders, including without limtation,
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enbodi ”E”Erosst-JéEtg&aﬁi%W?” RX- 60 robots are used. The robots are typically
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one one-thousandth of an inch. However, any other type of rotational robot
is also optionally used in the robotic system The robots and associ at ed
work perinmeters and station |ocations are t}i;pi cally attached to one or nore
frames that support th®ELAHIED ISCUSMEON OF THEMYENTIOMNI uni num
extrusion are optionally used to provide support franes) e.g., wth optical
tabl e tops for nounThewresent invantisieprocidss flexigle, rabatteadonrse,and réliubld dysmsSuch
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Pl ot 6 at | B ERal g Ao ne G e R P B i sa et by present
peri met eriny&dtiongMPeoveh ehaeRAKify, OMcidnBy lana TRk ili ohpkRRsseb st Rakigl y, the
.robots are configured to directly transfer a sanple plate fromoné robot to
a second thuswghputRereringlang othen methsids requinngrepetiti veangrlipulabdnsenf gndnyom devi ce

i nut os. OPAStRl SeBPal St Rl B¢ heGE ERRCnst i ASPBles S PuBARY B (e

robot s tra%@é&ﬁl@lz of &g @ 1dhnd €E Hcdrauiie 8Nmedidil deRice S Gésting B viskd, RhdVof Mectronic
associ ated work perinmeter of the robot at issue or between devices. In this

manner, ﬂ#@“@&nple hol ders are transported to the devices of the invention,
e.g., for further processing, neasurenen%, or detection. 13 WO 02/ 31747
PCT/ US01/ 32454 Because the robots are rotational, i.e., they rotate about
an axis, and are



positioned or configured to access an entire work perineter, the devices or
station locations within the work perineter are randomy accessed, e.g., nho
parti cul avooedem7 must be fol |l owed when transporting sanpl @0TWS#eBZ540 and
fromthe devices. The robots therefore, provide multidirectional and/or
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circles ofu%l%g@éébh}{eq’gt}oel&?fg&} ?%%:tlyp@ag%g&&%de{oeagﬁgﬁb@?g%gﬁgr?g'ibc?fge %lgf 0? he reach
and ext engirgfing trahdirt’ sfzainp®y ivldely péto@bn Hevieds dndatsiecting propessingeiyethodeas t wo
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processi ngfaEnpe.dhgdeyicespised Intha BYSHHDS Phhe HHenuomhagiqpernaly °d Aite or
nore devi : Lusd g Ll 3 ; i t3eli-LA0 N
That vor ko aE ey lopioh sl QRE B e 1pedt R Renfo S Blactied

t he nunbeapplicatienr. KT peefore therentiress ysteim Bropkibyall yetedoted dm a speaific eppilivatiort. hinee,

d di 1. ifi qul ats. .  Typj.cal | k i net.er .i
or ovi ded FGHHIQR AN Syt ek exioniy Wit cish Rk catony SOk CXAmPRehE AoVisesdRds at
| east as filsy@smiai@opiidily Ab&ksdu8a%Ry 8fdel. Mehé ehffollerl ReptioMAIGE oAt Rled

wi th each woik perinmeter tan enconpass additional space, for” exanple, as
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uses up spRGEhpeyAhrblige hQYaEhanalis Aeahitef bybthe apssdcifahetbbonbot , e.g., to

accommpdate a punp and or a waste receptacle, yet the robot optionally
reaches only far enMghntﬂgﬂou_ﬁlble%?hs%@ﬁ@ffﬁgelﬁb’\ﬁfﬁe@tsttbe Frapeienef abjrotsshatppen

hol der. E?l‘f H?(xyi@és‘ﬂviﬂﬁh 'l &%ot*sivoqﬁﬁ)'eﬁfﬁ%{elr.y sﬁ'&r{ (98§ee£s5<§atg>ncﬁert\;/@ér{1eatcﬁ‘?gba)? r
group of tasks,e.)g., using the station 1ocations and devices |ocate

Wi t hi n t hatd &y &s30cikied deviaggfaeilitaes inciehsedahidoupieput retiabilitys angphdonreelyl Further
for storing sanples or conpounds, while _a second work peringter is used fox
Er 0 ;:es si n§nge deess @ngjor Qﬁa;@tj%gtl%‘&oﬁ(r?ﬁ? 3?31;@3&1 EWO%P‘E@C?&S%E‘E&’ §f}e€?;ﬁ'§msnga
eating, P 11 0r ; i 8k 4l R t use
for anal y#ﬁggg%g?glrbléée%éecﬁ néga ?ﬁve sgnprfjegy\@rr?cergtﬁkec%aeg l;gté{ean }}a(ggaye . For
exanpl e, kcadonslaadics depites) tted dveradbqateat gahetatlyoeqards velati valpben etk perinetets
are then detected, .e.qg., “Sé{rrg a fl uorescen% det ectlgr.gﬁd tler natively, each
wor k per i %ﬁso‘?l%teﬁir?@éﬁ P Ay uiprgate PHECst ASOHYEH: Hanspeles t hat
i nvol ves g blbPhEmaiRaNa of Ml 104 (RE BHePEKd QPﬂhb??éc%Es fs%ﬂ@ﬁ&ﬁf}ﬁ‘édd&a?idly
,directed to a particular type of task, e.g., detection, storage, or the

::i ke, t hea¢qsmuatliishmlla<1legq aniﬁ/?mthge;qmeliykﬂp@r¢sneltlemﬁltiosl mgvl;flm@kinwlty\dattml nlg.

or exanple, a work. perineter at _is gener used for Qrage, .na so
be used ¢ BesRPTUR N RR A Pafm B3trss e BRSLAY e R aplortb A g o dRluS
processi ngf mt«:gmysiéll%oaﬂg@aﬁ@g@f t8é stafién RicRG& A Bysedth nfide i aéddadantb @i the no
particular order that nmust be followed in transporting sanpl es between work
perineters, as is the case in many of the existing systens. Because the
system has multidirectional utility, sarr%l es are optionally transported
fromthe first work perineter to the second work perineter and then back to
the first area, e.g., for further processing, prior to detection in a third
work perineter. This provides an operator the ability to respond, e.g., to
results or information gathered in a first assay, and reprogramthe system
accordingly for further processing, e.g., further dilution in a different
work perimeter can be directed during operation if a sanple is found to be

. o e oy N . . o o -



are conpacted into a small physical area, the anbunt of tine a specinen
plate is in transport, and potentially uncovered, is reduced. Thus, the
ri sks of wowntarmnati on and undesirabl e evaporative effect ®cavesonsthiced.
Anot her advantage of the conpactness of the present invention stens from
t he abili ; dﬁ?% A Wa) ¥ QﬂnF Lit,h :

wel | cont rﬁgﬁeggmgﬁl\%r n#edri]ttﬁs %%SH %ﬁogﬁxﬁ‘gwérég%ﬁ%ﬂ?gl é %@%@gl&é%@hwgg great

t enper at Uiexjbibitye ssdeseribérlim mdoteydetalttlprart i cl e content can be strictly

e, At M LSy VP L BB S RO R

lleast twa,dpyd l?&éer%%r%[&é&rﬁ d Mdkula! @g.??b‘éhﬂélé Y8 hYst‘Mciﬁfg bBrifBRr, t6 a¢hn&er t he

.associ at ed robot . evices conpatible wth t present systens are

provi ded spaloowiro@ wibeh traesfelstptiarathe pampladioldeo isceprimvedby erse¢andirhotrangh

t hroughput systens of the invention contains a plurality.of devices. These
- devt oos” IR Brendx Arond Wtk sramEt ALTRueR: Sidet Bf Sty habs sarRle
devi ces afgdd#eaMl be Brafisferrb@atth® frnsf&f RARMTo a’GérRht (RIpRChola& ML s, f6r 9., 1N
sanpl e hol ders. For exanple, devices are provided in'the work perineters

f or st or iaxgmples sapssay saniplsgwidarnly, the sagond sodk perimétenithissampabeldesis sanpl es,
and the |ike. ﬂ'he, devi(?es (& t%%ﬁi ]gal I Iocqt in or on.a sta‘;.i on

[ ocat i on, PSRty GrogFsed: & n oy g it e sanaie foldk e el B HRES SR and
conmput er RRL4RY the @apR| e precHRdaE kePSare B fLXH1E S tidt @ shipleGa bptionally
positioned at a station |ocation prior to operation of the system however,
a devi ce dssayeptdeterigd, ynd theadssayed againtd - Hnusing asecond dereying dspise &€ Pn of t he
system a . [.5] { i onal.l Wi t hin
2ok parieipt et Pel BRIGE e TS AL, thisy e storSale BRRHAE

r econf i guspaionally fltdvedd torocBetGe. . hfrothean 3ayiy steplad hispamihg coddtenting e,

devi ces need only being positioned within a work perineter, e.g., to be

wi t hi n t rRdrbagk Fo e assRaingcten, e@hds ditseied by dsopiraliadwitheyt harimg e Fearrange the
perineter, .. - Al | ' val | G AT IS
R R e L S
station |decedabssrthe nyqal foakdcynfipuratasvf theeydlen) € g bwnidving wdricus dsticaneowmni; k
perimeter are exclusively within the reach of the assoqci ated rohot.

Typi cal | yth&&BK2 Pép?rsﬁm%ems&m?iCHnt@%nwgt%m 8F}F‘§F4§§“8at%§i“ﬁif{ t@%@@kﬁé@?
however, srgg.{ fid Raiflgyi ces are optionally positioned at a single |ocation as
well. In addition, the systemnay conprise station | ocations that do not
have associ at ed devibesanpletipecesssd bhthe sastems of thegswmitiah @t typichllncatainedn

tempor ar y™HBE 8F REToforablape R dert Ry gnHahsung: 4 AbESEd A apIase:
oper at | oS gh hfples 12103, Bk0ike RETIRDA (67 2o hitel e cDR Adsbhican, a1l

devices are not necessarily used during operation of the system A nunb
of devi ceyochemicalpisenim,\cefasiet]ieyirads, mucleicracidseproteiny, enzymesaantihodiess t he

system prior .t er.at.l on. ring.operation t.he system all of the
dgvi cespacfacé)bock‘ﬁ'ﬁfag a{1pvlsﬁti]8<acp,ddpor§%q1§%hat %’lag‘ﬁh}?fh t"heydevi ces may be used.
Because the rotati oTRd syseed 6f tAE pREEnt ER@ALiSH afel d}iﬂiohﬂgaﬁdeﬁrfoﬁ g Beoaeput v,
t he devices are accessed in any order desired, including skipping sone
devi ces aicrecnigeafisamplasde 8y of elsanicd goppavrdssagaist. Sprexgmplaase ng@gyacmn
oper at or i I Sy, : -\ 8. & Q.

tF anspor t s PRio B RARAIE: iRt YSicEitin ty Sheiofidh GRRN e Bbprificiion of
parti cul amoveppidcacttve compdundadiht inoglnlatd bielogoal peeedsyparabtht ydendfibativmwed a
recei ving no

ule, e.g., for receivjin sanpl e holder. In sone cases, the
recei vi ngcel%g‘%laﬁd E&ﬁﬂ“@é tyrgets, 48+ ﬁ%ﬁgalgmogsgheﬁ-i oni ng device on a robotic
aim |In sonme device &Q‘H@% o] :
_robotic armor pl acgﬁerﬁﬁ%% sa lﬁgpg{gﬂgf;ﬁ %ﬂ{gﬁq@%}l%ﬁrﬁ%ﬁglﬁﬁgﬁ% (ﬁ%lggiﬂﬁc arm

opt i onal | ysed pe trelsafod poobinmamhpriofiting atlbrespodcphaters ke encdeujdr entitidsder i nsi de
the incubator,. e.g., in a.plate caropusel. The deyices used in the systens
of the i oneelving forhy Imaddifon. Bemital ompdrndaiientiiod Biipe lerer ol FYR IR s
or nmodul egptidnhB 16k dCHs IO ERFoun¥Pidf SheRhedRS, pro@ishit bAd dR kRS e APplications.
t hernmocyclers, 1ncubators, heating unit's, punps, detectors, electrophoresis
and/ or chAppBe ommepeherpsemdnvention pedemisorilieignl, oemprehensiys, dunctiotal Ipethwayas h
nodul es, centrifuges, PCR nodul es, vacuuag, refrigeration units, mXxing

pl ates, wei ghing nodul es, |ight sources, and ot her types of devices known
to those of skill in the art. Such devices are used to performa variety of
techni ques including, but not linuted to, PCR hybridizations, cloning,
transl ation, transcription, isolations) cell growth, washes, dilutions,
detection, and the |like. Sone typical devices are described in nore detai
bel ow. Conpound storage devices, such as, specinen plate hotels, nests, and

e




WO 02/ 31 p7 PCT/USO01/ 32.15-4 When nul tiple storage nodul es are used in the
system they are optionally identical devices such as those that are
conmer ci Vo y/avad | abl e, or devices specifically configure@#Crasou3p&rticul ar
application. For exanple, conpound storage devices are optionally

refriger , f tedd N

Cfori ng DarE U A ey S lh A O MO0 PR R er R i 2a) B
mat er i al .15@6+veal] formataddorteprefeebl yathe ceb{blasndabiogzhmmoﬁi guotbelr scoeehmgatystems

Sont] ot oS saen chotasD 00h s RpRS i B Lo focl ol won Mg by
have a Staliau: fRRAGHY iRk 169000 ahauts 33BaA00IAATB) 2Tl BARIcoRIY

. 700, 000, or at feast a out 1, 400, les or 'nore. |In addition, other
syst ens atga highithrovglpus swcm@isalprwd@e@dtmd CoBierd. Hgoma iper asea;abasnsng sanpl es,

e.g., tenporarily f or ext ora In _one e i.ncubat or
o %t or sorCeart oY ¢ o nOer SnBOHRGaR S nt 1YeRih SRR b hronBatier no
whi ch housgieaginB@$ cBNA Bl @drucleoffiesdpainst cdiX afw keb-641R1 2G8rge8Ye.6 S o idERtfy
illustrated by storage device 235 in Fiqure 1. For exanple, storage device

235 opti @pacnﬁy' mqhqulm&@gct\a@sm@tqdl veitle pertipalet blyctee@mgals@ﬂévayar peeordingdis thef or
cool i ng, N close a Qne..openi ng
i Sposed RRPBURCHN Hetmi SmPEffPvendReR il Shshelif: BlotiaRH pRYRuR b

housi ng idefabiees a phrticBRS brgaRRniovabl e shel f di sposed t herein, which shel f
is capable of aligning with the opening. Each of the pl urallty of doors is
i ndependent |y accesIglaDPﬂﬂef émQOleEpt she present tmamthmpm@ﬁssw@nw@naém See,
e.g., US / onal |y
placed i %Nf)erggég ?@%Ueaé on sf o lll"glﬁlo {aro%e%’ ?gfnlfslg(?%ﬂf%ﬁg S‘\éir%gt;‘éte1 r%aﬁ@{/ls !S

i ncl ude, peptides; endbdth wird-type ah@mudﬁnpfmani or dispensi ng or transf er ring

| i qui ds or other reagents, e, pin toals, syringes, s, and the |ike.

In addition, a | ow BEPERATY taap@smtéwagph@royﬁe@@ slsthea?ﬂ HeRTPGessifgd i n

t he pres [ f hi gh
b ohanpabbeRFASEo fnfed f A0SR LK B S AR 1

exi sts t qreleapsReen ploeitdea candoat &oyss te agd multidieectieddl sransgotttbeasedni hiiltiplerast e

as posmgj , to provide a reliable system Such dispensing devi ces are
descri bedlevicey, In Mﬁlltw@sr@e@gffsmres@es ifple 2B A0QVER1R BEPCE AR Barlat 18525 or

Di spensi L o Vi N nj, filed
May 2, 2881(131% and 1n S%\'I"'Ogr} grggl&ﬁ'gg@gh#)%ﬁ:pgt " ,&{peghér\'%[f %u?ﬁﬁéﬁg&%

Pr epar i ngEdehgioohphhettt of g, systein ie disvbsseth irpdetaip bdlaw, ﬁdﬂmddw@xbmpm systems and
|ncorporateg‘#){greferﬁnce as if set forthin their entirety. 18 WO

02/ 317. 1778 FEP#F09%8: 1 1 n one enbodiment, a fluid transfer device of
the invention aspirates a volunme of sanple |nto one or nore of receptacle
fromone or nore wells of a nultiwell plate which is aligned with the
outl et ofL.t he A&bghtlhwpughputRrocessing Systemarti on of the vol ume of the

aspirated sanple i returndto he jul ti | at e whi ch
the returned vol urresnbefprf’%eé’ rlvﬁﬁtllcgl Prg‘@ﬁggglg})ﬁéﬁgug%utgg ?%‘?éﬂ’siﬁfﬁfh@ &% that
a vol ume @kfus empé)eam;ﬂe rfef §dr€@ﬁ|ng 1@@&@6@%@@&%&@@& t TS feﬁsh?plrcﬁ‘ll)al ned
vol ume of sanple is nse .g., into a well of a second nultriwel

pl ate, wiBrAVigagn ua@ﬁmafﬁcﬁrgbm nrﬁéesmfmt hradling, anixing. moqmgdstpypg,@asang@é%g

di scarde §f t t he
vol une. of i RETg sEnfhes B UaHE e el iR ARG Hhy DUPLERIY. | |

di spensednssurihg,. d1dpenmhg1,emdeietmdngnanp$ e.gpion 4 plotaditypofemubiowt]lfphatesdi sSpensi ng

fluids, e.g., reagepts, nmul t aneously (into Jtiple sanple wells. Pin
tools are commercia YR}C%f)'afheéBFt@nséoﬁlpmﬁf?Bwn;x‘ldt&ogwgé? mgtprs angl g pluralegyy,

Di ego, Chy rﬁﬁﬁoﬁ:’&i(’i‘&%tf €. %”ab%ﬁf o QJouP!l@réBB@é SEaIcg%taébﬁﬂ R%dﬁﬂiétggx%alﬁ urality
~of wells In a mcrowe late Ts optionally used to transfer 1 quot of
a sanpl e dspamiatedvith oo oorrmmniembmebﬂ thp[phtrdlty@f welrk perdhetarso tHoe examiple, the | I

pl at e. ces r|S| |0 t 00 evi e also tiona e one

Tor e wasHobRERgHERe R RN Ehecah AehihuRt s BEe BB o Sttt -B0E. ©
exanmpl e, pfd ﬁra‘llf}%‘ts\fl@ﬂld Pefighetert hid thefpl@alQNsT rﬂﬂdhéﬁdﬂ’%ﬂot@é@t@nﬁél]r@dﬂﬁﬁ A RSw
the pins are optionally washed before using themfor addition of a second
reagent, tangport aneiprf meressampls/boldert alenmommubi-digedionplepadnte.g. r taipsdvade a fipgible
present invention also provides nethods lgf washing a pin array. The nethods
typically conprise sequentially dipping an array of pins into a series of

wash sol utions, such as DMSO, al cohol, water, and the like. OQher fluid
di spensi ng devices are also optionally used in the present



i nvention. For exanple, at |east one sanple hol der or assay holder is
optionally a multiwell plate with which a fluid transfer device aligns. The
fluid tramebslrdevice in this case typically conprises anP&mIEsp1/6454
receptacl es arranged such that the outlets of the receptacles are aligned

with a p'tkﬂhgﬂ[wdrﬁ ¥ysfim 7l al phuly dFafpfd G, B ﬁiﬁﬁlonetlﬁ syst@n@@bﬂﬁhlse B least

384- wel | The Robbins HFydra is one exanple of su€ch a di spensing
devi ce. me dRmb@amcmgedr»mtfs&thovork@eﬁmotabﬂf‘mcaﬂm #rleast ong ofShemiorlal e, CA)
peri pher al

[ S0 | nt egr.at ed tat t hat udes e 100
o o'+ ¢ deriptars Gasortands BRhges SrliBive R F e Rigo hbihe sorociane Bidvionell
al I oy Durghbtesr thlmﬁrm%'drﬁﬂﬁ* AtheGGMemGs %ﬂWu?&ﬁo%é&lﬁérh&l §&ﬁ1’3§€1£19ran§’p(9t of
.50 nanoliter volune sanples. Di spénsation of such volumes is
parti cul etweetdhe tvabbmbmrdeapps,l\mh eaghslevige beiag ac¢et351bbxtarr41|l@st hmeg(bf the

t hroughput _or ot.ei n cr 2/ 317 [32.15~ Ot he
1w narpEPE Fopt YR St BB Kenspon s RSty ShremEls TR T TFE ent
syst ens itpgitaltiecdnisise dihb DB EHbBE RENSFHS AT abdbRtatdd WA RO @ ROSkbMMRrimeter
dlsplacenent punps and di spenser valves, e.g., coupled to the punps. For

exanpl e, @deseewst workgprmerm The Aiansfer wations Provde sansaprtatarheicrmiplesdeithenc . |

