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(57) Abstract:

== nected vin a channel 10 one of o pluality of aspiration holes, is provided.
suspended on a ledge above a reservoir of fluid mediz and supports a lissuc sample. “The propertics of the it wick the fuid media
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A multiple well plate and method for media exchange, including a body delining x plurality of cell welis each con-

The cell welis contain a porous, hydrophilic {rit which is

upwards to supply the tissue sample with nutricats for growth and proliferation. Old mediz is aspirated from the wells by a liguid
O handling device which inserts a pipette tip into the aspiration holes. The pipette tip applics a suction pressure which draws the media

=

pipette tip and directly into the cell well.

out ol'the celt well, through the chanael. into the dspiration hole and out |

hrough the pipetie tip. New media is dispersed through the




PLATE AND METHOD FOR HI GH THROUGHPUT SCREENI NG FI ELD -OF THE | NVENTI ON The
present invention relates to devices and nethods for progRidmerbes grow h
of tissue in experinental and production settings, nore particularly the
use of specialized plates to house the tissue and the cycling of nmedia to

by ol ogical Iy 5 sustain ¢ hayy 1 pupo GRS EEIEIEEN AL

of sanples, typically in nultiple well plates (1\41VPs) of 24, 48, 96, and
384, or NOfskrdre, wells per plate. MAPS arers&bandang asiohsSedddtonsCat L& Hsgd
Wi t h -exi St Al “ragkend breokrghey aed srbeetrvdliched) | arsAloles oaSedvdatid 1 bbra@bns Gpreomd o @l degid]
pi petters. “& Eﬁwﬁ%ﬁﬂéFffng station of a ruciad ednissebiedCpopeatt er enpl oys
pi petting heads having an array of pipette tips that address multiple

wel I's sinmul taneously. Although used effectively for the screening of
liquid sanples, 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, nore
conpl ex environments such as solid support structures. For exanple,
attenpts have been made to grow plants in MAPs by suspending the plants in
aliquid nmedia within each well. However, the plant tissue 20 is deprived
of oxygen when sitting in the liquid, effectively "drowning" the plant
tissue in an anaerobic environment. Qther attenpts have been nmade using
media that are generally nore solid and provide a substrate on which the
pl ant 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 exchange and 25 repl enish when the nutrients or nedi a
have been depl eted. Paper bridges doused in -1 22 Novenber 2005 WO

{12/ 0971}29 PCT/ US02/ 16645 |iquid nedia have al so been used as tissue
supports and the liquid nmedia is sonewhat nore easily repl enished.

However, enpirical evidence has shown that
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filter disks tmowttaftissenoughenmeiial dnd pRRhsHEPNndd 55 ' Sﬁ‘@; and
.growt h for any Iencg péKl E th%péggbﬂ OE%F%

paper bridges are difficult to nmanage in an automated system and are
generally ineffective at pronoting plant tissue g”mMibNHM£m%#§0@?ing wed
to any particular 5 theory, this may be because the |iquid nedia does not
easi |y peMadp#aiwhe paper bridge (i.e., the paper bridgeptsn@iMibsss | dly
hydrophilic) and the tissue supported thereon |acks a continuous supply of
medi a A common approach to supplying fresh nedia to plant tissue is to nove
the plant tissue to a container holding fresh nedia. Muwvenent of the plant
tissue is a 10 relatively slow and | abor intensive process, as nultiple

pl ates nust be replenished and otherw se prepared for each batch of plant
tissue. In addition there is a threat of |loss or contam nation of the

ti ssue sanples when they are renoved fromthe wells. Another approach to
aspirating and renoving spent nedia and tissue 15 byproducts is to use an
assay plate having a plurality of wells, with each well having a hole or
port at the base of the well. Afilter is positioned at the bottom of each
well to support the tissue. Spent RATRANDIMETHA@DUUM harvested from each

wel | through the port using ' ssembly. One exanple of a
vacuum neni fol d assenbly isI?Hg%@éﬁgh%EaL%%hggi Gl d system 20

manuf actured by M LLI PORE of Bedford, Massachusetts. The assay plate rests
on a mani fold that supplies a vacuum which draws the nmedi a through the

filter disks, out of the cell VEELD GhTHEMNOGGRIION ports, where it is

captured 11 the, ik gldbalao ARl bhe LLLLSE 8 ke TR DS 2ssay

plate allow nedia to rawn ou

_ th of tine. Because the ports at. fto e
wel |'s are operfftBe ‘Hb?egﬁ‘ht@d‘-? hgyge the tigsup and Beppsling ¢fonedieth irologicallpak or
evaporate gnd sﬁ?inn%éﬁss%OVi de a path for mcrobial contam nation of the
wells. In addition, the wells of the assay plate cannot be individually

sanpl ed because the vacuum manifold harvests the nedia fromall of the

vel Is at once. 30 The tissueBQEK@ROBND ORNIEEONEENTHRES Of organi sns may
al so require, or refer, solid support structures that inhibit the use of

multiple well plat glgﬁgcw}@)ﬁt sarepnngghp callysreqemsipatalicboonesying ©f bhiokes
I nstance, theostomiib, KpiGatyih hRA9GHIE Feh B1BYMIRPs) of 24, 48, 96, and 384, o
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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22 Novenber 2005 be pronoted by the use of a collagen fibril matrix that
simulates an in vivo environnent. Simlar to the pl an§2N0§§H§erd2'0§§ussed
above, the cartilage cells need a supply of fresh nedia that iIs

repl eni shedoag/arard ous intervals to survive and/or proli fe%tlﬁjsnk 6645
addition, sone of the cartilage cells proliferate within the collagen
fibril matrix d .cannot. be noved i ndependent of the matrix. Myving the
cells to a newaiS‘ﬂlﬁ Elqrflai“’cll"?"ﬁaistoé@ﬁ“ YEE 96 Yisae suppatisend dbeliqed mahieeisent of t he
entire col | agensomadufiiaX mdd &aqi : ti w .nefticient process
that exposes the ti ssuewt%og%gkt%e mr{l\%{eﬁoﬁéﬂ%m\s’/\%ﬁP 151%%@@%%5{[1 JHEG2 Y have

a multiple wel |Pjsrabredgehate diffiaitdo aeagesia anfautinglied 4yt @tPAE (86ARNI NG
it would be advantagéous to -

met hods for non-|iquid samples. In addition . ]

have a mul tipl g‘l\%\%q‘]lﬂwﬁla ?%PT{OE%-P if e e ths dVigrouhpeing tredda ghypparticular
screeni ng meét hateord,ahistrh SEBESechittihd B LR fer. ' ort
structures. It would be furthce_r adva ta%%ghag&%eg{1ﬁae\%éll%§%tﬁ%ﬁgfe§*{gg?ﬁ§fI pl at e
that pronotes thikegfiow the peperibsideris onbuptidiyhypiophilic) hsd the tisvad d@pértda0si ng
the risk of dr I e fissue in liquid media or allowng the tissue to
dehydrate or bgté%c})!?r@g%%% %‘E’ﬁm u%'ﬁ.suPPfy%megmal so be advantageous to have a

mul tiple well plate A bahmahl0p®adEdisantoi ' ' | ut
undue disturbance .of the ti ggﬁe co_nt%}iS %le %ﬁﬁ?ﬁgiﬁ&%ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ@e it
woul d be advani’ga&&%%le t9 B copfoct hrddiag Fgsh miedip. dovsampl ofihe pémstitdnais 4 he
total nunbep of; I 1.t hout — di stur.bi t he unsanpled wells.
SUMMARY OF THEE?IXN@}SII\#?%% aSAlct,i 2%“?%?“%%“!"8 PO & tB’é%Pﬂ’g?S Pt OF RpLoRSER
there i s provi detiothepyiat preparcd fwledinbateh oMNEAUSse! iTh aliMBbn SEPORM ﬁreﬁtf tissue
which is to be thed in a nedia that is regularl aspi rated ancI refreshed
by a top-I| oadi H@ﬁ’ﬁ% ‘bre‘fot“@“éfﬁ@ti“@é?ft@%‘i@“iﬁ%@lﬂ%‘@h@r%ﬂ arg; remobetifromileevi ng an
upper surface,wsgd d body defining; a first hole having a first hol e upper
edge defined by the upper surface of the body and a first hole bottom

