Title: PLATE AND METHOD FOR H GH THROUGHPUT SCREENI NG  Abstract: A

mul tiple well plate and nethod for nedia exchange, i ncjudbRengarbesy f
defining a plurality of cell wells each con- nected via a channel to one o
a plurali W0 e¥0vaexiration holes, is provided. The cell wel bgrgRi/akis a
porous, hydrophilic frit which is suspended on a |edge above a reservoir
of fluid media and supports a tissue sanple. The propertleslof the frit
wick the fluid media upwards to supply the tissue sanple with nutrients
for growh and proliferation. Od nedia is aspirated fromthe wells by a
l'iquid handling device which inserts a pipette tip into the aspiration

hol es. The pipette tip applies a suction pressure which draws the nedia
out of the cell well, through the channel into the aspiration hole and out

. : : - . _ ipette tip
through the pipette tip. New nedia is dispersed through the pipe
and d?rectly into the cell well. 22 Novenber 2005 WD 02/0) 7(129

PCT/ US02/ 16645 PLATE AND METHCD
PLATE AND METHOD

FOR HIGH THROUGHPUT SCREENING

FIELD OF THE INVENTION
The present invention relates to devices and methods for promoting the
growth of tissue in experimental and production settings, more particularly the use
of specialized plates to house the tissue and the cycling of media to biologicaily

5 sustain the tissue,

BACKGROUND OF THE INVENTION
High-throughput screening typically requires parallel processing of batches
of samples, typically in multiple well plates (MWPs) of 24, 48, 96, and 384, or
10 more, wells per plate. MWPs are standard sizes that can be used with existimg
high-throughput machinery, such as with robotic-controlled pipetters. Each
pipetting station of a robotic controlled pipetter employs pipetting heads having an
array of pipette tips that address multiple wells simultaneously. Although used
effectively for the screening of liquid samples, the current multiple well plates are
15 generally ineffective for screening plant and other tissues, and the secretory
products associated with these tissues, that require, or prefer, more complex
environments such as solid support structures.
For example, attempts have been made to grow plants in MWPs by
suspending the plants in a quuid media within each well. However, the plant tissue
20 1s deprived of oxygen when sitting in the liquid, effectively “drowning” the plant
| tissue in an anaerobic environment. Qther aftempts have been made using media
that are generally more solid and provide a substrate on which the plant tissue may
be supported above the fluid, such as a gel or filter paper disk. Although these
types of supports avoid drowning the plants, they are difficult to exchénge and

25  replenmish when the nutrients or media have been depleted. Paper bridges doused in
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FOR H GH THROUGHPUT SCREENI NG FI ELD OF THE | NVENTI ON The present invention
rel ates to devices and nethods for pronoting the grom@@,\%@a%m in
experinmental and production settings, nore particularly the use o?

speci al i zedOpt/ot7ex t o house the tissue and the cycling of isobResis
biologically 5 sustain the tissue. BACKGROUND OF THE | NVENTI i

Hi gh-t hr oughput .screer&iaﬁ(i; typically requires parallel processing of batches
of sanples, typl@if mediahaygaisodhean edias Sramesupporisandres ligiid 2dediati, 96, and
384, or 10 nor esonywiilas nRes cAldtey 1d slzes that can be used
with existing high-thr oug?\ou? %%g'r yf)%gﬁ%rﬁ@% n%?f%“&%’l% AR SHOBRHY) | ed
pi petters. Eactpeppi predgcs arp diffatitdo nahage inahaticntaidysedd adi kRl enpl oys
pi petting heads. havin n array. of .pipette tips that address nmultiple '
wel I's simul tane“d%@‘?"ﬁ"g&? PREGHE éﬂ@aﬁ&ég gevtthy dYhoubpeing aved de emyipargowar

i qui d. sanplses, thédr§, QTHAe PathideRhEHNE kn AL '

i neffective for screeni n?rﬁbl ant gn_d gpﬁer etggag&sogglsl&regﬁé?{) %e?rgnée%%g%ﬂpgl
product s associtdga G-+ the perss bridgsis waly, mildigthydeghilick and theplsei ippsrege
complex envir S solid support structures. For exanple,
attenpts have g@%ﬁ&{rrgdagy{%mg‘%ﬁ}mpﬁugﬂﬁﬁ%f‘la’dwk/\Ps by suspending the plants in
a liquid media w thiAicaanbnwgploacHOWaNAYing tREH Pleafltio b i Lived
of oxygen when Eié‘t ting in thebl i qui d,mg fgcti \17el y " Sﬁj’oaaﬁiﬁsg“ﬁgﬁéﬁ%%g‘ﬁt?

tissue in an aRZEf BHIUE RaGPRigARIInEfisel madine iavenivay of the planteskae issd ng
on which the

medi a thaggar SRREY i€, an rqvide.a substrat

pl ant tissue ngeg} be ghgﬁg@%@rgrg%@g/eﬂ%ece i Bl,u‘ﬁélﬂ%ﬂya%ss I%“SQEF replenished e

paper di sk. Al pibothbrvibeprepirypda cath PO flsnianaied 18 LAWRLR DR RLRJ S,

they are difficult to exchange and 25 replenish when the nutrients or nedia

have been depl 8#]’885. O EmIBatenRishebise spmpies whanthr exsrrbmova@DHGM IR

{12/ 0971} 29 PGCELEAS02/ 16645 1iquid nmedia have al so been used as tissue

supports and the liquid nmedia is sonewhat nore easily repl enished.

However, enpirical &up@enamroms tshpiatindaid repaPRE sPéntdaaEa aeidid ficult to
re generally, ineffective at pronoting

nmanage in t ed stem and
pl an'? ti ssﬁg %\?ﬁ%ﬁw ?%%ﬁ?ta“tf‘é?%fé’?%ﬁa“%g aRlprddy of wallawith each well

having a hole or port at the base of the well. A filter is posttioned at the bottom of

each well to support the tissue. Spent media can be vacuum harvested from each
- well through the port using a vacuum manifold assembly. One example of a
vacuum manifeld assembly is the MultiScreen Vacuum Manifold system
20 manufactured by MILLIPORE of Bedford, Massachusetts. The assay plate rests
on a mantifold that supplies a vacuum which draws the media through the filter
disks, out of the cell wells and through the ports, where it is captured in the
manifold below. Although the filter disks in the assay plate allow media to be
drawn out of the plate, it is difficult for the filter disks to retain enough media to
25 support tissue maintenance and growth for any length of time. Because the ports at
the bottom of the wells are open to the ambient air, the ports may allow media to
leak or evaporate and may also provide a path for microbial contamination of the
wells. In addition, the wells of the assay plate carmot be individually sampled
because the vacuum manifold harvests the media from all of the wells at once.
30 The tissue of animals, and other types of orzanisms may also require, or
prefer, solid support structures that inhibit the use of multiple well plates and high-

throughput screening techniques. For instance, the growth of cartilage cells may



5 theory, this may be because the |iquid nedia does not easily penetrate
the paper bridge (i.e., the paper bridge is only m|l h\}/drophlgc) and
the tissue supported thereon |acks a continuous suppl%/ilfﬂ common
approach to supplying fresh nedia to plant tissue is to nove the plant
tissue to a container holding fresh nedia. Myvenent of the plant tissue is
a 10 relatively slow and | abor intensive process, as nultiple plates nust

be repl eni shgdpan@dtdattiehbuseofy eREaIfibErmass ihdatwilaef aplanito tivbdument. n
addition there is a threat of loss or contam nati on of the tlssue sa Ies

when they arimibsdedie pleshiisste disgassed abayfothe Farlifige sahnee asppixof fEpshn
renovi ng sp t S

havi ng a pl u&%‘?lgqgétq? %\%e?]#h%a ?i&eacﬁ{&‘%ﬁ% %&?R%H%Mﬁgfog%g?é g?%ﬁé?&fh
base of the swald of thef ¢alr|ilege baispmshferawe-dﬂm tHehmllageﬁ Gibribfnaeac hn&vehﬂnot be

support the ti ssue di a can be vacuum harvest d fr. ach | I
through the 98r¥d Iaé?n?g %{ltvgeé}?mtﬁﬁw&n&%% P ¢ neygRlate yA ﬁsgifsual\% cuum

- mani fol d assg E@hxe reb gﬁleﬂem O 1R Ch i MR G AT AR 0 i BV R LR AR B Al U ed
by M LLI PORE Bedrt or Massachusetts. The assay plate rests o0n a

mani f ol d thameﬁispmntpmesaMcwwﬂhﬁmsmnamtammanemh a through the filter

di sks, out of the cel s and thr re it .S red in
the i fol d bel bieu Hesignoees i Fvea BB aitoial 10 Supss 12 28 HEf
medi a to be thelianPutoYéretting hAetRbd For ironilfqui fshmplks! Thoaddifiéh, T itl wWeulddibeks

to retain enough nedia to 25 support tissue naintenance and gl rowm h for any
| engt h of tiadvantBeesasde have poruplatwell piate shat llons thi euspedf] ghrfbf%lﬂb]ﬁltt 0

t he anbi ent ai t he oW nedi

al so provi de’ Céeehglgﬁn?tg?‘{srﬁg lé{r{sa% aﬁlh A5Oh Ee?%rh oel‘ﬁks[uﬁéoxﬂltﬁ%%@é i @ggg ition,
the wells of fui'ther abaayeeiusite }ﬁa@aqﬁulﬁplel uaéil plactuetlat yroveol e grbetaoesstdle
vacuum mani fold harvests the nedia fromall of the wells at once, 30 The

tissue of anfughlas plankdissieh srtheytoposing the sk mf<hewniag the Hesuedn Jiguid media or
prefer, sol 'eﬁmwg ettls%e}r)tgt Hdide atmcdn@@h&h&nﬁ%dgg Sotld mﬂ bé Q&x%ﬂ{’ﬂgééus

pl ates and high- rou reeni ng techniques I nstance e growt
of cartil ageodaivta mwl}dp}eZWéprthb\/thabﬂtomﬁilédlbeo pe @ﬂ&)l}&(&pl&mshdstb, witheuofindue

collagen fibril matrix that swrulates i ronme imlar to
the plant tidgtanceelibedigsuaropringdqa t fapells a‘%%‘o il Bawhos ripegIus
fresh to have the capability of sampling less than the total number of wells in the plate without

~ disturbing the unsampled wells.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a plate for holding a
porous frit that supports a tissue which is to be bathed in a media that is regularly
aspirated and refreshed by a top-loading pipette device, said plate comprising; a body
having an upper surface, said body defining; a first hole having a first hole upper edge
defined by the upper surface of the body and a first hole bottom portion defined within
the body and below the upper surface of the body, said first hole being configured to
receive the porous frit and the tissue and to hold the media bathing the porous frit and the
tissue; a ledge protruding into the first hole bottom portion and configured to support the
frit thereon; and a second hole having a second hole upper edge defined by the upper
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media that is replenished at various intervals to survive and/or
proliferate. In addition, sone of the cartilage cell rolifer W thin
the collagen fibril matrix and cannot be noved indepéﬁ@@% "3Fr?@ matri x.
Moving the cells to a new plate with a fresh supply of nedia requires
nmovenent of the entire collagen matrix which is a relatively slow and
inefficient process that exposes the tissue to contam nation. It would be
advant ageoussirfacafthedotyhiid ph&ong hblepbaib@ fdofidn ddfihedwithlicthe bedpindbedbw
t hroughput screeni ng pnethods for non-liquid sanples. In addition,_ it _would
be advant ag@§i®PerosURRcR chthshodyphe sagond helebettonh pertign |bsing qonBediedkinguigi gh
t hr oughput I i i . e i.d
support st r Lot o el GRS AP bl R R of B WSl Bt Phbe
wel | pl at e tthatfirgrioiothesughtthe gecond holkefuppesaige to aspuate ths npddin thrdvghsweyum
wi t hout posin f dr.owni t he ti.ssue | iquid. media or

the risk I oW n
the tissue t EPPUEHIA: Scrediesth MEoREdid bt BFRRIAE &6 Tepl madi Witipuremavel & ™ 9

advant ageoustjssh®akthe paroity it Ik te1dte P! at e that allows media to be easily
repl eni shed, w thout undue disturbance of the tissue contained in the

wel |'s. Additional Agcording o sedond adpenhtodgho usvention, Hthore ishprovidpdbsi pliatey foof

sanpling less.than the tqta unber, of .well s.i,n.the e.w t hout. .
drstur bing COR R Put Rl S TSR e i i e BEadh o Big e i
first as p_eCtre%ﬁlaﬂ?@sﬂﬁ%‘t/eﬁ%ﬂ%ﬁesh&%)ea top-PhdME gRdueddliad Saill platddralbidéhgda
porous frit that $up?orts a tissue which is to be bathed in a nmedia that is
regul arly abgsiyrbsing famgd e astiegle piece of gpateis dind apingean Bpressiece, sald

pl ate conprisiNg;. ~a..bo i:N4g: ' ilng; ~a
First holo ol snding? s ASIE G MRERe ShortaRe ogBled ny Bl bR B o

t he body andha bbiy ahd Adiret kit botvgidiiendefafed neichimvticbedy drliebdleathangpdeel ow
t he upper surface of the bod said first hgle being configured to receive

the porous fiFcaatthekody; sd firsirhple beipg|cqanbgedritireciygithe RerouRdibadots
frit and thesld §5H6 h@idltﬁg%f'edpdf' Béﬂﬁﬁig'tﬂg bR Hiflgnd {hres&ss%h?'aﬁfibao%]éc%ﬁ ROkt on
d e frit ther& hol'e

and configured to support t on; and a secon aving a
second hol e haypera sdged hat iupper dalge dhfnedoipethe3ipa& Nofuesrbthe 2009 andin fsead of

t he body an econd hol ottom.portion defi ned within the hod d_bel ow
the pper o dieBaRaR DYREn SEayed VAR Qe iy G PEOHGLE RS OHITFG: PGS BaD: oo
connect ed i Nyebdddl Kble GOATH HofIn BlinVebithebRE ih TRl cdihEniBMdrOM R M HRPLSIE

that the pipette device can access the first hole through the second hole

upper edge twttagppartioresa thet the gipstte dedogtrmarcesa he first hole through the second hole

upper edge to aspirate the media through vacuum application and refresh the media by

pumping in fresh media without removal of the tissue and the porous frit from the plate.
According to a third aspect of the invention, there is provided an assembly for
supporting a tissue which is to be bathed in a media that is regularly aspirated and
refreshed by a top-loading pipette device, said assembly comprising; a porous frit; a
body being formed from a single piece of material and having an upper surface, said
body defining; a first hole having a first hole upper edge defined by the upper surface of
the body and a first hole bottom portion defined within the body and below the upper
surface of the body, said first hole being configured to receive the porous frit and the
tissue and to hold the media bathing the porous frit and the tissue; and a second hole

having a second hole upper edge defined by the upper surface of the body and a second
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application and refresh the nedia by punping in fresh nedia w thout renoval
of the tissue and the porous frit fromthe plate. Acc ing.to econd
aspect of the invention, there is provided a plate forﬂﬁ@f i"lﬁ’ézgoiorous
frit that supports a tissue which is to be bathed in a nedia that is

regul arly aspirated and refreshed by a top-|oading pipette device, said

pl ate conprising; a body being formed froma single piece of material and
havi ng an upes bl gaton dafikd vaady tiddodpandbelewfthe Sipehalréicba¥ ir®ody,fthe st
hol e upper edge defined by the upper surface_of the hody and a first hole
bot t om por t iS6ePrdeiols Bettarn PRrtipn; branmherppeead ihBvidwoppauigisiep Wity thedud ke ¢ he
body, said fyj : j fi i lborichit he
ti ssue and tﬂg rﬂﬁ%‘l Ag)gﬂtl(ﬁie&ﬁteb%gg g{abte E?géﬁﬁ%aﬁggfegﬁgh\éﬁr%tpﬁ gﬁﬁft e ﬂH ése]iéfcl)Je; e{%ld a
second hol e uppeavedyg ta asgicadn thehabdia lnpegh estgemdegilinaibnbandt defreshpthe mesliar brace
of the body and.a secopnd .hole bottom portiaqn defined withj.n_the bady and
bel ow ¢ he. ugBBIPISR IR SEeE meria Wbt agovhe e Bepfiant fiew Bt dthipBrne Bittbel ng

