MICROPATTERN ED PLATE WITH MICRO-PALLETS FOR
ADDRESSABLE BIOCHEMICAL ANALYSIS FIELD OF TI IF.
INVENTION The present invention relates to biochemical analysis and,
more particularly, to a micropatterned plate with micro-pallets that
facilitates addressabie, biotbenncal Arraly sis] NBARKEGRIQBND
Conventional systems allow for bioloﬁcal materials to b% aﬁ)ositioned in

arrays on surfal88 MHtEhkatedH-bé §m9%% ]§ putting

materials in specific locations ("spotting™), by building cavities to collect
the material (micro-wells), by treating the surface in specific regions, or by

combinations of these methdes MdstofhdgeliéEhniques do not work
well fﬂ'ie"ﬁ!ﬂ&gn‘é%k%nﬁ?&%l%%%‘&‘ﬂeﬁ%I%l%ﬁ;@i@aﬁ‘&m&%%}{%fﬁlp,%%d

for further analysis or processing. Adherent cells are typically analyzed by

IHERRIMG BT B & L rAE PR GBkiAg 1T e tRETRet G %éﬂrﬂ%%%ﬂé&bad.ysme
locations of the cells are random so that finding the cells can be atime
consuming process. To speed this up, robotic systems that utilize machine
vision are sometimes used to fiHHARERSHSRithin the field of view of the

MICrOSEONG MRS IhSAMEy kAR SHRRRL ARl Y RAIGRyhe:

following method:” A sacrificial base. aﬁer is placed over the plate. Cells
B

HFESToNABH R DA Sk tag 8y, TRePRGH BOWRFEGa £28F2 8 Lbd 15 iules Evde
(aveuing'theydellsinkinterestottribugthdhersaerificiablepds), Gelisatmg the surface in

d e%kﬁfcegg?eﬁlg%%'ﬂ“%%xa&a% %ﬁﬁ{éﬁgiﬂklﬁ&%‘f11\5?65@%%@@{&%%{!%? &Mbot work

aterial"from plate using a high powered laser pulse, carrying the cell _
Wikt e saierartedamieast veapisty e A ATERR) B IR &yibrhataps's
dhabeagidly flows a stream of cells past a detector apparatus. Cells of
interest can be sorted by a downstream  electrostatic system that moves
cropl R RS SO LB B e PR SCR T S o o B o
tbivlogicakmeuiacspehlas ipeateinstthd RINAr thelpran thet Sttgiohder gslls can be

sl BeadsnThiR methogdoasings, WwadtwsidorJargar semplesis Wb ase
multi-celled organisms) and is _difficult to multiplex. SUMMARY In a first

RLHHBHETS 1 BN S BB O Aara S R I I R ErRRE A R ay s P ™
comprising af pliltegrandlamddryaiyedbiiewioyasibathicropalfatsredealsabilys placed

&Y Bl@%l&?et'@%lﬁ@g gﬁ"@gn on the base layer. A high powered laser is used to cut a circle
around the cells of interest, through the sacrificial layer. Cells can be isolated by peeling away
the sacrificial layer, or by catapulting the cut material from plate using a high powered laser

pulse, carrying the cell with it.

Nonadherent cells can be analyzed quickly using a flow cytometer that rapidly flows a
stream of cells past a detector apparatus. Cells of interest can be sorted by a downstream
electrostatic system that moves droplets into collection containers. This method will also work
for other biological media such as proteins and DNA if they can be attached to small beads.
This method does not work well for larger samples (such as multi-celled organisms) and is

difficult to multiplex.

SUMMARY

In a first aspect, there is provided a device for addressable biochemical analysis
comprising a plate, and an array of removable micropallets releasably coupled to the plate and
individually removable from the plate.

In a second aspect, there is provided a device for addressable biochemical analysis

comprising a plate, and an array of sites prepared on the surface of the plate and have properties



individually removable from the plate. In a second aspect, there is

provided a device for addressable biochemical analysis comprising a

plate, and an array of sites prepared on the surface of the plate and have
properties that differ from the material of the plate, wherein the sites are
therdd{rabtenntherogseiio e dhedlavhehsiviaibositteairs formed fronara midgts and
Wmatsrialansddheiriopaliets s drimes ofie sReepdicmateriahdnor dRidnd
aspect, there is provided a method comprising the steps of adhering

WU Bles of biological material at specific sites on a plate, wherein the

sites bomipiisespesh thaablepatidts arelsbshblywotiptatictacheopidbering samples of
HEIEENING-tbE Platptordda it Sanries efdnteresteach Mgl odging R paliat

containing the samples of interest from a specific site on the plate. In a
RO K SPEREd R RigSoTaRE S W’Féﬂ%%‘%lﬁ‘%‘?&g% ﬁ%&“ﬁ%é %ﬁé}?%‘”%f’ and
ditrig ugin gD Aormiemg thiasenfisdoridirengitirenDiNspeaifid snatohingtiie DNA
with qligaRHGHER 'Qﬁ,sltﬁ@fr&gfiﬁ&ﬁdmﬁi@m&t@anmﬁ{giﬂetgsﬁ'u;?éi&ﬂmleﬂ' BNA

removable pallets releasably coupled to the plate, Screening the plate to
ertipoNPifes YA HEHGRG Paiils coftatany He IR A et at
dpdeifestitddisdlasediis diplatenprisntfactuseciticsuchessavaycthatededt she plate,
J%e%%%%ﬂié%o R N %'ﬁm@%@é{‘Qﬁﬁedﬂéﬁﬁ%ﬁﬂgp‘aﬁé?src%l%%%%gﬁ%of
(herein called samples) 1a can be positioned at specific locations (herein
1BENed sites) on the plate for the purpose of performing addressable
analyses oeethe Spimplesuidtihermnere; insomer esnhociinenis SaMper@Eins,