portion defined witAnbathet dppromtiyo amitatied o rehevispReEntsHEdiage @fud he body,
o B A S0 b B Pl et gt >
protud ng | niovtieKie o phl on PeLOTVRATALO RO SO G RogupReT| e
the upper 3 2 ZaplpeHite suppoodthe 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



surface of the body and a second hole bottom portion defined within the
body and bel ow the upper surface of the body, the second hol e %éiom
portion being connected in fluid conmunication with tfeNPYSIRer bott om
portion so that the pipette 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 punping in fresh nedia wthout renoval of the

tissue and thepfiotdsy the usd sfmdlRgePliBhilematfit ¢Rit dim@ated al SR tO b iRBARal. Of
the invention, there is provided a plate for holding a porous frit that

supports a tPisnilse tquihe planktissye Wiscpssehaboye the partilage (gl nped a supply of fjesh
aspirated a of t.op:l: i | pe ! ald .p ‘s
conpri sing; nlge(ﬁl g@%@i&%&@%ﬁ@@%@%ﬁ}h@%@éﬂfg&l %&%vggie{&/‘gfprr@?é er?ﬁear‘?éﬁdé“%névi ng
an upper surdonseof gl crtilbgelyeltbefroliferme wathin tist cdilalen Ifibyil notrix fnd sénnobbe

upper edge defined by the per surface o e bod nd a first hole
bot t om por t i BAVEERAFRERdeH! of mﬁEXbM@ymgﬁﬁe Eféﬂ_awaﬂiﬁé Rigipaith Ll PUBPISOLt he
- body, said fiegh r@@liﬁ:gt?ﬁdexﬁﬁeﬁp&f {HBUnGitk LAlRET flarifx WSHPR OkativElyt smdmage

tissue and to hold't Ia bathing the porous frit and the tisSsue; an
second hol e inhficiengp@ces ton exvotetha pisare tedgganigfiioed by t he upper surface

f the bod d d | e bot tian defjned within the body and
bel ow t he upper St anaesy hiha mulliet e thelbRs pirer Shkisd ng
connect ed i NthfdughputC SEERBAE AhbRBIMIbH HoRSiduid SampRise In PRIdIRNA, PRI Wolll e

that the pipette device can access the first hole through the second hole
upper edge tasivastpizeoas dothewe nieandtinlarwell iplaje dhatirallepis| the dise oof kigh theughp t he

per ¢ aipis edinlary Bl feaer
por ous. Fri© Fhosnreedf il TRk AnH s, of ST io B bl R e,

there is propitHedadanagsriib hatoOr matpleonéll pitathat prmertashihe prowtht of fisue,
bathed in a nedia that is regularly aspirated and, refreshed by .a .

t op- | oadi ng Sychas tdang dissuse Witbapidpasingaths sk i P waingdhe Hsgye i duvid mediapr
body being f r [ [ ' '

surface, sai agfoqﬁlg%lgwge %n@r%%%agioﬁgg C(ﬁltclﬁ g&{%@{lﬂgﬁ' d'gl@fq‘fop?%/ élﬁ%?%%‘%gfeégé%ugge
defined by tibehavppanultiplef welbphafe thihaldwdyedindo de fehsiBt replehishdibh twithmupondueon

defined within the bo and bel ow t.he e sur.face of th ody, said

first hole rfaﬁtﬁﬂ)aewﬁd éerﬁéalemn (ipdhe ﬁéﬁﬁo“r@{a@mﬁm It 3901 ﬁ‘éaa/‘fafl?gﬁ‘@"‘sand

to hold the i 113Gkt d i i hol
t%bﬁg@%ﬁ%ﬂglgty dggaglgﬂgggsé thid tRNGkal MEnbdrDTURILs ﬁpﬂaegﬂaﬁ@mgm ol e

havi ng a seco ned by the upper surface of the body
and a secondist8ebiR2thhlousamyded RS

a

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

-3-



hol e bottom portion defined within the body and bel ow the upper surface of
t he body, the second hole bottom portion being connecggg i n fI? (gs[

comuni cation with the first hole bottomportion so t9 ?) te

devi ce can access the first hole through the second hole upper edge to
aspirate the nedia through vacuum application and refresh the nedi a by
punping in fresh nedia wi thout renoval of the tissue and the porous frit
from t he pl afirfacAeLediotyalda second hbla be&@mqionﬁfn doffiged Wil the Body hel ieeldw
provided an apparatus_for autonated, t hroughput screening of tjssue,
sai d appar at 1§ s erHof thetbodgqthe Seq?@dgrwé%bgtoehseqtlynthewgcf@ﬁﬁe?&deu flyd
fluid conmun t oL, .t
connected i n&ﬂp@@@é&%ﬁ éﬁﬁﬁfgﬁh%ﬁﬁ% Itté vg‘;“ d%%gl);?heagg% rpelﬁét l@p%‘?ﬁée G dce?ss
enbr aci ng thﬁeé‘sﬁihoé& tkmmug‘hltbe second)hob@pamdgpud) atporatecthp alpddia thfrowpht vacumt | ng

said tips thr eof not i.on; and at ast one plate positioned

wi thin the r%m%@% et fhe TRda iy Rumping e%%éﬁléaw@&ﬁ fiitBoytoisperel of the

mani pul at or @nfe hCil AbRes HiIRAY tapiaRg an upper  surface, said body
defining; a first hole having a first hol e upper edge defined by the wupper
surface of the bolgconding dofa semdh@ISgecwtfttbenlwntwm eef isrprdvided lsi platehrbody
and bel ow t.he .upper surf c f the bo S S ol e.hbein gured
fo recei ve +HEaBIEReSE " Pk buinds o ibe FRUCh i DPee At eBRIBS T
and to hol d feb@lafPdipirabd a8 réfeshal Bea tdpivadihs pipette ddvdcad s589 chi%érﬁnﬂ@ﬁ' ng

a second hol e upper edge defined by the upper surface of the b and a

second hol e byt ksing rmied drame fai fegle wiachioh materidd say hanehe vpperts Qppgeﬂ
f ft

e o R el B FRR DL S BPh TR0 B9 ODREE i,

bei ng confi ghe &ddy and aefrel hde bbtodsirtiad definediwitlin thdbédysaidbderlthenppaci ng
the aspiration_tip_abuts the upper . surface_surrounding the upper ed e and
seal s agai nstriaph Pl Bt by, &1d diig Rede beime sraligupd to f‘f‘Gelé@ﬁh‘P RPWUpAES an

the first haig,d Eﬁ@wﬂomnﬁe id Bithid ngtﬁe @oroﬁg(ﬁ‘?{(g{@&ettﬁs fanﬁwseeﬁﬁfg&leof

t he invention, ere I's provi ed a ing a plate for Ing a
porous frit halvaftg sseopod heleapperssige defitwel hqot}muﬁapélfsurfaemdf 1hlaebot1y aadie sedvatihed

di a that ul I t nd f tt
siq et nodigopiar Pagon e BReHg i E el RS pp st B oy e g
a first hol eecbdhd Mfle bBAGH JBVidH bdihé @&aﬂet}{eﬁqﬁl Mutd EorBBfiCatiH fak ehofirst RElebOdy