connected in fluigcomuiy £&ursPed df ieinlddtidh, Metefis PPAHIQMP A atAl £P
that the pipette device can access the first hole through the second hole
upper edge tantamsadéd; high thhenghpuli sereeninguefiisves vaidh appaius avinprisigatrledst esé t he
media by punpj.ng in f.resh dji a without renmpval of the,tissuye and the
porous Trit Medihieney bpcRancd B HhidgimmuniRioie S sentan piame flbshofen,
there is prQupiggmnap &nnesdd Yn FIald comBREEitiondvith hivasiien Whdsslte istpple; DSeal

a

bathed in a nedia that is regularly aspirated and refreshed by L
t op- | oadi ng epihseaing thteespiation 4iny asehotib| maipiiper sepiple of poielaing said tigs

body bei ng fpr m a_si-ngl e pi f I hayi

sur ace, " saittoUBba BT ARG ShoPk FEF sl Rpe et b rRRsh of
defined by tihetipppeicubtyd Be ghofobotibendmisifatangndidcludidg b dody davingranpager on
defined within the body and bel ow t he upper surface of the bo%y, sal d
first hol e IsBiege syAodydedining: adiel hele hawng ¢ st hele; yopsh gdgeneetined by fbe and
to hold the j ' r i ok [ i hol e
havi ng a seggﬁgj %5?2‘% gf)g%rﬁe g%ﬂd‘gpfsﬁgl 1ebt§/(ﬁ1{aﬁﬂe£$t}§8érd%§gﬁ ggtgglo et%ﬁ’g?%g%y
and a secondelosath? 2pparsanter o200 bodngIseid fnttthoba ipxng canrfigieddi to eebewietthe fissube

body and bel ow t he er syrfac f the body, .the e d hal e bott
portyg on bei ﬁ@dé&mefﬁ?gwnlwgﬁrev&%ﬂﬁ% BRPHP Wdttﬁ_i‘Pﬁgt media s9d0 Bibe  om
portion so thatisdBeail ReetndIRYE RvIRN @é‘c%ﬁ&%olé@pﬁérreage '&@ﬁﬁeéﬁj’r%@ ﬁeli‘e

second hol e upper edge to aspirat eﬁ?he medl a t hrough vacuum appl i CEFI’I on
and r ef r esh stifecernddheabdaly andungsiconyl hole botéah prenalcfinehwithin therbody arsk beldie

tissue and ttl?ee u p%i‘ gllill%agercl)fl thcfe rbggj]/,ttﬂg sgog& fole bottom portion being connected in fluid

communication with the first hole bottom portion, said second hole being configured to
receive the aspiration tip so that said seal embracing the aspiration tip abuts the upper
surface surrounding the upper edge and seals against application of the vacuum pressure
to aspirate media from the first hole through the aspiration tip.

According to a fifth aspect of the invention, there is provided a method of making
a plate for holding a porous frit that supports a tissue, the porous frit and the tissue
bathed in a media that is regularly aspirated and refreshed by a pipette device, said
method comprising ; providing a body with an upper surface; defining a first hole in the
body by drilling through the upper surface of the body to form a first hole upper edge

and drilling below the upper surface and into the body to form a first hole bottom
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According to a fourth aspect of the invention, there is provided an

apparatus for automated, high throughput screening of_tjssue, I
apparatus conprising; at |least one nedia supply tip C%%‘IHH%\@{@ r?ﬁd% ui d

communi cation with a nedia supply; at |east one aspiration tip connected
in fluid conmmuni cation with a vacuum pressure supply; a seal enbracing the
aspiration tip; a robotic manipul ator capable of articulating said tips
through a r apggomfdefBing QA secambhdt il BRYod9S dHIRLES RGOSR the apger Wuithidbft the
range of notion of the tips articulated by the robotic manlﬁgul ator and

ih ncl udi ngf a tndayo vt meecand bplsepersider aed driliag elpstithc dppenfipace andiptosthe hol e
ond ot rst iy 26 pt 8 RetonB RO HAGbLMERSH, chd Sondt RS 5 Hodife iyl ocBORY

upper surf aae thd séctved hald potiaaipdrtionbgtiofmoing alpassage tothe body adl Hevweencthe fiestt he

tissue and the nmedia supplied thrqough the nedi.a supply tip and to hold the
medi a so as hode PRitaya POt apd é?ongg’ﬂpeémé@wl%l e having a second hol e

upper edge define . : r e p%]qld ;
bott om portion del??ér%g%ﬁ%ﬁﬁ?lﬁﬂ{%sgg‘%gfgﬁﬁgé%%?bgv@&ﬁﬁe uppéearasglgf?l]B ggzg%)lfﬁ gt he

body, the secooltiphoivell iptite bavipp e bodyn withi angippensieficedhe hody défthing a plurality
conmuni cati o ith.the first .hole bottom porti.o sai d second, ho bei ng
cont 1 gur ed (8 DA IR o EPON T Strorin b et BT A liniE by e
aspiration th uphit surfab€ akPRRh ofStHE iRk ehobds! doRHEded th ftHE doRRRNICHBR VAR a
seal s agai nst application of the vacuum pressure to aspirate media from

the first haoewettiveoorghof the saeqidrhmiésopaid inpethork easmptising: tdacing 3 frithintosepshtolof
the inventi her.e | rovi ded a net.hod .of Ki | L« l.ding a
orous it e gl el ofe Blhthe T 1K il AR b the BuPiRL B FRE pARk B0 2

in a nedia tdd thes fritcdidpatiding aspédiatiad cadd of ehe ehhsitly by farstohgied;tisadtivg ae,
said nethod conprisin provi ding a body with an_upper surface; deflining

a first hol eipgitetipe® eaﬁg@§tlmp1@nalimq rsgcandriinlesh ardhéspirpvies themedia frows the fisstpody

to the bodiy Y ibIHBRE o BHOF prefi B e SfgndBORILIHE APARRS 1he BRficR"e
defining a geenme drawing the ifediabfbety theyfirkt hblej imgp thiersoewgid Hoheandoiney thepifatee of

the body to forma second. hol e upper. edg nd drilling below the upper
surface and PRg& td Bawgl%fgom&walt@ﬁwﬁhp %t e bottom portion; and

connect | ng the fiLabdink QUG RG] R thd fvERfons BR00S Rk Rie1of FRMoRR | O

by form ng a passage In etween the first ol e bottom portion

and t he secontghalfet betdrmntperpparna tisswo fati grgwtly @nyirieing asyspending thehbit

I nventi on, tn?aetcrar?alia%oeg g \s/ﬁp%%g ofa nuﬁgnquwi%{(ing%engutﬁents through a porous, hydrophilic
structure of the frit material; and supplying the nutrients through a top surface of the frit
to the tissue so that the tissue is continuously supplied with nutrients and growth of the
tissue is promoted.

According to an eighth aspect of the invention, there is provided a method of
exchanging a fluid media in a multiple-well plate defining a plurality of wells each
connected in fluid communication with an adjacent one of a plurality of aspiration holes,
the method comprising; positioning a plurality of dispensing pipette tips each over a
respective one of the plurality of wells of the multiple-well plate; dispensing media out
of each of the dispensing pipette tips and into the respective well over which the

dispensing pipette tip is positioned; repeating positioning and dispensing out of the
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a multiple well plate having a body with an upper surface, the body

defining a plurality of first holes and a plurality of second h(? es, each
hol e having an upper edge defined by the upper surfac® MNETREEA t he
first holes connected in fluid communication with a respective one of the
second hol es, said nethod conprising: placing a frit into each of the
plurality of first holes; placing a tissue into each of the plurality of
first holes cﬁ’éﬁ}@ﬂsﬁ?@&@eﬁté‘ﬁps‘c it all S SHROPS]TT tie MBHIpRe-WHll PlagPab fidlkd iigerting
plurality of first holes; inserting a pipette into each of the plurality
of second hal phyraldndfaaspirating pipetttrdiprestich ifdoom respeciiye ene of ghe Plwglitppf yi ng
a suction pressure.to the.second,.hol es i NGt pl.pet t j
pressure dr &WF o ﬁlg?%aﬁpg atllt}%%e?lﬁél S]fnigre;éf§lll Hglfhg %Pl%t%gtpl&}geug tet@g rE((?j Hﬁ%iogei q}é% d
into the pi pRédi® ousef &% fe@pdctive AspiRtionddi@id naioht fhe avpiritionl €p ie bbsitibradde.
According to a seventh aspect of the invention, there is provided a pethod
of using awashingntheepspiteting PiRAYSOHPS At 13 Fashingostatipns g, rPsARG dRSSHIng
suspending t it i . o o W CkiE
it ot ot ArgroEnd SRR SpRfn? nRHP B el w MY o GRpE deit
and suppl yi ngedihie nutrients through a top surface of the frit to the

ti ssue so that the tissue is cqQnti nuously suppl.ied with nutrjents and
growth of the tiASAKIRS ' aopHt ﬁpeﬁﬁé’gr%‘? "pegﬂo%nthgﬁegm Hroé{kdﬁgc? CEFIPHE

i nventi on, i VidethiollRioNesbhahge SXGANGhEMa an' 4 YhalipRALE] iphta
mul ti pl e- me}pPg%Frgt gmg{é?i n(?ng aopl rali tygeof wel |'s ea?:hr_1 connelgltéepl i rllm}l uid
communi cat i elefiningh mwraby] doalls eatheconfiectedinufhad commahicagei withanadjaesnéone t he

met hod conpri.sing;,..posi ti.onin plurality of dispensin ipette ti each
over a respd @tﬂl‘grél"(%rfg aﬁ?lratt‘r‘?gq’ﬁfeﬁr %‘Ficf’?p}}%/’r Reefan ﬁforaflﬁte&ﬁ&r{%fn@l aeg({}\'%ﬁ%er'
plate; di spgagiab@e S@Hgd ﬁh'é&iunpfhaﬁﬁ% hedthpuiferesld2bRe pSd gagin PLqRt bertiohP starod
into the respective well over which the dispensing pipette tipis

posi ti oned; thapioathi sgmpuotsi-rdadatilegrogram dodanasdensoBprising; a Hest exreutablegdenper
2005 di spensi pipette tips yntil all of.the I ' - I

o are ar o f ordal ol RRafaribET oty ofspethisk Mache i i e arHgbbRsSneRh,

into a respgrd puealAP T aells e the uiilipleywedll plag$ Ri seadridogkcbuthlels ; cods piottiini fog
medi a using each of the aspirating pipette tips to suctjon the nedia gut
of the respaiwensingmsiieAut oh epeh @f the dipreTing Ripetie By aid B thegesnective wel

2oL e b b SRR AP Bl o oSBT g Gl
mul tipl e welrbpeating positieniegnhd elispehsihg eut of theadispensing pipette tips until all of the
wells of the multiplewell plate are filled; a fourth executable code portion for inserting a
plurality of aspirating pipette tips each into a respective one of the plurality of aspiration
holes; a fifth executable code portion for aspirating media using each of the aspirating
pipette tips to suction the media out of the respective aspiration hole in which the
aspiration tip is positioned; a sixth executable code portion for washing the aspirating
pipette tips at a washing station; and a seventh executable code portion for repeating
inserting, aspirating and washing until all of the wells of the multiple well plate are
emptied of the media.
According to a tenth aspect of the invention, there is provided a multiple well

plate for holding a porous frit that supports a tissue which is to be bathed in a media that
is regularly aspirated and refreshed by a toploading multi-head pipette device, said
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According to a ninth aspect of the invention, there is provided a conputer
program product for controlling exchange of fluid nedig . in a nultiple-well
plate defining a plurality of wells each connected i r?%fN?ﬁeﬂ’bsb hi cation
wi th an adjacent one of a plurality of aspiration holes, the conputer
program product conprising a conputer- readable storage nedi um havi ng
conput er -readabl e program code portions stored therein, the

conput er - r eagafipR: WEID PlaiTeaiRptesipo B&?ﬁfo@xﬁa@ bf 8iliagid Rupervishs Aueeidl Abligg code
portion for positioning a plurality of dispensi nlg pi pette tips. each over a
respect i ve owbstaatiallyypdansr uppariang loferwirfasesop nlvralivn ot wellsefofeed ippaid body
second execut k4| i i I ]

di spensi ng %“gg’%‘t%%g |§§‘ p@ﬁfghﬁﬁ({%ﬁ%ﬁ r@@ﬁ%@:@%ﬁ&g{) S’%gé%gea%?gﬁg%gkg?

di spensi ng pippei &l 4t ithe uppepostict ofi da; bodytahd b dottorapoitidnl defined evithor the body or

repeati ng positioning and di spensin ut of the dispensi pipette ti
until all ofanfirbé?omeu@p@’fsue'%ée ﬁﬁthfﬁ)ﬁgévﬁélmeaﬂ} el bg mpﬁ_gge@ anfq*"a'ﬁ?
execut abl e CsfagsorPa{et d28usl 2 ah@ PR @gsﬁg afd ltoohala hd ﬁ%(fiigfbaﬁfﬁﬁ’g ARt RGusPiiPahd €

tips each into a respective one of the plurality of aspiration holes; a
fifth executthbtissuepaeaspivator lnole foomed spraidbodigadiesinioeank bfispid aeHs,dhe agpator

aspirating ipette tips to suctlion the di.a out of the respective .

2opi rati on MBS Tere dried s Ui poed eyt eomainrg et Bl fevine
execut abl e cRAfHcRUphérARd a0 theNgpel RafdchBf aRModGahad bolbREsdrEol HEEnedtwithin
washi ng station; and a seventh executabl e code (FOFtI on for repeating

i nserting, dbpbeditindpelavdithgawhersyriaen ¢fthebodynand nehapeel formed inteidhady apd e

well plate are..e i.ed of the.nedia. caor di ate S e

i nvention, tH{%Y@‘@%‘fSQ}FH‘ < “%ﬁ‘fﬁ”ﬁi’néﬁ‘ﬁe °ﬂ°’%§1°§?°en ?ff)?a% IgT e?ili %gctge g(gt}wtéﬁs

frit that syppedd 6f de Trés@%&ﬁze%ﬁl%&hnﬂ Spir@obBolbab e o mMuBi-hedipipdtieadevick $an
S

regularly aspirated and refreshed by a toploading nultj-head pipette
devi ce, sai ¢imglganeousin\eeaserthe gespertive aptimiereheley taraspEgahe smeg,a taroyglhyy

formed of a liquid i I Lials: i . I er
and | over suf %#{égpﬁ 1@%‘%%2}%&%% evn\g%d]lég?)%/%%gg Fﬁﬁé%qﬁ&ﬁég%thggn ﬁg‘r&r!gﬁged
i n a uni f or nthytissaasdithg pocbus firichbmnsmahiple welkplakach wel | havi ng an open
upper end at the ypper. surface qf the body ang a (ﬁott_om portion defi ngd
within the body Hifcemdmentsaddissehe abqvacecds aphachigyss, othfyab4eeRePY
bei ng confi - [ r [ t ' and
o hol d t he ozl HERRY il Hiate THRPEY bnd BRGRAIBL ML Grchithel IR frobtes

hol e for med thegsitid obpldyt tisdie @ed bthentypeodf tisang byebihtsolliog theaspply af orediattol es