| of the sites,are built from a.removable material. (herein called pallets)
B B ) eoiacea from
the plate for further processing or analysis. The plate can contain
structures or chemical treatments that enhance or promote the attachment
and/or function of the samples, and that promote or assist in their
analyses. The plate can also contain structures that aid in the coupling
between the plate and external instruments. The plate can also contain
additional structures that aid in accessory operations, such as maintaining
proper chemical conditions for the samples. Disclosed is (1) a. plate with
structures (sites) patterned on it that are intended to attach samples at
known locations, (2) structures and plates that are treated or further
patterned to improve the ability to perform analysis on the samples, (3)
sites that are removable on demand
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so that laser cutting is not required, and released samples can he readily
collected (4) additional micropatterned features such as structural
elements, electrodes, and optical encoders that assist in the operation of
the array plate, (5) placement of these sites in conventional cassettes or
crabs pasito(6) plapanientwefithe §esiteslfespesiatizéd passertds onragesot

&&&Hﬁ& H&@r@Jg%ﬁ%%di}!@stm&&ﬂﬁJE% righ shesd, addressableanalysisne or

of biological and chemical sa ?§|es as well as an efficient method for

qU Sl gt BERY b e HIEY YRS MR PR B SRS B s ed aﬁtﬁiﬁ the
sahjget Aincashan tagesidf thdarddntio theawibidoo fahapparestifgomatiabysis. The

JB lo&m&&%@&mtgﬁé%p Qlttlémicﬁ %&%R‘Es 2RIR Illlglgr(&% cg_t]eEthe attachment

NGS Figure 1A is a micro-pallet plate having an array of

w&bfwn]@tsofﬁw@lnlss@rz@ ShaePiRER ® PRS- Bﬁtfémévaeﬁﬁ%@ Rigfg can also
Gl %u((ﬁﬁ’&)ﬁlﬁﬂadhﬁdl&&oﬁﬂh@%ﬁpeahf ihadsitessablersiteiastkigune 2lis plate

&p !a S \c/!)% Ty a 1%@1 Lt urP[QP glﬂ%\? o L %cqys% r[ﬂ)%g Qtlx%ea%gmtamm g

iflustrates a positive selection of a sample by el asmg he pallet
I@“@h@éﬁhﬁﬁ@"tﬁé@@#ﬁﬂé frothethieplete. Figure 3 is a side view of another

embogiment Pf MIRPa IR LS AR WL SAMRILS: (QFARRSMBNded to attach

attached to specific addressable sites. Figure 4 is a side view of another
WHRBIGHEAY B 2P HHRCR pETTRHEES B8 At P e s iy GRSt 8 ©
speciicadditssablefsite snalk W REGHIMA038 RETHISROBHIOBBBOEG demand
E)I%Eqagé Qttﬁ{g & '&‘%&legﬁ%ﬁﬁf Fe?éEkQQQHHSQE 9&1@0@9&&]?@@1‘%&@(@(@)%Eﬁhtlonal

placed at the bottom of a single well of a multiwell plate, allowin
ORGP TFABIS 16 BB BSHARIH TR PratelerTgdre SR G e it s
plate ghawingthe useygliienppsaneoepeaneantividersioobabiowettes or

g@l%'nd's( different YRes. s,ths'%};os@@a 10,be plated gm %&%&t differenat,
F B

ations within d erent channels. FI ures 7A and show ste Sina
m@@g@ wsirie aléaﬁme@aﬁé%ﬁa&mwmma@éﬁm& a‘.*farﬂ&fhaw@es as well
ghegscfa ath 8BrshansigRELR @ JITRRESSs USiNthaapaligbplatecios N es.

screening. 10 Figure 9 is a perspective view of integra
cass e&@%ﬁraﬁg%ﬁaaﬂé%advangges %?the mvent\llgn Wﬁl econie a})%gr netll re(;[ 1P t?te

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is a micro-pallet plate having an array of micro-pallets.

Figure 1B is a side view of a micro-patterned plate with samples (cells) attached to
pallets specific addressable sites.

Figure 2 is a side view of another embodiment of a micro-patterned plate and illustrates
a positive selection of a sample by releasing the pallet containing the sample from the plate.

Figure 3 is a side view of another embodiment of a micro-patterned plate with samples

(organisms) attached to specific addressable sites.

Figure 4 is a side view of another embodiment of a micro-patterned plate with samples

(cells) attached to specific addressable sites.
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assays. Figures 10A through M show steps in a process using an
integrated pallet plate cassette for sample screening and culturing. Fig. 1

WS RosirRmatic of a high content screening and cell selectiop-gysteis/ozsseo
utilizing a 15 micro-pallet cassette comprising an array of micro-pallets.

DETAIED DESER i oNrobeT pbpitier R RIS it esrs izl plissé At the

vefdheotgdditianalieaturesianditsashingsaisciaseabeiowdten beustlizaet te
arately or in conjunction with other features and teachings to provide

plate. . . . o
an improved micropatterned 20 plate with micro-pallets that facilitates
addraggable iboghemisabangihisihoReprasentatiempramplesofiduet dividers to

ﬁ&%ﬁ&?&ﬂféé’%?%%r%ﬂ G0 EXAMRIES: Wiz SRR, HhdNERE AAHHIRNAcations or

features and teachings both separately ‘and in combination, will now be
S ABSEEEH FireREs detail with reference to the attached drawings. This

detaileg desexiptiondsiperalydniendesdiodeach seessanof silindhe art

further details for practicing preferred aspects of the present teachings 25
SHREPIRE S YERER to limit the scope of the invention. Therefore,

combinpatiens:of featiisesanshsstapsisisslosed dpihe followinpataileening.
description can not be necessary to practice the invention in the broadest
sensé‘j,;)%ﬁﬁ e iprteadivaTyTt AhardReB s irlirany g seshtifor automated
akepresentative examples of the present teachings. Moreover, the various
features of the representative examples and the dependent claims 30 can
be comBiFsd G WERSIHAARY NERSHERMRISH S SR HER SR rtieraisete
fordene previde additionalgiseful embodiments of the present teachings.