I rvine, ted
wor kot at 1 BT ERE s Rk e ko e Rttt SRS R ob b HEL 70

m crol it efoddepto flﬂdﬂhcd) bétwed Worloperixadtbs, @p., freaoB figst vairk TpBﬁmE@EGo Ok satudt
one to about two m nutes pl ate. The Sy AD conprises many conponents
that ar e WKipsHBEIley. Fagh ?f@ﬁi@(ﬁl@ﬁm&s jsglgsqsthedtin Boredefeibelew. | ocati on of the
present invention. Punps typically connect each conponent to a main nodul e
and to a conputer, e.g., with about 80 connections. Software is optionally
instal | edd. e. Rotativnad Rebger vi sor PC, to direct and control each conponent.
Therefore, the systemis readily adaptable for use in the systens of the

invention. A multi -MS$EF|O§HQIQVCIHW|%WP§C€IHY basedsrowdaa plyralitveled on a

bench for I t for
i Spensi rig PP bsp Stk CPor gt AesEmit bl Rt BRI GRF FORRIE: |
syst em ofabbiiel ero&ﬂ@mal nobmen Preferably theaabdty eachhmavé b wotdtichad pergs iofi gloae tb
transfer devigces of the ipvention do not co rlse abl e ette_tjps.
|1 one erBOM S0 HCRERE Eriey SO APBR DO O Sl aress oF aﬁrnseaﬁfll)

| ncubat or3gdishees ﬁfa%dﬁio?xoeéb‘ﬁtlbﬁ&ackf t@vérﬁ@alErYﬁfd%zeﬁtafl fo Q[

éﬂéall&sfﬁfzud
i nvention. For exanple, an incubatd e I's opti'onally posi |one n a
station Irobat'cplwhlghcrm}mmrwmlrlkpcpmm@mter e.g., work ar ea 110 and station

| ocation 380 in Figur 4. Th |ncuba 0 S optjona se

desired tenperatur %]re%ﬁ%ld L %Rff‘asdlrm "FEK@ texéelbis %F eires
faci | it atfrdig gy 108Bbts Rfatfdhl aﬂlerAmtrahb@I eack46tatiOnA réit hbe i adsosiadr onment
wi thin the incubator, the incubator optionally conprises a seal ed door,

provi ded,rofagenaxeash) 2., eyfiring Apwi faceut fmse thediapryihy robot operates. Jdagrrotpa@naér abl y
h | fi d
s 8 O VRRARSREL YGHE Bebe 7 ARG IRE HEHEEL S blBloBgl LY o0nt 10T e

the same work peri riireher, ehdfhﬁﬂb@hcarmﬁyp‘@llly hab e rétsbietgrippé. chnexmhplens t he
robotic grjpper adf scent to the ng structure and opens and ¢l oses

t he door .2rRPex §asedipid Biskip aaﬁalegvegeésw@eae@ﬁrs éfhemﬁaraye Holalsg area
t {

Por e SRR RPlorlRablRolBRMAR Piod-ind BhESHloh Sl aloq, SO SAE Yol

addi ti on,plaes.i Acinght gmppﬂaemeclmmn‘m udrqatlonarlgn¢onﬁ1gumnltto<auedﬂnylodate huylgige plasd. om

VCR d d | at | bat t f
use it Tl diobout Biestt Sbercpupeseiip binde ST irlbual oIy SoeSer | bed,
e. g., i N ih3oNnpWidRe: ﬂ)%itau&{”ch&t)ﬁlckarr?!éﬂblag}ﬁ QH&lﬁBHtveés@Fsuﬁgglds ﬁJ}PQg (VCR

. DOORS)," filed July 18 . Detectors are also typical

| east onehsrh%,%eqjembermasfs, arfvidlherays vEm jobotic aitmwddekrc»tm@‘l@efs arptypmrd:]lyl y any
det ection_de e devi ce. used to asure S|cal propgrti.es of a
sampre. - raelSsRn ARG AR RS orik TS ieEe R G e P LB BLPS

r adi o- f r egpieaIey proRide in@t et kéldllitdfe. £Pby 6l of &&ﬁaﬁ@neamwg AppkR. For WV,

el ectrochem cal detection, enzymatic or binding assays, ra |oact|V|ty

nucl ear reXgwels: & SrippYPRaEtUS S KRicalbhesmanyises & glember £:3. e deflectabler memberyr aphy
or nmass spectronetry, e.dg., electrospraﬁ NB are optionally used to
guantify and/or characterize various pr 8erties of the sanple.

Al ternatively, the detection devices are charged-coupl e devices (CCD) or
bott om scanni ng devices. In one enbodi nent, a canera is used to take inages
of assay results, in which case, the assay results are optionally analyzed
at a later point in time. This speeds up the processing throughput because
each |nd|V|duaI mell need not be scanned in real tlne Typlcally, the

o o o o o o .y T 1 T . o,




used, such as a Fluoronetric |Imaging Plate Reader system (FLIPR"), e.g.,
from Mol ecul ar Devices Corp., Sunnyvale, CA. In addition, Chem | um nescent
i mgi ng py@avm3viéader is also optionally used (CLI PRTM ( MPCFaisoas2iBevi ces
Corp.). It integrates a high sensitivity CCD canera, telecentric |lens, high
pr eci si onypasidd t9eb e'ﬁi‘f‘&éﬁﬁlﬂe?ﬁl% pedlls EPITIBbAE nfb)i?o%?'ﬁﬂ’i’bﬁ hesitet WasichiPed
control the instrument and record data. In fact, Ml ecular Devices makes a
whol e | i rie d@ﬁeqwrhmph%g@peeamatgymmm an n@nurdthvgfdrcmgmetscéme preset fptat e
readers, 1 uo cence m r orb m. cr opl. a r eadey.s
that are (S’[Sﬂ(%'ﬂ@ﬁsf ﬁ%@ga@}@3 Qf?ﬁoer{tﬁlg LPRHs f%?ﬂﬂl %‘iﬁ 26 nor e
on i magi mgosyst ens, hi gh content inmagi ng, see, e.g., WO 00/ 17643 (PCT
-US99/21561) . An LJL Acquest (Mol ecul ar Devices, Sunnyval e CA) peri pheral
devi ce is anot her |Intsegne&né1§>dumms:,ttmgmppeﬁqomp@patatqomg@hsamomhegpf@sent
system reader .and a_ nodi n for robotic acc
D her deeicBlfe PR it iadS Bt Raplid S Sl et Bl 4Pkl E56HS o
Cust om CqyriestishiSbe ieRedRiOL 86Vise, AN plafe raatep MBI K1Y aGenddk op@éndliye i N

the present systens is a replating system The device or systemis used,

e.g., to detgpmines adogation af thegrirpes apnsrasas m&@wﬁmnﬁleowbjmtcebqtranspmcbz/ 317- 17
PCT/ USO1/ 32. 15~ sy on%%iﬂ%oﬁm?én?ttﬁ? ! }H%haki'd&gr' ots %feql?seﬁagﬁéﬁo {'Iarge

Because the integri f a cofnpoun ectron

| i brari egypisalty phﬂeabmeumtsd edbofl; e, attagledita deeldd oﬁTBﬂ'Ier dmsa‘&vs&aubmrmasﬁs es,
management of the conpounds is an |gortant i ssue. Therefore, the present

i nvent i orfoBRtE aresopyRereially available from SiuhlichomAmtieat W%ww%shé’ PhBox

di fficul tygyr r f r t o high
densi 1y rior I GPRE A {Eeh SUME Lot JOEIPISAE SchirBbo b gy

t r ansf er ragchrate andplretisectofwithin Soutehé ohathidBidanded of an ickt Hosveve, afiysthanyper

from 384 to 1536 _wel |  pl ates [us IS t%epﬁ%ﬁlly a difficult transformation

because i r?tgtlp%éqbqt}ﬁ@%pg;@na Iy aped 1t YC 8YSEI8- i n which error can be
introduced, it is f el

time being inport aﬁﬁetﬂgsﬂstsgg gﬂsg)F&%ar‘g%E p}e %ﬁﬁ%&%‘ pr egtg\htl\e{le%t\t/(glﬁ?% eo%%ﬁ ggi des
an ef fi ciattathednd oh¢ exmbreframtsihet 9.11ppt>1rtahﬂ<system rBdrexampld, M@ldlﬁemé orotiter

pl ates. The system uses visual  and yeadahl e controls to tra

r ef or mat tAHHIHREXIUSIORare prsqnelly used togreYide sypportirmesee-gp r\’élf%t ?nﬂfamgle
successf yhpg fa ﬁ'ﬁ)uﬁuﬁg/ Shrfdlsi Ry RBY, e Aekektdrb ah AR dike N Shbg tﬂéﬁ&?gﬁreﬂz@}fﬁﬁfd
e.g., at a station location in one or nore work perimeter ternatively,
t he repI aommeerpialy evaitabld, s.gpdrdmo Midigs Griot Gngine Ealifomia).t h a st or age m)dul e

Froia i apenger e BeRoRot R i Aviel e el viRe B sispSh e o of HEDRE
syst em ar]dept F@zn@sdalmpw &ﬁardbats&rarnefelr aﬁmy.tﬂgs , @8/ 1if @amPletholddr®, fidrRBAE Yok he

sanples contained in a | ower well-density plate, e.g., a 96- wel | pl ate or
384- wel | RSFmeEET te ancthes ek mamem; PBs élawenrmferétagon Foamasier hetween adjacent

lsgﬁgl \e\elp: a&(%%ﬁmteg?s’hl lEaljrc' 8{/}tve &enm Igplggr(%p Qrg?ﬁf%st? 0“832‘%/51%3" (s ISLer

provi des tmdfeﬁﬁtatldsraraaﬂelﬂ@ dRblefrsmeih ddpleehtswé pefitheldr ghigievanahe p mﬁbﬁMhe
sanple plate as explained in greater detail below A Tecan M n| @ (Tecan

US, Dur hdFRopfey statipn. cpltemaisty, §l@sroaﬁtsa£ﬁ eﬁﬁé&guaedsta#ﬁpehp%@éesaoﬁamnlep rom
exanpl e zo~a
Cocati of aneRoREN FRecotfirobd, PURARLP 00 Bt B RERALATom levi el B 177,
wor K per idemiceor wekk périmetentd workqedimaterds abontddetaboutrié minutes; motkepiefeeablpr
sanpl e pI at The station | ocation is a place, e.g., a table, platform or
| ocati on,} "i“l',thl 20U TS to receive a device, e.g., a fluid di spenser,
a plate carousel, andghffhOthe rbotb Hndidk@m g%‘i?&dé’i@bgtw%ﬁ IsPBbR foctiohd it in
.invention typi cal | y conprises two or nore station locations. For exanple

Fi gur e 3 the¢ hsseciatetl veork peiimeter of thteirobotlap tsaué omntsetweenydevicssain this inaosdrj tha,

380, 385, 39 400, a
. PCT/ USI | |SF§‘§P‘31*§%‘Z“§T6’ tr@éB‘h‘g%tPihep‘é"r‘?‘f‘Fét thet%‘?"é’QPl <8 SW?PF&%%WP%SIBE mor e
station |f&RticaRat, oMibebti&d.ati on | ocations optionally conprise one or nore
device, e.g., an automated device. Typically, each station |ocation
conpri ses one device for a given assay or process, e.g., a thernocycler, a
punp, a fluid dispenser, an incubator st orage nDduIe or the like. The
devices will typically remain at a S|nglg station |l ocation during an entire
process and be accessed, e.g., in any order desired, by the rotational
robots. Alternatively, the station locations are adapted to a particular
process before



operation of the system such that every station |ocation conprises a
device of use in the imedi ate process. In this manner, the station

| ocati onswoopsemM7a great deal of flexibility to the systemCTASM/3LBeat i on
is typically set up or configured to receive a device. For exanple, a
controller is optionally associated with each station_|ocatign, ghg., for
sending and recei vi B§Cise Eeobpis pEs 1oiatiosal, 1.¢.nthgy dptateboucanany. and pre
connect i ops.; | ; ' taklon | L O tatsCBcdtRdAL
whenover BEEq o BLERR R MULER oot SR et e BFE! et Bekden
easi | y acwithinl ths wedk pémmeidd atei ramjontlg @aacessed, b.g., Sogtartivnl dracddrinnuss bafalowet
necessarily located, along_a linear path, e.qg., a ¢onveyor, the alignpent

. probl ens when Hé%ﬁp@&ggoﬁaagﬂ%wgﬁé@a@fﬁfrew@ 3%@Ce§y§t fgbotp FP%%H’& provide”
embodi menty; 1 an@/BE -1l Srapbhd PhinQEALY bR RintplOh 148 S68
For exam@?tl&gﬁgﬁgﬁ glrll Iogat |hon gr& %@trl\{aﬁgﬁyl (S %ygﬁﬁ%’grrpt;l/ or sedoas a ©
hol di ng abmaghtadiredty ¢o theabtsived station or desitte twithopt saveesisg at eontirelpocsat pasins Thiav e
devices ppsitioned therein fhat are not used in a particul rocess. In
Chat  casomeipeuiat Hipeahant phBesrtime Bevor bt ersR b ahs s e he sanpi o
hol ders to that station |ocation. The location is skipped in the transport

path selected. No tinme is wasted by having to transport the sanple hol ders
t hrough aB. unud&udk gedvietens Therefore, the system provi des i nproved

oot oB b oo e, 2o S o el RGP PR S, o M B M et
e.g., nmechppidat.! Th@wgﬂaﬁéﬁ}ﬁétkﬁa;f::% prégenPivet @W@ﬁmy Bémprisdhesdrahdren

i
|l ocation is nerely a designated place on a table or bench to which a device
i s opti onatatign kcatiorednd Presersblyttivoror e statios lagationss Thieatasiondpenéions rgused

devices and are optionally any shape .and.size depending on.the dev of
Mot erest - Rpfobmoant Rtk R e e OO TRENR § By SER e Ruhla SR Bl

Fi gures lophslder TOpicallgethe vesk pesmered ard dbhdd 1Bf ths k@hiionhl k&R E @ RGtatisial e or
fewer station |ocatjons are_optionally defined depending upon the reach of
each robotfqhot ay dasaribed #hovsi Fer erample.digurg Lgempeises thrgrworkmerigiears: giea 105,

| ocati ons kO V. . r . | : MO
021 317 47 PR 15 Rork e F¥ERhrisP tnd FERMSEERBEREL atods e L o
wor k peri prRt&d amipdre dsfihdd/by thelroidasnd beidh ol tHearobdte UB5, 11405 higd 143 The eathiians,
nore typically about 3 to about 5. Because statjon |ocations can remain the
sane i rr ek9ek pregbarsrshapyawas gicice ar pyalpliiare epfimally aphathes shape.gleperding P Hie

t he high i I i ! t date
s vari oy ar 481 BHEnS6K SO Kah TPl B e W B Bl R R
of the i ndevités@achsvehpwithinahé seacte obtht irgatiahl taboa ddthirdehlaetverk erimetqal Bce

devices in an tatio ocati on. Advant ageousl station, | ocati ons are al so
opt i onal | SPRHHBROGRE,HYR F POrNE RS BRI yoOn OB e VP R YD ot
orientati Qikhi Nk r@dthYof tife fofRiohMISoBER Wikah @Roh pdrExiiiy Moﬂk%fc@i’ﬁﬁé&&ﬂrg% echiy

the systemeasily adjusts to accommodate adjustnents in Wor In

addi t i on, embodiment showmiadtigened, akk ghobe workkpgsumétensteach hdvedwopmrinmreadeyices
conprises hql di areas, €.d. enpor ar olding.areas, ,e.g., for stqring
canpl e hoPtigrevelnuihh tiegBirtiaf e FRNeRY rolpt byl BEief et Soe ey

i I'l ustr at gpthR@hvbnlien Ane8me2hibodiferdd Raldth&y df 68 Aetidls Sidudiv¢lividintheas
255 and 260 in work area 110. Holding areas 255 and 260 in Figure 1 are
shown wi t reaslepihe rattigrslgobatovitiin theo Bopopérimesaed t herei n. The hol di ng areas
are typically used Lol GopRIArL | YRSk bag. foRAMRlRdS A humFiese, ol ding
areas optionally contain®nest devices such as ati ¢ “exchange nests or

i nt er changerimpetetsfio bpHondllyleds thavocmeretthad thesep dgehdingan! speeifiplassagd i n

tenporary hol ding areas are also contenplated within the present |nvenIion.
I'n one enBsyRBshts- DRACHLY HyPEK piriveter i§ PEavidedfer eachdotatiend rabot iy ¢ he
oper at or, . |y 1d i i em
Fover o B P o B e D T e

. hi gh t hr oasgopiatedswritleeathngorkypetimreter chn tivenpayemdiditional $pact dot exdniyde,ras shbawn of

hol di ng are i.s.variahl.e wthin the sane system and is_ optionall hanged
from one BbeIbIZ A0 P 1T iBIOgORoh e grch SPILLar ﬁncmgg % alage &

hol di ng a5&As1e 2 fampie holddh th 656h MEReRRAR devRBE FoRWMNIE A48 Bhsing device
instrumentation and provide a tenporary resting area, e.g., for a specinen
pl ate. For exanple, timng considerationd4sonetinmes dictate that a speci nen
pl ate should rest for a period of tine, e.g., at a holding area. In
addition, the holding areas are optionally used to carry out one or nore
processes. For exanple, filtration of sanples, application of vacuum
pressure, or UV exposure of the sanples in the sanple holder, are
optionally carried out in a holding area. Al so, a holding area optionally

o .y o o B o o




two or nore work perineters, e.g., for transferring sanples or sanple
hol ders between work perineters. In sone enbodi nents, the transfer station
conpri seyw@nz31G47 nore platform for placing the sanple, e.§CT/USOYIHSEan
adj acent robot retrieves it. However, the transfer station is also
opti onal b}ﬂtl@r{hll@rlﬁé’s uiFsphce bé’fbnﬁhﬁe ﬁ%ﬁkﬁﬁ) 1%%}{@% é%ﬁoc?at&&i%t%t %Lg frgce, in
which two or nore robotic arns meet and tr ansfer a sanple plate directly
f r om one asgommodatére pomipeand og a wpste md:ﬁeptaeleadptethe mbot opidermllyireasbed gnlpdars a

e ad acent In addition to

l e hold obat .t
f?gﬁsser%ﬂﬁgr‘ag%ﬁjgfﬁprea ﬁ%‘”ﬁ‘g(ﬂr@%‘“i’% S&‘@BJSHH’ ‘geéw ce or fromone work

perimeter to anot hetacheydsk PerimeRE %roptlbﬁﬁlytdlféﬁfeﬁ% a%%ﬁﬁﬂn%b?cd?ghéd]f‘of'tﬁ‘ék@m' on
.are also optionally used to transfer sanples fromone sa der to

anot her sagwpisingtb¢ station kacgtionsi andalewlepﬂ lacatedy withortbaiarea. anmre&gmldaecﬂtrstn nor e

detail belo T | at e contai ni ng.test c nds
. for scredff }\évgem%ﬁgtef }saqulpggl nﬁlfgrrﬁ? W&% %8811’8“’9@? ﬁ%flfzﬁﬁgcfoé’ﬁ%‘fr tion.
From t he perifReer wus%a@éﬂp}aeesaamlseﬁlpm gasup sfamip®is! €8., b9 alitiag achigament wor k
perlrreter Either the entire sanp KI ate can be transferred to the next
wor k per ishaitieg, hegting incgbating, Qarhplldcg ihirchw oskapgyiraetpl igoptienallysed fainsf er r ed
t h t

an acsay Pl fog BRI SmpraCol ity e 3R MEo 3o TRbeibre) { GARIE"°

fluid transptismalle vépaeatédiito tzakﬁfs campahdnt) athicH ard thedsdetststh k., ubinga t he
sanpl e plate) and puts the alléuot |nto a well of the assay plate. The

plate t hékuoeeamraﬂﬁ@crpheAﬂtéexang Myftaek wogk perERetpiis ditgeteditop @aalcglebwas ot
bat t
e e e g PR Y B b B! Sl MO PRS-

desired Idaegeh t@d padticulaatypef tiskes.g.t ﬂl&ec&ﬁ)ﬁastoﬁlga,t(ﬁsh@ﬁbe i/ faelcti shatity of

detector. The sanple plates and the assa% pl at es never have to | eave their
it

respect i Vhe WerkpesEasters isopiionally guariipRBge | r exareplewprkspesisneder thgds » ¢ est
conpound f t est
sanpl es geﬁér é& g%ggf?/fsé% gurgy%go P?E%%ﬁrs[gﬁ)glsf&%g htg]fltg% %fmg{naag faélns tI?‘piansfer
station b%omeoﬂmsptdces”mtgdnqueen work perimeter 105 and 115 and transfer

station 200 is posi |o d bet wor k erl et e 15 .and 125.
Lo o Cranster - StOnS BHIIGE BriGR PISGR IBVHrPE 1 IBALBRSAa 80 pRCHAT Buleh hat
hol der i sy,ay8k hﬂw\&ﬁedflﬁrtraﬂéfﬁ:lﬁ ﬁﬁisa%{plés%%ée% VAo gleﬁﬁle%rs 135 thER8selif pRknlyGrar ms
25 WO 02/317-t7 PCT/USOL/ 32 then transfer the plate to any device or
stati on |theetistong systehisn Hehmsaslmxys@trehhsmmlkdmmoneltl&rhty,esaglplesm daptmea]lyret er
105 or 115. F. de~~s In th ou u.t S rovi ded,
sanpl e AREROFSACH redi werk nerietde e Meond o d EthBuer s,
A "sanpl girfokslee.; BE.2..10 If8r ﬁﬂmepa@t:@dsﬁ@r pﬁaetb dbreteisn ra m&atvasﬂa %eﬁﬁh@te@r THBI €

rie

sanple, e.g. di c sanple. A typical sanple holder conprises
a nmulti mmrq>w@¢satne0pemt@1r tbe iabiligy 9l ramndoﬁr g.s ppaebutisrorpnigrsatiothgatheredinrasiiegt e

accor of ng i RRGRBtoRME I aetac b ey Pubere et Bh k MulPP B R o

wel | confdifferemdvérk peeintbted oaﬂwhaectE@aumga:mia&xonﬂf atatpleypfoual kybewot ai n 96,
384, 968, or 1,536 wells. The high throughput systens of the invention are

pr ef erabICQn‘é?@H’PieSdFédleteéU%%‘Sﬂ‘rmdate 96, 384, 968, and/or 1,536 well
speci nen plates. F ﬁﬂ@l e figured
t o accommodat e 384%”@? eescgg%(f\ﬁgﬁ ggg‘o%%{métsipﬂe%r@ﬂng% gérb%%}a?%&r ed for
1536- wel Iplyhhtyes dedcts randwoﬂe parimetets ar©pdsitimed mﬂjaeem elach athsy ah entireduigtbe

configured for one type of plate, ( 384-wel | plates of 1536-wel |

pl ates). Hpughpnt ﬁ?rseplnaaweraﬂmﬂwe@l&ggorg 1euEsthip fit npfaacre?@nal? BFORRAp| e,

cust om sajipligaNBhACTSr Rl (ysidftsas HSNE it gl 1 BaPAYinNal ek a0 st tube
arrays, Vi arfays, cruclb reaction ves S, asks are al so used