P\Si/in %gar ' an%ﬁg tiés?le gn %Jm%kéﬂ fgr tﬁg Iaecg% ar%)r;(!:h%.ngg (rgrg!)\l?ja And gg{ﬂti(r)r%mﬁ"mg?g wﬁﬁlguq

disturbing the tissue. The MWP includes an array of wells, with each well being coupled
with an adjacent aspiration hole that allows media to be aspirated from the wells using a
conventional, automated pipette head. The MWP and pipette head provide a virtually
complete exchange of the spent media because of the novel dual-well architecture. A
hydrophilic, porous frit housed within each well supports the tissue and holds the media

in its
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an open upper end at the upper surface of the body and a bottom portion

defined within the body and bel ow the upper surface of. t od nd a
channel formed in said body and providing fluid comn.é% %%‘fel"%ﬁ %%q en the

bottom portion of each well and the bottom portion of the respective
adj acent aspirator hole so that a nulti-head pipette device can
si mul t aneousl y access the respective aspirator holes to aspirate the nedia

through vaciatsmtren! Alkaih®oant befwees hhé hesiedha dy medipi Whild avéidighamedi a
wi t hout renoval of the tissue and the porous frit fromthe nmultiple well

pl ate. The eimsei@bivesditiondlae snmlw&\kéd REWaKls 4R SUBEge nigigsdp provide
advant ages %tna{téj%'tﬂé Hgsuﬁaﬁ@#tto\\;ﬁﬁ@%%ﬁ%e}‘atﬂ#l%tfﬂle(t%@@ and nethod for nedia
e gro

exchange t hat pronotes tissue, and other types of
ti ssue, by contr dbhe erabddimersy ppdlydesta phaieif(ﬂ hbhling & porous Friteha supmirts avissgp. f or

t he regul ar exch ange rempval ~and a of rre ia wltho rbin
the tissue. i e i A B T e reBler'y AP end FBgTAy or
coupled wi t&aﬁh@yl@ a&%ﬁloﬁ&;ﬁ rﬁﬁét\férHeQiEleeTB@?iat@%ﬁiéﬁségeﬂb f@ltﬁ%ﬂﬁi@ie&at ed

fromthe wells usin conventional, autonma ette hea The
pi pette headsupﬁam/d@fiamg  first balelapd aceequiddiote. eﬁwﬁmgh)l@haft anérS@ belntupp@ohdge

nouced wi t ni HOBREH it Piker e B RG bELAHG oo e iRy o

Noverber 200Qfe beﬁrﬁﬁbé}@ﬁ thehgpeibitfhce @ﬂﬂ@%d?eth&elﬂ@t lidieid donfigered isirecbive
medi a while avoiding an anaerobic condition. The nedia is w cked upwards

in sufficierthe porans fritisnd thatissneowndéo hald the raprdia batbingtibe ?(Pr%%ﬁ'lt&ﬁ@i thertisaer: e
prolifer at| as[ecctrnl?ieh (%(l: fng %sefc%hg h§m%$%ﬁdg% ’deﬁﬁ'&if B?ﬁ’l% Lg)p &ﬁc% of thg%oﬂ!yng a

porous frit suppor I'ssu rous ura I'n a

medi a t hat rmm ahecdrdidl@bdtiondp@iion dehadndittie tHedpldgdnd bolow theapper eurfdmye of
t op- |1 oadi ng Bette device. The plate conprises a body with an
£

surface def ithe Rgdw Therssgondohale hpfgora pedion g ik Enid COFHE“WFW@ Widh éhehig@t Bolg; 1 st
nol e upper &flagm Akl Mk IMepilBRS UeRb! bAS Golths WL SOATY R ufhddigh 1BO| €

bot t om portion I ne ody an e upper su ace of the
body. The fi a:sﬁﬂratla dleamedia bga raf;jalgmgedvetcoume’ﬂea pipettd deviqolsusfibshies tendedihby
tissue, and aé_d t he bat hj n the orqus frit and the tissue. The
second hol e csh asip m" yﬂﬂ'ﬁél‘ gﬂ *ﬁﬁd by the upper surface of

the body and a %C%Mhé}ol:ﬁbgﬁiﬁeﬁfn e Bbcﬁf' o@eﬁl'enﬁﬂté’“ﬁlﬂhé? i&heR O8lYpRREe

bel ow t he upper surface of the . The second hol e bottomportion is in

fluid comurbooaddtiog the tinsttivde botten pmﬂllcm ambthﬁ)mc:pmd tholenbastom Ipattionhia fhiidet t e

device can %%%%'?Enléart'ite)ns%ﬁg rl‘)%d)b %llaey ?Lg‘ﬁ'l%ll: 1116c(i119cﬁ3 a ?edge protruding into the first hole
bottom portion for supporting the frit above a reservoir of fluid. The body may also
define a plurality of the first and second holes, with each first hole in fluid
communication with a respective one of the second holes to form a MWP. In another
aspect, the body defines an array of first and second holes, for example 12, 24,48,96,384,
or 1536 first and second holes, wherein each first hole is in fluid communication with a
respective one of the second holes. The first and second holes preferably have cylindrical
shapes.

In yet another embodiment, the top surface of the body is configured to receive a
cover plate disposed thereon. Preferably the cover plate is transparent to light
transmission and the first hole upper edge is configured to also allow light transmission,
thereby promoting plant tissue growth.
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asplrate the nedi a by appl ying a vacuum The plpette deV|ce al so refreshes
the nmedia by adding fresh nedia directly onto the fr| n e ch l. In
anot her enbodi nent, the body of the plate further defl %@ﬁ?
connecting the first hole bottom portion and the second hole botton1port|on
in fluid communication. The body may further include a | edge protruding
into the first hole bottomportion for supporting the frit above a

reservoir of fl uifnoti@eniRdindmy irthfes aedthdiEofomiling alpldte/f@fhomeg § bosus and
second holes, with each first hole in fluid communication with a

respective o that suproriserBysic Ficesin the Hospyn Bt MARRtuTaled 4R & hedia. Bagmedia is he

body defi nes f I 96, 3
20" o 15aceBiadl Bhigfea ahd BadRtl BF LB uEToe b pr AT Slitbheniof b ile |
comruni cat i aiksi¢. tTheaneth®@d iehidey prooidiéngod bdﬁd}ewﬂhaﬂmpéﬂuﬂ"ﬁce diiieddfinimt a fred
second hol es preferably have c Iindricalﬁ§§gépes n yet

_ ther
enbodi ment , s e l'iﬂll‘?sf‘aé]@ Vi Retppa fAf Hli’rt@élyﬂ‘%fh?‘go ﬁglgéhrogg@er
pl ate di sposgdy gﬁh&'ﬁ rst LS % Yorhd £ RPNSIE upiéé}te@ge %&&ﬂﬂﬁ@ﬁél@&tthé apﬁerght

transm ssion an upper e ge is configured to al so al l'ow
| i ght transndusfacom fortninear fitsy hpleobrttcnn gropicentThei moml golowishdefingd 23 ditiegber

2005 Anot her enbodj nent, ingcl ud t hod of naki | at e, for ng a
porous fri t!fayg tlé‘iuHB?ﬁrtsé‘r % ngﬁgb(@;fetf) PH? th &gy Cpgﬁlg DPFY 48¢ %rﬁ{]g‘?lgf‘gd in
a media. Th eoemim ﬂp%er GREHE & fo¥masREsRE Rfle BHEorh ?Bftﬂy‘ﬁh?ﬂe fdt andoicRBiid Bole
device to pronote proliferation of the tissue. The nethod includes

provi di ng a tatidyn pmtlhn%me sppected in flaislecommund edtioni ydforming ragrassage én ﬂ@d@dm

hr augh -t nep Btegtrha i fels, bty R ks 455 Skl bE Bl i ang

drilling belmgfetdbey, UpeQlassa g@lﬁi Brenekl Oy esBitibefd k&b dig) Buddid afst foid botlom The
second hole is defined by drilling _ through the upper surface of the body

to form a sdwesien sl movipg e sewdetemHy uatl ¢HCPF|‘§3%‘I%G\§PQ°H€ holghettomyportieie t o
f d hol
orma second Nolg. a%é{h%f”eﬁﬁE)&@%ﬂt Hifdkd bSh %‘. X r%ﬂ‘%hﬁ fﬁﬁﬁgg MW A B9 5 ced

pOI’tI ons are connecte coHnMunNl ca Nng a passage 1 n the
body and benteesih ofiehd pluslithof frsbhbleoand tisdueppretunably helusieeasdchriwhe pﬂmttt om

Phe. f11st hoisamsdy e gkt Morioar T HgUCREEhD deeh AT fiF GHEALRY of K’
oA AL Sl PO PO A A
the media from the first holes. The media is asplrated by applying a suction pressure to
the second holes using the pipette. The suction pressure draws the media from the first
hole, into the second hole and into the pipette so as to flush the media from the plate.
Fresh media can be re-dispensed into the plurality of first holes after aspirating the media
from the second holes.
Still another embodiment, includes a frit material for supporting a tissue having a
porous structure, a top surface and a bottom surface. The porous structure has
‘hydrophilic properties and a plurality of interstices. The top surface is configured to
support the tissue. The bottom surface is in fluid communication with a reservoir of fluid

media. The hydrophilic properties of the porous structure wick the fluid into ifs

interstices so that the



into each of the plurality of first holes and ti ssue pref erably a duckweed
or other plant tissue, is placed onto the frit. %?3 |s sed into
each of the plurality of first holes. A pipette |s i OEVSEP each of
the plurality of second holes and used to aspirate the nedia fromthe
first holes. The nedia is aspirated by applying a suction pressure to the
second hol es using the pipette. The suction pressure draws the nedia from
the first happortddiué hesupphandith Gufickne Hgiidomedie fidinp et rRs@voifso Eﬁ}rﬁdt@Sh
the nedia fromthe plate. Fresh nedia can be re-di spensed into t

plurality of%TPWFhs‘?ftB%P@é‘eafter aspirating the media fromthe second hol es.

Still another e r al i ssue
havi ng a poroursrbﬂ%!ruc ud,rlehﬂglhg‘?%%wgﬁafrl g%:ae%g %&be(})ﬁ%l?l m surﬁ%&%g&?ﬁigg [ljl?)rous
struct ure hahe weilsidopbi Have topscopevdd mlamﬁetawﬂabmﬂmlpm\yd@fmemawmn@ eswtingd he
top surface |s configured to port.t tissue. bat.to acelsm
Ui d commuric PBORP %%ﬁé@?@%ﬁtﬁn@fmﬁmlw i congiio "3*?18 tgs; pay
properties ofc g e aﬂﬁeﬁrornypﬁdﬁa@ nhdHhet difetle! Héak bme fixed tip A igHRIduaBy SO

that the 22 Novenber 2005 supported ti ssue I's supplied wth sufficient
| i qui d nedi acoitroliaté dipr essipnsobecause Preoaspirationy rholﬁs rar@faccdsabtq foue theTweper

enbodi ments h seyer,al, advant,ages,. For ex sye sa es
Cheowel 1o douiste REUE tREvEs emdvaRoRsing ATRTR IR i PoF 06 ARG AT hEda®, o
spent, cuttipgh tHRQMe PRoMREXS QRH- t@-ﬁ&éll%kiﬁﬂeﬂ@r St tb@/mRNCoOME itii@le, & @¥ll h
condi t| ons. The plates may be used wth conventional |iquid hand] i ng

pi pette heads thg effigient femonaliang replagampny pEihg msgia. metcrpoloa@mg aspachalleayssthens
b th th
poge=? ' 0° AERETEARRDIN 35, ShBuFSHARSL AL bR WRSUEE p BHihEN e, 0°

with the pl ahﬁnﬁﬂcbswﬁ@ﬁfoapmhgohomeﬂal ThonRsk sf & aewifbid dloestibetic difidretial t he
tissue, as well as the efficient renoval and replacenent of the nedia. The

t op- | oadi ng tecdpaent ofepdvrelt prd proyides flexibdity iy lawd hapdlerdesiangnd selegtiony #g r o
d t {
ot medrn. Haf PRl aR AR SmbRCkRooHH RkfoR Thi MiplaYeol G bED

each wel | argnfigwed desenidvexhdimetinyasiwell astaddchehemddierwitheso gingnof selliegtor on,
as well as ex erl ment al nodel and sanple interrogation functions. The
liqui d head B ted@s. conf i gured to renove the nedia as well as add new nedi a
wi th no change of tooling or pipette tips. BRI EF DESCRI PTI ON OF THE

DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be made
to the accompanying drawings, which are not necessarily drawn to scale, and wherein:

Figure 1 i.s a plan view of a MWP for liquid media exchange of a first
embodiment of the present invention;

Figure 2 is an enlarged, cross-sectional view of a single well and an aspiration
hole from the MWP of Figure 1;

Figure 3 is a perspective view of a tip seal of another embodiment of the present
invention;

Figure 4 is a perspective view of a system for replenishing media in the
MWP shown in Figure 1 of another embodiment of the present invention;

Figure 5 is a flow chart of a method of replenishing media using the system of

Figure 4; and



Havi ng thus described the invention in general ternms, reference will now be
made to the acconpanying draw ngs, which are not nece ' to
scale, and wherein: Figure 1 is a plan view of a MAP QBH%?J%(%@Q@E& a
exchange w0 ®/btest enbodi nent of the present invention; gaguU§Rrd4kS an
enl arged, cross-sectional view of a si ngle well and an aspiration hole
fromthe MAP of Figure 1; Figure 3 gfntﬁers ective view of a tip seal of
anot her embodi nent g?W%QI%%B%ﬂWQW ¢ wiell apdl gepirationiboleaofifigupact i ve
view of a systgm, wn in Figure 1 of
anot her enbodi mén %@Bﬁ%ﬁ{‘é@%&%t@;ﬁ%% ?gfr\ﬁ}eﬁfegsﬁrrlénieq? a flow chart of a
nmet hod of repl enishing rredl a using the system of Fi gure 4; and 6 22

November 2005 WD 02/ 0970@ HJ%BZI 16645 F| is a sectional view of
the well and aspiration E!@ @%Wmanot her

enbodi ment of the p‘i‘ﬁéﬁ%&eﬂtﬂi&%ﬂfxb&ﬂow%Tﬁéh&?nmre é’ﬁlﬂ%mﬂ* PradyVENT | N

5 The present invention now w I | be describ erernarter with
reference to tieéramsdoamccogpanag digwings,rin whiichprefeefed rehebdandpedifitent s of
the inventi on, are showgkm Th| i nvention rTZ'8 however e enbodi ed i n many
different for M RIfY 4 1S BRyeRipmnapay; QR wgKer bepmberiednmenvefifieranient s
. set forth her efofins afid@§HoRId n&t%%@nﬁfﬂ%&q"s RRbS 1Ahe eﬁfb%ng&ﬁ S92 fdrterdilll S

di sclosure will be thorough and 10 conplete, and y convey t’he
scope of the iftAshithesa embotdinesds Ak prdvedgdisn thiahéhis distlosise keillbateoshratier t o

e STt SNV LR BUELL B 5 (VA0S e, g3

defines an array Idke hithbérs hetbes, M@relenmtsltﬁmh@h@ﬁd an array of Second

{ aspiration holes 22 as_shown in ure 1. A15 plurality of channels 28
each connect a resp%gt‘ﬁ%eé}f?él%ﬂe( Oloithﬁa)lﬁﬂﬁnémveamramehﬂem@dyf t he
aspiration holy8s,,¢ | I one, enbo di sposed in
each of the wells %gaﬁ%pggg%{?%ﬁé;lf oy bOd% IZCfg’ﬁ P 2 B Eﬁthé’l?ﬁ’p?frts a

ti ssue sanpl e v@flsdéendan laaajabf/mcbncbispiratﬂm Id)lém as %mﬁﬁq?@@é QU3
hydr ophi | Ilg plurality of channels 28 each connect a respective one of the wells 16 to an
adjacent one of the aspiration holes 22, as shown in Figure 2. In one embodiment,
disposed in each of the wells 16 is a porous, hydrophilic frit 30 which supports a
tissue sample 32 over a reservoir of liquid media 36, The porous, hydrophilic
properties of the frit 30 wick the media 36 upwards, so as to supply the media to
20 the tissue sample 32. Exchange of old, depleted media 36 is facilitated by the
aspiration holes 22 which are each sized and configured to receive a pipette tip 34.
During aspiration, several of the pipette tips are inserted into the aspiration holes
22 and apply a vacuum pressure. The vacuum pressure draws the fluid media 36
out of each of the wells 16, through the channels 28, through the adjacent one of
25 the aspiration holes 22 and into the pipette tips.
The tissue sample 32 is preferably a plant tissue, such as dicot and monocot
tissue such as tissue from com (Zea mays), Brassica sp. (e.g., B. napus, B. rapa, B.
Juncea), particularly those Brassica species useful as sources of seed oil, alfalfa
(Medicago sativa), rice (Oryza sativa), rye (Secale cereale), sorghum (Sorghum
30 bicolor, Sorghum vulgare), millet (e.g., pearl millet (Pennisetum Glaucum), proso
millet (Panicum miliaceum), foxtail millet (Setaria italica), finger millet (Eleusine

coracana)), sunflower (Helianthus annuus), safflower (Carthamus tinciorius), wheat
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roperties of the frit 30 wick the media 36 upwards, so as to supply the
ﬁed?a to 20 the tissue sanple 32. Exchange of old, deppelgenidiza086 is
facilitated by the aspiration holes 22 which are each sized and configured
to recei veWBpMi8 e tip 34. During aspiration, several ofpci®epidegit e
tips are inserted into the aspiration holes 22 and apply a vacuum
pressure. The vgcuum pressure draws the fluid nedia 36 out of each of the

vel |'s 16, t hr oufA"CHE SEHHIE SOY2RN (Cliela gierd irbases %@P’@ﬁ@b@ﬁfrhﬁggw_es
i i Al a RN | i j sa e IS
oy ot erably A p oopr b aanB R s bhRaccl Morbh WSHEAM Rl s e

ium Bfragiging,avept poteo (pomBea baraps)scasBaval(BmihoFssculeptiy, cea) ,
fromcorn (Zea feyw) g.EvEpt potao ¢ sources of seed oi | alfalfa