to forma first, hole upper edge and drilling below the upper surface and
into the bod:ptnom pastiom so thiat the piypstte dbdte oam acgess AR fwst/lantb dro@dOhe 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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portion; defining a second hole in the body by drilling through the upper
surface of the body to forma second hol e upper edge ﬂ%ﬂ drilli bel ow

t he upper surface and into the body to forma second 8ﬂ%portion
and connecting the first hole bottomportion to the second hol e bottom
portion by form ng a passage in the body and between the first hole bottom
portion and the second hol e bottom portion. According to a sixth aspect of

the inventi aiple Bdi@hEpdrEop Eefedadittan Rttaad afd belsi e ubertilrtdcp o€ thebly,phat e
having a body with_ an upper surface, the bodﬁ defining a pluralit

of
first hol es sgeridchols bettam portim beirgmernnpged i fuid GonHpmicationi W e %ﬁﬁ&le edge
defined by ¢} Wén%%&ﬂﬁ@g@gecﬁé’ﬁ&&ﬁ& {erﬁgtﬂa?é ugp@ﬁl@&t:&fh dle

fluid communi cati'on w Ive one o e secon sal nmet hod
conpri si ng: uppecédzg ta akpitdte thet mediachroogh vidoempdpptiedticnyandf refreshsthe moddesby
placing a tissue int

of . t he ur of f| hol e d nt.o the
frit; di sped%‘f“ﬁ’@ngam ﬁ&‘l it witkesd ﬁgrgqvafﬂ%&l%pwaap e(ﬂﬂr?qsffgflﬁ theplate.
i nsert i ng a pipeAdeBrdity & §?&ﬁ'thoefsp€d?%f H{éih%dtlroﬂ &Ere%@%dé@ir?e?ppam for

aspirating the media fromthe first holes by applying a suction pressure
to the secorwitdmuteh higd ﬂlgf)llgheuqﬂmm Ofttiseu@ tamt’u apparajys eosprisingy avk:asg ohde

media fromthe.first hole, int e..second. eadint t he in SO as
Lo f Fush  nanit Py O hecdhel i R Garmontled AL aqufsotm PRyt orf
aspect of thg Itamﬁrﬁp ShnettBE e fluf QimMisedioa Wik Bodc@im pe&huie saply; 4 seal
material to support tissue for growth, comprising ; suspending the frit

nat eri al ab@mr@zwﬁm wmmtlﬂmttrn,emr@otlw newiipiaton sapale of ertéculatingusgid sips

por ous, hyd LpUCt fr|

it i ento” ¢ i SUgh Sned SE HE P Rar iR e plap BBl S 2 YR ibcb e
tissue is caomd tlpmu&hbat@iumaltheeﬁbwlb hindnigul dtemiugd armmcmgmﬂmdpfham@ ant bgRe is
pronoted. According _to an eighth aspect of the_invention, re.is pI’OVI ded

a met hod of suﬁ%@haﬁgmgyéleﬁnmgd arfisgl ole hayingg fiisp hele gper 541% ¢etinef ibyithy a
plurality of Pﬁﬁ J&fagg‘SPma?dH[}e % s'PhB e%ﬂtoﬁﬁﬁﬁ?ﬁ@h%ﬁh&?%ﬁﬁh@%o@?laﬁ&em

one of a pIu ty of "aspi conprising; positioning
a plurality befowdihs mppai saefapd @Enhe bo:ﬂy, pmdé‘asthoin@ngconf@miab ireceiveribe tifsue he

DL ural Y Ol Bl 0l A TLALE! SVl REaLS dispentlag e o Ol
the di Spen%h@asg%p@ﬁ& 8 stewhd ﬁol@%krfn' 02[‘@&011& SRRALHNY Japs idbhined BY tidpper
di spensing out of the - |g
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, said sepond 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

~3b -



di spensing pipette tips until all of the wells of the multiple-well plate
are filled; inserting a plurality of aspirating pipette tips e into a
respective one of the plurality of aspiration holes; é?s‘ﬂ?‘feﬁﬁqeﬁg&#edi a
usi ng each of the aspirating pipette tips to suction the nedia out of the
respective aspiration hole in which the aspiration tip i s positioned,
washing the aspirating pipette tips at a washing station; and repeating
inserting, R dckiiheaéc¥@ERd18E thatdddy dy! driMfing Heowssl thé upper tshiefadibftthpl e
wel | plate are emptied of the media. According to a ninth aspect of the
i nvention, theeydo fempp mﬁoa@hol@ wpperpdee pnd drilige dslopr beweperrsyraccandisio thag
exchange of Lnil i of
wel | s each c%)r(liget tf(g%pl n géﬂghnhﬁlﬁ |(§1H@w Cgﬁfglgjrﬁe{%glﬁ l%d#ébﬁ?%(?ﬁﬁﬁn
plurality oftoalsqasebamd sle bOﬂt@ﬁ,poi‘thﬁ bydogmihg i passage anthp bodiuatd bxowpmni the figst a

conput er - Ie st or age di u vi ng conputer-readabl e program code
portions st Ofor’i'ép‘é‘iaﬁna{l‘ilu G@SWH%@L%‘E‘&H{;& THOyr ogr am code porti ons
conprising; a firglefKREH 20k &?9& of RRY v &tichOthcROS fpfrmawd@methgh WEabingy of

di spensi ng pi pette tips each ovel a respective’ one o lurality o
well's of the multtplepWel-l Wit hptiog e body whcandlp@)eewfaabgl the bofitedqfunmg oplurdrty

di spensi ng t of, each..of i.spensin ette t| a he
respective \r&dﬁr& Srangi Hrapﬁrocﬁeg%a&q??.?ge ‘? avtuil%al}g 5‘1[1]56 (i)eﬁ’]t@adi)
third executpbhpp&osieraBOahd e4thf 8 the FRRRIds@nRGSEED ir0lhidoifluftAiR8 GG Out
of the dlspensmg pipette tips until all of the wells of the nultiplewell
plate are f|rle$17@dﬁw€a01ﬁbw?thh sesandutodgs) said sepshqsbeanmpsising plachged fritnigtogeach of
plurality of ttetl s, gagh .int o f

D1 U al 1y orbE SRy e B e’y RS bl Ak ok SROBEHILF of B Pigieh Ui

aspirating rgagh mw&ﬁm@m@aﬁhgoﬁ thé‘lﬁa a&pidadh iofighe pwattye)ftﬁrp:shcsles sitidriigh at he
medi a out of the respective aspiration hole in V\/m ch t aspiration tipis
posi ti oned; mapeiedute eghof theleraticnf sgenndhless apd mé‘fﬁ'ﬂ%th@ﬁ%e E’Pmaszf:ﬁgs

pi pette tip S n
for repeati ﬁlﬂg%s lﬂ’s {&hggl %{s‘%{"l} Shlgggon%l &\é Ilmngdggr(\tﬁlgﬁé%?% &8?{99%@9&%02 of
the mul ti pl greslde drhatng the ﬁledmrmﬁmehh fifst hhle e ihe. sedmadrodd gl into thetpiptite

aspect of theinv nt| ere is provjd mul tiple well plate for
hol di ng a poPAE§L° P?ht as“{!ﬁfﬁél?@c@ulélp wébﬂl%. ch is to be bathed in a

nmedia that is re gﬁddé%t@%pgeeéﬁtﬁq e;?e@fjofﬁ{erﬁx%gﬁﬂmb)(héi‘e §OPIRRRE NOmohi gehead

pi pette device, sal Novenb
using a frit material to support a tissue for growth, comprising ; suspending the frit

material above a supply of nutrients; wicking the nutrients 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