In ad IIOE]l itis eﬁ%lgggglg/ﬁgg'{ed that all featureségillgséﬁlo eddln the

descnﬁ%‘on dndior the'¢iaims %1}80% ShFET IS p A GiSeioSS soélpS ?gfrelllﬁhgﬁglg @

inetepeidenshytfeommpashotherforothwipanpdists.of original disclosure, as
well as for the purpose of restricting the claimed subject matter
independent of the compositions of the -3 WO 2006/041938

PCTY USZ8IZI0B5860S GRIRTEIN O HEHN HROHEIRRESD Ry I ERImMS. It

is alsqQ expressly noted that all val}ue ranges. or indications of groups of
entine RS EUL b SRR vIagE! BF IR GG Sy
fontteypusposeidf ohgifalidiscliod wrshmgsielirasidortiapunsd sewafpatterned
seaticting:thepalaimed Suis:MAEE: A FHe RESSNLRKRRL M presentative
advantageously provides (1) a plate with structures (sites) .

examples Gf the présent invention, which examples utilize many of thése additional features
and teachings both separately and in combination, will now be described in further detail with
reference to the attached drawings. This detailed description is merely intended to teach a
person of skill in the art further details for practicing preferred aspects of the present teachings
and is not intended fo limit the scope of the invention. Therefore, combinations of features and
steps disclosed in the following detail description can not be necessary to practice the invention
in the broadest sense, and are instead taught merely to particularly describe representative

examples of the present teachings.

Moreover, the various features of the representative examples and the dependent claims
can be combined in ways that are not specifically and explicitly enumerated in order to provide
additional useful embodiments of the present teachings. In addition, it is expressly noted that
all features disclosed in the description and/or the claims are intended to be disclosed
separately and independently from each other for the purpose of original disclosure, as well as

for the purpose of restricting the claimed subject matter independent of the compositions of the
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patterned on it that are intended to attach samples at known locations, (2)
structures and plates that can be treated or further pattered to improve

wihsabilityie perform analysis on the samples, (3) sites thaipays2005/035860
removable on demand so that laser cutting is not required, and wherein

fedtineesipltasedstimpie swher He ridadily i Meredpiashidwigd izt all value ranges

or MIGLORAUGIIH fealuaRSUAR REISIT SN RlemRRIssiaciadasantat
Q%ucal encoders that assist in the oFe%tlor}gof the arr%g Iat%,,1 %&E

enfify S e AR Q5 QB HSEIORVEN oA LS SR RO a?zr,egm e

clgpacientent witthese sites in specialized cassettes or trays. As such, the

invention enahles high speed, addressable analysis of biological

Chor M e T e e B A )

pagamdles ifrtm aid drtyedgsop altaibnapiriemiptear bortionsy 6 pristifss and plates

hiIEsaRHBMEN PR Ay RtRERA S RIRUAS TRMQViRIeFegiansiyvaene safbfes,

one or a few samples cgn be dattaﬁghtzd. T(pu se re igr}g are g%gcries&earglneﬂle
(s AT SERNGRY BTN L dSh e Bofidst Sheoders electrodes,

releagidhenikes enaldedhiyinvietioh (0 biliterd iy coppienad fexuseasich as
sfsineeRiaionLrsklingighispesd addiessable nalleassayon v achings

can move the plate to position any addressable site under t eéng'ﬁ:ro?co €.
Pl B RAGEA b S BREE TR SRS RSB ETTEF TNy WAL 8¢ jrareen
ofSinglaisitan speratied (assaix 0stayto s inhethieldvefitinanyabiidlick epacdlls

JS.8haRles, ugh fastet analwsisdhandssir et navatialit:dhthmod for

patterned system is placed within an eX|st|fr)r1§g tray or cassette, e.g., ina
$

iselafing PSS -FIRRCHROR firem ROBYRPLR SR ®nts can benefit from
high spegdiGalb ARaMSiEn2R2Rion aidRIDRISIRG RRs R Hing e iBFeB where
can be used. The system can Ee used with moIeCL#ées c%ppoun%%. ”Sﬁ
oY FARIRALR BRIt §ieaC Ak ﬁgieﬂ%&r%% R e R R T S
arakwelh asafonsan@iasadtatobmoie@aditiesnd tholiercapiiaprisdmcdbvide oo
re%ﬁﬁ‘yt&g,ugﬁ%qotg}(@é}ﬁﬁ' %tﬁgﬂéﬁgﬂtﬁﬂ%ﬁ%ﬁ@@ RIS sgde suslenmuef dhepggent

invention also solves the problem of positive selectign of 30 sam IeIS{. "
MREHEY 21518 PR IGERBt e R LA BT G KR S S ITRRORF- e
niRmOveisamlasofom theplbie fonfintharcprotessingle Fheiuseagdd (as opposed

remov Tag [

) %ﬂﬂ% SR NAES- GGG IO Al PEUAdING SAMRIG QERA
t%ﬁp?éggg%llg%t e sp%eé@nd thr%ughput Whﬁe reducing the?CompIexity fory
agdlddting samples. Since the pallets are arranged on a plate, high speed

analysis ancSamRiz R e iR CRMBEPeHReh AL AISR KORIPARR Raiard
flow cytometry in a far simpler manner. -4 . ) .
well-plate, then high throughput instruments can benefit from high speed cell analysis.

Standard pipetting and handling equipment can be used.

The system can be used with molecules, compounds, cells, organisms and biological
and chemical media that adhere to the surfaces, as well as for samples that do not. Cavities or

other entrapment devices can be used to position non-adherent samples.