‘wi th t he Fitingdntp al aowepati space ﬁatrqnayylshfﬂmiertsfom ypostatamsipmnmbut aso foilitaiener s

i n which say are conducte Far ex | e n ass hoJ der is a

opt | onal 1S SENTR GRa obtamige haltgrs Beffen vtk BeSRE TS o B8 58 L End! or
conponentsgstb@to ehedthéd Gidl GFHith$Efyn. OBy SfdLH8BE a cbﬂlﬁa&%)mf&i%ﬁleﬁang&ﬁ@rﬂt fhen, a
set of assay holders is optionally used inaddition to a set of rrple
hol ders. spegs a@lseé@mnmsd@frtge Pyl aystgm ersrinerienseds Fagthery hwnéfhp%‘lphﬁﬁli devigrisch
are added test conpounds or test sanpl egs €. 0., fromthe sanpl e hol ders.
The test sanples are added to the assay ﬁol ders to determ ne the effect of
the test sanple on the assay results. Sanples contained within the sanple
hol ders typically include, but are not limted to, biological or

m cr obi ol ogi cal sanpl es, chem cal .or biochem cal sanples, cells, cell
extracts, serum plant extracts, parts for an el ectronic or nedical
deV|ces and the like. In sone enbodlnents the sanpl e hol ders of the

.
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The robotic arns described herein are optionally configured to hold, e.g.,
for transport, any type of sanple container useful for the assays of

i nterest wom/aiddai ti on, the robotic amts typically conpri seCuusni/gast
mechani smfor lifting sanple holders. The gripper nechanisntis typically
configured to hold the various size nultiwell plates, e.g., including, but
not |i m tas@cempactesbiniet pmall physical eyephe pmepntRf{insd smcgnmelehlbgutrarupaﬂ

USSN 09/ 793, é)%?e uaﬁ%bédvg{jed b RREE, 'Yﬁ&éf“?ﬁy ks offsbﬁtﬁﬁ’mli%ﬁ uay }in%glra Qol. TO
reduce contdm nation and evaporative e it 1S sonetines desirable to
provi de avapeaste sffents ot rtadm:e&akpbtheﬂmivd&ﬂage of the cbimpactnésslaf thet fragent
sufficientl seals sa I ol der .not . onl reduces evapor,ati op an
ont am nAtFRETBIRTITBIES LSS0 CRCIaRe e Su e UOTR ARRTES Wi Awell
consi st erterot,&oﬁéwemldnﬁhhy ALLAS, ORShAlhidl BRURS Siclfas RRhAGaild) pREMIE,  Such
as a gripping edge, that the robotl C armgri pper engage Accor di ngI y, a
. robot i s laimhidity,andipdrteheicatediit dan bestsipgy mamenaipédt e as needed. Copending U. S.

pat ent application serial nunber 09/.569,325 entitled "Specjnen Plate Lid
and Method of Usi ngﬁaChf‘I‘PfEd’eﬂﬂ’;?teﬂypl FOMPEEPLRUOTINYEEEVITE Cifi-de 1id for

robotic uneriftatbeldty. APRGRUBLAAL Befiftblir Bpidinl ool aﬂ%as%%wb ogieds kbl i [ TS
entirety. In one enbodinent, the I der 11ds, stai nl ess stee
lids, comge es@lus:tvtziwtethlmﬁwrnzgphaofttlm?passnmatadeqboa Emmplmcbwmésamnpfmbbb witki de.
In additltg an al i gnrrent lﬁr@téﬁsﬂ on extends fromthe side of the cover,
e.g., posttPEREY SYYSLS B RYIedPERYan al i gnment nember of a mul tiwel |

plate. The lids further conprise a sealing perineter positioned on the

bottom surface of the cover, wherein the alignnment protrusion facilitates
al i gni ng €he |Pevieas t he pl ate so that a seal is conpressi bly received

bet ween the seali n erl ter eal i.n ce he, mul tiwel | plate.
The lids are of suf e@%‘l‘g?{g %]f’g l%lhﬁlrg'ﬁgglpué\ AR :thtléetl ght
seal bet V&Q@éhtidﬁ&:ohtaﬁts&ﬂﬂuiaﬂ & dviees. lfttfes@d@\ﬁ&ﬂs%an bB ol LAY Riuedthatyd Wei gh

bet ween about 100 grans and about 500 grams. A i ddi ng an /or de-1i ddi ng
st at i on |lgstal@wtﬁpgumw@/mstﬁ'@n%é@vugs e yosd, €. ith Stor pp@ce:gs@ and/ey detegts |

02/ 317. 17 BEIF s n PR Bol 8, Fof S ARE el BRYFPA M nSRk ol

robotic sfpsbtening,sasedying @idpeysieg) ahd sedsuringfiuidy, egigeng, antpies! mi the dike.
environment, to further reduce confam nation and evaporative effects. In

some enbodi ments, t hee #evaeesars yoigalylocaeddr espmg sgaygtl Lacation, etgrve PlAtfRRR PHn
| ud t,
el ude e QbR e LA ety USRI o A dorhi3fb cabdlibuanThe! °©

Hol der andkevides lacckypicallip pmgtltineﬁialt adtafiog ieehitidd pridio opefdtion of tHeasystpmat es nust
be plac§gm§5eC|s under . |i g%%fspenser tog e ble a ll. uug di spenser,

far exa Viseits ontignalla added P @stbiondogation SHHas eprpileh OfSYEeMES | &
A tol eranggi ofn &in, %e@@vﬁé@h&%pﬁ%ﬂal%ﬁﬁ%d@%ﬂ?wﬁ%@d W Gﬂ&ﬁnﬁ-){éi @g‘s t hat
do not include this type of automated precision object holder, is adéquate
for some ¢ither befosd Qgprahomrqftthct dgvigel thuegn redonE gemations paor ta wmgdhcad@ecq ﬁ)r often

table f hi t | te h at th 1536
ndeea st appein e RS pepsmas R S5l ikt Pk pftnet e o
coul d causewahhafi®teackbf ﬂ@as@ﬂbnatl@om a@@@@ﬁddtm@l gitvorR [péritiBtelr NEF aoggte wel |,
or cause damage to the system such as to needles or tips of the liquid
di spenserstatiscloeationglage nqieyailablmipgvigeis ansionaldy plesitéoriegeithin thegeachod/the 9, 985
I I
ahen 169600 Pk deBEalddhulgR 140d808 BB Pet LAEOMERS iR B ep Y

first aI|@nﬂmmwemeeexdmswely\x@mmﬂmemmﬂotfmmmamdmbotnner wal | of the
mcrotiter plate when tggmcrotlter Pl ate is in a desired p05|t|on on the

support. An inner waYPICHE each stafipp losatipnin the system ontaiiyg single f&Hchxanypl e,
Flgure 1 a

posi 11 onetf 1 oF SR BERRUREE B bl Yosiigy & SAFE e BIUELEN Ffaddition. |,

. crotit ethegysierm may mmprtne sdmsn l eocdtiprossthti dnmalrhatzdnassempqadrdbvma'm dwecemthaan

inner wall of the. m Llwt te as‘ﬁn al i gnnent ]surface reatlﬁ
i ncr easesE MLt HSQERE b"ﬁt ttﬁﬂ E3Hi%0h %em%@ ftaliomjogations argyeptionally Biedon

the suppofd s&?ﬁ%&%ﬁ&bo}é}? hboRfin ESBERIpFs hdthid:g rBr%ﬁn%l?%o%&JeQéeﬂkﬁhn £ bﬁéﬁnb&% b9
an outer wall hereby facilitating further procéssing of the 3anples
contained in the mcrotiter plate. The pi&sitioning devices can further
include at | east a second alignnent nenber that is positioned to contact a
second wall of the mcrotiter plate when the mcrotiter plate is in the
desired position on the support. This second wall is preferably an inner
wal | of the mcrotiter plate. The positioning devices can include: a) a
flrst pusher for nDV|ng the pIate inafirst direction so that a flrst

o o o Y " . Y I . Y o o




are optionally manually placed into an incubator and registered in the
system e.g., at a controller PC. Second, they are optionally introduced
froma stwOoz3plate hotel, e.g., that is also used for pl RCFAFOBA43Y duri ng
operation of the system In sone enbodi nents, sanple hol ders are | abel ed

wth at |east one_ideptifier or label, for exanple, a bar code, RF tag,
col or cod8e S¥Hem; E%agcﬂa%aﬁ daishs g0k awﬁ@xﬁxs}q%&@nagépﬁ%ev BHGIHR. par
code, each gt of éﬁﬁéé@'afé‘t'yk%aﬂg g&ié&%deimg@hé)&ﬁu&%@ad&@%@ fhe sﬁ@ngg[orcode

readers are optionally posrtion on the robotic arnms or any ot sition
on t he r oioaipecktipenduniggwperatiph ef theplysten, albof thedlevicpeamsfoptianglysused ot anlyer

e DY AN TR SR R B L ot ok G
retrievi ngdeRAGRES tdevRies 4R RebdE0IPAT LIRS Red, kibladlAk S1iBFing sBRe

information is also optionally used to provide reports regardi ng assay
. out comes davites el ibgegher and/ot tepoatediychecessingone ior bvy devices. |Adr operatantypicaly

sanples, e. g. ljibraries of .nuclejc.acjd sanples. For e l.e n.inventory
o ot 1 orbPB e S g Apop Syl SRR i Bl AR o AP
pl at es pr@sadetasi dsivdtEfos ¥ phfifularBfplRQtibhAy an operator of any di screpancies.

le h [

1
Advant ageously, when a sanpl e holder is provided with a bar code at
opposite ends, and Ihaddition, theddeyidea ivpidatlyticetinhavsl aatereigingmedulateimifor t he

present inyention dege r‘i‘l nes which end,of the sample holder is.facing the

Pobot - FoPea s e hoTuR T Oink g Sl P bk BnE POBE BRHET b 480BTHEY coge

with an ey®nici@sede Wt dra £b0LORIAS It Soredgevades! e s&ﬂ?j@'lﬁldb@ﬁ hcddash an odd
|

nunbered code. Accordingly, the robots of the invention easily determ ne

whet her acan¥ayIRy the rebodiclarm@r pliged bf a samplerppmparongetr Fos exameplaghe rebobigr
code read 11 r t. r { I I e robot
reliably %}%6@botr?§ﬁ¥f) g‘%}%laydogégf) gra %q%%ggéﬁlgﬁs%é% tl&? %&@g%@?ﬁ%ﬁgébbt 0 insert
i nto eachindebdtege.gdIn a pIfe Oadbuskl- 47 PCT/ USOL/ 32. t 5-4 Because conpound
managenent is a fundanental part of any research institute, the integrity
of the conpound col LBedfvers usediin the syveranatibs inventigp sicluges butprepetflgpied { he
bar codes, d i rker e i . | e
ol dor s aioeC AP B SR enffes 8 RRlaofER. KES RbotoBl” W rilliiokE ol BartdHEY

i nvent or ytheemggryclerd)aficubatoty, hedting unyts spunapst detkéters, eloctudphordsisrantfoe hi gh

t hr oughput, processing systens of the |nveption. The inventory typically
keeps tra g@ﬁtwywﬁ%spm?n angpr Bltrstion spagulscwp RGeS SEURTUSSE,

wel | as tpepr fi d. gt b LRt temy

Code ayst nonanoRRE, YAMRR s Sckforl Whis, Bking pRUCS, EeienBe OAMLE R SRSk,

pl at es t hamugthenutypdshaf deysteknowmtoattdsetafehkill inrthe amaSudndoadceshe: tsednsf er r ed
to a central controller, e.qg., .a.PC that coordina ocat.ions wi.th

Fesul ¢ ngP e 1 pistety 8 teaidiss sRihg, 1if npf BN RERCR pERRSE S BsnpriaE wi «h
assay r esiphstationUrAt8Fiptich, E’io‘l’éﬁoﬂbﬂﬂll%r&@ﬂﬁ?(vﬁélﬁés! AURIBLE MteRfiod 2B iRSlikd. he
present invention provides a nethod for plating materials using markers to
track theSemetypiepl geviecsdare descrbed axmaysl detaikbglpves, e. libraries of

. g.
contenced i nto as: GoMouE SEEE: e Rictls B! AR ORIE pRUPERANRONLY

tracki ng @e@passallytinclulléBimsieoraidre ok pefielefNe @6 RS h btutib® Io¥atiod. OF& hi gh
density format is tracked using markers as descri bed bel ow. The system

descri bedesamey anppepppraptionallisesgs pag ot meresplateihpfeds toppiroduseiasat of sample
condensi n . i t ] | at.es et
o i cr ovd S EBAAE R Ein S af bpdete B PR DB RE R 17,
whol e nunieap-tefm §tbfge afda, £.88 noucdnaected ok lsgstem; placesithe plates ¢ a btefylantes.
For exanpl e, four unique 96-wel|l plates are optionall )i“ condensed into a

_si ngl e 38%EHRAT UsiRiftes WHD Ahaaysiea CcorfBF INVPRIGTY PUERISHg ThePFiatos thimtyPiglly o
i nsure acglueAfY thaf ti5k ne“llg%&ﬁew fiads sfoufld be ?Poclegg@aﬁo Rk férﬁ.rﬁﬁ&hagvdy, a
sanpl es. The concept alsdo applies to 384 to 1536 transtormtions an
.reverse pstorgs sygtem ihg., atangteny stofagelsgstdat lhoptionalpeougiedoe gk niva capveyaradr] y

wh h 96-well plate. is | d within the 384-well pl f
{anst or aspAbiobebi g grnage Eratiiet & o soaee ey Pedia rebroakand e |

as provi defey Bk agiteh, check system the nethod ensures tracking accuracy.
Conmpounds provided in 96-well plates are typically in an 88-well format
with one colum enpty, e.g., colum 12. The colum is typically kept enpty
so that when conpounds are assayed there are blank wells, e.g., for assay
controls. The entire colum is not typically needed for controls but it is
the standard way of plating conpounds. Also used is an 80-well format in
which two colums, e.g., the first and last colums 1 and 12, are |eft
open. 30 WO 02/ 317-L7 PCT/ USQOL/ 32~5~ The process typically starts with
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florescent dye is added to well Al12 in each 96-well plate. The first plate
in the transformation receives a red dye and a fluorescent dye at

concentr avoom3imr The second plate receives a yell ow dye WaIUsa1B2436r escent
dye concentration of 0.5x, the third plate recei ves a green dye and a

fluorescent dye at 25x ally the fourth plate receives a blue dye and
a fluorescent dye a '@nﬁlﬁﬂpﬁﬁ&rg Hﬁ@lés artet‘l‘égcii & SY ¢t QY?@@PFIQHSY

opti onal lﬁﬁeﬁ‘t’fbal:ﬂg\q?e%%heﬁ hpmogemme cb svraafapfenof Mﬂee@*g ehriChllk g/ m
to about 0.0125 e contents o our plafes axe t en a ed in
sequence ¢m1f1gusadrfgtep&&dulaehﬂ>plmlaa®m Fcbmsxahmld compodf¥stovalé¢ dptiadseara col or ed
pattern is forped in th ht car ner 0., wells A23-2 B23- 24),
.as shown PRHOBAYY FfEgarsiedn E"Zﬂd‘ﬁ’&& ‘E%%ﬂﬁ?a@ed&‘in&gfraé‘ 1pgrt A &8’3“?’6’&& 96
vel | plat Ea%nwlm g@sr S midMD) %"cﬂeﬁ"cr %u&f‘%f‘célﬁ%%&gnzll”mh& s?&ﬂoé"@édme@'a?é e as
shown in gure A and t hen Tour 384 plates are optionally replated
-in a 1536eptinkllpanifegured . be at mubasta‘ttbuaﬂmocan teghenaturen of-fogher warh®H, e.Bath 37
pattern |n the figures is indicative of a different type of dye in the well
as shown §98r¢93genigradsnn 0o/ 317-47 PCT/ USOL/ 32. 15-4 figure | egends. As

illustrated in the Thowoege chiPafifletsdn e p}é&ehpfnvaﬁtfonwﬁi@mlﬁuﬁvetaost&!agét or
the process to ensure accuracy. A sinple check to detefmne the orientation

of the cotapaeity d@/lesstabd)la\ﬁ!ﬁOmO@pmphsmt leagt ai@usﬁ@(bOQﬁ Orhélepﬂtabeutdr4(l§)rﬁ()§)t| on.
The fluorescznt rd wi ﬁ‘é? ne Q aV ous sce%& dett ect | an

| nst r ument R0 & Bibd %5@?8&8&% 2 36%0%% OrH& ft?i}sonnga
lnstrurrenie@dmmgsam?legcer@ %ﬁi’p@ﬁdﬂ?@fﬁn ektt@décaﬁﬁfags fromone or nore plates
are to be m xe h the corresponding sanple in one or nore additional
plates. In this cash onmnbﬁdtmﬁ@t élamcbbatﬁ’bw &t@ﬂg@cmpm@mf thenqurﬁ@ncol or

of the d ma f| rst
pl ate hag&gl&a{p%m" 22 earﬁNgln q &t ngc ﬁégﬁ%a'?@a% %tyg doo S ch gtvxha A the
mar ker s aﬂ@1¢6s>a@£hllubﬂﬂﬁe@ BY k@S ruéme 288t Figard h@dr%kﬂﬁﬁalepét@ﬁa@e dkvite P38/e an
orange marker. Simlarly, if the markers are fluorescent dyes of different
concent r @ptiesally inchudes 4w 822 plats eapasity caanssisadyorizesan for corling ar eVeRn be
det er m ne s rd I I
factor. 9 (?%ei%gﬂs 8%73%8?&6? #gct I%Sreeag leér?Fte ?n(r%v %"Bg dlﬂ%ﬁgédetﬁl rsalE {c]ée‘\lst g Sl
dis pensedof tht hoasisg iy widiticat, eheHousing indladds anleasiamie insyabke. shelf ddxptmrd themein, a

fluid disp and t ally transferred into _a _higher wel| density

pl at e, aﬁwflaﬁbekfwa@ %léogta%gms& withdhe pesning: Bachpf the plaradity of dRoss 1Son. The
pl at e hav ], d Ig ygl f dto a
et cot i on"orRyrioEndy Kagtsie ¢ o B akbutidm WiRRot 'Sy Shd B et er et er
to det ect6®/B@64&k,tﬂled’|7|/g8tﬁil. or and/or fluorescent pattern in the |arger
plate, e.g., the 38 1536- J | ate. J.n addition, hot rahls
optional ly taken or éb?lélﬁéltcﬁﬁ hﬁ?‘??m%ﬂnlabypfi lr’t?fé’ors’é’é’ﬂf“% R
to ensureiddhe p%éﬁt%‘zﬁteﬁq@ liflu R bhEAre notYithRENRY, @«1:\)‘1‘c:esafof;@ilsﬁ’ér@,ff%tcfr't1‘21n§il%i'1ﬁ'fgt or

is used. Although t hi gh t hroughput systems of the invention are

p~~i mar i | liqeids enethereagants, €., i taohs symesmummunmnhor}m; fyadditioptailowal | y
manual . For | an tor. tional | ual | |ntroduces a

part cul af ORI G rRRs RS SCRin PROPD et e Bisrsu PGPS e e g

pl aci ng tmasmmabﬁhbgygiefh onto a table device, holding area, or the I|ke
For exanple, holding areas 240 and 250 in Figure 1, are optionally used to
manual |y introduce H Bighphmeughki systems smaHe olymescafliquidare oftgn gsegornd a need
perineter J . y | .
retri evese’glgtg t(ggln%%néeq Q&Ctu Mabﬁ er{rtrg&\ﬁeg Qﬂﬁﬂ 8§ﬁ&81t'waab ods r Eéalt@ggﬁo I%f?wldes
opti onal | y retiabktystema Saichrcﬁ@enﬁﬁg aé\&tes@me Hmﬁbe@re g dh Unzsmd%ez 852 remrisieer
area, such as transfer area 19S or be retrieved by a second