-3¢-



multiple well plate conprising;, a body forned of a liquid inpervious

mat eri al having substantially planar upper and | ower surfaces; lurality
of wells formed in said body and arranged in a unifor%%%ovfﬁg’ééagﬁi d of

colums and rows, each well having 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 the body, and each well being configured to receive and

support the d@%’éﬁéﬁ% pipktte 8RGudt 811 it RULIRNT thOmiRipt-HE prkdira fileihnsgtide
porous frit and ;%e tissue; an aspirator hole formed In said body adjacent
each of sai d phirdlgy ofespastpier piveite tips| essh batony rasneaiifeane wf ghamlwglitm 9f

d grid of. col d r and. hayi ng... t h
chper sor f adPEop RS, ATl BegR it P Mritie FREReBRSE sfilpdhe 20
bel ow the upp&tia suf baae Akpdchee Agdktioandlairc kaivhethefapin@ibni fip $aipdsitiatd; and

providing fluid communication between the bottom portion of each wel| and
the bottom Wrshingotheopspinging duprslet ipe ahd) Jrashingadplionat A FRACAURS, 1RSFEINgy
mul ti-head pi [ -t Si : i MEOf th
nepi rator hapBadf S8 Sting At & bt RACUF ARSIl SRABRMNS the
refresh the m@iid.a by punping in fresh nedia wi thout renoval of the tissue

and the porous frit fromthe | Itipple r’r{ll .pl at.e. The enbodijrents address
the above needs &H§° éQ/é‘smB‘anhé? e&H\S’ge %QE‘?HBW %P’E?vlsdP‘i‘i’éf‘d;En%lCﬂ“BP Twel |
plate (MAP) %:geglt&ﬁgctf 8h BEblieXehdngs bhatuiPrAemh 68 a trﬂﬂtiﬁfegdlﬁélh phte

pl ant tissue, ther types of tissue, by controlling the supply of nedia
to the tissiefnimge phirabiyi afgvdle eadtheonneged tr fluisd commyeicoiemwithlan adcend @ne i on)

of media wthou i sturbin he tissue. The MNP includes an.array of

el 1se v t h g ddrallorsSm R e eliS P Eh okt ERp PR R et g
al | ows nedi _q‘eatdabféest%ﬁ%brﬁ%@iw 'hﬁ@ihg heoriRltérSrebddbtg pogr&BNYRRt pofdhs stored
automat ed pi pette head. The MAP and pipette head provide a virtually

conpl et e exdharigethofcomputespradablerpriigrany eeda pstierts comprifioged fiest gxecyable code

hitecture. A hydrophili Frit. it hi t
Thet1 soue EREoR LB PR fpwPRiy P gisblinkRIBER A LI EAE deslfidvedtdBRPr <
al | owi ng coRh@plurdlRy WEerEll e thé saeplanell Plateradicsondhieeutablei didagotion for

anaerobi c condition. The nedia is w cked upwards i.n sufficient quanti tf es
to provide digpensiagmediaput of cpghseffbe dirpensiogpipetic b mdkinig tsregrectiyewell

| soue: e SR, BRI, R Sofndioh R0 ca bR Kl
regul arly a&@daﬁﬁé@oﬁﬁﬁhiﬁgfaﬁéiﬁ@dnsiﬂ@ out of the dispensing 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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exanple, by a top-loading pipette device. The plate conprises a body with
an upper surface defining a first hole and a second | e. The %(1) st hole
has a first hole upper edge defined by the upper surf&¥EMPRE"Body and a
first hole bottomportion defined within the body and bel ow t he upper
surface of the body. The first hole is configured to receive the porous
frit and the tissue, and to hold the nedia bathing the porous frit and the

tissue. ThenskipRN@elnlat: bafiprsise GObsliynRifed PP ligainptedibie thateyial hevingper
surface of the bod a second hole bottom portion defined within the

d
body and bel ayhﬁt@mtﬁlugggm yppercasd lower suitaces @yplurpily efevelkidionsed hetid By

portion is influj : al! j i S I o]
Phat the pi pROcEdherBTUNRRN Blecl flb SIBLIAIShOTONE caOP LERTPRER IR,
the medi a byuppppénd a1gheuppac surface i thefbodgtahé a deitora @osticndafimtd esthastht bedyredi a
by adding fresh nedia direc n anot her

I he frit i ch | .
enbodi ment , @ﬁévemvwdwmw%%?’gﬂfﬁﬁwhﬁ%nd&%% %Yg %gﬁlgaf\égéggeé LOIRTEE PR ¢ he
first hole hablgmp Oog&grﬁ@rapd Reisec ord i rhig ﬂF@ﬁ,Eaa]b%ﬁﬁg' aye ﬁédi'ﬂs' fhit Qrﬁd

comuni cati on.” The y may further 1nclude a | edge protruding into the

first hole thotissum gnoaspirgor fide feupedon sdid godshadjdcent eagh of snid wels, dhe/aspiratof
fluid. The ho may also .define a plurality of the first and .second.holes,
T sach. 1080 WrtesATHerd it SmauuRsae et hicprmses oo peey P BRI e
second hol es;yt gheh ApPeraentiMPihe dhpRPQIrRRE of BRARKY and E%oﬁ@ﬂﬁp(ﬁﬁéﬁ BefnedNyitHif ay
of first and second holes, for exanple 12, 24;/48,96,3 84, or 1536 first

and second Hb¢ bedy anddelnwitheaphertsurfaece ¢fdhebedy; prd & phangeldormehinsaid wdyand h a

i .Qf d. holes.. The.fi . I
nave. oyl | nomredrnsdiy SRR BenuPE R RET e SR RMRERER Y, o

body is confgogtigredr ¢e répeaivediacefiorpirapt able soithpasaditthadqipetteRteeicecahl y
the cover plate is transparent to light transm ssion and the first hole
upper edge isEmelHEPRRlY BgCasH the TESPEFIGRVAFRIENAT holah doraspirgn | the yRetia fhrough

pronoting pl i : -4 v]ﬁnﬁgﬁ : P@m&qje 1

i ncl udes a n@?ﬁ%a@%ﬁgﬁ%&%ﬁﬁhﬁ%ﬁ% 0 |I?11§g gﬁfééggrﬁgggﬁg rt thlgit%{?zI of
supports a tthsdssae whdtheipordul dripsmule foltiple welbplater ated in a nmedia. The
nmedia is regularly aspirated a%ad refreshed béﬂgg&)i pette devic ronot e

to
proliferation of tifecmeqdimerss 2 estdhie aRpveriae SFEGYS AR ab6mre PR an
upper surf agR, 3 dehhiphd wn P14 (MWP) and method for media exchange that promotes

the growth of plant tissue, and other types of tissue, by controlling the supply of media to
the tissue and allowing for the regular exchange (removal and addition) of media without
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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and second holes in the body. Defining a first hole in the body includes
drilling through the upper surface of the body to forﬁrrg first e upper
e

edge and drilling bel ow the upper surface to forma f tom
portion. The second hole is defined by drilling through the upper surface |
of the body to forma second hol e upper edge and drilling below the upper

surface to forma second hole bottom portion. The first and second hol e

bott om portiigigstikts ARMBE tddtact bbtweed thorma aad i the Mydih owhilagveidpgsaage
in the body and between the first _hole bottom portion and the second hole
bot t om por t i anaerobior emeition) he mdia i wiked upwashs B SUBYCIe CwRblitey 1o saWdei sc
into the firsg.. . i i t aw laterally until
encount eri ngﬁ{tﬂgﬁi’é@c@%ggsﬁ% récpglfgﬁogﬁrgggﬁ%ﬁ.or[}gleettgg%%t her enbodi nent,

i ncl udes a net hodond ersadiges, MWPuded afpldte fardhohlire poroun frit thatchpmirts alimssue.