The system of the present invention also solves the problem of positive selection of
samples. Removable pallets on an array allow one to quickly and selectively remove samples
from the plate for further processing. The use of removable pallets eliminates the need to cut
around the sample, greatly increasing the speed and throughput while reducing the complexity
for selecting samples. Since the pallets are arranged on a plate, high speed analysis and sample

selection can be performed at rates comparable to flow cytometry in a far simpler manner.
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WO 2006/041938 PCT/US20051035860 As depicted in Figure IA, the
present invention fundamentally provides a plate 10 with an array of

wisRavahlgsites 13 (called pallets 12). In preferred embodinpenigsiiepiaigo
10 or pallets 12 include modifications that further enhance the operation

of th&sslariciam & Bignses! in Bt rerraL BIRISSaifRl R el pRaRRiqes fplate 10 with
anm@@uéaﬁetﬂlr@dwa sugh a(waydtbatmits), migfefebedrgaisinsniey dieiise DN,
lec gs an ther bio dia (herein called mp |
paﬁe%}%hng sp%gm ocgt'?é)r% eéreé%w?%calpldg Eé% %)iﬁﬁtﬁe%%gg% fgr
the punpegeraf cpostinming the pkessabienantdysesdin thehsamplbst tels, micro-

EAH EE&%V%&%%?%&%%&&EJ@&%@%& Bis.preierRbly @w&aﬁr&m@sampm

removable material (herein called pallets 12) so that a subset of the
cagdmpresenebrtifreTiis ecp e %‘%ﬁm&sﬁl&ﬁ trorfinefhe pltee!d SordPgammRgse of
papfaaessughessiflanalysisod the plajdesan. dhntadmsirachunesicrlcifemisizds 13
ar%rea aﬂtsﬂu eﬁi}?a %%%&%8&%%srem%@mﬁtem%ogo%%m& H%he

that promote or assist in their analyses. The plate 1

SWa@w@éﬁ%ﬁiﬁ gztﬁketmaé@méﬁlm e dbe alasiAg @éﬁ\}@@ﬁﬁﬁéﬁﬁ%@ OIO
a@ﬁ@@xwmmﬁt{um@mtsﬁmw at&lﬂaﬂlﬁﬁmﬁlﬁﬁxﬁﬂmfmmﬁﬂdﬁwmedmmote the
t? cﬂ%%lillr n or(hno !)n a eess%%%oqﬁratlé)% %ﬁ‘o%so%%ﬂﬁﬂﬁt@r%‘&@%s The

&iemicat conditions for the sa Ies errlng to F%ure 113

plm%%qgaabmtyra@mm%ﬁsﬂuéaiéwahqﬁe}wéfé%%%W—‘ﬁ c @eifs)Orapd external

indtiashed tonspesHimaddiassahiens H@ditlb@lmﬁl@ﬂw@@ml 3id i W¥Sessory
embhodiment, a mlgarosc el6 foth %ctorf usedtf)lmage the
ORAMABIES® P AT EmpleSHA alreerzn tat |%ﬂ§ Hove r|n o position under the
deteqt@feﬂrﬁ;g@tmguekat@cumrs&lmfea@m empldypidtedHeclsampleplate
as all thJ llets ich a h tes
CU S A e e
mhgrATptes b ﬂﬁféhers,@etppr@lﬁ)sﬁ lesed o %%ﬁg@o@eré%ﬁ*@%réd %ﬁ%ﬁa@mﬁﬁ% Wbzt midly
nlﬁ@@memeﬁarnma@mesame@méﬂm&g&ﬁné@meammﬁmmlmw
the plate an array of si rfa
Saﬁrrl %)er}iee%]{} gre era %18 ifer from Pb s?rr%{azl)térl at? tﬁ?aqate 10 The
ugsitelSpaietre? mga@wiméhd@d’wﬁérsmmw@h %n@}fé@@ftﬁ@“ The paﬂet 12

cANtEARMSRN of AW IRESINGIR W el hisha-AR QrdaAIEMEDIoNTlREeS OF
other biological or chemical media (herein called samples 14) at each site

U. Thssiepisted indine tonSenkiisd Dhes 8B eBRyFhsiteyis prferesa ealfegutace
hﬁ)ﬁﬂgﬁ&&p%)ﬂmw pReerhey emeveshiabinensupRodng plate (DO TRasEN are
t %n aintegnge& to\{\)’ tgnlgll-lﬁ;ge |t|EtS aenen & rlgén Py dfb W & ¥ gftgeﬁg micro-

echanisms so ?ha} sam 9.2 can e ISO dna oflremo
organisms, biomolecules or othel blologlcal or chemlcal media (herein called samples 14) at

O

=

each site 13,

The sites 13 can be constructed of a second material (herein called pallets 12) which
can be removed from the supporting plate 10, carrying the sample 14 with-it. The pallets 12 can
be removed by a variety of mechanisms so that samples 14 can be isolated and removed from
the plate 10 by removing their supporting pallet 12. The sites 13 can be prepared by locally
modifying the surface chemistry or by physically altering the surface. The plate 10 allows for
single samples 14, or small numbers of samples 14, to be collected at each site 13. Each site 13
can then be imaged, or probed with light or other energy (e.g., magnetic, electrical, mechanical,

thermal energy) to determine the properties of the samples 14 trapped at the site 13 or to

5.
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30 the plate 10 by removing their supporting pallet 12. The sites 13 can be
prepared by locally modifying the surface chemistry or by physically

walelipg.dhgssurface. The plate 10 allows for single samplespldy @650kl ss60
numbers of samples 14, to be collected at each site 13. Each site 13 can

mefih the stlrelt, Bifreised RIGHES: Bniieehd gpteiys sapliefe of interest

calctbicalemeshanical thatnebieiefdionaldelerminetiteheoperes of the
samples 14 trapped at the site 13 or to -5 WO 2006/041938

P s DTS b hBAT L SEanle AL TRE B KRt

ofthe milless 13 gomtaining! Samleslaie &f-interest can be removed from the
plate, 101 SaBleN e ing RIRtEdAJan ek anaials Ak RIRCRERNG.