“r ot at i onal Mebwdiand fpparagissfor Pr‘\%HCWIBE)B‘PWtN%ﬁOIWFtV(?lWé%Oft%%1%M@epl ate from
Lhe hol df Rin@igfe add ARLAULS bASHAR ahu Bl EISNOITRNORS! Bt R BlpaliRlFl | 1t O
any of its associated dtation’locati ons, e opefatéd on or “processed by
,the devi cHletlsxldior Btepdring Fluid Miktusesdt filed Mﬁoln 2%,)@0@[)[ which arobatindnedrpomizdt 32
WO 02/31pg P /USOl/ﬁ ﬁ ﬁ‘lgtl ons _a sanple holder in one of the

det ect or s°¥ FEFEHEHAS 1 s¢t Bﬂgg}é theghre¥eposits the plate into a receptacle
for a dispensing device. To facilitate such nmanual operation, the operator
typically uses a basic command set to introduce, nove, and process

i ndi vi dual sanpl e hol ders. Any conbi nati &8 of manual and aut onat ed
processes is contenplated within the present invention. However, sanple

hol ders are also optionally introduced into the systemautomatically, e.g.,
froma storage nodule within the systemor coupled to the system In this
case, a central controller or a controller coupled to the storage nodule is
used to d| rect V\:hl ch sarrpl e hoI ders are |ntroduced |nto the system G
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WO 02/ 317-t7 PCT/USQOL/ 32-45.1 webcam which allows the operator to view the
systemrenotely. This can allow the operator to troubl eshoot the system
froma rewote3imcati on. Preferably, operator station 315 IPETIGONRGH

adj acent to one or nore work perineters, such as work perineters 105, 115,

and/or 125. In such_a nanner_the operator _nat .only. sees agperator consol e
315 but is al so abl & ¢Rg &M 2 i’ﬁé‘}ﬁg‘é nsfethSYlF?:o @Fi“@/‘feflﬁ}gﬁﬁﬂ’niaffé 118%s

of the i nyenim; LB& of R-,'l%l-h Db w1 58 YvHiéh i
pl aced i nga mﬁflnéﬁﬁ&n%%?&o%f rgﬁe@%ﬁ@on t Z’ngé{/?@gﬁ@%ﬁﬁe@vé’s. ?phg@wor K 8
per i met er sligned véathsthe optletarfahd secgmiadle.i Arsebistalitzd pontioh o6 thet Wrdurop ef thieaspizatet t he

operator console, with the operator alert _ operat,i to pa the o at or.
RBfert i ng e ittt e wal S M huBeh nistb.oh Suvities FrlEE o RE 8RS
hi gh t hr oghRyd 1e8CtheR He@paited 08RG0l tﬁatl%lr\fb‘}’ﬁrﬂ@gf séaﬁkﬂlé)fﬁﬁirbﬁﬁlehﬁﬁ tHeunent

devices typically have an integral controller or a controller assigned to
. oper at e t teseptaclet Aupartion dbthe cefained volaxergsisampleris dispensad, edpvintea w2l of ¢ shown

with integral .contrall 345, instrunent .devi 265, i s..sh W I.nt egral
cont ro | erecanaFRE ol ¥ dEoRETE Rt o Lo frdard AR RN it Tl Per
370. Al sogistdradd, USBRNE.gd G SN 09/362 652, T6PMBretnidimati S PRYHEA] Y e o€ of the
controller 350, and in a simlar manner, instrunment device 280 is shown

wi t h sepanspiratedesdinpketisdt loasitsevirpldimaabe velumesd e dispensedeamplelevi ces, a
single control |l er operates .e than one instr t devicg.. For exanple,

i nstrument devi ces grbﬁtﬁﬁmfng%&mﬁpté’ %lﬂg%ﬁs Erﬁdlé?&lg'ﬁ@m@%w%ﬁmg? ’ eé%h{elag%tsér
355. Any sigdifltapéduely if@vinGRplagehplo kil UPiatibdl arekdgiertially BeaiRble, algs from V
contenplated within the present invention. The controllers not only operate

t he devi césP Seientific,ipg ePan Biegopud. dios exanype.cia aipy of pin ©als that;gBs WHh af r om a
t . . 0 . i i t,
Thet r uron Prolsy BE wefls fr 2 A8 6 bl is SBtondI uspd B Pigrer oo RN

dat a i nf ofreni wélls éfond nsyldivelhploeta wellssaf. anbthesmahiveelnplateer , dat a

comuni cation requirenents and bandw dt hs are reduced, .thus requiring |ower
speed and t her ef or e De¥icgs eaprising BiRrapls dayice alse gpwenally dncudesnesormae Mashnt
devi ces, i t L Lasd {@Qﬁn L .
optional | ?/tld g?)nsﬁgt‘ﬁlﬁ%]\i/glg Se%gﬁ\é%lgeﬁsb%g\??e%ﬁﬁg%% r'(i):i:J er, ;gﬁ;&tgftergﬁ?sﬁes 853

cont r ol | efiuidi freatony nivlbweld phaystoemothen tthopine are optignallyowathed befere 84fg thals o,
an individual station optionally tak direction. and es datg tq_nore
than one SRdAGIONSH 2 spendasageph &:8-i G TPbAYe iBeor g GRATFY el ve
operati Ongies&wi&%ueﬂ afsh PV @RGhéRo &t W RhingTa pis8rra UThéhsthoRRBpasIgat a
back to the central controller 320. Although nost of the comurication

| i nks showsmpnserieguentially dippimhawarrgsofpunsinta sepies nf weghnsodatiansnsichas her

types of ct.igns are optionally used, such as network, 34 WO
02/ 3l 7-47Wﬁﬂﬁ2wﬁt§®a%hﬁpﬁ@t, wirel ess, or nulti-drop connections,
such as the nul ti - dCIRerGRAN AEhERMSARTMRs BRI ARATHHRDUENEHRAIA tHeQbrknt 350 and

system control l er 345. Further, instrument device and systemcontrollers
can be phijnenadn. yFaenhingle; edleasi @ne sample helder or assayeholdarianpiéanaty @ mulswellt o

those of skill.in.the art. Preferabl ' . obot., . its

robor conblt vish WiFa Bl gt BERE: Hissy Pk b Wb GoRle B and Slsq d sl

robot conto@ptiss adAbrag @h tdceptacled beingkd Quctathdt the boflets oNthe ebdeptacRs Arecaliphed! s

r obot 14S. _%‘t&o%h Figure 2 shows each robot controller directi ngqa singl e
u e

robot, a ¥ Boef welkso the mpigrowe]lqdate, 3-8 om 20 Well s 38foredl piatet T

bot s. - i i C., & Ll er: |
(gl o r oRBHng Flylra Hht cRyfiolet?3ecifa 3 112 e ROORGS ol LGSO,
robot. Fo(Rebtang) Seientifith BunayedetCA) peziphS8@Ddevids is lan ite gratedewdrkstati@sthansi bl e

for controlli rob 135, .optionally accepts input fromrobotjc controller
1335 whi ch lrﬁi?ﬁégfr%cféq BiraPHEL RsRERE TS SYPREe Fabaeieriselly Bedt SHhE ST | o <
are also gpb gﬂ?&ﬂex. R Aiphed] _uéw&tﬁgoide@alﬁtﬁgg?aﬁidge)elg%f SBmaANEEAENT S.

In the exanp IllTustrated'in Figure 2, eac ic controller 330, 335,
.and 340 i yolumef samphdsy Dispansatior of surhsysileroluoestis phttionlag 9 @esiGypl fomapplinationd er
320 is conn ctegFto oggrglgr co soIe(ﬁlS | ocat ed Et operator station 310.
Syst em coftFits B e33iPle) high thy; UL Bt ?nfgm%®83§P ¥- alert 325. Operator
alert 325 is, for exanple, an automated pagi ng systemthat pages one or
nore operators when an error condition occurs. Further, operator alert 325
optionally includes |lights and audi bl e sil§nals for providing warnings and
alerts to operators and technicians in the area. For exanple, a light bar
havi ng col or-coded lights is optionally positioned adjacent to key devices.
In such a manner, an operator receives a quick visual indication of process
status. Further, systemcontroller 320 accepts instruction and passes data
to other systenms, e.g., via central systemlink 375. This link is




35 WO 02/317-17 PCT/U S01 /32a5.1 those of skill in the art. In addition
to notion of the robot, the robot controllers are responsible for all

noti on wiwdbn3a4tesi gnated work perimeter or station. Sof tearusof/szsssi he PC
is typically witten in Mcrosoft Visual C++, e.g., version 6.0, or other
programm ng | angua glnﬁllwg . s - SKLLL T re..: atrpl | er PC
Is typically used '?%thcoor |I{l1é§1[1%d1§{qogl %&%@géb@/ﬂsﬂp é%ggdeag%"?”;;{agﬁmgtg I gh

| evel co@relemadystemstiicitde thpey dispensitgagstamuiiad gresrpdpide basitive depdtanertr r or s,
and provides user_interface functionality. The PC also typically acts as a
dat a cond®BRDs 06 Aispensebyalvery € roupled to e gumps Farexample.@ Catesiah, and

opti onal | @g%g | . ' , ta 4 : r
future pr 8 Si ngiwag.g%l?tffdg%%gﬁo ‘%‘ﬁ}f&%@%@é’éhﬁ’ gr"r g:?‘s&éin%sg%n dﬁgl Se)r

| i nks dedatenbdo: 6063832 mrougieslanintdpratay woylstativnakatditspenses dulladmoetoof t hose
exanpl es proyided bel ow._ | ddi tjon, various t hods of using the system
‘and The @beRal ¢ ey abotd ooy aderaliees fefvﬂfamﬁperexgﬁat @?wgfr%nwttﬂwerate of
embodi menbokd did$6 GE6E bwb tnifh@s b&Spldre.” ThEks tlgm) e %ﬁ;{r@% s b 100
i ncl udes tﬂr eél wor k peri neter s?&%]eefi rstg%r pg(%?ﬁlgt gr 105 Pgﬁgener ally
di r ect ed areoptioaall ppasitiénest @r d lah beacipdresstagiondocgimurd she fiesens doventdomoPkmps
perimeter 115 is generglly directed to processjng sanples by, .for ex | e,
Dadi ng. 1 CUERASon S Ep Ty SraporeRE A OB SO T2 AP SBR) |
general | yofhdcBohs S dfw A8 N Ypdndily [iRt=NedR. £Sen i QipcPHISHPCE, to BirelehAChhtia t he
sanpl es, or neasuring physical properties of theP sanpl es. Al though the

di scl osedaexeompanchtasThemefore, Wer dysienr is meddy sdajghble ok, ust énvre systems o€ theor k
perimeters ar.e optionally utilized dependi ng upon application specific
requi r eneM@%qvant ageously, there is no particul ar order that nust be

fol lowed in transpog kG dscy'perishedal Q6918 awd@ti_sﬁmy@h&rd drPa BéHRh IS work
perineter because of the nmulti-directional utility of the present

i nvent i onnst@intion oh ybling, . switlpk prasssgnibdedurassatts sfod dispensingkofomateriel: his 05,
transported. t r k. _per.i et 125.for detection, and transported back to
wor k per id%%‘tcg(r?ssa cbg’rg%aélbﬁgﬁ%l?e ?OB??%@'P%B} 8%:%’5 ?ﬁ’?&’r& lwﬁnﬁlgﬁgh each work
perineter is gener aypycallyl @etrRed Bipehsih@rant Gtahsfer 834ACes OF themkentidd&io not
functionality for each work perineter may overlap with the functionality of
ot her ar €8BWIiER dispesahlsl Ripetteripsa e angyembediment, therantiresystesn §ewRiNAZO conpounds
may al so r . 1N functions related to processing, detecting or

ot her tyﬁ@ 8%&2%%‘% f;)il#’%perty determ nation. 36 WO 02J3317. 17

PCT/ USQL/ 32- 15~ | n Thwbakdrglevichy areatypuiptisystyeused GDthdisgsib B of thierprédens
exanpl e, sanples_are typically stored, processed, and detected using

speci men ipyeatign. Fer ¢xamplg andpcibatgg devigs is pptigmally positioned in a station location

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, N3, or CO;
level, e.g., for facilitating growth of cellular material. Due to a particular environment within
the incubator, 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

20



wel I's. For exanple, plates 210, 205, and 215 as shown in Figure 1. Each
di scl osed work perineter 105, 115, and 125 has an associ ated rotati onal
robot. Fovoexaatpt e, work perineter 105 has rotational rob®CTASS1/3246¢ K
perineter 115 has rotational robot 140, and work perineter 125 has

rotat i onghyABRts dSrindely. LR LASNOAS06 AP0 n IS BRI TreGhBLERoRRiGh | LS

rotational axis close to a fu 360 degrees. Further, ea robot preferably

adj ust s \Ravides AVCR ROORN)Y| feddallyll, 2@01al i gn rel atively higher or |ower
wor k positions. In referred enbodi nent . .each rotational robot |s a

St aubl 1 R 80° F oboreFers * fise DAY iietn SDibfePany retkrer g Bef onal
robot hasnwnkieROThéscaleMded afe dpBbhARAdyeBXtiSRd8vieE of &y R&Aidk UsEP D hbBRure

.robot's rotational axis. For exanple, ‘robotic arm 150 "and robotic arm 155
are bot h Phiigieal prepertigsofea semple. sForsdempleeflyoresaeaeri demingstence phospbhiotascencar m

160, however, i,S shown i | gur e, in_an.extended posiid 0 or di. nql.
each rot drsra Angene D, SeGich dheRCh SRR o BL IR 8Py, SRk ipppca
robot 13%ettation, Ghajrniabr BifdaE adddhs, ridibtivitd ndesar bRkadtioRadnaheach 115, and
robot 145 has rotational reach 125. Although the rotational reach patterns

are showspearomettye Hehtaichijering eromatagraphy apr, MasISPeraRateh &12. relestrspran Ms,

accommod onet ri Al .stat] i f o] osi tioned
Dot ween SLenP oL BRI hp iy ol Pt Boip slbeBleE TS ateRics o
station Klerhalbelyg thecdaestian e dicePart @harpedtoupe iHGcSADUDD dtdotdemhSchthing
facilitate noving a sanple holder in or out of an area. For_ exanple,

t ransf er d§Viges. ol opgsmbodipent: 3 eavaa s & take iragss of aesay resnlss, ia higibease,

peri et er, L. . .1.gn i itioned
Dot woan e telutl & Bplighall{ARAREed b AARE Bt B8 TR ot RS | O

st at i ons pt&sssingl thiz6fslpuebstaoseeack Mdividaal lvadl wesed nathbasanhedinrrkal piane. net er s,
the transfer station may be relatively ¢closer to, _or even within, a work

per i met erLYPYREY+ g f3IPERa igjages 416 storedingys ik Apmiaty haridsiestProvdiaga oty taeksnt
robots di SRR A t f ] robot .
Prefer ablogltg&rgéa%ﬂggéiig%t I C art?ﬁtﬁggse q’g%quglﬁgﬁ egé}g?l]ié%%grqph grln@%ﬁ}gﬁg?tgétbbot iC
arm 150 Beemranplyee, dr@bherwisegirocesasampl&sSin ks presdmv systergs.i pper 170, and

robotic arm 1b0 has_roboti ripper,. 175. In this, di sfc osed exanpl e,. each
robotic gripper 16 ,Orﬁ@{npffng‘ Cfﬁ@“?’é’S’éé)ﬁt?lBﬁrraeWB’?é?&?&%ﬁ?@fﬁ‘fl‘ﬁp%‘lm th a
speci men \RkRkfeh Mﬁlu@?orﬁétﬁ@%ﬁgng%té’keéde%@sté’fﬁ'(FLEJ'I@R)E‘ég. ReRMbfeciiaf® 150
and robotic grippers 1/0 are optionally operated pneumatically,

magnet i cadPdvjces §rorpy Senrtyyalen€andnladdithion; GhenhidunainesceB7imaging plate3dgsler is also

PCT/ USO1/ 32~5~ Th |CoOr f th i pent, i LLustrated. i pF
T re cofbrgRPbates (CEMRSnRBEHF D¥ist fataniidiey 2 gk GV BB on ©
pl at es 2Qameril BlecAticAdhs, high pre@Noh PbsiEHiNE SbcRHiHESMHd MR eyiteRalS,

first robot retrieves a specinmen plate, positions the plate into a transfer
stati on, safiwateersontreldbeinstementandaefard data. Jn fact.pdplegelae Peviges makess whele

215 posi L RBRER far SR pROhiof TRekooptt B ot RN SRR Sl ©

robot 13miceuplee gagderspatitorRacspagopiee rgddetsthailde optiordllyiiftdrpdrated Mo the
Figure 1 shows robot 145 either returning specinen plate 220 tqQ transfer
station SY¥eBs PFOVIGARereg. SPEROHPN naging %‘ngsr &, Dighyronignt ¥paging seaceE-and
t ranspor ty F for further processing, neasurenent, or
detecti or}y@\%{?gﬁggg&?r@%ﬁﬁéﬁ%@g}so provi des incubator device 290 whi ch can
be, for exanple, seinldL proguesigMdiecutardpesicesoSudinlyivalasCAPperigherdlideeice sy
growt h of cellular n&terf(al, Due, tg[ t he particul ar envi Lﬁ:ﬂmnt uXvithi n the

i ncubat orMOREInGEIEd orksiaipnppfignallsussd &y thg gasserbrysien olf hacymuftsmads anpl e,
by an ai rréagﬁkanf\gﬁ{yd@im‘%t%o??@&ig adeg. 300 preferably has a gripping
structure 305 coupled to robotic gripper 170. In such a nmanner, robotic arm
155 can position r dDder devicdspineludd, it adj nos dienitedite, & Medifieiddormg Isdubatot,ur e
305 and en a cl os oor 300. t he robot nust open and cl ose door 300,
_preferablc@usgm? %@PBP@S%P% POUi% 260 is positioned adj acent to incubator
290 for tenporaril yahéthel iGorRateda&}ioBHY Bl Bicfinake plesdnt sy@wlﬁgiisla%glaaﬁ out of
i ncubator 290. In the illustrated enbodi nent, work perinmeter 125, ichis
pri mari | pYy&teie dibedlevise £6 aysiom iyussdnp g et replateps pluealitylef wsnaples fr@s oap@r more
detector 270, e.g., fluorescent detector,s. After the specinen pl ates have
been detected in either or both detect OI2 265 and 270, the specinen 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
perineters will be further addressed. In the illustrated exanple, high

t hroughput screeni ng system 100 provides configuration flexibility by, for

o o B o, 4 o, .