plurality of_first holes and tissue,. . preferapl uckweed, or, ot.her ant
tissue, is pmo 1% W@“Fttei&_ﬂl?aﬁ\’ . %I.%Yag? é@g}?gl&fsﬁ”mtﬂi %tﬁlc‘}‘?hS;hefiE T
plurality ofedjfRd bymolugﬂoa&n I RGlfeCdedvive] TREDIRY chitbRsRaF Bodyf whtheanPhppeal i ty

of second holes“and used to aSpirate the nedia fromthe first hol es.” The
medi a i s aspiurfacedefyngp fitsy holg aad susetdndrhops: eBmfinst hale hashe fisse bolndipher adge

using the pipett he suctian pr.essure dr.a ia fromt f.ir.st.
hole, into t HS‘SB}S;&?P W%Heés'éfﬁ eioﬁﬁﬁe F(ng' aﬁﬁdp%\ﬁﬁséﬂglﬁr%go?iopcfrﬁ%ﬁgfﬁg ‘Wg}ﬂla
from the pl ahebodyaRSHelsw Hheupansiifack 6f fheDRENSESR firdf o1é Recopkigirad kd yeceifve
first holes after aspirating the media fromthe second holes. Still

anot her enbdht netets fitmofl deretsssue, fand to hald dieimedia bethingghoperony Tl apd edsskavi ng

a porous styuct 1 0 Sur f
Strboture nal iR igP pho® R BB BPE: el AUhAT Py o tGper HPROPP! Bdboay,
top surface dnd asednddislEbbtio potipR definddheittin deltdy Thé bblotv therugper badeeicf i n

fluid conmunication with a reservoir of fluid . nedia. The hydraophilic
properties dhe bpdy. dhesgeonst ale boftem porionipen flpig epmmppication with ther it hals 5o
that the 22 : 5 0l i i | j t .cliept
liquid nedia \rég{rjrpﬁllgg?%sg%g}% r ﬁlkg&p?%ﬁg%gaﬂ éﬁ%\g\fﬁﬂéog &to e thllésggﬁeércéldgg o
enbodi nent s &pivete demaedih badpplyinpgewmcubtor Thxpippitedevideenltd éashes drephedia by

the wells do not have to he ved or _di.sturbed. when the provided nedia is
spent, cutti mg&%ﬁh“ﬁﬁ‘%@ﬁ?ﬁgaﬁtoéﬁﬂﬁgﬁ% ﬁ’b‘g%t erile and optimal growth
condi tions. The pjabgsndP¥mbPGimdae It bél V! prealfudthGubichidiand! pRghge

pi pette heads of the fixed tip or ‘i ndividually
connecting the first hole bottom portion and the second hole bottom portion in fluid

|

communication. The body may further include a ledge 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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the upper surface of the body, i. e., a toploading arJ.agngenent e use of
robotic liquid handlers wth the plate pronotes a vvelrﬂrﬁ?cg’-eﬁ’ﬂz%o nsi st ency

in the treatnent of the tissue, as well as the efficient renoval and
repl acenent of the nmedia. The top-loading aspect allows the use of a
standard lid for sterility control and renoves the need for a separate

vacuum nani f ol d gh@hérQmboaimétd] idcN@led HimdiRsl ¢ mdlifg b dlde Rir haldimhh bolods
allows for the differential treatnent of each well and provides

f1exibility fi that suprprisamtissee whersin fheapagouscirid dy paswratedgn ajgapdiagkhe media is

experi nment al ' | f ' bk h)qatﬁ can
be configurréag}ﬂ fd%;' ragﬁga\;gcfi?ﬁ&e?%i%%ﬁgd gg%%#gﬁ%gggg%hﬁ@g\?%gﬁg&ﬁ }t‘éﬁgrﬁo c gnge
gf to_olbi gg ﬁissu@imetzﬁahdid ﬁﬁludEﬁﬁFidB%%@TWQNaﬂﬁpﬁﬂEufﬁéwﬂmﬂﬂmg' j afjrdt hus
escribed the invention in general terns, referenc i 1.1 _now be. made o]
t he acconpardi§cdiddiglesga thepadyn Defings ﬁﬁég‘é‘éé‘é eﬁﬂ?\glﬂll eﬁé“ﬁlf’&ltgr,"“&%d
wherein: Fi ' | ' | YLl i a
first embodioope shituh It RO £t Rol Bopts bl hd Wil BHEWAREEDI:
cross-sect i onafacy iteviord aafisst hglecbateint parttbnaThasspcomt hole ishdsifimed byndrilhieg MAP

of Figure 1; Figure 3 is a perspective view of a tj eal of . another...
enbodi nent &P@%ﬁtﬁ? YERAALSUTh ?‘R/%ﬁf eo‘?ﬂdyl'—tf)gtgpﬁ a4schncLBgl§r%8rcFﬁlg;eaqﬁlgg\}h&}g a
system for rigplweieSiipegsFRds & fofmta\Rcorid16 BOXAIn ipbrifonIuhefidkt id aReidRsle
enbodi nent of the préesent invention; Figure 5 is a flow chart of a nethod

of repl eni sHiotigmeationya egutehsd dy SpishgosimuEtaligndyAorming apassagasy thethedy 2005

WO 02/ 097029 RCT/ US02/ 16645 Figure 6 iS sectj onal__vi f | ..and
aspiration f?&flg%tweﬁl? g%]?e Bt h‘Sgel ﬁﬁtt%cﬂ?lr%ga aimr(lj eotsﬁceornﬁmgﬁarrgorﬁw llool‘m(sﬂe
present i nventicpibly, M Aabdake RERGHR THyOMseinEHE sAMNENT kN tite fife Hole S6iém

I nvention now w || be described nore fully hereinafter with reference to

t he acconparpprtiep adaupyigs thei sawipietaHy pnik eicpwrcring, b iseront Solsiboftpa portion.

Yet another embodiment, includes a method of using a MWP. A frit is placed
into each of the plurality of first holes and tissue, preferably a duckweed or other plant
tissue, is placed onto the frit. A media is dispensed into each of the plurality of first
holes. A pipette is inserted into each of the plurality of second holes and used to aspirate
the media from the first holes. The media is aspirated 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




invention are shown. This invention may, however, be enbodied in many
different forns and should not be construed as Iinit%g£§9 tge éﬂgodinents
set forth herein; rather, these enbodinents are provi VEIPPY this

di sclosure will be thorough and 10 conplete, and will fully convey the
scope of the invention to those skilled in the art. Like nunbers refer to
li ke el enments throughout. A nmultiple well plate (MAP)10 of the present

i nvention i neippétesl Gssbe dysuppledraith Rgfffent ligedd Medil o k. reddivoibadlprohibte
defines an arraz/%l of first ﬁol es, or wells 16 and an array of second

aspirati on hgpwthgfthe igughown in Figure 1. A 15 plurality of channels 28
each connect a r ecty t j f..the
aspi ration hol esel%ge, &ggé’d?ﬁgra%h?{r]e %ﬁa\r{@hg@tﬁs'o%era%ﬁggﬁ ?rtegeﬁ?%suggl&sl ggtélg in
each of the thekiels d6 noishaze povecomeyedyrdiiypbed whed thetpr@Gdathmnedia Suypeot; tigtiag

ti ssue sanple 32 over,.a reservoir of Jiqyid nedia 36. The porous
hydr ophi I'i ¢ f%}rb% Hopdgadnd HSUTRg Ferle A UL 2t g%ﬂﬂa&éﬁa@?a@dna% to
supply the %%@dtv@ﬂ?&nwglﬁi&hpﬁwd SN pigettcREaNADOMe Hxelth ordB@NVRESHY

media 36 is facilitated by the "aspiration holes 22 which are each sized
and confi guredtrobable ¢ipi versianpbpanse the pspdation bokes rege aspissibte bom deveppsr  of

the pipette tips a i.nserted into t.he aspirati hol e 22. and. ly a
vacua pr eastiace S e R it prduipdng iRt g e Rl arssdniad Fhglerd .
of the wel | syiltbthetplite gﬁfhldt@ﬁa GRANESeH Bsistehéomadhe iBanRHi SC@BLisaREaPwelRS
the aspiration holes 22 and into the pipette tips. The tissue san“[)le 32 is

preferably asphasfficiensimevalandieplecaanbert hamedimdbetor-londisgespagtallars he ssue
o Cor o | R AL IO By o s SO RSB VAT

particularly as sources of see | fa

(Medi cago sahanifvld stafigiefor Pallg Hat melliavBhe lacl of § headbl dlemedbethe dbfiergitism
(Sor ghum 30 bi col or, Sorghum vulgare), mllet (e.g., pearl mllet .