. . . Ul .
(Nedi cago. sal i vayee FraRe ob ySiE iraeasyicimifl niasenicd pere apayssh sighum
( Sor ghum 30 sbi aRde(CirROEPWE0H N T omdBdch ) teh BeBneliB S Hehsi] 4&&43 (Musg.
(Penni setum gl aucu7n), proso mllet (Panicidmntili aceurrz“g, oxt a milet
(Setaria itali By aﬁ’P‘ir?&@ (Periseq @uert@ne) §g ﬁﬁicu&aéw?afhlggwa, (ﬁm’gw{ 7va,)2,2
; 3 t orius), . -

Noverber 2005 Wt HaiAse: B3 (B SO ESEPARAY): ©¥0§Bean
(d yci ne max), (szrbamh’mn@Ni:id@mizla)}m&a@ﬁﬁﬂmgcaﬂ%ﬁizﬂreé%ﬁﬂaﬁ,%&é LEsurrr),

eanuts (Arachi s hypogaea), cotton (Gossypi um bar badense,” (Gossj pium
Ei rsutun, smeéf"yé%@%égom&f&@ﬁﬁﬁ’ &Bel arlgenis) sugarsareeSacvtumh qm.)A eats, bagex, ?% sus)

. i f i,heappl.e nanas, cO ,

Citrus 5 t1oes (e, SRRt SRER L SR b B EERE g asiean i o
si nensi s), ban&sme fivisdncksyzpd pr gpmnepeions( Hf\}/fgm?%g{’?ﬁ%?gﬁaﬁy gdoﬂl&irt\(/dé:ﬂa(q}glsea
cur opaes) - papSyE A uB L5 e SRR eIl v o Shedeatad |
macadam a, (N&ca@glrgy@]ﬂoglg@g{sj folia), alnond (Prunus annygdal us), sugar

- 10
beets (Beta vulgaris), sugarcane (Sacchar-unz spp.), oats, barley, _
veget a(bl es, or namsn'tféﬁ bodyak?doicba M WP D i prefpably emfradie® 0f 8 pblearboritsle i S

i . Th t i tion may be
partoul ar g 2PPETr YR e Hied RhToT S 5aET e tffonte b sriardimadt | 11 i .
such as ti ssuead@liwear relsQ GERALS B Faline s pBRIN L2210 huib g M, 10 i's

referably constructed of a polycarbonate . _
P y machined by computer controlled milling machine (CNC), or other automatic

machining process, into complex, precision shapes. The body could also be
constructed of other materials, such as a polystyrene, polysuiphone, ot-her synthetic
20 materials, metals, ceramics, glass, etc. The body 12 is rectangular in shape, being
5.03:0.01 inches in length, 3.365+0.01 inches in width and 0.8130.01 inches in
height, a configuration compatible with most conventional liquid handling
machines. The body 12 includes other features such as a base 13 and a pair of 45°
chamfers 15 on opposing comers of one width of the body. The base 13 provides a
25 ledge and can serve as a gripping or mounting surface in conventional equipment.
The pair chamfers 15 can serve as reference marks to ensure the proper orientation
of the body, especially when it is important to keep track of the location of each
well. The body 12 also has a flat, upper surface 14 through which the holes 16 and
22 are drilled. It should be noted, that although the size of the body is preferably
30 configured for compatibility with preexisting equipment, the dimensions of the

body can be varied as desired.



15 bl ock that can be machined and is resistant enough to heat to be
sterilized in an autoclave for reuse. Cenerally, the

pol ycarbonate allows it to be nachined by conputer co%?rr\lgﬁ%r%hp?i ng
machi ne (@KGR/09mre ot her automatic nachi ning process, intg hR%es

preci sion shapes. The body could also be constructed of other nmaterials,
such as a polystyrene, polysul phone, other synthetic 20 materials, netals,
ceranics, glass, et &hemebgyodignengonsanddotatiogs bftheiwellshépes albetailgredio030. 01

inches in len inches in.width_and 0.8130,0Q01 i nches. in

hei ght, a comgtlS Jg}fjorl aﬁ%?eo‘gg&nﬁ%g )I%E) 18 SAUHTGREs FOLBRGRH jte W%fﬁﬁaglyﬂ’a'iﬁdl i ng

machi nes. The bbuylldid donataydesd boher 44 Ralidmes a’iﬂ?*ﬂ»f@%y% tQ%%%gﬁéaf@Q a pair
y.

of 45 chanfers, 15 on _((a)]‘ggosi ng comers of one widih of "the bo e base 13
provi des. a 25"itegipst hagd banligsdoecess Qthar welpilengitins cowdibeinsed suchfaade i n
conventional  egLiPEE ' s 15 can serve as.reference marks
to ensure the pr osgerﬁ%‘r‘ﬁeg%{ﬁ% E?%%®§%@%%§88§@§%@?P‘.E&F?RyS%‘éﬁ‘f% is

i mportant to kweptandad kvelifdenditesl ookt alerbofise@atih avsihble wilEorbobo0k7epl SO has
a flat, h. which the holes 16 and 22 are drilled. It

upper surface, 14 thro he nd i
shoul d be not etf™f t‘h%P‘Efﬁgfag"’r‘l.%’PH%Wélil e lipnted by spddyragticalitiest asithdbige 6D

~ coni qured | onhénaat b bt hih RASEX L B SRR v et Tl o ©

the body can be varied aS desire ve
PCT/ US02/ 1664%herwellnandsbe sizelpftbasictln theandlvencat i ons of the wells 16 are

- also tailgped to onpati bl e w th preexisting equipment. For instance,
the plat e'i){p))referab:ib)?/‘:‘f%%a 5 %B\Rgmeswaf léﬁ"aélarsg\}ld@ficlh cgl shepe 3thgel |s in an

,array of 6 by dBnidteraf ocopRates bhEa a¥ieh s IR8E0 bl W4 ldng. deyices. O her
{well densities could be used suczﬁ gg)s %fg%\%?lbg‘i’dﬁgrgs g’gﬂ{\%e%%‘ﬂ?ﬂéf&:ﬁbe
conpati bl e wi famstenodieedtonel caideivasisd at-levtredrand iTlbu3ed amskvierhl Wakidrsdensi ti es
coul d al so be u%ed, such,as s of a_ 1000 wells. Cenerally the

‘ Lhgle well :
nunber of wel PEREHE HEal F%?Pt‘g‘gws‘?deﬁeﬁhﬁef% ndhe welldhe growtheatgiof Beof  t he
body 12, the tiygne, £ thé EhbB ITGHRANO NG 1 it es of, the equi pnent
using the wells and the giﬁze of tlhfe}g\‘/\yelé ﬁ%%t%ﬁg%@%%gﬁ{h%%%{r%eff%ﬁ%bl y, each
of the welds Toavak A centgnipagedter fisiande betekersthapelvis 0/ @incHeaetier240f 0. 62

Rb R T N R LN Rk
devices is compatible. The 24 well plate has been determined by the inventors to
be particularly suitable to the tissue propagation of duckweed callus, presenting a
preferred balance of tissue 32 volume and density of wells. The density of the cell
- 20 wells 16 used for duckweed is preferably 96 wells or less due to the size of callus
and rapid cell growth. Of course, other m%angements could also be used for more
custormzed equipment, if desired.
The aspiration holes 22 extend through the upper surface 14 of the body 12.
Each of the 24 aspiration holes 22 is preferably adjacent to, and commected in fluid
25  communication with, a respective one of the wells 16. The pairing arrangement of
the aspiration holes 22 and the wells 16 allows aspiration without cross-
contamination of the samples, such as occurs with the prior art manifold well
plates. In addition, the pairing arrangement aHows the media of individual wells
16 of interest to be aspirated and refreshed selectively. Individual wells 16 could
30  be addressed selectively by hand or by automated equipment that allows the
operation of a single pipette independently of the other pipettes in the head.

Selectively addressing wells would be useful if, for instance, the tissue in one of
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such as the initial size of the tissue to be placed in the well, the growth
rate of the tissue, and the length of time the tissuedgoldhis 2869 p0gat ed
in the well before 15 renoval. A center-to-center distance between the
wells is OYO®2p9votves for the 24 well plate to ensure that PF?EJIS%I{(%EKQeWEm
and notion of standard, automated pipette devices is conpatible. ie 24
wel | pl ate has geen determ ned by the inventors to be particularly

sui tabl e to t hebe ey wapgaseaiimeiaostrong cEjpresoiveadspoakd 10San 4peAs Sidh 39 a

preferred bal angg j vol une and density of wells. The density of

the cell 20 well se% d%*s"'e@ﬂ?gﬁg%‘ﬁc VA 'Cép‘ﬁ?ﬁ%?%?%%wm@tmi adgled pesistamge due

to the size of teaktlasiveagentrsaph ds & GbibictlcOwt f&sisxg:icectﬂlé:;ﬁgnt Sp%rﬂibgéngjgfh%pgenent s
[ esired. €

could al so be gjsecg for %e custom zed equi pnent,
aspiration hol @08mce] Rjopnrisabespansc gapld alsa be sssayelidn ddivideal ety 12.

Each of thes24vagihé slekOn i 2241 S _pref er abl dj nt to, and connected
in fluid 25 communi gﬁ?@ﬁﬁ\%@ﬁn gllé§g%g§o%§u%%g?8+lﬁﬁﬁg afiIrated ang testeck -

pai ri ng arr ang&wesnfregfently Hemabpothat wells. hohess Bﬁeﬁlﬂaﬁﬁgeé"%idréﬁ&@;eﬁi | ows
aspiration wt Qg[yetc .Sross, cont 'g@ti on of the sanples, such as occurs with
the prior art ranirora Ftlmg%ITH & fromythatuelt wewld promidpaismougr statigiogienent

al l ows the nmedi@radtionndf ddrdatain ' st.to be aspjrated and
refreshed sel ectively. |ndivi dﬁgﬁﬁ&gﬁsiﬁigg%dggf’gg%ooft}ée ﬁﬁjdﬁﬁgglgbﬁes 7

sel ectivel y byCHdhbe Briragywisiusaerd ectlle 46 tqpom dbwh ba thehdans dfhsiraBper ati on of
a single pjpeteindependently of the other pipettes in the Knead.

Sel ectively addressing wells would be useful if, for instance, the tissue

in one of -9 22 NovEshef (205 MRORI89702 489t he vel | s, was
generating a strong exgr+essi glrll response t%agﬁgé%%%?jcgﬁl&%m%mSpﬁ'?:er‘éﬁ}%ed

growth of ti ssteEPth e inehesomdiaghamdterrofilol 67[iagtes 0y asad B dhIs ¢ St ance”

to a selectiv uch, as her bj. c] , or resistance to a plant

pat hogen. O hng3 EI osé%“ed%lr%ﬂile‘g?lpﬁﬁt%t&hl;’/‘gﬁ]é%ﬂghﬂ@élﬁﬁﬁsf@ge 2duLdreat esnimdlenssayed

in individual dihdtersSandidifelchCcdi@S8pLntd ' ha fromthis well

coul d be §§pi rated and t_es?ed nor e frlgqﬂt}gﬁ%}fcl)?gﬁué% %H%en%gg?Pé’Pd’%gluP%I? Anmong
n

ot her advant ad]égglzerﬁﬁ-tge PiPstieipto be olsérélithaminaQf cbest, the oftler SRFESaridr om t hat
PSRN TR S St TR A M L
standard pipette shapes and lengths that are known to those of skill in the art,
Cylindrical aspiration holes 22 are also preferable in that they are easier to machine
with rotating drill bits. The center-to-center distance between adjacent ones of the
20 aspiration holes 22 is preferably the same as the center-to-center distance between
the wells 16, which is 0.76 inches in the illustrated embodiment of 24 wells. The
- placement of the aspiration holes through the upper surface 14 of the body 12 and
the same center-to-center distance ensures that the same pipette heﬁd configuration
can be used for aspiration of the media 36 as for the dispersion of the media.
25 Each of the channels 28 connects a respective pair of the cell wells 16 and
aspiration holes 22 in fluid communication, as shown in Figure 2. Each of the
channels 28 is preferably roughly elliptical in shape due to the preferred method of
manufacturing used to create the channel, as will be described hereinafter. Each of
the channels is disposed beneath a bottom portion of one of the wells 16 and the
30  aspiration holes 22, also due to the preferred method of manufacture. Many types
of shapes could be used for the channel 28 as the pressure distribution of the

vacuum applied by the pipette 34 will still be cvenly distributed throughout the cell
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could be paired with several wells 16 to cut down on the nunber of
aspiration 10 iterations. Each of the aspiration hol 95222@0\%@?@5665

preferably cylindrical in shape with a depth of 0.660.01 I nches and a
di amet er WO Q482 i nches, so as to be able to receive a LA Sl zed
pipette tip 34 through its upper edge 24. Larger or snaller |arret ers, and

different center-to-center distances could be used, dependi ng upon 15 the

‘si ze of the pi el being |a§Plta¢ﬁdbe‘Each o€ teadiatieds 28 sots, @Iong(wiﬂﬁﬂs rdsp&ti®t Bed oshapes

R

and ot her d| ried to suit a custom zed arrangenent, or
other standar Q?ﬁ’ glg h gesé%dasf LIFSEHAI fpraxcessangdip i thag b @ﬂrﬂS’gbe@T skil |

inthe art. @yiclcetﬁmt@aﬂe fE630. rﬁtaﬂﬂﬂldﬂQb %ﬁﬁﬁﬂ?ﬁ%&l&?ﬁ}i eag ﬁﬁti% ' n that

they are easier to rrachl ne with rotatin bt fo-center

di st ance bet wetAMRS 28 &t asphationdioles 22 0021@1 slspbe ataddn shgqﬂgmeﬂﬂiaﬁs preferably
the sane ag t e t wee s 16, which is
0.76 inc heg i ﬁpﬁ@ﬂ?ﬁﬁi@ ;dgrt@ E% eﬁ%% Psrr%% qyﬁaﬁwr#@nﬁag?es% o thy welliht of
the aspirati or¢0hldlt®szseifm‘t , doginstatie:, Eﬁmeéalﬁisbffﬁfe%l&ﬂ ti@iuetﬂewﬁ’é)&’éﬁﬁelgnéﬁﬁﬂ the

sane center-tQq g i stance ensures that the sane ette
configuration ‘H@’e s‘éﬁ’eﬂﬁ?abksﬁﬁ’i Tpgdip éﬁp@iﬁedh@ﬂﬁdm@ tBé upperfedge dfide