Devices for performng process steps are typically selected according to
specific application requirenents. After selection, each device is assigned
to a partweut/are4station location within a work perineter. pPearusesxamst e,
device 225 is assigned to station |ocation 380, while device 230 is

assi gned i caf | t qfl I 0 I e sane
v eapoct Tl lpleg b e e RIS, HekAle RERPRT of EiRERLIT

hi gh t hr euléqeish, s.gr, @aabnmosy/atgilibtafks| sncedaabage isasfqpédt gmpedarice taawstmodat e
a variety_ of specific needs. For exanple, Figure 3, when conpared tqQ Figure

F
|, shows diS58YETY HRRARSISSaFARAECMSERE tBR CAYPOWS Yo reartaahds ol Herelore e
st or age I . Fi : 1 | g2t d as been
.reconfi gg)?éelsgﬁﬁgg%gl\?g #%b%@gﬁ g@ﬁ@%ﬁ%&@a&ggﬁ%ﬁhgﬁfb& or agéemgg% ggﬂEZSS.
Fur t her, tmasforanten fkam lbevsdehsidy fornnatraicpstit2iOfl ates pokigh dengity micadtiterplhtecat i on

410. Accqrdingly, the high throu ut screening.s em 100 |.s onf.i gur ed
.to add, déf €¥§Pplﬁrc%ﬁﬂ"§%§aﬁmlegg& thang e&%ﬁ?&l#é%@&% %%W.ehﬁ\‘aég‘ﬁf"ﬁ eously,
station |t iards sncgeﬁfr&ﬁay,lsm'(l% ?%ﬁe@blaﬁﬁg%@is&ﬁi@agpmﬁaﬂ@ changes in

the area or robot orientation. only i's the systemthereby flexibly
r econf i guraakfioematbert bedawsesiy istlebnréatendiye, shijre stesnany stepsdmwidelt errerdjandenent s in

k flow., I t her, di , .th botic. . i net . ar, d
' & subdescER U EP B SRR iR aEn o WS R Fres e e pfrart 0
processi r}%o?éﬁﬁheﬂcfkqg Tﬁ%g&?&l‘@’ﬁhdeﬂti&h ﬁx‘égﬁieg an effididttSnd PRz ibldBBthoBiPHERST NY

system speci nen pl ates O are noved, e.g., froma first station |ocation
815 t o a thi fefemeatting ofanicetiteoplates.ofh@9Biene nges, visual andwsaddbleecntrolstoliiack.

This set optimzes throu ut of th veral | .system b ermitti sanpl e
ol der o, 1Be PRomBERE ma IR Be st b VT R T s SRSt SFRE T o
station rsétBeris bpshdllyiftigfeBinIRe §yREnR providbd A8, atlabtAtRA-1bédtdan BHOEESSI NG
system 800, a plurality of rotational robots 820, are provided, each having
a rot at i feoresyukiperimetars Adteanatively, the teplatinggyeesdurgjisipsfermebin coptunatiohot s
are posit,j. i t.hi rotational reach 840 of each other. The rotational
reach 840‘*/10 ggto\é\ggh%é]%ﬁ%ti c gripper 830 defines a circle and each robot 820
i's positioned so tIRéplate §picsll eiveRes Ardtifly fluhEmasipolationg rF@RRABPR3H
intersect at several points. At these intersection points and at other

poi nts arfbihdispersarieghead Progeasnnaplefluid dispenseropist 3 pipgiterRystenpae optenallyon

| ocati on | af | td 8 . ' ] £o.accept
speci nen%ﬁgéﬁ]eg@i%&gra]&gﬁ %re ’ % ’ %’&g@ﬁ%? ﬁ%r%gﬁ)zeus rcéo?ta%ﬁe%aﬁ%@é{évgng\g@lg rq&gsﬂ)@ci men
pl ates 8lfatef®g., e6+Wdleplariyr 384-3fdlloplate pioal plase hAtimgapdre wedls| ¢/g.5h B4 $late or
processes,_ and/ or detects the sanmples in specinmen plate 810. A station

| ocati on @%g-wzn Blpo I sedicnafe ansiaEng ghe;siplesin fsbgeler seapleplafe 0 theR,

pur i f i Caabe widl dehgity SlbnplBRE, A ddvicEHro Gled AP ASaris RN MR A ABbels
vacuuni pressure treathent’, [1ght/LJV exposure, and/or sanple

renoval / dddhie higher v&g1 densiy eanple prateaSTéxpbda¢Bid. grdaten detaibbelbwnAdiecpm ocessi ng

system 8QQ, .sho in_ Eiqure 8, speci nen plate 810 poves fromone .station

ocat | on Wi (e U eem NG SRS HomirAR arrle RS ORdS 2by

al | owi ng e%aﬁ!pﬂi”&fa AV QUERAY kuitabe i%flfﬁptldtﬁ@’o biidngl r angenent of rotational

robots 820 with acconpanying robotic arns &?25 and robotic grippers 830 is

optionally used to efficiently assenble devices, e.g., nedical devices or

el ectroni dev%ctes.LBeqiause process steps sonetinmes require a device to be
gt -3

cured, inCubat B se processed in a manner that requires a

specific time, a noA-“kiatieRlocRli6 e astefdrdiltdthersiBQd a® pich GAeHih ¥ woRKPEiBesr,
nesting stations as pant of a station location 815. In contrast, a |linear
processi righishy arearis peegip pecommedaie oneer mereieyices anspmple platasr Thastiay whil e

it is bei r. of her wirse S = |.J ' :
Systom tReFdpRlee ¥ B2h MRE oI RER. A3Bea R, BHLAT LbRGRRedGIERTN fikvice
required,e.@, 4 floit dispepsenp p platS3Louwsely asletebtorr dathe Hké. OEdidhew tvdogierietesdriof the
station locatjon 815 which is optionally any station location in

he
_system [|RVEHHoR tﬁ%i??ll)é%tf%‘ﬁsé‘ﬁ Hve P eTesRtion aCHiog: Fﬂrr?iiﬁg%%tlzlﬂf%ééﬁ‘éﬁuﬁ&s
syst ens '\ﬁiﬂBﬁQé’ﬂaH@rg%oc'a ibHsOE L siibh 10¢ah 5213806, $85, 8965958480 gd EI@S,QHng?k'Ereﬁ
processi ng systemof the i nvéntion. For 'exahplé, system 900 conprises three
wor k perineters, 902, 920, and 940. Each work perineter is associated with
a rotational robot, e.g., rotational robgts 916, 936, and 946. Two transfer
stations, stations 918 and 983, are pr ovi%ded to bri dge the area and provide
transport between work perineter's 902, 920, and 940. Work perineter 902
conprises three station |locations, e.g., 904, 906, and 908. Station
| ocation 904 conprises conpound incubator 910 and station |ocation 906
conpri ses conpound incubator 912. A miniprep device, e.g., device 914, such
as a Tecan Mniprep, is positioned in station |location 908. Wrk perineter
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The present invention provides high throughput processing systens and

met hods of using such systens. In general, the systens above are used to
process avouwpBenm7of sanples, e.g., sinultaneously or sequeatiEdolg2454
Processing typically refers to screening, testing, building, or the |ike.
Far exanp i brary of dru ndi dates is optionally screened or tested
for o f1 ol Bichork iobeimetsh A D FOGTREAFS WA RO SULGRL R RS ATt TATE )

process CREMIM t'éﬁé}ﬁ%&n’f_}ﬂis@ 0519 Bpﬁforé)&e\@ce?'b%.c, B TufoRlatQ devigm cal
conmpounds. 41 02/°31p7 PCT/USO1/ 32-t S~ The sanples are typically

cont ai ned i n sanpl eThpicaldy, sacksiativralecationravgiriseporat deyvicerfos pgivenassaploat es,
which are transported throygh the system.by rotational robots. For exanple
& robot oCPETat By A HREFORAIEE 5 PEmRS Buff dishentere mOUbAor S orE R s of the
first worggderhd®iiles will YOy EmhCat 33T EsthdREatidh dur@GaARM i cess
perimeter tor processing and then to a third work perineter for detection
. and anal ymidbhe deesssé e nmeanyforddrelpsirgue by tremethtionalaobdte.en process i s
typically specified,,.,e.q,. by.an erator. The,order of the steps need not
follow a linear pat ﬁltFH’%B‘ﬁ%le @ﬁétag‘ggﬁ%ﬁﬁ%ﬁo‘a_rﬁégad’t ttoq??\’f%‘flﬁ%r_?é%‘g sﬁ%@ %e of
the syst egpdritich Srafs Sytidm/ su@lﬁﬂﬁ@éverﬁ@ﬁhoﬂi f6hG6h SImprikRs b MG bPhisd ifi the
optionally accessed as needed and the devices are optionally used in a
nonsequenimagdigte pregeds ninghisanannep theestatinn locatipng gapvey agredfaleal of flgxibibiyap| y

then: backiaga R FaphiprpEld GighRe S BBGP ARk o Bl ot kiRt g

prior to gesdmedlle®is opftiotally &sodiate@witheadk ¥iatien Idcatial @id. | fof sendhify Middedeiving
followed for transporting a'sanple hol der through the system need not be

t he sane P@eesstinipematien. siaidditionselgetaoal cpneecipaeareitypied btpyenidre fareach s
typically_direct at_t begi npl f .each. RT-Ie B Y, In
i 1 on’ EBBRREEI bpit e RSkt ) oL s BRSE, B ok o BRaRPE I oo
t he assayisasasilyidcofiplisied) W apditibn tacawse siidihttor ot aiins iafe K IPERSAILY Todated
information. In one enbodi nent, the invention is used to screen a plurality
of sanpl edlongadinearapath, €. g yaciypyqr, thetalignmeniproblems arerlpcteasedos cOMPIFSEP of
speci nen gh§%§$%$é may include nultiple steps. A screen is perfornmed by
operating a I'ned et hod on a given set of specinen plates. Using the

hi gh t hroughput sysilesemeémbodimentschdweier, aue od npre statiemiceati@anansnemply or

sanpl es are optjonall rocessed and sc¢reened. sinmultaneously, rially or
in paral | Bpuse ~nkpwaﬁ§ﬂ§@r8éaémnﬁacaéppgpeanﬁﬂgﬁ | PR SpretEoldRE ATG2eds
such as sgallindPbasw 8% adfiAR! Bl 16REBhERIveRIREY 'orﬁﬁmﬁé}ﬁh'tﬁaﬁ’arc

natural products, exiracts, drugs or drug candidates, hucleic acids, short
ol i gonucl paottisde & a particulaepoeess| Iy traticdse othe detstiorsi mplots &t nanidstoudd®dto RNA,

doubl e styand , RNA/ hybrids,. tripl protej
Subst ancelABEr SEsipmia DEEE 8 et sOHPRbeRton i Bh&Ton s BpBel R BE fnseattyr o
and synt hgithGelegtelll MRdiBSis wakd UyAHRIY o tranBpdrPE ¥aplel HRRSs thesUphlamainussh

peptides, protein fragments, domi’nant-negative and dom nant-positive
pr ot ei ns, statiemt Elerpfions, ehezystesy pronisies sapioyedriueyghput dmfliciancy.as wel | as

expressed sequence el ements. incl udi karyot.ic and prao otic_ex j on
chosettes, rarrov r IbETRe bR, BE D1 CbaE A RERAR ey PRURER,
CDNAs, DNghat mgﬂiﬁﬂhﬁlzy PRt hfleowdréd) RpAtfechaniehey bSpneafthtiti1®y, | Inlother For

exanpl e, see e.g., WO 02/317-t7 PCT/USO1 /32-1ST published PCT .
appl i cat i embedinentsgtie/spatipgdoqalion dgomgredn o fesignatedplageran # Bhleradspeh WogviishBl e

stranded BME I ;}Hﬂ . } iQn.

Sanpl es for %gégﬁgéglens é%éf%% @%ﬁ%&?@“ﬁ%9§&§3h¥%5%§§§%$ﬁg?ﬁ%%E@ef?%ed

f r om | aboopti@fallgsing shajegind sk edpaidianons e, deaizey s intedsst.t hose obt ai ned,
extracted, cloned, or expressed fromnaturally oc&ﬂ ri ng species including,

‘but not limted to, Altheneh high thisughpy sereering sitermA00,a5 s8ewn iy Figupesiand 5,
goat) , eukarRiiass 4 Bt RS HOIARIAbL Rionk GASHe or FowdsEABT I0uatBROKRT VOL €

i ncl udi ng gbterla strains, and plants such as al gae, aPoe vera and

. ar abi dops pptiorablyigfin¢chéerendifg dipon teakhah, oftdach prbete atm ayd thersizearf sclestedul  f or
screeni ng \whol e organi sns, .especi al |l y..n>i.craqrganis such as bacteri a,
yeast, . EYIEtaTRIer staon L0ARGE dr, aftionelliaded MovaflprPrgualagpenging on
hepatitis and other flaviridae, retroviruses, adenoviruses, and viroids).
I n one enbodi nent, the present invention screens conbinations of these
organi sms or entities, either serially oR3in parallel to test their

i nfluence on a particular biological test or assay. In this manner, any
type of screen is contenplated within the present invention, and in
particul ar, screens for agoni sts/antagonists, natural and synthetic, e.g.,
for Gprotein coupled receptors, |cinases, proteases, phosphatases, and
transcri ption; agonists/antagonists of cellular, neuronal, hepatic, tunor

r r o y" o o I LY O T o, o, o o,




43 WO U2/ 3177 PCT/USO1/ 32~s-4 regul atory regions. USSN 60/ 275, 148

descri bes, e.g., nethods for screening genes for a variety of functions,
e.g., dioeaesesrmrated functionality. A Designing a procePETIun01/8584in a

| ai glt tlarouglaput system As descri bed above, the systens provided herein
are opti b . Vel i 2 bng
processe%?éév%hlxgﬁﬁg%gggég%ﬁ i %‘ggg%%n@r%’ragélgéfgvigﬁé%ﬁngﬁ iln 3%1 eirﬁgu,dl%ﬁ]]gﬁg%st em
relies onoabowtdd ssaticadpecatianty hare dgiicaliyrapouh2 tqpaboneSs. Such an approach not

only enables | ogic devel o nt of screens, ,but al.so facilitat .
Feusab |ty of et NOEFEHREAU BiRScEn SHLFETEN LG e ORGSO I, SBYt ffe
system M&Hio%d dewmst é%ﬁm%ﬂbcéifon[fﬁ.lkt i thPéLfg\ﬁgﬁies%re‘éHHr%ts@&’éhﬁE eééil%rX'db' lity in

defining process steps, and faci es reuse of step$ and methods.
Accor di ngegonffgurpdrte adcarhinodate atvesetyof sperific saedhi Aecerdingly, &igh. thrdughpet hi gh

t hroughput screeni ng system Al though. other industries, al.so optiopally
benef ('t feRTBEIMeR PRGOS e Pty fasPBBgRBES SyE 8Re BrEDERB ot men
i 11 ust r at &gdides iP4dyRbrdnlohitioRC %&ﬂ/aﬁﬁé&ﬁf‘sfﬁfsﬂaﬂ&l RRRh8SHard Sko Bp@sREhRgiany or
bi onedi cal 1 ndustries. For exanple, Figure 4 shows that screen 470 includes

and i s dedriremdvéstocentrhmiodafe ichingesin theraréarprrebdiodieniation.eNadonlz agithe pystenh
i abl dul e 495. Method I typically i ned i .
ranner, - WPeRCKHB R R IE tih ey ke Ty it it ASar e del by in

e.g., usipgldfdwes and directions. Mre specifically, a nethod is defined as

if the method were to be executed on a single sanple, which sinplifies
nmet hod defi nition. Prasdiicabiostationleeatipnsirgeh wodpperitagier daeeptinaplly eemprises

operator ,ndicates the I tes _on i he i . r I'n
2at m 1 arh RS L sHBOR S POl B i rde SRS e VR B

pl at es orpait\da dske. Mk eRsnple, Fighre! Lilhetrapehciting arch 245 pad 250 & Wbtk aper at or
to define selected plates_for control plates or as exception EI at es

Accor di ngl3p anddplding greae25ens 200dnseqrk ares §19. Aloldige argas 2ag and £6¢indfigure 1

process. i r i i . i i of

ot hods. Th G, i simpESRERL 16 6id AR pficheABIcRAN The SOPRCALICR . ot
of i ndi vigpirhlly hedso Wiporktisfpsiniony, saepidhhaldap Thesehalding aedas optiagdlyi n a

met hod, and i;s usually associated with a speci fi% devi c?. Because_t hese
steps typfamaAin pess deyisessugh as pate exchapgs nestsor intgrchangapationmse Q}E?li e y

i ncor por > £ I . fithadi g t eps
are defi ﬁ%gts%rgeggdgfrag g %‘!‘%ﬁégg"’g‘?‘?g&c %illslgo a?%@tar umﬂ&e@%—%ﬁl wﬁgﬁ%ﬁe,

st eps canprbsent mrventiorr. dd dne etibiodimeens,cont@d nmdré obthe stesipiholding 5B6s ark'used by the
Accor di nglal, each step is t%‘Ei ﬁall defi n?d to address s%eci fic desired ,
f unct i onaPReF3fo% F&m tq manyally ioirofipce spErrmFPIales infhge sysier: FEHCHE™ PRE net hod,
a devi ce ghporafPnBidintlated deviées hdpkibndRy Rsdd i€l the/Ifigh rBughpdeVdréshifl §6enR05,
generates the |owlevel commands necessary to drive a specific nodel of the
i nst r urenef the invantign. clarfa¢tgihe aymbar of haldingagaas in varigbleaxigip It samegiystensansh ons

an exanpl e of. an I nput reen, screen 600 .g., for defining a step for an
i ncubat or®s °P 8n.]é'rcé1§ﬂgﬁﬁlsstg%‘?§n6%?{ﬁﬁl%?o tggg?’&l nterface and permits the
operator to easily fethéeestémubahd il Fight Qhdididg aft RUSRS052{A 260 are

dependenci es 630, and alarns 640. Steps 520 are optionally conbined or
ar r anged, pasitipned jayyap f@mpanyhippteurgensprion andprowidg a terBpeIpryl esingsuen, efgorfor a

performn I i.al. - Cp: . Lal.: need
ot ol | ol ERRIME, FoP Rl BB RN lera S Y REumE B BEPUELE bieBEf e
devi ces i shouhkrestyfot & peridthyf titaw,iece, ats lnddiag amed. @i additiomehaholdingtaiens asguence,
t hereby al | ow ng t he assay al one, rather than the ppyﬂ cal s?tup of the
system t PRI e IR CAT R QHEPREOTIROE PEOCSPSSS: Fqr gxample, 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. Also, 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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Further, the start or pace of one step optionally depends on the result of
one or nore other steps. Therefore, the nethod all ows dependencies 535 to
be decl aved 02/81743uch a manner, the step list is optionallycrniSen32sstsed or
paused until prerequisite dependencres are net. This not only sinplifies

defini ng net hods t .al n ste te in parall el ere

i ncreasing thr oughBﬁYPl‘é?l Y 6*?%5333 ﬁ%f’ﬁr&eé Ve& gn ﬁ?}HB seoﬁeogéncérgﬁgwgg%/ or
met hods &g g aPddsersdd aboR8 1o fHéstﬁigrgdhfp‘i’é@e@gs by deseRbdcPinl ﬁrmeqretzﬁrbetw al lel.
For exanple, a hrgh throughput system of the invention optionally perforns
three screens, e.g.; in paraIIeI operating nultiple nethods

si mul t ane ust an operator optionally defines the three
. screens wﬁ ngﬂ?{?é@gp r certain steps. For exanple, the operator

initiates screen ong,rankfet Btal6®{(dthand-off a%eajllﬂ}ﬁfb%ll?@lédaﬁl@nflédate@\/ﬁ@mhiélﬁﬂ

i ncubation step, another dispensing step, another 1ncubation step, and a

. det ect i ngiv&x @pnorBaYask Perimeierh ¢lgudestransiirspg ﬁ@mplgs et wplaholrinrérbet}mper@kng
st ep, ti e [ c reen
throe ont b REs AR IME PO ERR. LRt R LR bRy P Ring
anot her dglh€iag tRsagiphi) €. Uil bii adjadnt Sobdt ﬁamé%@ i€ FHdweves, qhd trﬂr&fﬁ’:‘stdtfdﬂ is
robots and/or robot controllers to preserve the priorities progranned in
each scr edlfp Optianally anprea; e-&-» opég systenpivatage Ar ¢ bEpPIBARIN YWhiGhWo-AL Tgfei n
screen o r e ens step
and anot nopol Bl Bt ahd 13nSRELRIe Bl Bret i Rork DRFLARRSH B M ERAL ulthe? O

station nmga@ﬁcmpmedhﬂeyﬂﬁ pmrarmmpw ledléerAvon] bee exbot toothé adjassts kebot\ di rect s

t he appropriate robot controller_ to nove_specinmen plate Bto a_tenporary

hol di ng area unti | Bbetslrtrehtopsraats%nmera@péerfm@pea deviee toricapsand deyice of frcmas
manner , r

di spensi ﬁ%l%g‘?g%ﬁr%ﬁd%éa}ﬁg\%/g%tﬂgrg‘%&%ieﬁg%eiééu%?glgh%legﬁtgﬁgr?gtrttﬁép#&fqgfogeﬁr%alg?:r een
two. 45 opionaly ddednd tﬂﬁﬁ:ﬂfbtﬁ@iﬂl&Zfr&n@nASampleémwet fo mdtherphmplkdiobdense.gt m run

at the sane tine, nmaxj m zi t he i.enc and t hrou ut of the
ver al 1 o PTG PEeRT Re s R D TSt BRI, TRV AR PRt 685 cur o
4, met hocjcrfh%ﬁm?\gttes Bolﬁﬂ&ﬁ{(fs%{@rée‘h 1s%hnbféﬁ'e8 AL stofk ORI todeiardss, but

al so accounts novi hg Speci nen p at es between 1 nstrunent devi ces,
bet ween wsatiom Eramehecransfeasthtipn, samgpldsrcambh otadsfmgecatoetas adjibent sfook pcnmettenod