The pallets 12 can also contain Structures that assist in the movement or
mesheeAly pushinsepiiies thoratict ! sy temhis {feiatdorelizsdbrpine ight o
chaag: e ImeNaGRyaML Meanianprogtigtecizkas plensrathdssinclutiatisiodge

mechanicall i lifting. t i
oS PR AL Bl L e i o o
pleisihg slewasichr sleariceharmagnsHo erorsdrsiotige nlstdnardh Bsidin the

p'ﬂ%&%ﬂgk@%{gt&@f9&eqxlmeafrg)uim%emﬁmgga_tﬁ@ep et 12 e theer 18
plate 10, ¢ anglg}{g the electrical or magnetic Erqpertles of the pallet 12,

is ShePth A HREUSTE T ARAY Y BRlGHO D O LS aRRin bid rep et Sy Arseiing &e

pdBsEr e didof lmamiases f8mithspbieri0Asshosidaiade sofositivhablethidiet
f a sample 14 is acc lis| rel i .pall . ini

e B i

mpgReAS SRRy bENE AsiSRSp BRI RIFAY BR & appslidarier i farFRileriign. or can be

cSlestiasl cthermahsqpticals dagnetic: ety The released pallet 12 can
be flowed downstream for collection, or can be 15 collected by other

mearld{stiehlagaeeiinl Srpiseitiig sl SR frdterbly moved
uﬁdémd_z@me ingethet smr;bﬁﬂjzipeﬂatmﬁﬂw&robmms&@d llanﬂsreaarmple, if the
si?e@%lygﬁ§ Bsh Ument R sapidly perfaumanatysis of AR SiteS3sEOk anatyze

example, e sites 13 are positioned 0.1 min apart, then the plate 10

S BE I BRE SRS TIFIREA P aRaNREhE0 LStk E Jo pYetighyprious number
oSasples 4 cambe, attaghedstaiite sitesdi3dm@nynof medamioustihthrbeta2to
_of methods. For.example, living cells ¢ .allow t] |
e i
oqeReiryidly ioeiubSapieTiivR) BEGONS theh a8 srrBie iy rigetionciling,
1ifhep¥eRiianatmethgds suchasepeting sitsaeeningsstencling attach the

, Iithcf raphy, é)tical manipulation, or mechanical attachment can also be
samy %t tgs&s
u to attach the

The sites 13 can form rectangular or other regular patterns (e.g., hexagonal, circular,
linear, etc.), or can be randomly oriented. The patterned sites can be positioned within a larger
structure such as at the bottom of a multi-well plate. The patterned plate can allow other
structures to be placed within it to facilitate other functions, for example the use of temporary
dividers that allow different samples to be introduced into different regions of the plate, or
fluidic structures (e.g., channels) to facilitate the flow of buffer across the sites (as illustrated in
Figure 3).

Referring to Figure 3, a micro-patterned plate 20 is shown with samples 24 (organisms)

attached to specific addressable sites 23. In this embodiment, a 3-D structured pattern 25 on the
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samples to the sites. 25 The sites 13 can form rectangular or other regular
patterns (e.g., hexagonal, circular, linear, etc.), or can be randomly

waiantes Jge patterned sites can be positioned within a larggfraid665k8ss60
such as at the bottom of a multi-welt plate. The patterned plate can allow

Phier wriststinds sollsetiomeblssmmaetiortis reaefmissiorero hsy e be

agxampiedh useoptenmoaiaryswivigaradbatedion giffesent samples to be
introduced into different regions of the plate, or 30 fluidic structures (e.g

chanrefsp s IEaliThaRe th ISP HeiRs Bardid tReuimes e ARGt f g i (and
nbigtmen3itde terorigyion Fd g en3dlyaiiior expaibe;riael sﬁmtac%@]’_ss E‘Igm/mwiht_]be
SRARIES G4 (gan maamagh%g%%&Qaﬁaggkﬁiﬁt@l@grsmpé%ﬂg%&lﬁgs §%£@§,

embodiment, a 3-D structured pattern 25 on the -6 WO 2006/04
Figpre ) §p 00095880 IEies STS i as e g erernt i dhafaaga e sqamples
cat thehspegifitesiies nuheradbeyiddn thenpitaphga-diacily dotheptate 20 or

to small pallets 22 at each sjte 23. The physical shape of the surface can

be mGHIEEER RENE LR MG A ‘SHaeh BHt BT RERBI-8REEF B to
stprove. the enalysisoftorlexarple cltnraitesofspesBdiddguires4pchnibduded on

@ %@@t&&é@i@a@f LR R IS RIRVALE e AAVRRIRYSHIAL RONIES AHRQH!

of focus (see 35, Figure 4) for a microscopy imaging system, reducing

RSB ORI ML R ey aliRmsRh#ibles can include cavities that trap
samplesWithife that <ALARAAHRRYINNS L1 NeuRlaie AQHIsLISAlIeS.£AN o

be added to t te to facilitate it ling to an external instrument. |
R P L S S0 G G AP LBt B LB S
airzhseristh oites10 thetiplatalodimciitate jphasemrentcstrsdr sscandie iuned tte "in
ARt el conditions, fidydal tarks R heuineiude dueb ARG ther

.ali nm%ant, etc. Some of the noted enhancements are shown in Figure 4.

g
IR ettt e e pit e n B BTATE FBIHRASERL AR extermally
afriits)eBetadielt 10 fhallets Beripottsapspcifidisadinessable sites 33.
focus SAREE SR TreTADaR e CEA D AT e o e
stbdeniveo8 . 1otesinetie supfentine stirlyhisl Equattanis sidottolesigTy; can be

PAIBLACIORBILRI RIBAS B AALRXIRINANY raaR)intielecticat fields@Rsion at

G S e S R e e pepe
opaque and site-regions transparent to provide local apertures for enhanced optical imaging.