. di spersion of vwdne lﬁei‘ke@ergﬁly € vifh detd chcgﬁﬁg fe nil;;ﬁ%ﬁ?t@%{ ;/gn,

pair of the cell wells 16 an aspiration
as shown in Fio§iis eespectiPaohe of tht hells aﬁa@ naetcsfoaﬁ al Isdgamfaelﬂfebﬂ,dﬁohp&gﬁé y

- ellipticalgin e due.to t d nmet hod of nmanufacturing used to
create the chgﬁeﬂgg SuggoW1gltheb§t§é§L gmsdidcdtnaf ter. Each of the channel s

| s disposed beneal Bagh £R50RRELI0BoiRimOBE off shltfed Rl AN LhE 30Nany

aspiration holes 22, also due to the prefe rred

types of s haﬁ’éélsdlﬁmu@ apé hidrephitioto proecedteenetacBSn asd teb@itioh 88 Heélfedia

di stribution uum li.ed ette 34 will still be evenly
di stributed tﬁ'ﬁ o%lgﬁsouéég%ﬁgs ﬁfé% dicﬁ)h%c ng{%t%F matspisl 8D yepnznRY Or

PCT/ US02/ 1664f&mpet Agi b# & HaL LS al ong
with its respecti. vdéyg?g ofngsuf@he {6%%05 16%%11&{:& ‘ﬁ%?ﬂggfgv&%tsh hlﬁeser voi r
for excess nedpigrialgs inkstentlydydrophibice Altewiatkentateninls wikiepdrois st8Rturdsn addi tion

t2(2) igEPLYAPgO&SIe’%H %18‘5 zszgigrg cEan?;rgalpg b% ggphceg%g glealtesn s8n061} rrllgtu?asl yl ration holes
hydrophilic to make them hydrophilic. The material is produced by sintering and
wicks solutions by capillary action and can act as a sterile barrier due to its
- tortuous path properties. The frits are preferably cut or punched in disk shapes
20 roughly congruent with the wells 16 from porous ¥4 inch thick polyethylene sheet
with an average pore size of 90 to 130 micrometers known as Porex from Porous
Products of Fairburn, Georgia and also available as Part No. Y2-PEH-250/90 from .
Small Parts Inc., Miami Lakes, FL. Such a frit can hold about 550 pl of media and
supply the tissue for a number of days. ,
25 The congruency of shape between the fijt 30 and its respective one of the
wells 16 ensures 2 fit with minimal leakage of the media 36 around the frit and also
- ensures that the frit rests firmly on the ledge 29, above most of the media.
Different thicknesses of the frit 30 may be used, with thicker frits generally
holding more material and needing to be refreshed with new media less often. A
30 | larger diameter frit could be used for larger diameter wells 16, but may require a
manifold undemeath for additional support to keep the large diameter frit 30 from

~ collapsing under the applied vacuum pressure. For instance, a large diameter frit
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5 Supplying nedia through the channels 28 and aspiration holes 22 to the

wells 16 could be useful, for instance, if the callus tissue
’ ! €, 2P &égﬁb Phogd ti
32 was dense enough to be relatively inperneable to ned?% | spensed into

t hr ough t h&ouaperedge of the wells 16. Preferably, the wipddybgagh of
the channels 28 is less than the diameter of its respective one of the

wells 16 so as #o f?rg\a | edge 29 at the bottomof the 10 well for
supporting the $4$quldfe suppoecd hea paerndig®sedap he back of theifsit paefiel whéry

constructed of fe$k . n tepial .fhat |s porous . and
hydrophilic to p‘??’nﬁ? g{eﬁﬂelpglta%{%ct |°§h%aerqr§‘ er{é’teé’r?ﬁ@ﬁ“&?‘i 5@ SHRRRTEOE i ¢ hi
i ts intersti cesnanifidd the fiitphieltisically mfict st@nper thaEhelakdkiz6@heRBrARaBpent

or tenporary depending. upon the processes by which it is applied, or _
whet her the 155§ ?resr‘ﬁpagffﬁ ‘g‘%ich RRSHIStRR e PspHmpdcsate XpeuainTpessuees mpplied al s

W th poroussst h&lbRRtte 1if Qi kS .coul.d be applied to
mat eri al s not r;mg?ur_g%% ° %ydlrnggp%ﬁrl C foﬁ%ﬁ%@#@%ﬁﬁﬁgb Pfh’f}’refﬁ’gtpnat eri al
i s produced by &Vertienisheldhelabloiackihsaldyiremnseshyf abaizolindhés ack O fid can
act as a steril rrier..due to its __torjuous path properties. The fits are
preferably cut agcr)@%ﬂ%% Oe%mfa?\t’ @e-gﬁs@ﬁgtﬁé’gf% FEUGII2 her Pl tharfit watdrialhe

vel I's 16 from pnd eies dfoi pbhddih@kndol st fd %}?I&Qﬁ%ﬁt inWtﬁ%w%f(]}s i’a%’.erage pore

om roduc

size of 90 to 130 m_croneters known as Porex f or ous s of
Fai rburn, Georgia addecdf¥8 Hiaprefrridy asnsbarctedNoom Y DIdREld! 5REABofatom  Snal |
of nedia and .

Parts Inc.i1gM am mateh a fit . can hol.d abqut 550 j al

supply the ti ssueer*agﬁgm ulktt)%ersagr’fe r%§w1§@$ﬁ@1%@wy 13t ConsiptctBgt ween
the flit 30 antheifistefiempesing®I@ROS GlatdriaCinsiMls 28ain 1O Rdwdenl dinaM th

m ni mal | eakage OE‘cf;[‘th media 36 around the frit and alsdo ensures that the -
frit rests firWp uidiesylciy geoss gontaminasionws theshmples. helivalls Tk fhcker ent '

t hi cknesses of N . _ iIth th r frits generally
hol di ng nore 8 grg ?gllli h%ﬁ%%}é%éf ngaﬁgﬁg%ne\ﬂe%s%%gm{ Wil?féw%?%dqﬂé@g
often. A .30 |mngdne,diitndrilbbits ofisimitodieReonsss thd @irbEhAe Hinth&RL efr wel | s

16, but require a j.fold ynderneath for additional support to keep
the |ar ggel §i a Cétcgt?sa?yr ﬁ%h‘?grlﬁﬁ‘i I§04345 #yasueneeeh pelecaborialed fome them

8r2 /eg 3 %Sg E(C)Z'rl' /Bﬁg% g)@,rlﬂélg ZHSSét BT Ifhe BadBleRhalifdh 15 dndredtovi? é’n%ﬁ?ﬂna%e?& ’toV\D
flatten out other surfaces, such as the upper surface 14. The channel 28 is
preferably formed using a rotating saw blade 80 on the same milling machine. The
rotating saw blade has a cutting diameter of shightly less than the wells 16 and is
20  mserted into one of the wells until it cuts away fo a depth equal to the thickness of
the rotating saw blade 80, as shown in Figure 6. The rotating saw blade is then
advanced in the direction of the adjacent one of the aspiration holes 22 until it cuts
mto the aspiration hole enough to form the channel 28 with sufficient size to
enable fluid communication between the well and the aspiration hole, as shown in
25 Figure 2. The saw blade 80 is then moved back to the center of the well and
retracted out of the well. The undersized diameter of the saw blade forms the
ledge 29 on which the frit 30 is supported.
' As shown in Figures 2 and 3, the present invention can also include a seal _
35 that embraces the pipette tip 34 and is disposed around the upper edge 24 of one
30 ofthe aspiration holes 22 when the tip is inserted therein. The seal 35 includes an
elastomeric ring 50 subjacent a rigid collar 51. The rigid collar is preferably

constructed from a stiff material, such as from a steel bushing, and optionally
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30 could be supported by a screen disposed on the back of the frit material
when the frit material is manufactured. Despite the pasghilfpdioedsfor a
supporting manifold, the frits are typically nmuch stronger than simlarly
si zed nenYO4R®AY29r paper supports which cannot withst ande@Erwesnzeger at e
vacuum pressures applied 5 by the pipette tip during aspiration.
Preferably, the Irit material_ of the present _invention should be able to
wi t hstand presi5rHEEs &Fetspisit Shectendipetbroyeh iy siden Tjghtening of therselsstrydi ment
the. tissue 324saehdn880l : ttg@%é fad L et arl nd, t hen
cut or punched into i_nd(i)?%glggliﬁ%?lpg f 3%?5%@%%%&1&%@%@ eﬂmtlglﬂr%’e%. The
MAP 10 is pref epwdsilynigution ofi theednstanpericainy Hcis iofs ppekyd aganan aicappor apat er i al

of roughly the rect angul ar .di nensi.ons. as the body 12. Constructin
the pl gt eyfrom2 ‘ggé%ﬁﬁfpémgipgg‘&ﬁeofﬁﬁﬁ‘@# 'g clagiomess rﬁ‘@a%rf@?‘i malke sgetagiet wgen
vel s which ceith thengiet édg rz4fo@1§eSas?9mcafﬂdi@édn%v9E ﬁtdggocaﬂlgféﬁﬁ%er \Hg}?ﬁw&' I's

16 and aspiration holes 22 are preferably fornmed using a er
aut onat ed. dri | Pefsgred aaglaiohebouii7@htodiither thdiliteoformatiin @ffa vHomemsighnseal.o t he

desired hol e di j fol essar t h LlLing chine al so cuts
away enough pé#%gfg%g%%beﬂr’t%e %l? %fﬁwa@pr%:gg%teg’ﬁg fr’r?L‘eSl gigodd he base,
. the chanfers lifclmsibrgesny es fien ouedrapipetié ﬁ%m inbthAdd TEC%QP@%ﬁgfi}a%rfaces’

such as the u%qe ﬁur.face 4. The channel [ ornmed using a
00 Pﬂ%

: is preferably
rotating saw a8t a PTRE (THFEOR) cpating, smisnida oint demateteflismns aw bl ade

~ has a cuttjipng RhtHBIEht RimSkt G .he wel 16 and is 2
inserted i nto one of the \}\gﬁ@uin#]:l’q;ﬁﬁtﬁdigﬁig(%%?eﬁ%h; B’é’ﬂ)laﬂ(?%‘hﬁ‘gflg?o t he
t hi ckness of boledroteiiriofif.Osaw. bl ade 80, as shown in Figure 6. The rotating

(__s_aw bl ade is then éI%gv nced in the direction of the adjacent one of the
aspiration hol es 22GRE0ONeRcIRgsd0 may Hsq brecoriigimed e St amotype efpingte tip f or m

the channel 28yWdy isUdfeli6ic8itto Bl 2601l @00 fluid.co ni cat.l,on bet ween
the well and t_ﬁe aﬂ%pli re{{ei_or? holoe, a% gﬁfvﬁ%g’é%sﬁlgﬁ?%%nﬁg%ggw bl ade 80
i s then novedPipglk tipoaliovang thetseal to tompressvebindathe tip vetilcatlaehg@sits of the

wel | . The gnd%l%il eg %i@rret_er of the saw bl ade forns the |edge 29 on which
the flit i S suf’éﬁ &SN AEMQYS\ o fhergsptn hwle, {doryersehip therreaié pollar

i nvention cansah&oar apehuflana is 8alrsizaP1 (oh alithGodYea AL el LR34 and
i s di sposed around the upper .edgés?54 of  one g%%aggﬁ%%gﬁgg%iﬁggh%ﬁkﬁ‘& es 22
when the tip P¥eliinippt edowimgrelorrasifireca esthe Bipeitn tpudbs caltar’ eipagtves®ri ¢ ring
S0 subj acent g i.s preferably constructed

froma stiff nﬁ% éearg‘% a ﬁals{ljlghetgséfe%”-rr Sréfggteg‘gecfg’lﬁlﬁg‘h? Ry, Collabiakay tsrapatiy
tip 34. In an alternative embodiment, the seal 35 could also be integrally molded
20  with the pipette tip 34. In yet another embodiment, a soft sealing material could be
used around the upper edge 24 of the aspiration holes so as to sealmgly receive a
tip without the seal 35.
The MWP 10 is used to promote tissue growth and propagation by
supplying nutrients in a sterile environment. The method for using the MWP
25 includes loading the plate either manually, or using a cell-sorter modified to sort
tissue samples, such as those used to sort fruit flies. Generally, this equipment uses
a vacuum to pick up the samples. The unmodified cell sorter could be used if the
tissue samples are small enough. The MWP 10 is preferably covered with a
transparent, polystyrene cover or lid to allow the transmission of li ght to the tissue.
30 Once the tissue 32 is in the wells 16 of the plate, the plate is stacked for
access by a liquid handier including multiple pipette tips cormected to media and

vacuum supplies. The liquid handler grips the plate and removes the lid in a
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-12 22 Novenber 2005 WO (J2/097029 PCT/ US02/ 16645 includes a set screw 52
extending through its side. Tightening of the set screw nbLISHbSI®OE e
collar about the pipette tip 34 allowing the rigid collar 51 to prevent
upwar d ni gVEIRBNE the el astomeric ring 50 as it is pressedragRbAGHst he
upper edge 24 of the aspiration hole. The end of the elastoneric ring 50

t hat makes contact 5 wth ttge utg#e(r‘151 edge 24 _of the aspiration hole can have
a frustoconi cal MEHEHEIRNR if °Sed$ Hnghe argiThe Bauidbendlimpoiavivefentenieeach
facilitate forngpéi@ipdd o/ AfpBrilt 9 |y L,pref.epabl y.. .t he seal
35 is approximately 0.3 inches in di ggr:rgjfsglr@ E ﬁg@ﬁ&gﬁf%%ﬁéﬁ{hﬁa&ig& ag‘étst 0
fit a standard B¢ pRiter edge 3 ofithe aspistiambele ahEGANYpliped L Be upperMasface/y 700S

with a PTFE (T ting. . an inside pqint diameter of 0.5 mm 10

out si de poi nt Eﬁég%»ioggo@eli‘ﬂ'idﬁ?ﬁdhi“ﬁgieﬂ’éggﬁﬂ?ﬂsaﬁ Badiadhroggh thedipspintorflie an
outside body dispireiogholtk 22; @rdiph t1Neh8has b URA Ifo al 0 be
configured to ]lcﬁll@;[ .any_type of dSii%ette tip ggﬁ‘g@?ﬁ{& I ngggg])r{pﬁgm%%mto be

about 90% of t #¥ HisHed? owek plthedrellvdders efcesshio a ppplytafehd mpdia @roewi Mg t he
seal to conpre -dhe kil p.whil e rel axi to its 15 normal shape when
removed from t%zt?ég]ibﬁr%gﬁlgge%%q%g .Onéf&enl\’flé”fesﬁ %?Qq?ﬂrﬁa?eilﬁljhc%lnlaaqultugfll‘oﬁﬁls an
aperture that msthaltensiatediolf¥motd frowds g8 ele dade dMaRisidde di ameter of the

pipette tip 34 allow nIg it to easily receive the pipette tip. The collar's

aperture is decreab&d MEdissUcHierletss espanaql itrients ini thbmedad6, or theanodéa t he

col | ar abouwi th@eRiipeLdeqs tlik A Lhernative enbadi ment, the seal 35 .

could al so be i n{jeglr al | yS tﬁto%sgcggﬁ%eldoﬂlvﬁ %tgtlhés féfl‘é)eéittfagff’fl 1%lﬁul(§ha‘§ﬂéﬁlganot her

embodi nent, a ¢ofice. Sdwllidrigremdedifalm dewlge bThe 1586 hasd edge 24
P 3QHch 18 cUIRAG

of the aspiratjop hole .as to sealingly receive a tip wthout the seal/ -
Ep %ng . {