490 i I / t f { 550. | trat
or ef er r e dETHRIARE GLFE SHIPIS BIUE FsorariBiedap i Tt SombRenrafien, o Riaiipni cal
i nput  scr e@khI& ih WS sdniifte ga@é cdnbetBndfelred to tnt errhy HRY. ¥8r £8RnAIE, AN Aotk orkoWn

menu, and a "to" device 690 from anot her pull down menu. Preferably,
dependencweek mﬁlmreranyms:at aS,sassﬂtatesto @lranbfgr stahexy whieh trwfcsrastatls’nuerducﬂﬁafaor e

| ndeponachbiaaferatet HECA e Rigfhlor FsrcHimple (e HesERel A8 Whbuis o

i s conpi | gghuer inte!n wadll Jf thegsss pttaemmgme éae cantiify Heqadt sh@PRS isOhe tu’rbaench
device so robotic noves are determ ne And t hus advantageously, t

physi cal IRasmge scuhaiprcad thapssprplaidn gebiedpd nduther rreeessing (&84 Priﬂl;laon
met hods r t

senon ¢ 1 veot tctnal SREE HEM Sfor el B ATRE fc Uelthdt 1B UL e,
met hod 49he alsdag\pﬂiatésjdre malet aolh detectorl eThe“mh;ﬂc platesland ehebidSay plae® never haveéS25

defines the maximumtine that a_ specinen pIate can be in trapsition between
devi ces. Wdpavetherpraspeqtive Rk perigelsrs. cas pspddigteinthe {168 SATAGE e “teshen t he
maxi num t i %&ﬂﬁp VaeN Wegdl d be
five m nu‘%cg}s%p(ﬁl p?&ctgﬁg %Qé(%dgigsesgﬁedg,ra&e en aﬁééfrf%g? congh&t%rwgﬁ occur s and
t he speci 4ssgysspeci nen plate would be identified as a reject Preferably
this error conditiop.tri rs an, operator alert

rej ected speci nen pf#¥ ?g‘ﬁ’r‘m@tﬁﬁltw&r@nmrtsoﬁam eIea}S‘tSES :ﬁ%ﬁ% P&F’é‘ﬁ&%‘éd
Screens  abg@efPWoANFe iete 010 aﬂrulsrhfnartﬁatfepnamwl@@oslﬂoﬁ.t@beweérﬁwbrk
variables, e.g., variables 495 in Figure 4. For exanple, plate descriptions
555 def i nperigh¢tels 1dpaad d2d. B tediguzs, éraasfclr skatiaml SSeemypyiseesampe boldeeZikS | og

i th par ¢ G aRRpletcld JE S EBs AEERLE S soRR £ 08 R 1507 BRE HRR- Rl o

nodi fied using the editor S60. Plate descriptions al so include such
information as the nunber of wells and plate dinensions. By editing plate
desci ~pti on 555, an operator optionally 2htroduces new plates into the
system or requests that certain plates be renoved fromthe system

Further, an operator defines which specinen plates are used in a particul ar
screen, for exanple, by setting a range of plates to be used or setting a

| ocation fromwhich top retrieve plates. 46 WO 02/317. 17 PCT/ USO01/ 32. 15~
The systentvarrables 495 aIso optronaIIy contarn systenrconfrguratron tabl e

N - Y T T e o N - o o,




WO 02/317-17 PCT/USCQOL/ 32. 15~ sequenced. If errors are found in the nethod,
the operator is notified and the conpilation optionally aborted. Provided

t he met hewb eospit es properly, the screen is bundled into @&cyalsedsdses 475

t hat executes. For exanple, the schedul e executes the appropriate nmethod on
the identyfi I : : d r I to
speci fi c%a?fﬁ)lﬁf“gé%??%rﬁﬁgé@é@ ?%1%%sﬁ?{g;h?&%ﬁg@@?%ﬁ@{%g%?c%ﬁ%t ods, 1.{ygftl:értgrt’ans,
and schedig. esorkipericefar168 or ib®y are optionally rearranged and reused, e.g.,
to facilitate the devel opment of new schedules. Still refernng to Figure 4,
the software architecture al so includes input-output control 465. The

i nput - outgput %Qﬁzb[eohoid@)él udes physical connections and | ogi cal

.communi cation to the individual instrument devices using instrunent device
drivers 505. It al dothelugh thesughputwyskenor provided, shimples abaiypidally stecedent r al

system 515, and co ni cations t oper at or iLch.optionally jnclude an
. o%er at or _%‘Eﬂ?%%?gea“éﬁfr’% I ‘é?lt“éfr sagquer ﬁ’@ﬁeﬁ’ﬁg %P@Qmmgféq{eéﬁﬁqy@t%%éﬂ#%rﬁal ly
provi de ioRpstiaiRsbRdbr fBrdiahfle, 481 £&%dUr FRNGE 88Biplem N tyPi@MBirtple hBRler

i nput - out put control coul d provide inmaging or printed output.” Software
ar chi t ecttamprisd mhkiovedloplate mpicaotitse platet omspecinenyilate, whick ésron apcewdi on

within the screenji,ng syst . FEor. conveni enge, erro are.cl assified as
hard err 6‘?t§m§Wegbly§E‘f m‘eﬁ[ﬁ?ge}ggb&ﬁsm%m}ﬁﬁy ﬁo%trgg{gagﬁfﬂrd%ﬁo _ Ye, soft
errors Ccapin@sds to NdVRRederaloia@ividual el S¥ithf dhch SvellXofALRE té Rold aafpldIEForpl at e
after three tries. her soft errors may include low fluids in

f 1 ui d- hasgamplg, plates cxpicallymoniaimPeli 38¢, 2648, ve 1986 atells e The highfthroughputissistems

at tont 1 ot 1 aFEiSERRE e R R e blacFaiBlona oo pE B HgIE 4 wet

rej ecti ngp&uidieR plabdr! Fob BRAhPIEorR! AR PeritBef &f Stdnallp ebhfiiek€rfol adgoramdahte
error, the systempreferably notifies an operator, such as by paging the
oper at or 384vmiplatlgs end paefond vk perimoter cordlgneadondS3¢-yell plases. Adgrmatizely,
signal s ygi n.operat o . i Uy o '
syst ens %@o‘{a‘%gam%g?/ergfns%s}gke%ééqneﬂr?gééﬁﬁgéﬁdg?ﬁ%@stgge?wlgégg'%étr3r8 %ﬁ’{;se f@%@gal ly
conpri se ofdf36-we)l plaes)f Bi dddites, faah oter eypbs okeimpdé hplders, for ekahpledeusadmot , or
any situation that substantially affects the process in operation. FFFg{
exanpl e, sampleiokicr peti; dishesn gengraping, asay heIiets lestdnbGATRYSpYiat FERYSYCTHREISS
the amo'%@a‘cﬁﬁn'vﬁs%&fs“&eﬂéskgﬁa‘% giSS %&%ﬁh{ !p@&%ﬁwﬁv&ﬁ{oﬁ error. Upon detecting
a hard error, the systempreferably notrti‘es the operator via paging or
visual and audi bl e “@reaytlldexs’hiypirall p pemnpdisercoatatmers inAlvhieh asdaly\aed gonduibted.

systemrejects one or no specj nen pl ates,  and dispose of them e.g., in a
i Sposal ToF SKAER, a5 5P BIASHS 6130 OBUGRALY ticBV e EPIRfec 4n Cae U BONRR Hiever

of oper atgysehfatahlijof @E)hlPGnen'fé)for SpafRub aﬁs!ﬁf oP&Qkd I'h%@%‘e&éiﬁ'hﬁ%hﬁbfn,@eécet o€
that one or nore junior operators be notified 48 WO U2/ 317-47

PCT/ US01/a8skyheldeny isxptipnay ured jin additiemhmta seb pbsagapié beldeyse Mhcassydoldeshager s

b tified hard failure, |1 th le, th i |
el ude (YgDeoPeRR Aisey SOwBORGTLS Hte W AddRl Bt compqiedt R shlERn n
gi ven ti ngy PR sdnki1e haldetsh ahe R kahples b aHAGEE thEadh P Holdélsas defefmine

opti onal lﬁq adj usted and configured according to specific application
r equi r endhe effearef Bertesi gamply andhepssay eesylis.a met hod of defining a screening

process, 700 is sh gdefi nj N / LDl a
bt ocess’ met hod 705, UEC A Wi che I pEeS bibAR, el it
oper at e tlheitedieh] bietbgial boghicrabidlogioatsmple) chéigicalcrégorhéibeal Aamplegwells, eell

Figure 7, the nethod_in block 705 is defined by creating device .
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
26



steps 720, creating nove steps 725, and arrangi ng the device and nove steps
into a step list 730. Block 735 defines any order dependencies. Block 740
associ at 8809petifi c devices with their respective stati on HGIER0I1/EAESS
Alternative steps are optionally used in defining the nethod of bl ock 705.

After thepdl oﬁ’ﬁ%ra?ﬁ?rheQQJ %”@QSN%M%ﬁmﬁlﬂédh?dé]ﬁHaQﬁbﬂ &f @é]ldlzﬁ“a| Iy
conpil ed as shown in bl ock nplllng the nmethod typically includes

opti m zi Agrgetefordtivlogickly Aotive VEedss riled peareh 122088; FidduBSN§0RT5d707 50.

Further, c | Lin referahly, chec [ engd =Suc
circular® ﬁ%ﬁ&%ﬁ’&‘ﬁm@%‘éh @ﬁﬁéﬁkﬁ@@%ﬁﬁ eﬁpe%%d EQ%O%%@ iy ef‘}z‘BI?@m ly
i ncl udes wsmk§0;zgstoheue§ddbey§dré¢1ﬁ@es1§@eﬂ t088eriT§ gdAiesalatRy i @ﬂsemlayst em as
-in block 760. Preferably, the nethod of defining a screen 7 provi des a

nodul ar ancthedsaf reducing hbféltl%dtf g@ﬂe mgrlatorigegiene SN ﬁ@!’@&ﬁb@é@é@ﬁ@b% t he

o casi AR AP rURHE 0B ReGhe LR b RS AP RENA R NG SRl BB TR g ng

product i GReth€diinv6Ive aiafung&;fllu*atm dehieinahBi¢R tielebeldF aGholdQdgaigedispace@sses
and/ or screens, |arge anounts of conpounds are opti Ona”i; tested in a

rel at i velaynossgdibrary sneraberafangdiidantifying these libeaey membersabat exhibit aehange i1 ci ency.
For exa npl es are optionally processed in about 1 day
to abou{r%.s%g @t%%g?egp?oqgrgrogesses desi gned as descri bed above, e.g., for

use with the syst erﬁshaiescuictmﬁcmb@mdaﬂfemdateaiplnedalneécmﬂgu&d tehalheg., for
scree~iijag p~~ocesses |In one enbodi nent, a conbination of anal yti cal
devi ces, UEAISPPTh @Y (YIS SAmpleRontaires uSqilcios iecassays 2k interssiedn dRditigpdhc

tall
St ) b e AR BB AN G, BRBERORLY, 198 A N0
such as Imé&RBGnismlib typictlyscoafigurpd o bold ¢t vartvos isiza imuyltiweld platesae. gg iabuditg,d

fashion, alt hou i ze specinmen plate is, optionall sed.
parti cul 41t B ‘t@ftoal Gpuel fP]&?S Gmpefzme%msp@ﬂr yibed, 5.2, 4B+ i on

ant agoni %{%rﬁ@”eﬁtﬁleﬁerdrg{ ﬂiecﬁmﬂérﬁ Peisd p%rgﬁglzgef,(gmbotl cally plates
Jurkat cellsT'n specinen plates at a rate o ut'one to two minutes per
pl ate. Once roboti Bl tedute condpmimbech sl mpbﬂaalve eifiedts titis isometimpoddsemable to

di spensi ng _devi ce spenses about li,q ] ci men

ol aes. AeGf® aEed soBRET Mespmats baldeet i s AIH0 ok BisBetebily SRia Ste
det ect or 1RNRkhEESHLY 'i‘@du%@@@x’ ?thtﬂah ahé §ontH§hﬂﬁoﬁ Mug aﬁ@&/@%ﬂses aP@rse 91@(9
conmpounds are optionally screened for T-cell activatioR I n about

m nut es. SEMpkE ‘eeﬂﬁdupmmsm@ntlhend idliablyt dadsegeneradlyinave gigappiog stmcture such
comerci al ly avail devices into the ‘8{‘ éent ohnven

ooaer s o i aerity e it inalRe Koo 8 BHiofRersisdy CoBETAT M ropat S Bbled8 tia”
af or enmentan@dedd \/s%aélmqﬂatﬁaﬁwded PCep&MSUN. @aﬂéﬁ%pﬂi@ﬁh&ﬁdeﬂm nikfieet ~ag

Pl ates into Hotel ically, an operator |oads plate storage area with

ni cr o- pl &9 é%59t3r¥étcn&18ﬁ<ﬂ &Specimen Plata Lid sng Meihed ofrH@n pdiled Maytlde20Q0 dipdegesy
t | j
o Sl R BN BB A,

unl oads pisantigety. rhmﬁermmpﬂ@hentstmrsamplearoeder&ﬂd, d.@astsinldieseelids, ¢digprise a
appropriate incubator or_ other conpartnent st.orage conpartnents 910

and 912 iRVEs lzjmr@ opEHE ¢S BOOURSYERER: @pd WS{dﬁ Elha@dlw lanpdigpmeniprodpsion
all the foTa X

t he pl at 3’2‘ e ngFat e %@ Sﬁégog?llll %Eﬁﬁxﬁ%%b@girtﬁggf% a@ggrag{]\gltﬁoagielé‘{uﬁéﬁ%, rrn(:a g a
first pl aitmuhnvmﬂlqgaeafﬂha lidm futhek cqraprisent sealifg ferimefaf positédnedronnhe bm:td%n gure

9. The operat or tes tocol and lists cf .| br to be
replicat 3Brfaeleh%f tﬁ%b‘&‘f"’ﬁ Wﬁﬁg‘l@g‘bé‘lg%‘?‘ﬁm@%}@%ﬁsﬁ%ﬁ gesig] J E?]I\;dg‘? g‘ﬁ??ﬁt? om
t he hot elgoandl o sealds cb&p@@ﬁ@lyﬁ@é‘eﬂ@%e@w@ém tRe §§ﬁm?'3ﬁéﬁﬁ1e%¥§nd-m€alfr%%ﬁabé‘ofmr k

.perinmeter 940 renoves an enpty plate fromthe te storage area to
t ransf er the ailttwelbplate. The hidsvaieci suffisiand weight to mmemhe saad end 20 mbghd sealt

pre- det ot heed o1 and fhe M il il Vel Nub N bR R a0 Bramt o

t he enpt yan(itaBo@eIOD Ak A 1180 glblod desiating se%ion iPilSo Bt dally Mdudedl dde of
conpound fromthe source plate and dispenses it into the target plate. The

sour ce arfi§vicaripdic pyesenkeysiams, egniv edd fnrdon emove de lidsdieacrihed abovaidrienmik
onto the appropriate incubators or hotels such as, for exanple incubators
910 and 912 in work perinmeter 902. 50 02/31p7 Compou~zd Pi cki zzg PCT/ U
S01 /32-45-L The operator enters, e.g., into the supervisor PC, the

speci fic conpounds and volunes to be retrieved fromthe library. Enpty
multiwell plates are |oaded into an incubator 930, referring to Figure 9.
The robot scans all the bar codes on the plates and the hotel |ocations to
verlfy t he Iocatlon and presence of these target plates The robot in mork
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wel I s) of the conpound plate and transfers the fluid to the target
multiwell plate. The conpound (source plate) is renoved fromthe Cartesian
and | oadedob2dik4dnt 0o the transfer station 918. The conpouR€TEISA1/82454
removed fromthe transfer station by robot 916 and | oaded back into the
appr opr i 3hesAMP1€hoRers NOLRALtRELy, Ml Biird MOQ@WSE&HiWMI%&H(ﬂ@S@g%US
conpounds have been picked (or the protocol conpleted), the target

mul t i wel Icrqaking @ contraligdenyigninentyta fusthGaredees comtaamidatiaoatsleviaporative efbeats. or

i spe-vsi -ag Ool o raage ittt Ty BeRthmaydin oot e SoeHS ¥ bt or
930. RobGhvepddn Erﬁiﬁ@dé&ﬁ)etd}%&’@@hﬁbnﬂa%g@@fds f@ﬁﬁé&isél&?bﬁtiﬁﬁﬂg‘ah%'écﬂ @y bat or
and positions it onto the Cartesian 932. Cell's are” di spenséd in{o the wells

of the 18Becrikedlin BSSA/09P29.885,entitled Whuthmareddiseaisien fbjest Jlobier snd Methadefl e

ti me. Rohot 93 d | f h t esi d _pl it back
i nto t he Urgh Bl ASRRE 14,208 8ot Gl ipds0 e BRedl el 95 ek o e
Addi ~i g Qpeney ctniabletaliuid BREEHSEE fbr exaRPW, tdddposie SRApIRS oPleat@iis MtEthe

present 'in the Iibrarﬁ/ plate hotel. Robot 916 |oads a ibxarg plate from
t he |i br &pyreeicawiple wellheh 1ajerancead abputrlamgy svhichflapsomgtimes bpgbtatned byr ansf er

station I eri r.902 .an [ er._ neter Robat
enoves ANEHE el Bb hoPFIchE ik ks ARECm g8 Bbf i, RBhustt Ror
| oads it sefiedowliensivdingcrOfietbliafes. H@Bevek suthl aitcledspd isaifed vAaddep@ble for Bigh

usi ng the 96-di spenser head, fromthe 384 conpound plate and di spensed into
t he 1536 dgBsify Rlasasush as a plate with 1836 wells. dndaedt &pesitioningerrer efmgnamdoya

washes a i I SPe S V te
from tho 1570 vigignls ety toRREAREEA swries) relply IS BPYeRSETeRRE R A 2

t he i ncubabag v@l0or Gabetafiife toah®ygtent, Raclc anpaadiepbetips dfrtheligiie didpeiiser.and
| oads it back . into the library hotel 912, Typically, robots 936 and 916

| oad a t dhegordinglygposiioning devices as dawribadincasy A9P2ZHWoese plse sruenallyut  of

t he Hydr £, i O™ (WoF-Y L ed for
about 4 ﬁgﬁrﬁgé\l(%ltﬁgs}%'}é}#%ﬂg%%&fﬁ &%é%SR %ca%?l?o@{e? oltsggivf\eg] I;r%tﬁ%% or

i magi ng. Ther ef or e, TiEsapestianieg tyyicescHavy ablensig firsvadigntent lmembeattieris whi | e

conpounds are bei ng di spensed iptq _assa | at.es. .Di spefasi rag Reagent and
Pl ate ReRBPULRCRIoE Rl af fnnst wal] ob e icrauliviglels athen A miden FhBalkat o 030
and | oadegdgir&y Sosititsh (lgfﬁﬂhk%ﬁ?ﬂdh. %?t?inn%\f’alpﬁs OP4 fidr6REE Platd i8 sHbERENE&d i nto

each of the 1536 wells in e assay ate (approx 45 seconds). Robot 936
renoves texempleatigute 63nInisemEambedinamts twlo boause alignomeno nielbersetre positioned to

handl i ng di al  983.. Th i al _hand]ing dial ts.the . | at
£ om wor IEOBe #IEle 185 W QPR THEPHIREP NS WAY e RLCI PP B RIFet or
940 r em\REitidADnRhESEPoHOThé 18 dff ARk 'wall GHithOmidr¥iies Platd 4% dnlHlZnaRAE. 1S @

material handling dial') and loads it into the plate reader 948." Plates are
pr ef er ablspripesagreatly incraases the geacision widls whidbcthe atiergtite plateis positionéd e the

di spensi I en he plate i.s .read rOX m_nut es Al t t

ol ate s el boRREPh 1o, I0FelsBAE oliguh Bttt AR e DME SR b Ve neh s
back on tfhdlitaing firther pasudbding otiihalsampiee comhiaed &l thbamdiotitg plhtélTHer ansports
the plate fromwork perinmeter 940 to work perinmeter 920. The robot in work
per i met erPosBigning deyicgs Aan furderrpide pbleas dsagong Aigament mpREHBALA PeFitiongde
process i ] . . o, n
i et o (P spHRLGACoInd RRASE BE koA aE niBR U micio BF R IITHERE T,
to the plmisitiohendhe safpost. Tatdetonnedll ispeefbablyam inhéresall bfothe exiaifited plat@bot
936 renDqu the,platg fromthe_ incubator and loads it into a hatel in_ work
per i net er feAPSIRNINg doyipes car ineliden Bot figh pusherirranoving teiplete it # SMtdifEcHRR el
I n work e et ke A4 shBRESE e eﬁxnsas b B8st REAS Ok 8- AR e gﬁg meHi©