( Penni set um tEREReN A pachswelk and providss tlexhHity: indidyid %ﬁ%@iﬁqsgl, andselegtion, @8 | et
(Setaria itald I j ( i ,

(vl aant |t v dbR ol fttid eI Gie RADAYY TRUTGURREA s be
Novenber 20Qonigno@tO&HIRe tROHcAISCR Midibasddld(nbm tiedia rwithasss thangaof tebipgean
(dycine na?if)ettte%kl))gcco (Ni cotiana tabacum, potato

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



(Sol anurn tuberosurrr), peanuts (Arachis hypogaea), cotton (Gossypium

bar badense, Gossj pi um hirsutum, sweet potato (I|ponoes, Ratahiks) Ogassava
(Mani hot esculenta), coffee (Coffea spp.), coconut (Cocos nucl

pi neappl ew@Anamagy conosus), citrus 5 trees (Citrus spp.), ﬁ@ggg,zﬁmgobr onza
cacao), tea (Canellia sinensis), banana (Misa spp.), avocado (Persea
anmericana), fig (Ficus casica), guava (Psidiumguajava), mango (Mngifera

i ndica), olive (ple&iB% 69%%%“0%%0?%%{33@ apriyedion hodstfaiguré Anacar

di em occi dent a i al mond (Prunus
annygdal us), shgg eet g&‘%&{o%% gari's wftﬁgg%ecsgntég%@ggghar-unz spp. ),
oats, barley, 10 vegetables, ornarrent als, and conifers. In sone enbodi nents

the tissue i s callus duckweed or rmos erns. The present
i nvention may be parti cuﬁiﬁ) Fﬁ?%@é@% WNQng(Iéﬁt t that thrive

with mnimed fluid T86RES itVeRENE ody 12
of the MWP 10 is pref e?%ﬁl ylcgggtrﬂ%?yéﬂggdggcgg%ca?% %eﬁllaﬁzgﬁlgk t hat
can be machi nex¢faapeteiis ﬂtﬁe@ﬁ@mmtmmﬂm@gﬁ,dnhéﬁhp&mfdn&d&h&mdim&mbﬂmh an

aut ocl ave for r t he har dness of pﬁ%gr(l onate allows it to

eral l
be machi ned byg%%}ﬁ?tﬁr%{f}l ﬁ?ﬁ; FYAntAY TP, SOFERH; d ingpany qiffprent
. automatic nmachiis BE SHREPSS belBhAned 3P n?ﬂ‘ted el ﬁﬁ%ﬁﬁ&ﬁ@&? forth Herd@dY
could al so be constructed of other materials, such as a pol ystyreng,
pol ysul phone, 8thsethesy sabedineerioarpprayided|se thatritistiscloger avillbs thoybughsidet c.

+ The body 1 bei n 030. 01 inches. jn |ength,
3. 3650. 01 l|%)nche qétgn&gtvﬁil gy rg/%égleﬁol?ﬁ%%fﬁg%mivﬁml ‘iodﬁ?s,e Sélug@)i‘m uration

,conpatible w tdnt. Miké nebse ifeoRdlkeldldiing hanghdtg rmachines. The body 12

{ includes other features such as a base 13 and a pair of 45 chanfers 15 on
opposing coners of dARURlarlglate (4RI, of threprbsasé invenipominchides a bodd5 | edge
and can serve fage in conv equi pnent .
The pair chanflgﬁlgqllr% Rﬁbglgsru\gécggy%f?ereﬁgg d?rgr T{%Taé’r?ggirg%f’%é’ Br oper
orientation ofeilsilé ahddy arrag pEeicahd yspisieon hdlesi 22, hﬁrﬂﬂf“&ﬂi@tpltqgelgegp track of
the | ocati,on oi ach_well, 6 The body 12 al so has a flat, er surface 14
t hr ough WP ch PR Sf ghanpgls 28 cpaclpcorited adpsneplins onerof Sheowblds Hetorsor ed, that

| t hough th | d f bi li t
U0 proex ot o e B 28 AR b B ok eSO b e s

desired. -8 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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22 Novenber 2005 WD 02/ 097029 PCT/ US02/ 16645 The nunber, di nmensions and

| ocations of the wells 16 are also tailored to be compajbsharobbs

preexi sting equi prment. For instance, the plate preferably has 24 wells in
an array owo42mY70® or 48 wells in an array of 6 by 8 to becaamestdd: e
with nost [iquid handling devices. OQther well densities could be used such
as 6 5 wells, 0%96 wells tlgat are conpatible with conventional devices.

np - OT1
However, nonst SAtAFE 4R sRreendShewa e hiebgcasdNieasigna sulwawa)s petateg| e
wel | or a 1000 gelkes wbehesal he L be l.inmted by
such practical iggi@esz Tgsfut he tsf?’zﬁee&cl)%@?ﬁrﬂgﬂgg’&ffg% ,,%o@n\[@%?ggy%zg mtélagéauc%”‘f?ei ng
grown, the capa@pssiniedirstturihewegupqate (bonséaiguatif)ecansdvas)anshot deuishag of

the wells thens 0 Preferabl each of the we]ls 16 has a standard
cyl i ndri cal sha(%!eﬁ\égqu}% PRy ST Y%‘_F"f)’.’wgﬁ‘q%dﬁ%@a d4aangssooBF), 611890. 01
i nches for the tés (@l Bpdf ocod (BheBFANELREO)Olen BEGTEIY l.s'a!neﬁﬁﬂht%%ﬁzsulﬂ/a;@[ugs% ?f}e

desired, and is based on several factors, such as the 1 niti
tissue to be plSBRSRVPIRAP KBervea gmernidsa)y igWiinus atsiealy guahe Psidimspeyjmand t he

| ength of tine e ] .0 be. propogated i.n the Il before 1
r errgval A centlgirh-%?g@’z#?éé %ﬁ%t)’aoﬁgg (@%‘f’%éré’ﬁaﬁ%’é’wq FEAFIPPA), §eREY f or
the 24 well pl{dbeardiue m&fri@-zr&lh}a&ndcﬁkﬁnﬂd(ﬂ@}%ﬁﬁiﬁﬂztin%i@ﬁfdﬁ%,i a%%ﬁ(pzﬁ,g,@dar d.,