The array of sites can be produced within existing industry standard trays and cassettes.
For example, the sites can be fabricated within the bottoms of multi-well plates, providing high
speed addressable assays to industry standard equipment (see, e.g., Figure 5). The array of sites
can also be produced within a customized system of cartridges. An example of a customized
cartridge is shown in Figure 6.

As depicted in Figure 5, a micro-patterned plate 40 is placed at the bottom of a single
well 47 of a multiwell plate 41, allowing conventional tools to be used with the plate 40. The
micropatterned plate 40 includes a plurality of pallets 42 forming a plurality of sites 43 with
samples 44. A buffer solution fills the single well.

As depicted in Figure 6, a micro-patterned plate 50 is shown to include temporary or
permanent dividers 51 attached to a fluidic cap 55 to allow samples 54 of different types or

histories to be plated on the plate 50 at different locations. This allows multiplexed analysis to
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sites (and not at non-sites), or to improve the analysis. For example,
surface chemistry can be 20 modified to make some regions hydrophobic

wa s ihaLydrophilic to enhance cell adhesion at the hydroph@hi€:sit€8sss60
Surface chemistry can also be used to make a non-site of the plate

bafifa 8 B aelsElE I SITHPEREHTES DroYdbSREAT e ag gy Puffors over
henhaplees:PAtica dmagtg.ofbleastaylpisites can be produced within
existing industry standard tr ays and cassettes. For ex mple tp
T aémeégn@ cell

be fabHEREE WtHRSHe BSHOmYB? MRS PrRes Brsy
sepehd anilcebsaiieasbays. (Ghindustpestantisrd ko W})m@m}()ggbsgetgn can be
w9 wﬁn@:h?&%a érgéf1§)ﬁ§}ﬂe§1a?§ékﬁl§81g’@d? rQdyices E\Lm{ﬁ‘lé‘ FUSIRERE s can

system of cartridges. An example of a customized cartridge is shown i eg ‘
?C

b@:ﬁamf@npespa@@av@w ﬁ@ﬁf*“e@%ﬁ?ﬁé?’ét%ﬁaéh?éd“ﬁ%‘i% Sﬁb“i I
céhethatiosw ofsingl enalvalhdibetfagiomitindiptates Al mighobeitgated with a DNA

g %]rv E@B er:]saé gn%fgg Qx% ’cﬁ%%‘éﬁé"k‘il&'&% %@,@n‘@ea— tbeﬁgtpamii %8&@%@9% that

a e 40 Includes a p urallty of pallets 42 forming a plurality of sites 43 with
“@Wé@ﬁﬁaﬁfﬁﬁw& solution fills the single well. As depicted in Figure 6,

a migiozpaierned pate: a8 30 pend0 d@@é%@%ﬂ@ﬁ?&%ﬁéﬂ Q¥ s%rmmemng o
dividers 51 attached to a fluidic cap 55 to a ASOW samples 54 o d|f #allowad

S ARREOBATS; E’fB‘t‘i’é%l’th)éera%ar%ﬁl% R e%eﬁ ?gé’a%lons
t@tiows miakiplex 6 arhdysiBad 22 WOuR006/0 41838 PIDIF/tI6 RO 0610 35860l -

»&%ﬁ vgﬂ{%%f n ARl plateLhe Aiidineg S tUEYISS:0 LAt facaleaaés NG the

of buffers over the sample regions for extraction of released pall ets

p@ze Whﬂ%ﬂ%&%éﬁ‘@sﬂ*ﬁﬁéﬁdsﬁﬂg?é‘ﬁé PRt CELS RiEig S pr 8ebia?alﬁc
sfee adhesenticeflascretring dndbiuitashed aukishibwassihigoek &nipiferably

"&%&é&%t S B8y %&&5%%9@% VSRR lasre%,&é%e@t@eé%% fg{s&ag% % ISin

rom a ar e collection of cells. For example, the adherent cells can

S AR RCRE B s AR R SRSy eileah R
seashdacantssiecieels i{bﬁhﬁhw\} musw @cmalipnantdpehaviarthOplate,

RRESIRE Rl o sied Wil & BNG, yRslorheRes RLHREAIRGIAS.

e ce enfuse ate the cel that w
@?@@rwliﬁaﬁqéféﬂ?ﬁﬁ 7 from dec b iedigih AhE @@ mpiccpll GEEYSS 66 181 B0n

A8 prelraiadsalk step 1, according to an appropriate protocol, the cells
60 are then dispersed, at step 2, over the plate 70 and allowed _to attach

to the [rRiBEAY B TasEtcy 24 65 SieRsiitg Blosresyas tRrleplafdmA

dte@rmdlike shown. This example illustrates how the disclosed system can be used to screen
for rare DNA strands from a large collection of DNA. For example, an unknown disease
causing agent can be screened against a DNA plate to select strands of interest. Then the
strands of interest can be isolated and PCR performed to amplify them for further analysis.

The steps of the process are as follows: At step 1, a plate 80 is spotted with oligonucleotides at
specific sites 83 which act as targets for DNA strands. The oligos are also prepared to act as

controls.