.plate is read (approx 1 mnute). After ? e plate is read, robo 46 renoves
t he pl at enémbersitdnd b)ncebatdpusherdfor nmatingithe platedntarsecdrst ditectinn vmthat pesdondt er

940. After. an _addition 30.ninute robot 946 renoves the plate fromthe
hotel 1 n eRReRf te Br e phigh BT 1 5280 e 5 PRE PG BT MemRE i, o
is read (FmeRha¥ plefirddéBbodiffech®! cithee oPbsth ®f tife JuBRéts incPRE a94r Ei%ﬁﬁg abéudie
plate fromthe plate reader and |oads it back on the material handling dial
983. The amivetpant. Fhe tiveneardhesperabinattashed ta hepripigar eqtivelent ehichgaukes the
perimeter 940 to work perinmeter 920. 52 WO 02/ 31p7 PCT/ USO01/ 32~5. 4

Di spensirag Equi pnment Process Devel opmsr?t8 The operator typically wites a
protocol to dispense 5 ~, I of cells into one 1536
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wel |l plate and then manual ly | oads one or nore 1536 well mcroplates onto
the table conprising a Cartesian workstation, which autonmatically di spenses
cell s i ntwoweBi®™7of 1536 well plate. The operator opti onalAGT/URom324SHy
removes the plate and visually inspects it. The plate is then typically
manual Iy di9aged ap [ﬂg% c%nﬂhﬁttf%rée‘?@ﬂ%"obryé@@'t& for é@ﬂﬁﬁlé %ﬁbv@tﬁé 8bjecte tlﬂ:l ﬁt%@ s
then typically re .g., manual ski Il In the art wl

appr eci atdirectien agaist thecfsnsnget Dﬁ&lmemnmmbetsequesci4 dlugtriggs therpesltlphmnt he

1 T st r ataEET A neEgR P o abiebentiyee 2o BabintoRpaleh 6% (% i ¢ oa

only by tduwox ggsns which follow It is noted that eqU|vaIents for the
-particul ar enbodi ments di scussed in this description may practice the

i nvention ‘as wel | . Tl awsomated peacisirn ohjedt holdars con alredngludna mriaigingisiedice fos orre
detail for, purposes and . under st andi n r. Lo one
oki 11 ed heBE R oRlsrP blddee pOSTHEbAR SR, rhestrstpintts S i nges
in form gReludetiad dxasile, Reva0MER phité WAith, FRERA Vhdtlnd 7s ﬁFﬁé’tB hbldd ehespapetitef t he
i nvention. For exanple, all the technlques and appar at us descri bed above

may be usHdeimtheaiepisedpesitian. The vaswmupldteotntrome aelndiments s gn énfemer surface

or ocos oyt fied ST e e EEn ool Bibl st b s YR SHERAVEN L o 1

optional ly enpl oyedSifiplassrieh), .g6 lefipty itivelEMaes or samqﬂe taldedQoiGRiSingQr
ot her devices that require nultiple assenbly steps. In addition,_the
present |MyBHE ersaermlﬁswe &&@plkydngmcgé aﬁtﬁéfeﬁ Palent wanenf twe ways-c Birst, they

ohtont s, e Budlly RSN pplaki Pt BY AERARATERNCR Bk SRR S BT 1 on

are i ncormtranﬁcP(bySec&fndrma;zeleldpubhﬂlylneraﬂmdedtﬂ;orﬁ astatid plaehgels e ., tthattihe
sanme extent as if each individual publication, patent, patent application,
or ot her ?H%fblﬂﬁ?érﬁ?rM@ﬁeéluFWHB@PﬂE&PP%latPQTH‘PfGB?éXFQné be |ncorporat ed by

reference for all pfﬁhégﬁ'%eé% 0 ﬁn y@a&% ehblactd arditk léd%vqrp‘{ ﬁ{@?oh&dentlﬁer

PCT/ USQL/ 32~5~ ou g it processi ng system
conpri si r@lat(ea,)foae)pimpla,lalb@r codle, RF @p) dmﬂm'lcode),hntoﬂ)er\hﬂel eWheﬂdtd”saﬁfplé halders
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information gp also optionally used to p10v1dcpreports 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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two or nore devices or between two or nore work perineters during operation
of the system 2. The high throughput processing systemof claim1l, wherein
menbers O¥0&2BiTst set of sanple hol ders each conprise a PICOYEH0LBIASH t est
sanpl es. 3. The high throughput processing systemof claim?2, wherein the

test sanpl es conprigRaeRUBnERun® maBhQERANICAfune AARRNINEISt of i rédearcaCi ds,
peptides, polypeptides, proteins, carbohydrates, cells, serum phage
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The hi gh Wdlr&uﬂélﬁwca@dsm@xﬁisﬁam“@t}iﬁi hes@iters) BiyPravidibaes ir Rolid1gysteds bn aﬁnpl es
conprise a library of antisense nucleic acids or doubl e-stranded_RNA
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assay hol ders that conprise containers for conducting an assay. 10. The

hi gh” t hr AS¥FETMSr ocessi ng system of claim9, wherein the assay
Further to providing a complete inventory of samples, the present invention

provides a method for plating materials using markers to track the plating procedure. For
example, samples, e.g., libraries of samples, often enter the system in a 96-well format and
are subsequently condensed into a single 384 or 1536-well plate. To aid in the inventory and
tracking process, the transformation from a low-density format to a high density format is
tracked using markers as described below.

The system described below is typically used for the specific application of
condensing the contents a first set of microwell plates into a second set of microwell plates.
Typically the number of wells in the second set is a whole number multiple of the number of
wells in the first set of plates. For example, four unique 96-well plates are optionally
condensed into a single 384-well plate in a method comprising tracking the reformatting to
insure accuracy, e.g., 100% accuracy, €.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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contai ners conprise one or nore conponents of an assay, and a test sanple
Is added to the assay containers to determ ne the effect of the test
sanpl es ovovh#7assay. 11. The hi gh throughput processi ng PEItuEsa/af45€l ai m
10, wherein the assay is selected fromthe group consisting of a Gprotein

coupl ed receptor agg@yrodsiyBRaBy SaREWithdaRipRised .‘?sﬁﬁ%l@ysto?ed%%ﬁ’ﬂﬁhﬁéﬁ
assay, and a transcription assay. 12. The high throughput processing system

of cl ai mfluglic sdmeples, in oheormeryPo-welh pladdslin stfdwal Saynat dgscribaé abdvgh

t hr oughp recessi system of claim. 1,  wherej he sanpl e, hol der.s
compr 1 se SRR, T P we BRER e romREP D arrEler s Bl PR A 2SS tra
test tubgad@dtdYse o hithdof hE Bfiph) WElls, kel @Skall ANLaathOfirsy 96 RIplate! Se¢ Fikdse
.14. The hlg{gmthrou hput processing systemof claim 13, wherein the sanple

hol ders dbfpminds 1B fer labelmgrad vesflls 253 Garker webisaflbs se@®d phaie keopivas @ second
96-wel | pl .15 The hj . ' f claim14,
el B3 8 e S A R b RS R e L B o

peri net efece DRI thaker ihaBE sintlariynbe@bwell & thbbeplihies/e. 5. el GUIRUERR @GLRe NY
systemof claimi, wherein the rotational robots each conprise one or nore

gri pper s ugesis different, ¢.6., e diffierpafroolarpd dya apslifersnl fegrescentadyeTpea diffgrent

t hr oughp S| f &l al , ' | r rises a
sensor SEYRPBREIRAREPRTLE 2hpShlemS or B TR Mgl R T A PR L3RS, e
to the olbjeesided dduerdtidlyhingthe Mrgerpime! Ifdrzdasifisnige 6368t hedmatlepphitekbthey
wherein the gripper con(;{o_ri ses a_ defl ectabl e nenber structured to couple the
gri pper &pFpaPikeklydisgplye

isyhe pmallps plates prior to transfer to the larger plate. In the larger
plate, e.g., the 384-well plate to 1536-well plate, a pattern of markers results, e.g., in the
upper right corner, such as in wells A23-24 and B23-24. In this manner the accuracy of the
transfer is monitored. When a colored dye is used, the process is optionally monitored
visually to ensure accuracy by observing whether the intended pattern is obtained. If
fluorescent dyes are used, a fluorescent detector is used to monitor whether the plates were
accurately transferred. In some embodiments, a fluorescent dye is used in combination with a
colored dye to allow visual as well as instrument tracking of samples. In other embodiments,
wells other than A12 are used for markers. Any well may be used as long as the resulting
pattern is predetermined to track the transfer.

In one example, a solution of colored dye, e.g., about 0.5mg/ml, plus a
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 concentration 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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WO 02/ 317-47 PCT/ USO1/ 32~5~ nmenber, which defl ectable nmenber is structured
to deflect when the gripper apparatus contacts an itemwth a force greater
than a pweeet/sfavce. 19. The high throughput processing systrammoosstai m 1,
wherein the transfer station transfers the one or nore sanples by
transfer 1A : i PRale L I r4 rk
per i met e 25 {Pe AP R SR BB U IS LR o ol o SRR

t he translegprosdsato emsuooagniaEys Aasifipla chetk anddtieminkethe osientatiomof tharsiozed
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T he s YT SRR e SUB1of bt PTG B L g Hp BLORPRTLSEs Rels G of
claim1, jabgf %r{bdstfﬁmlfé&é’ﬂt'défb%hm{ ARRLSeRS %n&gmwgﬁe?,gazﬂng %6&8&1%%%&:0”9 or

-nore sanple holders along a multi-directional path. . e high throughput
pr ocessi mpnitpsaddy inbtramheantatidn. wherei n t he system conpri ses between 2 and 10

rotational robots. .23. The_hi.gh throughput processing systemqf .claiml,
“wherein the devi cednspReSmbRgiRey (i itnpesdRR 558 B B HiAl® Aty v e
transfer ylgihe @orréspdhdidly saplel il ©ubadF fHore A1ddti sHaPHRites OMRBISICA%Y) the Mixing can

t hernocycler, a plate carousel, an automatic sanple processor, a detector,

and a r epeanamigrest ki desermining thiheolpr ef-the Hyoinghe marsr seedlsdfitheytasges plag. dior ¢l ai m
23, wherein one..or. nmore qf the.devices c rises | ui r Vi ce.
25, The REURBEH oL aRRIRe e 2o SUPR a2 B TBe B Relsas b BRI
transfer riifids arecaived] ﬁl@%oﬁre?’éﬂﬂi@a"gaidﬂsin&l@é Rede glatd Wil Ve agropapeaakest i ng

of a pin tool, a syringe, and a punp. 26. The high throughput processing
syst em ofSiwilaslynipthie markessiare Huorpscgat dysp of differens corgepirations glért%fgﬁ@late will

mul ti vel Iha% gkgnc%ﬂgaﬁ&eoff A}}é' C(Antbre%@éhgfneg %\éée(c\leonctﬁggﬁll)ﬁr?@ iﬁ"&e%ﬁgﬁ)ﬁl 8fates

and the dilution factor.

In the systems of the present invention the markers can be dispensed into a
sample plate at one station location, e.g., comprising a fluid dispenser, and typically
transferred into a higher well density plate, e.g., at the same station location or at a different
location. The plate having the higher well density is then typically transferred to a detection
station location, e.g., in the same or a different work perimeter to detect the resulting color
and/or fluorescent pattern in the larger plate, e.g., the 384 or 1536-well plate. In addition, a
color photograph is optionally taken or an operator optionally views the resulting larger plate
to ensure the correct color pattern. Alternately, a colorometric detector is used.

Although the high throughput systems of the invention are primarily
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

32



receptacl es arranged such that outlets of the receptacles are aligned with
a plurality of wells of the nultiwell plate. 27. The hi gh throughput
processi MO 98¥3t7ém of clai m 26, wherein the fluid transfer pdeiSoe3mshpri ses
96 or 384 receptacles. 56 WO 112/317-t7 PCT/US01/32-tS.|1 28. The high
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is at | east several tines the volune of dispensed sanple. 31. The high

t hr oughpgemplediobdess #ig intyadueed bto Bieayste®s, wherein at | east one of the
sanple holders is a nultiwell plate and the fluid transfer device is a pin
tool that conprises an array of pins that are aligned with a plurality of

wel | s of @.he ragnkiomelsd pl ate.

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

For example, Figure 1 illustrates a control unit 320, which is optionally used
to coordinate the operation of high throughput screening system 100. As operator monitoring
is typically desired for such a system, an operator station, e.g., station 310 is glso provided.
Operator station 310 optionally accommodates, for example, operator console 315 for
monitoring computer and process functionality, and operator alert 325, e.g., for alerting 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, e.g., a
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32. The high throughput processing systemof claim 31, wherein the pin tool
further conprises one or nore wash stations in which the pins are washed
bet ween twensfiens of fluid fromone multiwell plate to an®drevsobp2ishe pin
tool. 33. The high throughput processing systemof claim 24, wherein the
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hi gh t hroughput processing system o erein no fluid transter
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.the devi ces conprises an automatic sanpl e processor. 57 WO 02/317-47
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at | east 350,000 sanples. 39. The hl%h t hr oughput processi ng system of

cl ai m 38,pogifiened distanefremdhegeeratonped heeperatos condods vethatha gpergtosalart y for at

| east 700,00 40, The hi gh t hroughput processing systemof claim
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wherein the i ncubator or storage conpartnent conprises:
throughput screening system 100 is provided. Automated instrument devices typically have
an integral controller or a controller assigned to operate that instrument device. For example,
instrument device 225 is shown with integral controller 345, instrument device 265 is shown
with integral controller 365, and instrument device 270 is shown with integral controller 370.
Also, instrument device 230 is shown with a separate dedicated controller 350, and in a
similar manner, instrument device 280 is shown with separate dedicated controller 360. For
some instrument devices, a single controller operates more than one instrument device. For
example, instrument devices 290 and 285 are shown under the control of controller 355. Any
controller devices and configurations known in the art are contemplated within the present
invention.

The controllers not only 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,
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{a) a housing conmpi~sing a plurality of doors, which doors close at | east
one openi ng di sposed through at |east one surface of the housing; (b) at

| east onevew¥abHe shel f di sposed within the housing, whiclrcamesoi/3e44capabl e
of aligning with the opening; wherein each of the plurality of doors is
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processi ng systemo whereln one or nore evi ces conpri ses
a det ect betwelen Gysteiatoentrellﬂrﬁsmmd spstem conttalldr 348f Fagbay insarsmiehtsdevike.andhe

hi gh throughput processing system of clajm42, wherein the detecto
compr i seSVRSonERleEE PR bRl o gl ind dierdles piber ArmeceRs kania
det ect or 1o hosPBCIKIPR@et ri ¢ detector, a |um nescence detector, a

-phosphorescence detector, an X-ray det ector,. a radi o-frequency detector, a
bar code reader, a Rrefssabiyeach mtattopnl robotkediits awn toboycaiéoler. dror eamipbn

0P cal oS s Tl b BRI USRS, By,
resul ts. c4broll340 lcaﬁtrcslbféw I1n5lt Aﬁh@%ﬂ%gﬁ‘ﬁ B3R BatH rdboftontitdler Hﬁ'&fti@igfa the
I mages are digital images. 17 PCT/USQOLl/ 32-t5-t 46. The high

t hr oughp§inglsr l@bets gusnglégobpéﬂp@ftmﬂeaalﬁo aptiongyceniiols rm@llupﬂag@botar Eonyease)wed
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system caalonwfaﬁd @B 289681a8dd Rith bm&bbbtomoeeﬁaxﬁﬁapﬂo@sm Borfdle€la330, wifich {khe
hi gh throughput processing sgstem of claim47, wherein the system can

per f or m @s&uyidy sEpensitle ferconbolling wolwid3F captionalby, accgnly npy fropk pobetigh
thr oughpuh, 55988 Widcrs ¥ P LobGli @ hdBvaRentd $hE Hobotd Gnd %5¢tEM controllers are
also optionally configured in other physical and logical arrangements.

In the example illustrated in Figure 2, each robotic controller 330, 335, and
340 is preferably connected to system controller 320. System controller 320 is connected to
operator console 315 located at operator station 310. System controller 320 also
communicates to operator alert 325. Operator alert 325 is, for example, an automated paging
system that pages one or more operators when an error condition occurs. Further, operator
alert 325 optionally includes lights and audible signals for providing warnings and alerts to
operators and technicians in the area. For example, a light bar having color-coded lights is
optionally positioned adjacent to key devices. In such a manner, 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 III, IV, or other appropriate, e.g., faster, computer known to
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can perform assays of at |east 700,000 sanples in one day. 50. The high
t hr oughput processing systemof claiml1l, wherein the sanple holders are
mul ti wel IwploaBest7and one or nore of the devices conprises RCIpOSHBLLZFAI NQ
device that conprises at least a first alignnment nmenber that is positioned
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In a desired position on the device. he hi gh t hroughput processing
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.claim 51, wherein the p sitioning device further conprises a secon usher
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device. 53. The hi'gh throughput processi n? stemof claim1, wherein 'the

sanpl e h@ndépgowdmrb@ésmg@umdmréltemdtsve B4he date 1Smtghdtf¢mrf@ug¢|pmcessmg,
pr ocessi ré% s(?;sé% de:I ai m53, wherein the sanple holders are nmultiwell
pl ates an o conprise: a cover having a top surface, a bottom

surface, and a si derheéddntrol&s@Rd 3dntraliér RARY d8s0dBedZabble AreaitedinitBl iR BYstem
protrusion extending fromthe side of the cover, the alignment protrusion

posi t i onéd dessTibed peove ar thpsetexamples Derdas bolawrp by adgitiqn, yaneusetbods gflusing; a
seal i ng ?ﬁééﬂfﬁ%ﬁncpﬁnt%'c%h& QS%&@a ﬁﬁtbtef%@ surface of the cover; and

wherein I gniren pro rusion itates allgnlngthelldtothe pl ate
so that a seal is conpressibly received between the sealing perinmeter and a
seal i ng surface of
H Example systems
In the embodiment illustrated in Figures 1-7, high throughput screening
system 100 includes three work perimeters. The first work perimeter 105 is generally
directed to the task of storing samples or compounds. The second work perimeter 115 is
generally directed to processing samples by, for example, adding reagents, shaking, or
incubating. The third work perimeter 125 is generally directed to analyzing the samples, for
example, by detecting the samples, or measuring physical properties of the samples.
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 115 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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the nultiwell plate. 55. The high throughput processing system of claimb53,
wherein one or nore of the work perineters conprises a de-lidding station
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Preferably, each rotational robot has a robotic arm that optionally extends or
retracts from the robot’s rotational axis. For example, robotic arm 150 and robotic arm 155
are both shown in Figure 1 in a moderately extended position. Robotic arm 160, however, is
shown in Figure 1 in an extended position. Accordingly, each rotational robot has an
associated rotational reach. For example, robot 135 has rotational reach 105, robot 140 has
rotational reach 115, and robot 145 has rotational reach 125. Although the rotational reach
patterns are shown to be generally circular or oval, the rotational reach can accommodate
other geometries.