35. The MAP 10°%°S PlISHG PG AIPEPeri e eRe itlmsiration lnlen2gattil dre 4oyl 35

suppl yi ng nut riteed e bhhed eSELI4 & J; . e nethod.for using the MAP
25 incl udes | oading the eIéate eﬂlﬁgérﬂn%gﬁggﬂteﬁlgg}epl%tll?‘}]go ¢ BPR SBEe%sr

modi fied to sobtheicabawe Shaied hasdlinly desice hpsifes WS @B of Qickioh priskurd | | €S-
P ORI N LA
Cover or 17 1g a1 on Lhe &1 anoa G Mrin RbAISRN § hppRis Yot T ene
aspiration. The media is cycled as often as needed by repeating the above process.
In another embodiment, an automated pipetting head (or robotic liquid
handler) 60 is used to address single or muliiple wells selectively, such as the
20 GENESIS liquid handler (TECAN, AG of Switzerland), shown in Figure 4. The
robot is upgraded with a six-way valve for switching between different media,
reagent and ethanol supplies. The robot includes eight pipetting tips 61 on its
liquid handling arm 62. Four of the tips are configured to deliver media to a
plurality of multiple well plates 63 supported on its deck 64. The four remaining
25 tips are each fitted with a tip seal allowing the four remaining tips to aspirate the
wells 16 through their respective aspiration holes 22.
Preferably, the robotic liquid handler 69 is operated using a software
program to control deployment of its pipetting tips 61 in such a way as to minimize
cross-contamination between the wells 16. During media delivery, contamination
30 ofthe four media supplying tips is avoided by suspending the media supplying tips
over the wells without contacting the plates, Contamination of the aspiration tips

is avoided by ﬂpshing each tip with an anti-microbial ethanol liguid in between
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30 Once the tissue 32 is in the wells 16 of the plate, the plate is stacked
for access by a liquid handler including mltiple pipgijgvdnifs 20ennect ed

to media and vacuum supplies. The liquid handler grips the plate and
renoves tWe Wjogrozh a -13 22 Novenber 2005 WO 02/ 097029 PCWAiIS02A6645

manner known to those of skill in the art. The liquid handling device

ext ends each gﬁigfeé%ﬂe ti %I”Al into a fespective one of the aspiration holes
22 until the s&RM ss Theggteigpet the tige andiscgls are waghadiin an cadedlol e and

the portion of sHah8w iR kt5idh 68CAs ty; 1 gl d | | .Ng device
di spenses nedi Sa t hr ough St hle 1t I ’p@?&ﬁ%ﬁ)‘bﬁEﬁgggéﬁug&;ﬁ%énaﬁ%q%é%%ﬂep%lyough
t he channel s 28sxamge pnmp aniérwalighssptéd diephraging fasamvasi) pundphfeorh a$&déevod2 i N

each of the we|ls : as access to a, supply of the media through the frit
30. The lid isicF Sﬁijbg%@ﬂo'%%% REXNY38E0 and the plate is placed in a

culture rosm with ProbtafimmkitRrobet 6U 8HRL&Es Efe%ct(ﬂd?estrja&uiﬁ%§§acﬂﬂ1§?%éagt6

tissues). After the tissue depletes essential nutrients rn the ne
the media 10 '8bdidhelosatioreelienth thetpspicdtimndotts 22had phatvellsiTh. | In thisadedehack on

the liquid hangl g, :.deyice:  The Lid | d fromthe plate The Iiquid
nandl | ng devr o8 Srbsa ki p Beelde  Tph e R Yol ione of the

aspi ration holaspirdidntolds 22t dre pestitdned %o catsbsnd REhe RS o?ﬁ?ﬁte%vﬁlfg thile
14 thereabout. The

aspiration hole gegg,th%,p rtion of the upper surface _

liquid handl i i@ #¥itke B‘bfoﬂq@éﬂae@%@uﬁm pleg haste pymalies dwareter Usant the ough t he
pipette tips Whinch e 9% LA, f el.l wells.16, through the
channel s 28, into tﬁ% asp%é}%%ﬁgﬂéﬁgltég%ép%ﬁ !lhﬁtc ntfaﬁ%f%fsﬁ%{“?@mfﬁ Sto
.conpl ete aspi22affooinstalite; thewbet is progyshmed RsaceédseinasengrRead by haepgat i ng
(_t‘ he above process. |In another epbodi nent, an autonated pipetting head (or
robotic |iqui & ﬁaFﬁ&'%&’Fﬁ pigd ercgualda et of Hierpgpization heldst Netabluel | s
selectively, @ S8ninkiBe 201HEENE I Qupd. | : N.. AG of
Swi t zer | and), gk?g%m in Figure 4. %%ﬁee}ér(ggg’%u?(g&ﬁggé \gﬂ&é %\%ﬁtﬁo glesi x-way val ve
for swit chi ngainaiierholgsXdapbertnsidatitdy offitecaysatf thednehiantib: dikpplci 65 The

of the 11 bt aPs b BT e T OaR webra 1o o plurality of multipie
Sach 1 ted W ih At p sod o Tom oo i Dbt B, T
t he address the wells 16 and aspiration holes 22 of the plate 10. First, the four media
supply tips are positioned above wells 105 through 108 and, without contacting the
plate 10, dispense media into the wells in step 125. The media supply tips are then
20 sequentially positioned above, and dispense media into, wells 113 through 116 and
121 through 124 in steps 126 and 127, respectively. The four aspiration tips are
then inserted into the aspiration holes (which the robot recognizes as “wells”) 161
through 104, aspirating spent media from wells 105 through 108, in step 128.
After aspiration, the aspiration tips are flushed internally and cleansed externally
25 with ethanol at the wash station 65, in step 129. Aspiration and cleaning are
alternated for holes 109 through 112, in steps 130 and 131, and again for aspiration
holes 117 through 120 in steps 132 and 133. It should be noted that the process
can be expanded or reduced depending upon the number of pipetting tips and the
number of wells. In addition, the process is preferably performed within a HEPA
30  filtered environment, such as within a pressurized and filtered hood, to minimize

- the occurrence of contamination.
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wel l's 16 through their respective aspiration holes 22. Preferably, the _
robotic liquid handler 60 is operated using a software,, RLAHEPHEs contr ol
depl oynment of its pipetting tips 61 in such a way as to mnimze

cr oss- cont¥¥Ri0A4PT08h bet ween the wel I's 16. During medi a del ip¢§fdkoz/16645
contam nation 30 of the four nedia supplying tips is avoided by suspendi ng

the nmedi a suppl yi ng 44 ps r the wells wthout contacting the plates.
Cont ani nati on of theﬁéeg bPﬁ%/‘le‘Ei’ﬁ* ke uged inygenivnetionyith akishignstydivtadliop wi t h
an anti - m.cr obi akk irhelihe AddsubBividy Bal it i huDPUEIDEE 2005 WO

02/ 0971129 PCT/ US02/ 16645 aspi ?gtyim;gnb%\g?g%“s%é@%\%\réﬁ% e P 15 ps and
seal s are washedFsfiPedrin eomensaky ovsival USvPaestimtiabiion 1G530,81 Sentfict] goyi t h

th | Tiquid. 4L - i d/
hi h- speed d apiy it PRARLLGRY ShACPRIes i Ao el sastes Grieding ough
the six vy Sval e Saio PRGBSI ed HORSH hARLEICEC BRSPS ho! €5

requires teachi ng the robot the |ocation of both the asprration

and the wel | s 18% #P¥habokieipapulateraadmstseont theplapsrtatiedobst dfthd feseat ate 10
has twi ce as mapyeme! | s because the aspiration holes 22 are positioned to
correspond to the wells of a plate having twice the density. The fact that
t he aspiration hol eénha\aaomelsasmﬂwdcﬁmeﬂi,d{mi;ﬁrplhﬂa%ﬁdtrﬁ%cg&ﬂﬁé#l% g9 is of no
consequence as.the.robo eeks the center of the aspiration Sies 22. For .
i nstance, the POBEOR é@?%ﬁﬁ%&cﬁf%é@é@aw exdragkion. Pdchtveclhsf thé wel had 48

wel | s, eachowelplatdh@yitang pmdi I that. of ' the. aspiration holes.
Not ably, the Ig/r ogr anm ngng#lﬁﬁﬁ‘?ﬁ\%\%?%glﬁgg?éoféps F"rl?éoﬁ]]]f"%é&f’ﬁlgﬁg with
respect to the Vaspisriponndolses) ascaligands,apasttd@iabhy fofctd BEGAMSE: Of the
much smal | er d{:&[ﬁ%%ﬁdgf 15t t he gi}.ﬁette tips 61 with respect”"to the wellg."
Figure 5 depicts one exampieraPes Sibimthemayés. Sbersplidpbasragneinmgedn t o
address the wehdent 6 baFercas Birbady Late 10Q. First, the
four media su gpI y tips are, pogélﬂtl;ﬂ(e)r?g a 8{%@%\%11’ f'ﬂs%esfggp[l?‘ﬁﬁo "108 and,
wi t hout cont actFHGhRHistibuioa and retdiesgeide wrgband, nigentt ke welliSel N Step
125. The di I i ar e, t.hen 20 sequentially positioned above, and
di spense %di gheﬁ?xg{%g,b%%g F@H%i‘% Hlﬁertg{}ogge@l méﬁéﬁe web andtheii gspaivei n st eps
126 and 127, raspp&bhiloddsy. The four aspiration tips are then inserted into
t he aspiration hol eﬁl (which the robot recognizes as "wells') 101

_ ¢ present invention has several advantages. For example, the tissue

samples 32 in the wells 16 do not have to be moved or diAsturbed, cutfing down on
workload, ensuring sterile and optimal growth conditions. The plates 10 may be
20 used with conventional fiquid handl_ing pipette heads because the aspiration holes
22 are accessible from the upper surface of the body, i.c., a top-loading
arrangement.  The use of robotic liquid handlers with the plate promotes a well-
to-well consistency in the treatment of the tissue, as well as the efficient removal
and replacement of the media 36. The top-loading aspect allows the use of a
25 standard lid for sterility control and removes the need for a separate vacuum
manifold station for pulling out media. The lack of a manifold allows for the
differential treatment of each well and provides flexibility in liquid handler design
and selection. The liquid head can be configured to remove the media as well as
add new media with no change of tooling or pipétte tips.
30 Some of the figures disclosed herein contain block diagrams, flowcharts
and control flow illustrations of methods, systems and program products according

to the invention. It will be understood that cach block or step of the block diagram
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t hrough 104, aspirating spent nmedia fromwells 105 through 108, in step

128. After aspiration, the aspiration tips are flushed:qNehiel byopnd
cl eansed externally 25 with ethanol at the wash station 65, in step 129

Aspi r ati oWOREA?828ani ng are alternated for holes 109 thr ouhr/ddicém St eps
130 and 131, and again for aspiration holes 117 through 120 in steps 132
and 133. It sh oted .that.the process can_be expanded or reduced
dependi ng uponﬁ%(ce}ih%?{%ﬁpn%?l tﬁ%gkuts}-rﬁ 1. j2ps © @Pﬁtl‘ﬂ_‘?s of pinptheidadks. | n
addi tion, the diageesslonshd @idwonlbYnad e i bt MaflchERBa3) il ed
environment, such as within a pressurized and filter ood, to mnimze

t he occurr encePfograEpRBtERAIARS. | Biese compuie piguaninsiru2ions maD A6 Q402D o

PCT/ US02/ 16645 can al.so_be used in,conjunction wth
hi gh- density h%OtT‘Etﬁlt%‘?&%hgg%"#’é | %'?ﬁﬁ PRRFTaS %RfB?}Wiaﬁ@aq%i“&aﬁu%LF‘r@et i ssue
i n hundred$ ofinsthectiphatvbish easutdQsBEICBREULR o@@ﬂﬁ%}b%i—aﬁh%h%%% ratf@t €nt

Application 10/080,918 entitled, "LED Array for 11Tum nati Cell well
Pl ates and AutBTaif Sidexingjanentinedhe Rustipnhepecifinéinghablockwingrimi s

oot Lo mani pol o andb E T EER ookl SR A BBt Blstm i eken "

robot to mani pul ate and present t

. system | n yetmadshesstentd odi canpytet-fead st neploat ®ariad RENOEhHRHuibhg Present

i nvention coul gl be used tlﬂﬁperf.or m sol id phase extraction- Each well of the
wel | 10 pl at e COAFRT AT R nE AP AkANS gtioyein feaficylap manney, siaeli thet thai ch form

*a col umm. 10 VahhsdwSti S Re. 3 ' r tibodi.es). are forced
DS Unelhd efPuBSrAdi0 ARy BhaARLORlES

through the colum and becone trapped w X. solid phase
extraction, amangfpstire pahding ihgructdn teaosighicheplenknnthe fendioaajepfishe sol id

(h . Hgh- t . distribution and retrjeval of the conpound, agents,

e con o me R Hiagblss ornitht S PRl Fibbibsing o sisa(ls The comue | s and

their respect prgrarStriciond haylRbe IBAEARIES £ Bimg %E%it&@ pgg%féﬁqgﬁfea'
the wef 0

advant ages. For exanple, the fissue sanples 327n not have
to be noved ofPRIEUSIOSAEEE a8gTies pigpgokionahstepscs ke pathrmed surthagospweed dre and

optimal  of pWt Breopdioll A% e élr)rf)gra?ds B%%‘ocilil%e g%xgguter implemented process such

that the instructions which execute on the computer or other programimable
apparatus provide steps for implementing the functions specified i the block
diagram, flowchart or control flow block(s) or step(s).
Accordingly, blocks or steps of the block diagram, flowchart or control
20 flow illustration support combinations of means for performing the specified
functions, combinations of steps for performing the specified fanctions and
program instruction means for performing the specified functions. It will also be
understood that each block or step of the block diagram, flowchart or control flow
illustration, and combinations of blocks or steps in the block diagram, flowchart or
25 control flow illustration, can be implemented by special purpose hardware-based
computer systems which perform the specified functions or steps, or combinations
of special purpose hardware and computer instructions.
Many modifications and other embodiments of the invention will come to
nund to one skilled in the art to which this invention pertains having the benefit of
30 the teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limijted to the

specific embodiments disclosed and that modifications and other embodiments are
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20 used with conventional liquid handling pipette heads because the
aspiration holes 22 are accessible fromthe upper surbaggvahbdrigobody,
i.e., a top-loading arrangenent. The use of robotic liquid handlers with
the plate WPIABIEY a wel | - to-wel |l consistency in the treatpraniso®icdube
tissue, as well as the efficient renoval and replacenent of the nedia 36.
The top-Ioadin al. | the.use of a standard |id for sterility
control and re%@%@e%tﬁhgeﬁgg@f%‘?ﬁ - ‘865?%&@2'%ﬂm‘}ﬁﬂe%lﬁm%ll%@rmsﬁnpadnfor
‘pull'ing out nedhetherldifbdddtntPhe RellPRid Hldnahb@Ws,18 Q{SDtb@% etﬂic)f f_‘]%,enti al
treatnment of each well and provides flexibility n T1qui artar er design
and sel ecti on. BUvnq dilhorgletpeeifis tmscon bingloyedihdreins fiepus dsbeim®di a as

N dd i@ ok b tool | ipette tips. 3.0 S
of the 11 qur es el Be i HRP oA AR Rl pb OBk iRt BT e s 1 s and

control flowillustrations of: nethods, systenms and program products
according to the invention. It will be understood that each block or step
of the block diagram -16 22 Novenber 2005 WO (12/0) 71121 PCT/ US02/ 16645
flomchart and control flow illustration, and conbi nati ons of blocks in the
bl ock diagram flowchart and control flow illustration, can be inplenented
by conputer programinstructions. These conputer programinstructions may
be | oaded onto a conputer or other programmbl e apparatus to produce a
machi ne, such that the 5 instructions which execute on the conputer or

ot her progranmabl e apparatus create neans for inplenenting the functions
specified in the block diagram flowhart or control flow block(s) or
step(s). These conputer programinstructions may also be stored in a
conput er -readabl e menory that can direct a conputer or other programabl
apparatus to function in a particular manner, such that the 10 instructions
stored in the conputer-readable nenory produce an article of manufacture
i ncluding instruction nmeans which inplenent the function specified in the
bl ock diagram flowchart or control flow block(s) or step(s). - The conputer
programinstructions may al so be | oaded onto a conputer or other
programmabl e apparatus to cause a series of operational steps to be
performed on the conputer or 15 other progranmbl e apparatus to produce a
conput er i npl enented process such that the instructions which execute on
t he conputer or other programmabl e ‘
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apparatus provide steps for inplenmenting the functions specified in the

bl ock diagram flowchart or control flow block(s) or s#ge{(Shber2@grdi ngly,
bl ocks or steps of the block diagram flowhart or control 20 flow

i |l ustratwomzeuppoert conbi nati ons of means for perform ng ﬁé‘ﬁu?ﬁﬁ%jgfsi ed

functions, conbinations of steps for perfornming the specified functions and

programinstruction neans for performng the specified functions. It wll

al so be ‘understood that each b6bXT YHETIBAS SFLABMED ock di agram flowchart

or control flow illustration, and conbinations of blocks or steps in the

bl ock di agram f|OV\fhaI‘t 0 Zg) ﬁo rol flow_llustration, can be

i npl ement ed by spectal p‘f}PE?é% TR 7 BOYOYS Bt thel suppAris tsgas whishvimiahe
erformthe speeidiiad ik ' bin& AR . i

p AREh SHIE L OB PeglarBl RPFateQané ﬁ% Hf)fﬁixc]l’g{)elggdﬁ%ﬁ%e

I
pur pose hardware, and conputer instructions. Many np i'ons of her
embodi ment 8 ofdeVKE. saidplateicompuising: cone to mind to one skilled in the art

to which this invention pertains having the benefi f. .30 the teachings
'anOdé@%‘(f:IPg AR %S Fﬁcet’ ﬁ%‘gé?géiﬁg‘? ®H dr awi ngs.