At step 2, DNA 85 is taken from sample, denatured and pretreated according to an
appropriate protocol. At step 3, DNA 85 is dispersed over the plate 80 and allowed to hybridize
to their matching targets at specific sites 83. At step 4, the plate is thoroughly washed to
remove unbound DNA. Further assay work is performed to label the DNA of interest. The

plate is then screened by the detector 86, at step 5, for statistical analysis of the sample and to
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well plate 62, as shown, or a single well plate. The cells adhere, as a
sample 74, at step 3, to the plate 70 or pallet 72. Since the plate is

whheslesdang patterned, cells prefer to adhere at specific 15 siteguAdostapsieo
the plate is than preferably washed and further assay work is preferably

idprtifo Phedo et Reeqalls b iarrspnh bR S dueerdd By Serserst
(rdlBasBU)SEE RS GOMRINLS kIS Boayiafdpmaiiagyabeupiiie eelpapulatioss afdstep

to identify cells qf interest. Pallets 7 IRINg. th Il |
TR Bl (el SIS WA e L. prcleranly.

desagurdsyfathithlh prilstgpdaset ip SR mrctiefhicaTaaly 8 spHwlfree floating
pa“egef%%?ng%l gﬁ&%? Sollested; At SteRf. fomdheduffeansahtions At is

_step 8, newtce turés are grown from the released cells 74. Turnin
hyerited- Flgir esenlaHyares Baspsisclorst sEdsriry Aopairstia e tior e
syadlAs IGrRaNiBgaieGhavatthizexampleiligtreatdshbiguthe, disciosgated

p%ﬁt&gg% %%gﬁgﬁgl?d IASCIES £}O£3ﬁéﬂxﬁtpwmrﬁaﬁggb@p@faggz formed in

or example, an unknown disease 25 causing agent
theeqriavs ercbpetriagined a g paddl tidetaetithamds sPiferedertfien
ublgsRlrands abinteresk am be iselatatoapid:PORBsfobIedstovanigpifyllets 92.

them for further analysis. The steps of the process are as follows: At stg
1 7 TR0 Bt ROBRR O b IS AE SPRE PaRAEg RO
pR%largats foo RNAsH ands;afhecaligdschréalsm beeparetdtoiac paderably

Ir%%gés? g?%rggeﬁgr%ﬁ%g feBi%@%aiﬁe@ﬁf@i‘fB%l%ﬁfmﬁg ﬁﬁp Q&%’fﬁga%gf positioned
pretreated according to an approprlate(ig{)ré)tocol. At step 3, DNA 85is

. p 8
aifis pEsaRl L9 e prstel sana tan dlve d 1S PRSP 6 PRFraiiaRrafRg T
plergrieal speciia sitasde: Atistpilds the. plaiepsithotonghlyraasbidrdexed,
[emove nboynd BN, Futher assaviersaRertounsy . RE R PNA
Srinterest. Tiie plate iSthen screene by the detector 86, at step 5, for
statistichigaralysiB afdheCGaimpie HndtoleSY\WD RODGHMA 9BBrevealing an access

h&%:%}.‘] .§n21%%§1jeq§%ﬁc6eﬂs lﬂg ﬁg &N&Q{M%@étl JJE%@ QH@&%@%%ttach to the

containing the A of Interest 84 are dislodged greleased) atstep 6, .
viptatmeplistiisn!By Anpfaie HE Sy hieses % A6 Srieaitnd . 88 dided o
Fg)g;\i&q éﬁ?@&f&ﬂi@@c@lﬁi}cﬁtﬁsﬁr@fﬁm leatigild frdm thenbfiffenisollitioresAtistele8] 02a

\/A _ atur rom.the pall sedq tiop: t i

R B ST SRRl S R g e

15 it A braR R Ex degs nalsq fiet atearT AR Axsne HESHRdAHh fifg floating
plisglogdsystenRcathadisaisiadinteotielihe end of the plate 109. In Figure 10

H, a second pallet 102b containing additional cells of interest is dislodged (released) from the
plate 109 by a high energy laser pulse from a laser 108. As shown in Figure 101, the free
floating pallet 102b is collected from the buffer solution toward the end of the piate 109. As
depicted in Figures 10J and 10K, the pallets 102a and 102b are extracted through access hole

107 using an extractor 110. New cell cultures are grown from the released cells, as shown in
Figures 10L and 10M.

As shown in Figure 12, a cassette 170 comprising a substrate or plate 179 formed of
glass or the like and a cap 171. The plate 169 can include an array of micro-pallets 172 —e.g.,
providing 500,000 (50 x 50 microns) pallet sites — positioned on the plate 179. The cassette
170 can be used with a microscope attachment 150 for imaging, fluorescent analysis, sorting,

and the like. Analysis software provided on a computer 160 can be used for high content
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systems to produce an automated cartridge system. As depicted in Figure
9, the integrated pallet plate cassette 90 includes a micropallet plate 99

witheaeiality of pallets 92 formed in three arrays on the plate/8Shoa%16b860
fluidic cap 91 with small channels 95 formed on its 10 underside. The cap

saygepinancyith sectionrdpealist prERSIOF S HowrisuReideRiaseirs phnaistgom the

caksdingdo Figures | OA through M, a process using a micro-machined
integrated pallet plate cassette 100 is shown, The cassette 100 includes
a pal&hees Toenen isrusesalitl higus mopHicaivns sy dfaptiys dpims

sienlletskapiareal cuiv ngithrdarénrtleasabiy positieriedeinpoabtien detail.

Itps&?oteldl‘}gegufoierps?o%cgfh%@esvsr,o{hg% éllﬁ Eggnqgﬂgg:??]b%%lﬁggﬁc? t%etﬁ%rggj%ular forms
treated to 15 promote cell growth at the center of the pallets 102. The