A transfer station is preferably positioned between each adjacent work
perimeter. In one embodiment, 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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WO 02/317-17 PCT/USO1/32-15:1 64. The high throughput processing system of
claim1, further conprising an operator alert operably coupled to the
system 680 0TBE4+hi gh t hroughput processing system of cl ai PCGASOMIZSEI n t he
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66. The hi gh throughpybbeio b tﬁé/éﬁa%&&hﬁfenﬁilﬁkt‘i%téd ni/‘ﬁ‘i%ﬁf‘d lnm%Q%nﬁ%nﬁ%ém
conprises a first work perifreter directed to test sanpl e storage and a
second péo remed\ablyiaupbst ted;pemmpe platesiucy aampecimey plaéa. 2050215 iagh 226.r ’Bug hput

processing system of claim66, wherein test s | es conpris hen cal
Bonpoundtinght Do GRS MOD A TECtEos BEL I Ly BPERAPeG ARS8, PABPE  n
the trangh@plaktiio Qt@arﬁ?éf@fdu%ﬁ Sand tﬁéﬂlh fbok ﬁ’@ﬁf & acﬂ?c‘éhpﬁoﬂﬂ%nnﬁét&ﬂ%fr@vés an
.aliquot of a test sanple froma sanple holder that conprises test sanples

to an asdbgpleterfoom theolrasferistatinhi Ebr exampdedjigurs ltsbowe spaple platedls g@smqne@l

hi gh throughput pr.oc t he ass sanpl e
ofler o EAR L RREE. ML God, Ginetto M or BBR flslan MR 3R ni s
pol ypept |s§@c§mcﬁ'@ldtcb2m € a $nilaN@hkeR] Bigur€OL shbhg rbb&h4sféﬁtﬁeuglawﬁmgrsp§&§1§n ng
system of claim 66, wherein the assay conprises one or nore of

bi ochemi ddate 22 eniransfer smtlen 890 oaretriening spsiconeyplatel 2204rorg énansfbrass@tepraway

wor . per (e tEp iR Rebitl AR 2o e RSB koo Mol Sl el o

hol ders in a desi reWoﬂﬂyérfrﬂé’téiel’ltS alst I?]roﬁdﬁs ficgbatbhasvi 190t wRIER Q5 B¢, Ter Syst em
of claim®66, wherein the systemfurt nprises a detection device for
col | ecti @a@aieasqtrtq,mqvpﬂp the pepper conditions for fac111tat1ng growth of cellular material. Due

to the particular environment within the incubator, the incubator may have a sealed door 300,
provided, for example, by an airlock. Accordingly, sealed door 300 preferably has a gripping
structure 305 coupled to robotic gripper 170. In such a manner, robotic arm 155 can position
robotic gripper 170 adjacent to the gripping structure 305 and open and close door 300. As
the robot must open and close door 300, preferably a temporary holding area 260 is
positioned adjacent to incubator 290 for temporarily holding a specimen plate as it is moved
into or out of incubator 290.

In the illustrated embodiment, work perimeter 125, which is primarily directed
to analyzing samples, comprises detector 265 and detector 270, e.g., fluorescent detectors.
After the specimen plates have been detected in either 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 ‘
added, moved, or removed depending on specific application needs.
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73. The high throughput processing systemof claim72, wherein the
detection device is located in the second work perineter. 61 WO 02/ 317. 17
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incubator 290 removed from station location 410. Accordingly, the high throughput
screening system 100 is reconfigured to add, delete, or replace devices in any station location.
Advantageously, station locations are optionally added or removed to accommodate changes
in the area or robot orientation. Not only is the system thereby flexibly reconfigurable, but
the system easily adjusts to accommodate adjustments in work flow.

In another embodiment, the robotic work perimeters are arranged in a
substantially honeycomb configuration that permits a non-linear processing system 800, as
shown in Figure 8. In this non-linear processing system, specimen plates 810 are moved,
e.g., from a first station location 815 to a different station location 815, e.g., in a non-linear
fashion. This setup optimizes throughput of the overall system by permitting sample holders,
e.g., specimen plates 810, to be moved to the closest appropriate station rather than through a
series of stations. In non-linear 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.
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assay. 76. The nethod of claim 75, wherein the library of test sanples is
stored in a first work perineter and the assay reagents are dispensed in a
second wowR RBtHiet er. 77. The method of claim 76, wherei iPQINESOdELEdt or i s
present in a third work perinmeter. 78. A method of defining a process for
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non-linear processing system, the device can be left at a station location 815 and then when
required, a robotic gripper 830 moves the device to the next desired station location 815,
which is optionally any station location in the system. In this way, extremely efficient and
high throughput processing systems is provided.

Figure 9 illustrates an example high throughput processing system of the
invention. For example, system 900 comprises three work perimeters, 902, 920, and 940.
Each work perimeter is associated with a rotational robot, €.g., rotational robots 916, 936, and
946. Two transfer stations, stations 918 and 983, are provided to bridge the area and provide
transport between work perimeters 902, 920, and 940. Work perimeter 902 comprises three
station locations, e.g., 904, 906, and 908. Station location 904 comprises compound
incubator 910 and station location 906 comprises compound incubator 912. A miniprep
device, e.g., device 914, such as a Tecan Miniprep, is positioned in station location 908.
Work perimeter 920 comprises three station locations, €.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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(b) transferring the plurality of sanples and the marker fromthe nmenbers
of the first set of nultiwell plates to a nenber of the second set of
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dial 1002 and mcubatm dial 1004. In addition, each piece of peripheral hardware optionally

has its own controller, e.g., with an RS-232 interface to Device Net. For example, Tecan
Mini prep 1014 has liquid controller 1016 and an RS232 DeviceNet protocol converter, €.g.,
converter 1038. Likewise for Hydra 96 1018 and Hydra 384 1022, which are controlled via

. controllers 1020, 1024, with converters 1040 and 1042. A liquid handler is also typically
controlled using its own liquid controller, e.g., Cartesian liquid handler 1026 with controller
1028 and converter 1044. The plate readers, e.g., 1030 and 1034, are also connected to
controllers, e.g., controllers 1032 and 1036 and to the central system via converters 1046 and
1048. All controllers are accessed, e.g., via DeviceNet, to supervisor PC 1012, which is
typically a Pentium IIT 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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87. The nethod of claim 86, wherein the markers conprise col ored dyes and
the markers differ in the color of the dye. 88. The nethod of claim 86,
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concentrations of the fluorescent dyes. 89. The nethod of claim86, wherein
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prokaryotes including bacterial strains, and plants such as algae, aloe vera and arabidopsis,
among others. Additionally, the present systems are useful for screening whole organisms,
especially microorganisms such as bacteria, yeast, c. elegans, and parasites such as malaria,
and viruses (i.e., hepatitis and other flaviridae, retroviruses, adenoviruses, and viroids). In
one embodiment, the present invention screens combinations of these organisms or entities,
either serially or in parallel to test their influence on a particular biological test or assay.

In this manner, any type of screen is contemplated within the present
invention, and in particular, screens for agonists/antagonists, natural and synthetic, e.g., for
G-protein coupled receptors, kinases, proteases, phosphatases, and transcription;
agonists/antagonists of cellular, neuronal, hepatic, tumor cell differentiation, and
retrodifferentitation; agonists/antagonists of viral and parasite mechanisms of entry,
replication, exit, and pathogenesis; agonists/antagonists of immune cell activation,
inactivation, energy, migration, or apoptosis; and agonists/antagonists of protein-protein
interactions important in immunology, cardiovascular, signaling biology, metabolic disease,
diabetes, osteoporosis, and other disease areas, e.g., as determined by synthetic and
engineered reporter readouts using cell-free, cellular and organismal targets.

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
60/275,148, 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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A. Designing a process for use in a high throughput system

As described above, the systems provided herein are optionally used for a
variety of different processes, e.g., screening processes, which are described in more detail
below. In general, the system relies on a modular approach to defining the process. Such an
approach not only enables logical development of screens, but also facilitates reusability of
method modules and supports rapid reconfiguration of the system. Modular development of
methods provides substantial flexibility in defining process steps, and facilitates reuse of
steps and methods. Accordingly, Figure 4 illustrates software architecture, e.g., for a high
throughput screening system. Although other industries also optionally benefit from other
arrangements of a high throughput system. The embodiment illustrated is primarily directed
to operating screens for biotechnology or biomedical industries. For example, Figure 4
shows that screen 470 includes and is defined by combining information in method module
490 and system variable module 495.

Methods are also typically defined in a modular manner, with a method
defining and organizing individual process steps, e.g., using rules and directions. More
specifically, a method is defined as if the method were to be executed on a single sample,
which simplifies method definition.

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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\ the operator to easily define incubator duration 610, settings 620, dependencies 630, and

alarms 640.

Steps 520 are optionally combined or arranged, e.g., in one or more step lists,
e.g., step list 545, for performing steps in a sequential manner. However, the sequential order
need not follow a predetermined order dictated by the physical setup of the devices in the
system. Any device is accessed at any point in the sequence, thereby allowing the assay
alone, rather than the physical setup of the system, to dictate the sequence of the step list.

Further, the start or pace of one step optionally depends on the result of one or
more other steps. Therefore, the method allows dependencies 535 to be declared. In such a
manner, the step list is optionally interrupted or paused until prerequisite dependencies are
met. This not only simplifies defining methods, but also enables steps to operate in parallel,
thereby increasing throughput efficiency.

Furthermore, any number of screens and/or methods are optionally performed
simultaneously, serially, or in parallel. For example, a high throughput system of the
invention optionally performs three screens, €.g.; in parallel, operating multiple methods
simultaneously. For example, an operator optionally defines the three screens with priorities
for certain steps. For example, the operator initiates 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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680, for defining a move step. A graphical input screen allows the user to select a “from”
device 685 from a pull down menu, and a “t0” device 690 from another pull down menu.
Preferably, dependencies 695 are typically set such that they must be satisfied before the
move occurs. Typically, moves are defined from device to device, independent of either
devices’ station location. Only later, as the method is compiled or run will the system
associate a physical location with each device so robotic moves are determined. And thus
advantageously, the physical location of devices can be changed without affecting defined
methods.

Further, many samples are time, temperature, and moisture sensitive, so the
processing times are typically monitored. Accordingly, method 490 allows for a default or
defined time slice 525. Time slice 525 defines the maximum time that a specimen plate can
be in transition between devices. For example, if the time slice is set at five minutes, then the
maximum time a specimen plate can be in transport between devices would be five minutes.
If such time is exceeded, then an error condition occurs and the specific specimen plate
would be identified as a reject. Preferably, this error condition triggers an operator alert.
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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#10%04& ( )specrlf‘icd cIIEeF\)Illzces Accordingly, system configuration table 565 provides the logical
association of a device to a physical location. In a preferred embodiment, steps are typically
defined to operate on devices, which are logically identified. As long as a device is
consistently identified with the same logical identifier, the device can be physically
positioned in any available physical location. In such a manner, a device can be moved to a
new station location in a rapid and convenient manner without disturbing the method or
developing a new screen.

For example, a device is optionally physically moved from a first physical
station location to a second physical station location. As an illustration, e.g., in Figure 3,
storage device 293 at station location 425 is optionally moved, e.g., 180° in relation to work
robot 140, e.g., to station location 410. Editing the system configuration table 565 records
the physical change, e.g., now associating station location 410 with device 295. Since the
system controller still identifies the device with the same logical identifier and not the
physical station location, the process proceeds normally, without having to develop a new
screen. Using system configuration table 565 greatly improves the flexibility and ease of
reconfiguration for the high throughput screening systems disclosed herein. Alternatively, no
configuration table is used. Instead, each device has a set of Cartesian coordinates associated
therewith and the system is reprogrammed with a set of points that are associated with the
device whenever equipment is moved. In this manner, the robots are optionally
reprogrammed each time a new device is added at a particular location and defined station
locations are not needed.

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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identified specimen plates and collects and reports data according to specific application
needs. In addition, once the steps, methods, screens, and schedules are defined, they are
optionally rearranged and reused, e.g., to facilitate the development of new schedules.

Still referring to Figure 4, the software architecture also includes input-output
control 465. The input-output control includes physical connections and logical
communication to the individual instrument devices using instrument device drivers 505. It
also includes network or other links back to the central system 515, and communications to
the operator, which optionally include an operator console and operator alerts. The present
inventions also typically provide input-output to other devices or systems. For example, the
input-output control could provide imaging or printed output.

Software architecture 460 also contemplates that errors will arise on occasion
within the screening systems. For convenience, errors are classified as hard errors 570 or soft
errors 580 as shown in block 500. For example, soft errors can occur when a robotic gripper
fails to couple to a specimen plate after three tries. Other soft errors may include low fluids
in fluid-handling devices, and humidity or temperature out of range in an incubator. In one
embodiment, such soft error failures require the attention of an operator, but do not warrant
halting the process or rejecting one or more specimen 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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of specimen plates 710 on which to operate the defined method, and scheduling the screen
715.

As shown in Figure 7, the method in block 705 is defined by creating device
steps 720, creating move steps 725, and arranging the device and move steps into a step list
730. Block 735 defines any order dependencies. Block 740 associates specific devices with
their respective station locations. Alternative steps are optionally used in defining the method
of block 705. After the method has been defined in block 705, the method is optionally
compiled as shown in block 745. Compiling the method typically includes optimizing the
method for more efficient operation as shown in block 750. Further, compiling preferably
checks for dependency errors 755, such as circular, redundant, and irrelevant dependencies.
Also, compiling typically includes checking that all utilized devices are available in the
system as in block 760. Preferably, the method of defining a screen 700 provides a modular
and hierarchical method of defining screens. Advantageously, the present invention develops
efficient screens, provides reusable methods, and easily reconfigures or scales high
throughput systems to meet changing production requirements.

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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transported to another workstation, another dispensing device dispenses about 50 pl of liquid
into the specimen plates. After subsequent dispensing steps and an incubation step, a detector
analyzes the specimen plates. Using this method, about 7000 compounds are optionally
screened for T-cell activation in about 70 minutes. This embodiment further illustrates the
integration of commercially available analytical devices into the present invention in order to

easily and conveniently reap the benefits of all the aforementioned advantages. Example

protocols are provided below.

Loading Plates into Hotel

Typically, an operator loads a plate storage area with micro-plates that contain
the test compounds. The operator then typically inputs, e.g., to the supervisor PC, a protocol
to load the plates into an appropriate incubator or compound storage hotel. The robot
individually unloads plates from the plate storage area and loads them into the appropriate
incubator or other compartment, e.g., storage compartments 910 and 912 in Figure 9. The
robot associated with that work perimeter scans all the bar codes on the plates to be loaded,

and the hotel locations of the plates.

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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3" 10%& Qol_u%noezqg bg )rétrieved from the library. Empty multiwell plates are loaded into an incubator
930, referring to Figure 9. The robot scans all the bar codes on the plates and the hotel
locations to verify the location and presence of these target plates. The robot in work
perimeter 920 unloads an empty plate from the hotel and loads it onto the Cartesian liquid
handler 932. The robot in work perimeter 902 removes the appropriate compound plate from
a hotel on the dial and loads it onto transfer station 918. The robot in work perimeter 920
removes the plate from the transfer station and loads it onto the Cartesian liquid handler.

The Cartesian aspirates a pre-determined volume of fluid from the correct

well(s) of the compound plate and transfers the fluid to the target multiwell plate. The
compound (source plate) is removed from the Cartesian and loaded back onto the transfer
station 918. The compound plate is removed from the transfer station by robot 916 and
loaded back into the appropriate hotel or incubator. After the desired number of target
compounds have been picked (or the protocol completed), the target multiwell plate is
unloaded from the Cartesian and loaded into a hotel or other plate storage area (e.g.,

incubator 912) for further use.

Dispensing Cells

1536 well assay plates are loaded into the incubator 930. Robot 936 removes
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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Assay plates are typically incubated for about 4 hours (plus or minus 10%),
e.g., prior to being removed for imaging. Therefore, plates are typically being moved to the

readers while compounds are being dispensed into assay plates.

Dispensing Reagent and Plate Reading

A 1536 well assay plate is removed from the incubator 930 and loaded into the
Cartesian 932. One or more reagent is dispensed into each of the 1536 wells in the assay plate
(approx 45 seconds). Robot 936 removes the plate from the Cartesian and loads it onto the
material handling dial 983. The material handling dial transports the assay plate from work
perimeter 920 to work perimeter 940. The robot in work perimeter 940 removes the plate
from the transfer station (which, in this case, is a material handling dial) and loads it into the
plate reader 948. Plates are preferably loaded to the reader in less than about 30 seconds after
dispensing of reagent. The plate is read (approx 5 minutes). After the plate is read, robot 946
removes the plate from the incubator and loads it back on the material handling dial. The
material handling dial transports the plate from work perimeter 940 to work perimeter 920.
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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comprising a Cartesian workstation, which automatically dispenses cells into wells of 1536
well plate. The operator optionally manually removes the plate and visually inspects it. The
plate is then typically manually loaded into a plate reader, which reads the plate. The plate is

then typically removed, e.g., manually.

One skilled in the art will appreciate that the present invention can be
practiced by other than the embodiments which are presented in this description for purposes
of illustration and not of limitation, and the present invention is limited only by the claims
which follow. It is noted that equivalents for the particular embodiments discussed in this

description may practice the invention as well.

While the foregoing invention has been described in some detail for purposes
of clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus described above
may be used in various combinations and other uses for the present invention are also
contemplated. In particular, other high throughput processes may utilize the present
invention. Also, the present invention is optionally employed to assemble electronic devices,
medical devices, or other devices that require multiple assembly steps. In addition, the
present invention can be 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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1. A high throughput processing system, the system comprising:
(a) a plurality of rotational robots, wherein each of the rotational robots has a
reach which defines a work perimeter associated with that rotational robot;
(b) at least one device associated with each of the work perimeters, wherein at
least one of the work perimeters has two or more devices exclusively within the reach of the
rotational robot associated with that work perimeter;
(c) one or more transfer stations associated with at least a first work perimeter and
a second work perimeter, for transferring one or more samples from the first work perimeter
to the second work perimeter; and
(d) a plurality of sample holders, which sample holders are transported between

two or more devices or between two or more work perimeters during operation of the system.

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

first set of sample holders each comprise a plurality of test samples.

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

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

10. The high throughput processing system of claim 9, wherein the assay
containers comprise one or more components of an assay, and a test sample is added to the

assay containers to determine the effect of the test samples on the assay.

11. The high throughput processing system of claim 10, wherein the assay is
selected from the group consisting of a G-protein coupled receptor assay, a kinase assay, a

protease assay, a phosphatase assay, and a transcription assay.

12. The high throughput processing system of claim 10, wherein the assay is

a cell-based assay.

13. The high throughput processing system of claim 1, wherein the sample
holders comprise one or more of specimen plates, multiwell plates, petri dishes, test tube

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

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

perimeter to a second work perimeter.

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

first work perimeter to a sample holder in the second work perimeter.

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

robots are configured to transport one or more sample holders along a multi-directional path.

22, The high throughput processing system of claim 1, wherein the system

comprises between 2 and 10 rotational robots.

23. The high throughput processing system of claim 1, wherein the devices
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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receptacles are syringes.

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

transfer device:

aspirates a volume of sample into one or more of the receptacles from a well of a
multiwell plate which is aligned with the outlet of the receptacle;

returns a substantial portion of the volume of the aspirated sample to the well of the
multiwell plate, the returned volume of the liquid being less than the aspirated volume so that
a volume of sample is retained in the receptacle;

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

discards any remaining volume of retained liquid.

30. The high throughput processing system of claim 29, wherein the volume

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

31. The high throughput processing system of claim 25, wherein at least one
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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comprises storage compartments that provide storage capacity for at least 350,000 samples.

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

compartments provide storage capacity for at least 700,000 samples.

40. The high throughput processing system of claim 39, wherein the storage

compartments provide storage capacity for at least 1,400,000 samples.

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

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

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

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

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

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

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

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

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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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.
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sample holder that comprises test samples to an assay sample holder in which an assay is to

be performed.

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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system to:
(1) dispense aliquots of the test samples into assay plates;
(ii) 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 73, 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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®) creating a plurality of move steps, each move step instructing that at least a
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,

(©) 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

(c) 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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