aut omat ed pi pette (ﬂe ices is conpatible. The 24 we pl ate has been

det ermi ned by ©HEE? Wéfﬁué‘i‘fsbeﬁfé (Bye vigaers)ctizaichse (Sacdiabine sprm), bite, bailss ue
propagat i ongof duslpnee s i ref.erred.bal ance tissue
32 vol une a(r)ld densi ;ﬁ% %%151\%1}1:?’12,@@#2&12%%]?% 9%8?3 B}bﬁgm&f@?ﬁ ths §is5 15 Eﬁ used
for duckweed i $ispredfopr dintkye86 onpysospernise Sthe@uehidnbdiRioni sy Qi papduldg and
rapid cell growh.. O .coyrse, other arrangenents could also be used for
more cust om z&4*AYE i“ﬁﬁéﬂ’[’l}‘ tspucg dlagt e wiiempupe) Bidorich @k dssug Aedyadend

t hrough the upﬂgﬁl%ﬁ{ﬁg&néfl of the body 12. Each of the 24 aspiration
hol es 22 is preferably ‘adjacent to, and connected in fluid 25

comuni cati on wit h, The babypldotfithe MONE 16fis pleferaidy benshGcted bEaPaiyédrB&ate

arrangeneni: of spi,ration holes 22 and the wells 16 all ows aspiration
wi t hout cr %)Dss %18%%]%%? bedhaggin If’é‘gésdﬁ‘?ﬁf;@@{ engyghhtodicattochprsierilizedhiname pri or

oL o T vkl ot ol e T3 GLMOAEAIBEITRL el |00 e
sel ectively. | washineg b cofmmtes contreltadingilling 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
5.030.01 inches in length, 3.365:0.01 inches in width and 0.813+0.01 in;:lies m
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.



30 be addressed selectively by hand or by automated equi pnent that allows
the operation of a single pipette independently of th i tes in
the knead. Selectively addressing wells would be usef%%%ﬁ?‘%rﬁlﬁ%stance,
t he tissuwomoenesof -9 22 Novenber 2005 WO 02/ 097029 PCT/Q&%&QQ{]}QS t he
wel | s was generating a strong expression response to an agent, such as

I ncreased growth of tissue, increased expression of a polypeptide, added

resistance to a selfbenpmpberadimensioucinddecations phiheivedls 16rare slso eflargdaot 0 a

pl ant pat hoge = Di 1.cal or .biophysical responses could al so be
assayed in i ngllj ?/%%ﬂb\%\% ﬁfsEB %g}vfngtfl}g THEPFEsERL mﬁtﬁ{}‘éemﬁ{écﬂqgtefﬁ@e%li’ilﬁsf rom

this wel | coul 2 Wellaipin @t9df Abg 6f E5AILFIIRI R aﬁfa?%‘fg %&'%%@B@Qﬁm@t her
wel I s. Anong ot her adyvantages, nore frequent collection and testing of

medi a from t hat'the1ast lpuf hansilisg dewices. Dthenyelt densitiss spulddk usedsuohlaati on. | f
cont am nat ison §1d g8 -of the .aspiration_holes 22 could
be paired with ses\’/ergﬁl R’\fﬁgﬁhgp#%&%gp%tﬁjﬁg g\%ﬁo}é‘ﬁm igRal depiges r}g‘?wﬁ‘?&i ration 10

i terations. Edwmstehdarfevelisiphsititsiconldulbebe d2dadueh at SAsRRRAERSADI 000GYdisndr i cal
i n shape vvith('} 0.01 inches and a diameter of 0.167 i1 nches,

a depth of 0.6 S
so as to be ab eélefagg’ tﬁ%ﬁ‘é‘ﬁ% ogw§]fl%1WéI]éPEIh§!1tfééY sigeraetioplifiess thisioagh its

. upper edge. 24.ihd BéBEr?, B d otF S tfferent center-t.o-center
di stances coul d be@l:jrsed,6 2epen§§%eg lljpgoﬁ %’?ﬁg |bgﬁetf68§fﬁ'r?eeq&pﬁéetntt88qlgp to

be inserted t g wpls angk the sige abthe whedls didnesslvehiapes and ot her di nensi ons

- could be ried to I { cust am zed arrangenment, or. other standard
pi pette sxgpes and P?%%ﬁﬁapﬁ'se °ﬁ§? Wﬁrﬁgkmsgé@pﬁ@@w&mml shape withee art .

 Qlindrical adpinicdridrm. duthfes #21 A6ExRlo? 0.6BEE DELARLEL B DAL BEY: 3, easi er

{to machine with rotating drill bi e center-to-center et ween
adj acent onesdsmetdref c2d wdpemakivanctat dsird@ and ipbRtesadhwrd Batsane as the
center-to- cengltlarh '

: diIstanc between the wells 16, which is 0.?6 inches.in
the illustrat e_cf e%&%’l“#éaﬁtglz‘af’}l\@ﬁ tieHerte be piaged iy the wislithe growtheataobitheat i on
i o L
can be uskd fBmwahi Aaenientogfentchdistrads bet@erathe frcells ik 7@lirshey for ar 2f t he
medi a well plate to ensure that the arrangement and motion of standard, automated pipette

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

9.



25 Each of the channels 28 connects a respective pair of the cell wells 16
and aspiration holes 22 in fluid comunication, as sho.idmdergdss 2. Each
of the <channels 28 is preferably roughly elliptical in s%ape due to the
pref erred Wetorrozf rmanufacturing used to create the Chan%lrmsﬁ'ﬁm.!l be
descri bed hereinafter. Each of the channels is disposed berieath”a bottom
portion of onentgf the wells 16 and the 30 aspiration holes 22, also due to
the preferred nBfW6Hs Bps srnstatimetastong Mipryssigmresponed tosheqest, sl 4 be used

for the channel;,48 ure distributi.on of the vacuum applied by
the pipette 34 W |?Ségtg]fdla%Eh%gagé‘éan%";‘/‘mﬁf’eﬁeﬁﬁ?ﬁ?%o Heuperside. added easisfanca 0 22

Novemb 2005 W2 RaEAHZEQ2entRGTHh LIS BL il ' ' f th
venber @:26n BebRSoNRELIRSl 8% AN A, Bash of the

channel s 28 ac al On?quﬁ't h its respective one o and the

S !
hol es 22, as atbﬂdecélawa igphysicabEespanse eulbalscbe asvaedrinindieidnal wilisked i nt o
e 111,505 o DR 1R RSHAR 88 i Sh

28 and aspiration ho cou € use

Suppl yi ng nmedi &arhfrequphnily Hendheotiet ecR8 RAREn@6HET RlvhARsROLRS, B'gtfl{eﬁ the
i if the callus”of the plrant tissue

wells 16 coul e..useful ., .for_instance

32 was dense eg%lgeﬁHon ?lb&]tﬁt%thgecl’gf‘?‘%é m thifer buptld provided swouties petigiedl i nt 0
t hrough t he uppétel&it@ae ipéorthBinaiieh {S P he wi dth of each of
the channels 28 is |ess than the d#sa?r%t%g?(:&g eﬁ{,?%é]%’o sth%éstﬂ”\? O%h%[e%f t he

wel s 16 so asCaufl Popaired widhignyend vadls 16 hotibemontihd Mend omabdirafih
suppor tingd heyfrit 30 above the media 36. Each frit 30 is preferably
constructed of a sintered polyethylene material that is porous and

hydrophilic to pronBich offie: abhhed hass ' the media wthin
its interstices, The hydro h_|pl icity gﬁ@ﬁ%«aﬁﬁ?{&% g?&%ﬁtﬁ}ggﬂ?ﬂﬁbaﬁ?& nent
or tenporary %@[Bﬂh@ﬁ%%ﬂ hes sndecbaseer dfi0. Wiiinkhes!so & taBPLHIEG Of '
whet her the 15}65@\%‘9{&%{(13}- .in erenttlg% hydrophilic. Alternative materials