opaieds dixcdeeehrarbiab demieie dhe &menben Edasersgitmadifsntiptsitions

QRN I REHARGE Rilusevahitecastetiel 10l orfigupeamd o Biand.
10C, the cap 101 is closed on to the plate 109 revealing an access hole
107. In Figure 1 OD cells are dispersed over the plate 109 and allowed to
attach to the plate at specific sites 10. The plate 109 is then screened by
the detector 106, as depicted in 20 Figure 10E, for statistical analysis of
the sample and to identify cells of interest. A pallet 102a containing the
cells of interest is dislodged (released), as shown in Figure | OF, from the
plate 109 by a high energy laser pulse from a laser 108. As shown in
Figure 1 OC, the free floating pallet 102a is collected from the buffer
solution toward the end of the plate 109. In Figure 10 H. a second pallet
102b containing additional cells of interest is dislodged (released) from the
25 plate 109 by a high energy laser pulse from a laser 108. As shown in
Figure 10I, the free floating pallet 102b is collected from the buffer
solution toward the end of the plate 109. As depicted in Figures 101 and
10K, the pallets 102a and IOZb are extracted through access hole 107
using an extractor 110. New cell cultures are grown from the released
cells, as shown in Figures IOL and 10M. 30 As shown in Figure 12, a
cassette 170 comprising a substrate or plate 179 formed of glass or the
like and a cap 171. The plate 169 can include an array of micro-pallets
172 - e.g., providing 500,000 (50 x 50 microns) pallet sites - positioned on
the plate 179. The cassette 170 can be used with a microscope
attachment 150 for imaging, fluorescent analysis, sorting, and the like.
Analysis software provided on a computer 160 can be used for high
content -9 WO 2006/041938 PCT/US20051035860
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screening and cell selection. A pallet extractor can be used to extract a
selected pallet from the cassette 170. While the invention is susceptible
.to various modifications, and alternative forms, specific examples thereof

What iz clgimgdion shown in the drawings and are herein described in detail. 5 It
should be understood, however, that the invention is not to he limited to

1. thelpactcolad dexraslobimethadd diatldsecdnprtiitg the contrary, the
iQV%Q&!OQqHS to cover all modifications, equivalents and alternatives falling
within the spirit and scope of the appended claims. -10 What is claimed:

1200 Wevice! femaiables saprersliséh anieabhin afpsle € dtn Biisiplgicasptate, and

amarnay.0f remevskle-snicropaliets releasably coupled to the plate and
individually removable from the plate. 2. The device of claim 1 wherein the

icropallets.are patterned to form an array of site | caftions on the plate.

2 e R L R s SR S SRS R Blate, 4.
THeiddvieticwt olains dlagherein the cap includes a fluid channel. 5. The

3. dRvGe Qfclrimt whe &épcty%@&%e%'scgagﬁ‘osl%?&?{‘é terﬁaﬁ?ef."fab'e micropallet
locations. 6. A device for addressable biochemical analysis comprising a

4. plaedaaig afrclairay wharestreparedvdes thBusiefeasdf the plate and have

5. prepesties thatkidifferdsam theppaterialepihapiatenwhseindhe-sites afgons.
removable micro pallets and wherein the plate is formed from a. first

6. malerial anddhe ieronalets A ivmed ahasesongmaterial. 7. The

device of claim 6 wherein the sites of the array of sites are adapted to
et L QnpiesPEPBE bk s strfree Phehg glfcee ErmPoRaHisteitthe sites
ofiifie arsayief sikesiareratapied, itheenakie sttachmnenioiisamples to be

an ed. 9. The deyice of claim. 6 wherein the plate is micro-patterned to
fgfg;}rllgé’n %’r“?thS els,mltcﬁql% g%fgng’r;}ﬁr{ﬂésﬁﬁgcg 0 t%emp ate. 1 Q E&rﬁethod
covspRsitristeie Seaped of asiserthmaariaples of biological material at

7. The device of claim 6 wherein the sites of the array of sites are adapted to

entrap samples to be analyzed.

8. The device of claim 6 wherein the sites of the array of sites are adapted to

enable attachment of samples to be analyzed.

9. The device of claim 6 wherein the plate is micro-patterned to form an array of

site Jocations on the surface of the plate.

10. A method comprising the steps of adhering samples of biological material at
specific sites on a plate, wherein the sites comprise removable pallets
releasably coupled to the plate, screening the plate to identify samples of
interest, and dislodging a pallet containing the samples of interest from a
specific site on the plate.

11 The method of claim 10 wherein the dislodging step comprises directing a

high energy laser pulse at the specific site.

12. The method of claim 11 further comprising the step of collecting the free floating pallet.

13. The method of claim 12 wherein the sample includes a cell.

11



14.

15,

16.

17.

specific sites on a plate, wherein the sites comprise removable pallets
releasably coupled to the plate, screening the plate to identify samples of
interes ,1andfdislo ir}%t? LJloallet q.ontaipin the samples of interest fro]gn a,
spleecﬁ ic }solfleoo%atme pla AN LOPREMRERE A S LIS B Whers Ct‘ﬁléures rom the
digkadgingstep comprises directing a high energy laser pulse at the
specific site. 12. The method ofclaim 11 further comprising the step of
coIIectinE] the free floating pallet. 13. The method of claim 12 wherein the

SAMBIROHENTRES BERA SERSPA. The method of claim 13 further comprising
thesiarif orowine:aepmeell cultures from the released cell. 15. A method

comprising the steps of distributing DNA over a plate, hybridizing the, . .
dmr&ggﬁal%ﬁi%mﬂ% enﬁmfi\%ﬁheﬁ@énm@ BRR°ER T BieshetitRedfiesies
witerein thoisitesppmpriseaeltroyaliie padetdireteasably doupled totheng the
PlRiR. SSEERHNBNAC AL P ﬁs%ﬁ@%@h&éﬁ&i@%&%&h AISRE N nterest.

pallets containing the DNA of interest. 16. The method of claim 15 wherein

the dislodging step includes directing a high energy laser pulse at the
pgh%tg?%%, qgwé%ét%&&eé?%ﬁﬁhi@ @ﬁﬁéfﬁwﬁwg%a HariB sty dfeapustifger pulse
thetpdatgiwith oligonucleotides at specific sites to act as targets for DNA
strands. 12

The method of claim 15 further comprising the step of

spotting the plate with oligonucleotides at specific sites to act as targets for DNA strands.

12