presented in the foregoing

 Therefore, it is to be under siBathddBivitHE Fri WERLIRE: ddse AREndd ARl | M t ed
to the specific enbodi nents disclosed and that rm;fific tions and ot her
. enbodi ments aMBPSEriace sffhehesiyrand o siiDlo OGN PREicRUESDRItIHAARS bbdy ended

to be include LER e ap ed.clains. For instance, in
anot her errbodiq?rgﬁ%ﬁ%]t gE \?\E‘f f"i? EI%F’:%F g’%%%%&t ﬁa@@ gﬁsg HPIIS%S%GO?J@@H'E‘QEP ¥e6S1yF ow
- bacteri unt0 Al thvpagbusiitend the tiseermdas BoldThé Aisemk Hagel Me pbibRY 6 Mdused i n a

gener+i ¢ and, gesc_ri ptive sense only and not for purposes of limtation. 5
22 Novenber 2888'“WO 02/11) 71129 PCT/ US02/ J6645 THAT WHI CH |'S CLAI MED: 1. A

(plate for holding a porous fgidjst i : ' equnich.is tp be
bathed in a media that is regul &f Py as g%%ggitgegiﬁ%h?%ingWé’&%?‘ adm?
t op- | oadi ng péqdigueed & supporicthe fifaheteqi;aind conpri sing: a body having an
upper surface, said body defini ng' i
a second hole having a second hole upper edge defined by
15 the upper surface of the body and a second hole bottom portion defined within the
body and below the upper surface of the body, the second hole bottom portion
being connected in fluid communication with the first hole bottom portion so that
the pipette device can access the first hole through the second hole upper edge to
aspirate the media through vacuum application and refresh the media by pumping

20 in fresh media without removal of the tissue and the porous frit from the plate.

2. A plate of Claim 1, wherein the top surface of the body is

configured to receive a cover plate disposed thereon.

25 3. A plate of Claim 2, further comprising a cover plate that is
transparent to light transmission and wherein the first hole upper cdge is
configured to allow light transmission to the tissue contained in the first hole by

having a height to diameter ratio of less than 2 to 1 so that growth of the tissue is
promoted.
30

4. A plate of Claim 1, wherein the second hole has a diameter that is

compatible with pre-existing pipette tips.
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a first hole having a first hole upper edge defined by the upper surface

of the body and a first hole bottom portion defined wdhyndnirbogy and
bel ow t he upper surface of the body, said first hole being configured to

receive 10voWeogeeous frit and the tissue and to hold the R4 09/?‘1,:(;3; ng the
porous frit and the tissue; a |ledge protruding into the firs ol e bottom
portion and configured to support the frit thereon; and a second hole

havi ng a second hol e>-uppef nisigef Glaimdewhenpin te bofipisupneed Sonatelopicthe
body and a secca}qmg?llig bottom portion defined within the body and bel ow

t he upper surface of the body, the second hole bottom portion being
connected in fluid communication with the first hole bottom portion so that

t he pipette device can ag&efsan%ohe first hole through the second hol e upper
edge to aspirate t med Rlnop heldingrcpaypnafiithat sepponts atidsresihies ks thite

medi a by puspi ngihél ih 8 nldaesaed it _ val .of _the tissue and the
porous frit fromthe plnate. %qg%gg}a%’ggﬁ%ég?n%e FSW@Véﬁ?P"h@H%gdﬂp%tEﬁface
of the body i s dedisnfsaylpleid comprisingi ve a cover plate di sposed thereon. 25 3.

A plate of daim2, further cgnBri Si n% a cover plate that is  transparent
to light transmission and SRAEPEPHRTREdTg £ spglepiesdmatetipt and haiog i gur ed

to al low I'i ght uppanafhss kAabbd ddBidd: Ssue contained in the first hole by
having a height to dianeter ratio of less than 2 to 1 so that growmh of the

tissue is pronoted. 30 4. A plfistdolfha@ing avficst holbepgir Rdfd@erbeg pehdr0l e has

a di anet eryd hat,,d ible wth pre- sting pipette tips. -19 22
Novenber 210%5 E\ﬁg%f}"gg‘%pd%ng@}’ lﬁ%‘%ilﬁ%ﬁg@?@mﬂl g?rg%dﬁﬁneéwﬂm the bgidar ei n
the body is foamistléwaie eppet A8t Bf 86 BodR salBfEf | R te for.holding
a porous fit that .suppqr??s ati ssue which £s 16 %%b%é%%@ﬁgaﬁﬁdﬁoi Wdia
that is regul aPfPORYSiHhIddhafssue end tosthndd theymedis bathingalt o PR 4L the

tissue; and
a second hole having a second hole upper edge defined by
15 the upper surface of the body and a second hole bottom portion defined within the
body and below the upper surface of the body, the second hole bottom portion
being connected in fluid communication with the first hole bottorn portion so that
the pipette device can access the first hole through the second hole upper edge to
aspirate the media through vacuum application and refresh the media by pumping

20 m fresh media without removal of the tissue and the porous frit from the plate.

7. A plate of Claim 6, wherein the top surface of the body is

configured to receive a cover plate disposed thereon.

25 ' 8. A plate of Claim 7, further comprising a cover plate that is
transparent to light transmission and Wwherein the first hole upper edge is
configured to allow light transmission to the tissue contained in the first hole by

having a height to diameter ratio of less than 2 to 1 so that growth of the tissue is

promoted.
30

9. A plate of Claim 6, wherein the second hole has a diameter that is

compatible with pre-existing pipetie tips.
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device, said plate conprising: a body being fornmed froma single piece of
materi al and having an wupper surface, said body defi npngovénddrosbs hol e .
having a first hol e upper edge defined by the 10 upper surface of the body
and a fir@0woebw2pottom portion defined within the body agiehahaushe
upper surface of the body, said first hole being configured to receive the
porous frit and the tissue and to hold the nedia bathing the porous frit
and the tissue; and a second hol e having a second hol e upper edge defined

by 15 the upper suff acepQf . nd.hol.e bottaom portion
defined within the body %ﬁgség&%%&%?%%%g%g%ﬁg%ﬁ? a(l:"éC?’d‘f q ebaglﬁ?éi)}?at he second
hol e bott om ponedimthat berggadpmpiratcddnd reffeshddchycommiphdag bperaidhcd badf i rst

hol e bottom porte%{g)rf%so that the pipette device can accessS the first hole

through the sétd B7"8PUPPST edge to aspirate the media through vacuum

applicatiof and refresh gthgomEgia by punping 20 in fresh nedia w thout
renoval of the tissue and the _po’rous frit fromthe plate. 7. A plate of
Caim6, wherein the top tdybang fomedfeorbedinglepieanriimgetifdnd Raviggsh Ve a

cover plate dhﬁlﬁ&?gg—aée?g%lgﬁg%&%ms A plate of Caim?7, further conprising

a cover plate that I's %0 light transnission and wherein the

first hole upper edge is conffr@WoRthavthodd H QML aBbert . SS| to the
tissue contained in the first hole by hagﬁ ng a %ﬁ%ﬁf@%ﬁ%ﬂ%ﬁ%&@?e rati o of
| ess than 2 tBPRET Serfagenf the badyrmé e fritdiold dtom partiop defimedenithid thetbodh pl at e

of Cdaim j hol.& has. a di ter,that i conpatible wth
pr e- exi st@ngm%%%l%%ﬁfup@% 99‘%8“3%%8\?8@%@@%%&%@% 5@1%??@%%@9@2/ 16645
10. An assenbihy pbomsdiipaat the tigsua ahd &Skt VWi stk §aﬂlﬁlgtiﬁ%{9@55@fﬂitiaﬂd fhe Medi @

{that is regul arl% aﬁpi rated and refreshed by a top-loading pipette device,
said assenbl YSESHAIHi sing: 5 a porous flit:

a second hole having a second hole upper edge defined by
the upper surface of the body and a second hole bottom portion defined within the
15 body and below the upper surface of the body, the second hole bottom portion
being connected in fluid communication with the first hole bottom portion so that
the pipette device can access the first hole through the second hole upper edge to
aspirate the media through vacuum application and refresh the media by pumping

in fresh media without removal of the tissue and the porous frit from the plate.

20
I1. An assembly of Claim 10, wherein the porous fiit is constructed of a
sintered polyethylene material.
12. Anassembly of Claim 11, wherein the frit is hydrophilic.
25

13. An assembly of Claim 10, wherein the fiit is about 0.25 inches
thick.

14. An assembly of Claim 10, wherein the frit has a pore size of 90 to
30 130 micrometers.
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a body being formed froma single piece of material and having an upper

surface, said body defining: a first hole having a fir SheiPBgE edge
defined by the upper surface of the body and a first %%‘\le ottom portion

defined w MAR®HE body 10 and bel ow the upper surface of,h%gugagxﬂﬁsaid
first hole being configured to receive the porous flit and the tissue and
to hold the nedia baﬁging the porous fit and the tissue; and a second hole
havi ng a second hol e peﬁhéﬁﬁ@nﬁgpfﬁ@@nﬂﬁz“@ﬁ@mmﬂpﬁKM3ﬁmﬂ&£emﬁﬁﬂ&£@ body
and a second hol«asbatdRi [ i ithip the 15 body and bel ow t he
upper surface of.ghg ggg%ﬁg%ﬁgmgggﬁhggﬁgre ﬁofﬁ%ﬁ?ﬁ%?@1@ﬂmdﬁ%ﬂﬁﬁmﬁdhﬁected
in fluid comunfiédb¢teen.wi th the first hole bottomportion so that the

pi pette device can access the first hole through the second hol e upper edge
to aspirate the nedia through vacuum application and refresh the nedia by

punpi ng inSfresh netd.a Wah@Wiafue { nd t he rous frit
fromthe plate. 20 11. An ag@gngluymg}éﬁ!&n%i&%{’%%h %@%@P% SPWSmB%Bgﬂisuﬁl itis
constructed of s#d YnrdveePpgiyng hyl ene material. 12. An assenbly of Caim

11, wherein the frit is hgtg(rﬂ%ggliql ic. 25 13. An assenbly of C aim 10,
wherein the frit is about 0> D5 THRHESSYPRECHD cqunecied m duishaoryuushicabioniwitiil 0,
wherein the friambds sepgipre size of 90 to 30 130 microneters. 22 Novenber
2005 WO 02/097029 PCT/ US02/ 16645 15. An assenbly of Claim 10, wherein the
body further conprises a 2j&dyRnesspitation tingonntated meflfid bosmbaicgi IOk RN

portion an_doco%&lgﬁﬁggsg]&& )Ql‘t the fit thereon. 5 .16. An apparatus for
aut omat ed, hi gh t hroughput réening of tissue, said apparatus conpri sing:

at |east one nedia suppl s sshientenigchedspifitibhpd conmuni cation with
- arobotic manipulator capable of articulating said tips through a -
range of motion; and
at least one plate positioned within the range of motion of the tips
15 articulated by the robotic manipulator and including a body having an upper
surface, said body defining:

a first hole having a first hole upper edge defined by the
upper surface of the body and a first hole bottom portion defined within the body
and below the upper surface of the body, said first hole being confi guréd to receive

20 the tissue and the media supplied through the media supply tip and to hold the
media so as to bathe the tissue; and -

a second hole having a second hole upper edge defined by
the upper surface of the body and a second hole bottom portion defined within the
body and below the upper surface of the body, the second hole bottom portion

25  being connected in fluid communication with the first hole bottom portion, said
second hole being configured to receive the aspiration tip so that said seal
embracing the aspiration tip abuts the upper surface surrounding the upper edge
and seals against application of the vacuum pressure to aspirate media from the
first hole through the aspiration tip.

30

I7. " An apparatus of Claim 16, wherein the tip seal defines a passage

therethrough allowing the seal to encircle the aspiration tip.
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a nedia supply; at |least one aspiration tip connected in fluid
communi cation with a 10 vacuum pressure supply; a seaps; RERNSdr?gos he
aspiration tip; a robotic manipul ator capable of articulating said tips
through aworigga@2of notion; and at | east one plate positiqyeduy.ibéqg the
range of notion of the tips 15 articulated by the robotic mani pul ator and
i ncl udi ng a body having an upper surface, said body defining: a first hole
having a first hol e upper edge defined by the wupper surface of the body
and a first hol e bojgt om ' i i.t.hin the body. and. bel ow t he
upper surface of t?\lg' bo y,E@g?%u?ﬁ%lgﬁﬂ%wgﬂbe&lﬂ ech%%ﬁ‘P%HgFH‘eFeé@éﬁ/e 20
the tissue andndsh80¥ednaxismpliaadict bf heakpitdionmpdi a supply tip and to hold
the nmedia. so as to bathe the tissue; and a second hol e having a second
hol e upper edge defined by the upper surface of the body and a second hol e
bot t om por i on defijged Vit DA s, t he er. surface of the
body, the second h(%ige b%@ﬁ%ortlfggﬁ%lﬁg&ﬁg&%gﬁngﬁ cstegﬂg)q%ﬁff"lsﬁpamcal
communi cat i onshiped enthwithi the paseageeextrotingxpiythepethraighd second hol e bei ng
configured to receive the aspiration tip so that said seal enbracing the
aspiration tip abuts the upper surface surroundi ng the upper edge and
. seal s agai nst appl toati gm " i.r.at dia.fromthe
first hole through the asp@%iﬁaiﬂgr?YF?éggm??g%%%ﬂﬁ?lgtﬁgg%%%{zﬁgﬁa@gﬁepgihﬁ? 16,
wherei n the t#paigep! Yifegmess- a passage therethrough allowing the seal to
“encircle {he aspiration tip. -22 22 Novermber 2005 WO 02/097029
PCT/ US02/ 16645 18. An apparatus of Claim 17, wherein the passage has a
dianeter of at - no2l. 90%mappERiuEYATCRIRTRL fotnll]ﬁ.1 ' i isp. 5 19. An
(lapparatus of Caim17, whe?igiﬁn the ti pqg’egllhhﬁacs a S?%gdt%og%ln%a ed shaped end
with the passaé[@'é‘“g]%é‘ﬁd’idf?ﬁe@@%tw§eal-her et hr ough.

22. Anapparatus of Claim 21, wherein the collar includes a steel

15 bushing with an opening therethrough sized to receive the tip.

23.  Anapparatus of Claim 21, wherein the collar further includes a set

screw configured to trap the tip by abutting the tip in a friction fit.

20 24.  An apparatus of Claim 17, wherein the seal is constructed of a

silicone material.

25. An apparatus of Claim 16, wherein the aspiration tip 1s further

connected m fluid communication to an anti-microbial liquid supply.

26.  An apparatus of Claim 23, further comprising a pump capable of

pumping the anti-microbial liquid through the aspiration tip.

27.  Anapparatus of Claim 25, wherein the anti-microbial liquid

30  inchludes ethanol.
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20. An apparatus of Claim 19, wherein the frustoconical shaped end has an
angle of 70 degrees. 10 21. An apparatus of Caim 17, 3ukbhehnsoapsi Sing a
collar secured around the tip adjacent the tip seal. 22. An apparatus of
d ai m 21, WPez@932¢4 he collar includes a steel 15 bushing Wdhdys@s:areni ng

t heret hrough sized to receive the tip. 23. An apparatus of Caim 21,
wherein the collar further includes a set screw configured to trap the tip
by abutting the tip 4% a Amprethochef making 2plagufor heldigapatus fifthaChaiportd 2,

wherein . the se ' f il gone erial . 25 An a ratus
of O aim 16, mﬁié’?déﬁs erﬁﬁbi‘&%%%ff?%% ?18%‘%?}"’;“"‘%1153 f”&?%%a h@gﬁﬁ%ﬁ‘@b’ PREG d
cormmuni cat i on taod aefrashed byra pipelte dkvitd, gat eheSbDdoraprZin26. An appar at us of

Claim 25, further conprisi n%l a punp capabl e of unping the anti-m crobi al
liquid through the aspir &PBADEaPody withan upp & of Claim25, wherein

the anti-mgrobial |iqui i . Novenber ,2005 . WO
02/ 0971120 PCT/ USO2/ hgghgb{‘gggk%ﬁ%g%nﬁgﬁﬁﬂ br?’g‘%glhlﬁ)\llg\zﬁ}irS‘lﬁb‘ihe HBP%i ng a

porous flit thawrfangmfiatsody totforssuéist hile upperaidse tuid triling Hehtey the 9sp& bat hed
in a nedia thats i.S. re 'i” and refreshed by a pipette device,

i rated
said nmet hod compri&i?h ntg&%%?fgqsﬁé%%@?twlﬁﬁogmmsurface; 5 defi ni ng
a first hole in the bodyd@ﬁnggialsgédﬁghgﬁriﬂmcggﬁ) tﬁ{lgﬂﬁbﬁ LSy rthe body
8W S

to forma first hole upper edge and drilling e upp ace and
into the body &wfacspfthg badyde idinl asebond fmie ppperiedgs antbdrilinggelewskeaqngr hol e

in the body,by.dri LLI rough the upper ,surface of the body to forma

second hol go up%lglﬁacégﬁ&;g%‘%\gmg?l & Eoém SBWdtl?‘PieE?}HgPpoﬁé’”éﬁW ace and into

the body to forma seconsorbndiat GRMOR oSk poRfich £ABR SGhhAGolk BEulh' o'
y

hol e bottom portion to the second hole bottom™ portion ormng a passage :
in the body arRf'BeR WiENMIRSappysage indhebagiytand beiwemen itlonfirst hole bottom portion )

and the second hole bottom portion. '

15 29. A method of making the plate of Claim 28, wherein forming the
passage includes inserting a saw into the first hole bottom portion and moving the

saw laterally until encountering the second hole bottom portion.

30. A method of making the plate of Claim 28, wherein the body 1s

20 defined from a single piece of material.

3l. A method of using a multiple well plate having a body with an
upper surface, the body defining a plurality of first holes and a plurality of second
holes, each hole having an upper edge defined by the upper surface and each of the

25 first holes connected in fluid communication with a respective one of the second
holes, said method comprising:
placing a frit into each of the plurality of ‘ﬁrst holes;
placing a tissue into each of the plurality of first holes and onto the
frit;
30 dispensing a media into each of the plurality of first holes;

inserting a pipette into each of the plurality of second holes; and
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and the second hole bottom portion. 15 29. A nethod of nmaking the plate of
Claim 28, wherein formng the passage includes insertiyngoRniRpobdd 0 the
first hole bottom portion and noving the saw laterally until encountering
t he seconwohesegrekiott om portion. 30. A nmethod of making thedades efisC ai m
28, wherein the body is 20 defined froma single piece of material. 31. A
met hod of using a nultiple well plate having a body with an upper surface,
the body defining a pl ursitiatipgdhe medisfronothedirsirfeples hyt applying y swwtiosecond

hol es, each hgleghavi defl ned b upper surface and each
of the 25 fi rgt hol esﬁ%gﬁé\b@é’lﬁfebgé g’%l uiid nﬁlﬂe%gé??ﬁf‘pg'ﬁf ﬂraéf”ﬁl%é'ﬁectl ve
one of the sevwdi fidmltiesiirsshold, mﬂledec@ﬂ@ﬁéle%ﬂ%toﬁh@ﬁip@ﬂe§0zfsrtbtﬂukﬂ'¥]ﬁ each
of the pluralit i.rst holes; placing a tissue into each of

plurality of ’frieﬁ?tq{qmlﬂéesmﬁ BIoWES DIk frit; 30 dispensing a msdl a into
each of the plurality of first holes; |nserting a pipette into each of the
plurality of second holes; and -24 22 Novenber 2005 WD 02/ 097029

PCT/ US02/ 16645 aspﬁ ati ﬁ’gntelﬂmdrmfdlsmgfﬂtanmﬂnbhe Well plathof €RikB1MMAhs NY a
suction presgur e %ne%ferfﬁ secon hoI S. usi n the pipette, the suction

pressure draw ng R B 2o gq¢ tﬂfl%e Pluplsy phfrss belemafidtiol e and

. into the pi peztsbﬁat&igm&ﬁddlzfﬁblﬁﬂ'théhﬁstﬂﬁﬁg.a fromthe nmultiple well plate. 5
32. A nethod of using the multiple well plate of Claim31, further '

conprising re-dispensing the nedia into each of the plurality of first
- holes aftgy aspirgting, afr e.first_ hol 10 33. A nethod of
usi ng the rrul tipl e%twel I 5{1&?9 “S&Bgat Ipl? WFﬁﬁéarte 0§§}?&ﬂ|3§pﬂ§t hglenovi ng a
lid fromthe mﬂpﬁ'ﬂspﬂg&emhhloml &t ﬂorﬂ@lﬁ&hﬁlﬂ? e&%lﬁ‘?l&?é}?&fgféﬁla e B&RILaci ng the
(lid after asplratlnawthe medi a. 34. A ne using t t|ple wel |

plate of O aifAR8¥DE {edidatter aspimtingdhesnedia.a nedia i nto each of the plurality
of first holes includes dispensing the

34. - A method of using the multiple well plate of Claim 31, wherein
15 dispensing a media into each of the plurality of first holes includes dispensing the

media into the respective ones of the second holes using the pipette.

35. A method of using the multiple well plate of Claim 31, wherein said
body further defines a channel connecting each of the first holes to the respective
20  one of the second holes in fluid communication and wherein said aspirating draws

the media through the channel.

36. A method of using the multiple well plate of Claim 3 1, wherein the

tissue includes a plant tissue.

37. A method of using the multiple well plate of Claim 3 1, wherein the

tissue 1s a duckweed tissue.

38. A method of using a frit material to support a tissue for growth,

30 comprising:

suspending the frit material above a supply of nutrients;



media into the respective ones of the second holes using the pipette. 35. A

met hod of using the nultiple well plate of O aim3l, wWeKsidmsiizgos body
further defines a channel connecting each of the first holes to the
respect i vévoo2/e7e29f the second holes in fluid comunicati gprapg, Wagsein
said aspirating draws the nedia through the channel. 36. A nethod of using
the multiple well plate of Caim31l, wherein the tissue includes a plant
tissue. 25 37. A nethod &¥icking the nukreentathraugh e peedus, ydaophitié st@ictisoBhe
wherein the tiggSHgelis: ahfluckweed tissue. 38. A nethod of using a frit
material to support a tissue for growh, 30 conprising: suspending the

frit material above a supmiplying heuiutiee tSioupB 3 €2 sBIR e AP RPHMDssue

02/ 4197029 PCT/ U@Oﬁ{hl 645 wicking the nutrients through a porous;

hydrophi I i ¢ st FUSELYE U§FerH gontmupyslyguppfipd with angrientppidgrogth dfdhetissue ént s
through a top gmhfcaee of the frit to the tissue so that the tissue is
continuously supplied with nutrients and growh of the tissueis 5
pronoted. 39. A nethod of Claim38, further conprising storing up to 550 Vi

of nutrients int frit before.supplying the nutrients. 10 40. A nethod
of exchanging a fl Efgd e illé&{]?f{%\f@ﬁﬁ‘??%lfﬁgﬂ‘%@nw{% stgargiupitngSa upbliral ity
of wells each monagcinate i HorsieduGARAYMGRkIGR Wi th an  adjacent one of a

plurality of aspiration. holes, the nethod conprising: positioning a
plurality of dispensing pipette tips each over a respective one of the

R G T T e e R
whi ch the di splefisingg phivpkiyicf vdlR chéh @RS PR EERERLIATLPS, LLoNi ng and
di spensi ng OUtadj%]::ex;[t r(1)%3 glf g gﬁﬁlit{} gf :Eslpg'gtggneholes the method comprising: (
_ , the method comprising:
positioning a plurality of dispensing pipette tips each over a
respective one of the plurality of wells of the multiple-well plate;
15 dispensing media out of each of the dispensing pipette tips and into
the respective well over which the dispensing pipette tip is positioned;
A repeating positioning and dispensing out of the dispensing pipette
tips until all of the wells of the multiple-well plate are filled;
inserting a plurality of aspirating pipette tips each into a respective
20 one of the plurality of aspiration holes;
aspirating media using each of the aspirating pipette ﬁps to suction
the media out of the respective aspiration hole in which the aspiration tip is
positioned ;
washing the aspirating pipette tips at a washing station; and
25 repeating imserting, aspirating and washing until all of the wells of

the multiple well plate are emptied of the media.

41. A computer program product for controlling exchange of fluid
media in a multiple-well plate defining a plurality of wells each connected in flmd
30 communication with an adjacent one of 2 plurality of aspiration holes, the "

computer program product comprising a computer-readable storage medium
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tips until all of the wells of the nmultiple-well plate are filled;
inserting a plurality of aspirating pipette tips each s»nNgvempbePOsSti ve 20
one of the plurality of aspiration holes; aspirating nmedia using each of

t he aspi r MO @P9p2Pette tips to suction the nmedia out of therpsepheeki ve

aspiration hole in which the aspiration tip is positioned ; washing the
aspirating pi gﬁette tips at a washing station; and 25 repeating inserting,
aspirating an OHE’“’EHITFEIdahlel prggraggodgppitiongstoredrtheneu, thepdoepwedrt  pl at e

are enptied Ofreh&%léﬁgﬁn ébﬁepéﬂ?&ﬁ% ﬁlﬁﬁsiﬁ#zogr am product for controlling
ra | e-we

exchange of fluid nme namltip plate defining a plurality of
vel | s each connected i n &fiust ekeBOtableroodaperdibh G paksitiondiy Aeluatepss one of a

plurality of iration hol.es, the conputer program product conprising a
conput er - r eadgtggpémgfl%Plgﬁge h@?ﬁ% OVEIRR BSDE VR PRt the pRIraitty of metly 0Dthe

PCT/ US02/ 1664 Smiiéipiengelcsiaiut er - r eadabl e program code portions stored
therein, the conputer- readable program code portions conprising: a first
execut abl e code porti on afsseondoxictitable ngdepaption i idispending thediaems bNghcpi pet t e

ti ps each over r ive one of th lurality of wells of the 5
mul tipl e-wel | og?haetcg;ﬁj%g&}sl%%)ﬁﬁe ﬁ?@ﬁﬁ’ﬁ‘& @e&‘?ﬁﬂ"emb’\él“ﬁlweﬂ}@@it@%ensi ng nedi a
. out of each dfispeirénghiipgeigl RGoRitiRaEd;e tips and into the respective well

over which the dispensing pipette tip is positioned;, a third executable
code portion for repeat ?H§rhesIcHiablsioede nertion (rdempting pngjtioning afd t he

- di spensi nggpi g i . of. the.wells of .the ltiple-_well plate
are filled; a f% gﬁxrﬁ%rﬁ'dgiggﬁh%g%ﬁp gh%g%glpﬁg? W%‘f?@ﬁﬁofh@e‘?&rﬁfﬁ; tﬁe welipi-ity of
aspirating pi petlipdatt apSilledch into a respective one of the plurality of

(:__aspi ration holes; a fi f%h xecut abl e code portion for aspirating nmedia
usi ng each of 15 the asp %ﬁ%%@cﬁﬁlﬂéwfkﬁmﬁ%ﬂ@bﬂﬁaﬁm@mmmmi a out of

the respectiVveshamhd AbbRifiUatn ilid a Whp&llivk e SPRLTRLLED & Bit SRSl i oned
a fifth executable code portion for aspirating media using each of
15 the aspirating pipette tips to suction the media out of the respective aspiration hole

n which the aspiration tip is positioned ;
a sixth executable code portion for washing the aspirating pipette

tips at a washing station; and
a seventh executable code portion for repeating inserting, aspirating

20  and washing until all of the wells of the multiple well plate are emptied of the

media.

42. A multiple well plate for holding a porous frit that supports a tissue
which is to be bathed in a media that is regularly aspirated and refreshed by a top-
25  loading multi-head pipette device, said multiple well plate comprising:
a body formed of a liquid impervious material having substaﬂtially
planar upper and lower surfaces;
a plurality of wells formed in said body and arranged in a uniformly
spaced grid of columns and rows, each well having an open upper end at the upper
30 surface of the body and a bottom portion defined within the body and below the

upper surface of the body, and each well being configured to receive and support
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a sixth executable code portion for washing the aspirating pipette tips at
a washing station; and a seventh executable code portiesnGREmbERRBET N
inserting, aspirating 20 and washing until all of the wells of the

mul tipl e. W@ p2/Q9reePe are enptied of the nedia. 42. A nul tipbenselidsc ate
for holding a porous frit that supports a tissue which is to be bathed in

a nedia that ig reqularl]y aspirated and refreshed by a top- 25 | oading

nul ti - head pi p@'tetl’8gﬁ‘é\?ﬁ“c%%d tggrlﬁﬁuﬁﬁrl@ foghradd fhet edip hetdhimeotp posiua gt andisbely

formed of a |igdue inpervious material having substantially planar upper

and | ower surfaces; a plurality of wells formed in said body and arranged

inauniformy spaced g apohtorbbleforsicdrinsaidbsdy ediabentehdh dRYWidRge1IRN open

upper end at the, E)rl’l %Obsu_rface of. the,body and a bottom portion defined

within the body: art Berles PHES3HFEseddp pimiferly sprredimial of eobemuesand rows,|

bei ng conf iSgurad sueh KRG MEoRAGDEPRANRE teNppads R 097029

PCT/ US02/ 16645 £ he porous et Bhg the (reRppéiubiNeOPRE el and Eholfint

the porous friRoriflalimed withinsthe body ankhplowatheruppet surfaor wthd Bodgpad body

adj acent each of said wel he aspir.ator hol es being arranged in a

uni formy spaced grid \cl)\géélgme#r%%n%ﬁﬁ?ad%?é%a%ﬂomfﬂ‘éﬂ&i%@W‘@ﬁ@% upper

end at the uppetwesnticsetoni porkion boeychandl MdIRS b&Bm B&tid ' i thin

t he body and bel ow the upper surface of the body; %Ed ac aﬂ;ﬁ;@%&ﬁg‘rf%med in

sai d body and igPBWa?mﬁtfqrm?il%wctbﬁﬁﬁmu@almaé@lpeﬁetdmemcamanhmanmlporti on of

each wel | 1and atdees BOLELEARRI L respective. adjiacent aspirator hole .
. dsp PRoLhoiNE assqusa? 186%%535%&1%1

so that a nulti-head pipette device can Sinu HEPEEs the

respective asppilzaton drol frettotha spddiztiyeuintsngRdi@htrisas GRVACINRal of
application a %t{ ef rare?éq t he rreg%%by punmping in fresh nmedia w thout rermv@'l";
of the tissuE aRtrTHE BoPYQus frrtitom themylfilenyalknlatee wel | plate. 15 '

15

-28-

I'a bathing