Wi th porous structures X CHATTPBE G L drereh suppercadgn 24 c betadr bresuablpt | ed t o

mat eri al s not dikaheien) dnyd di fydhORRIS rophi,lic.. The materi al
i s producgq by si_ntlgri ng. and mﬁ?ﬁf%ﬁ%@%ﬁ‘é&%@ﬂé&%?Fi‘%??epa?eﬁ%ﬁp%d can

act as a ster iﬂlleeﬂ%ﬁ’frth%]ﬂpﬁﬁ@tip@ be Bsertedrtbereins (fablicspy b Oftfel GapesTh@ fits are
preferably cutyyQr apynched ling %le%iérjgtp @it 2 customized arrangement, or other
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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pol yethyl ene sheet with an average pore size of 90 t 0513 dM r?ﬁ@ ers |
known as Porex from Porous Products of Fairburn, Georgia and al so
avai | abl evag2/emze No. Y2- PEH 250/90 from Small Parts | nc.P,CT?]@S% hhakes,
FL. Such a fit can hold about 550 jal of nmedia and supply the tissue for a
nunber of days. 25 The congruency of shape between the flit 30 and its
‘respect i ve oneWsH being aspixstdds Fagh efi therohsmzelf 28 aotd; atonggiviinRs rdspakiegenbsr t he
media 36 arou i n I ensures, that the frit rests firmy on
The Tedge o, g oiati 16 ebd BRhalis 3 o oSk do et e St hrmat heerd £ 1 30
may be used, wvicked hitcterrif 30.t 15 QERRMAH ENpplﬁH%QWQ&]%P&% Eﬁi}ﬁfohaﬁl and

I ten. § t

needi ng to be refr?shed with new nedia | ess o arge di anet er
frit could be {hewerls #f andasyiption hutes 2% conéd hlso beysedib supply nedisi3ée a nmani f ol d

under neat h sf org; kot 0, K the large . dianeter frit 30 from
col | apsi ng undSeur%g%;j}rléeg @g‘g% it%g'?@gﬁc%&%grﬁlﬁ %?%LPPQ.%EW%M@?&% o the wellsykd

di aneter Tt couldbeagehdanisn200RYQINR00 8 SR EH07ALAGED A oul O be
supported by 3, 3creen i sposed on the back of ‘the frit materia whgn t he
frit materi al ?Ee ﬁﬁﬂm‘e Pﬁ%ﬂ%@abbe@m@a flispensed sith Heowghetic ipperadgaiphihet i ng

mani fol d, the k4§, | . er thag.sim]arl | zed
menbranous or paper %ﬁ%%%lr@i @gvk&ﬁgtghm{%g%lfl%{tggm&%aﬁ’ggﬁgg l%tféshhﬁﬂ Hé‘»ﬁﬁ%@ei&%o uum
pressures applof B8rBpésyive hoe pf thetiells tlb po dﬂ?‘i fﬁlggaﬁaigeﬁgi HDihe ]E’dt@%-péﬁﬁg y, the
- frit mategjal he present _inyention shaou e able to withstan
pressures“(’)f g%i)}ufé)r%@B?Iﬁ%ﬁz@%’ﬁgﬁﬁgwﬂh?@%edm%t her enbodi ment, the. tissue
32 coul d be grown. gaclafrshes } ks nen cut .ar punched
| elrdt il PRb P e, MfeqhleR bt

into individual frits for placement into S
“preferably coHgtisperad and bydraphifio ¢k pomopoihy cardtioats] ffntoh oF iRlmafa r oughl y

t he sane rectangul-ar. di pensi.Qn S e.bo 12. Constructing the plate

from a singl e%gﬁ%clﬁs n(%&ﬂ?ﬁ?%ﬁ?&ﬁﬁ?ﬁfﬂ@éw é?gﬁ1eréf macERhef@ heatapeaneniief | s

whi ch coul d rieapbtary Uo@nagpORAPrHRLIRDy AfidhR SAIBEE T WHI LI o 16 and
, of 0O

aspirati O%mraml es .22 are preferably fornmed using a F “Eut omat ed
dri|ling Drachpiseal iginhereatly hydgpkidico Alisimiivematrinbnsitopsotostideareesi r ed

_h0| e di nensi 09314 b used and a surfactant could be applied to materials not naturally

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. o
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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15 necessary, the drilling machine al so cuts away enough pol ycarbonate to

formthe base 13, the inset above the base, the chanfgfg,kRpgossnoves
enough material to flatten out other surfaces, such as the upper surface

14. The chWRie09282is preferably formed using a rotating $awe346,480 on
the sane mlling machine. The rotating saw blade has a cutting dianmeter of
slightly less than th% wells 16 and is 20 inserted into one of the wells
until it cuts awhSPWPesuwettad byuatreanolisnnsed b dhelesk offhe fihmaterithivhay saw
bl ade 80, as s 4 B r ] saw.pl ade. s then _advanced in
t he direction Et? %%ﬂgtgflglgéﬁ%aﬁ%%gﬁ%{l ' ﬁ%’%@%}eﬂ’gﬁﬁl 66 %@ ASIPRARERE it cuts
into the aspiraningfolfiche fritn ategipitailyfmndh stioegehman gimi B8y Wz bd pepfbliusdl si ze

to enable fluid conmruni Ca@]& n between the well and the aspiration hole, as
shown in 25 Fi qUPe PPPRRWVELH cHmetwithgandeymanodasite gapaukpessutesepplied er of

the well and th@eird. Iy i . di ter of the saw
bl ade forns th(l-!;)(?"t I e.gg% %gﬂgﬁm&%‘s@ﬁaﬁl@é ke Iefg?z% égqﬁ‘gﬁ?ﬁ%pag%}aﬁigﬁﬁgﬂg%gﬂtom in
Figures 2 and 30vephenghadeéhe ablatewithamdgmessatsoabaltB0endhes 88z Bbydchat

enbraces the pi tip,.34 and is disposed around the upper edge 24 of one
30 of the aspir g&%ﬁaﬁ%&é@e’ﬁ&\ﬁﬂéwegﬁﬁ’fl 4P ForRea gt dhedfipmatvalseal 35
| nci udes an  ekastiomeit 6r fhuiEkdiloSH REEAIR Al b me ey I 11 01 d

: as

collar is preferably constructed froma sti erral, suc roma
steel bushing, and dpeidbWA 10is preferally Konstrictad fRO0OS BROk (0T BOBOFOARite

PCT/ US02/ 16645 screw. 52 extendi ng through its side. |
Ti ght eni ngﬁgf %ﬂﬁgﬁ lsagtg Fé)gglél&/%eﬁmg etrgcf%nﬁuﬁaé %F?%&S%%%@Hézppﬁéﬁwmigp .34
al lowi ng the ritgipdaedionas siaglebiooR o€ ¥RMrial HRWRS dedthe ee%i}seqs .

ge 0 e

el astoneric ring. 50 ai’ﬁiﬂt i S pressed against the upper e )
aspiration hol & lf%fém st incresseprismuriien of thergmdlest Fhe welikbGawbnt act 5

Shape. w th o SPAREcehaR: 23 B8 RIRb0 bR R {ENCePY i araated Pl i on
of a vacuum t i ghthisgabith driilUbitshefisiniifdehaifions b e &8Réd RIe Hﬁn&l%g&x%fm

tely
0.3 inches, . n di aneter .0.5 .inches long so as to fit a standard pipette
tip. For islr?st arhegss,sa%@&ﬁ#‘rﬂhwle@mq ghsongits avway ereogh whlyearborRERE fRERON)

R TR T R G R
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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body dianeter of 2.0 mm The elastonmeric ring 50 may al so be configured to
fit any type of pipette tip by sizing its aperture 534 QoRgnshr@dabs 90% of
the wi dest outside dianmeter of the pipette tip, allowng the seal to
conpr ess WOJUA7®He tip while relaxing to its 15 nornal shapeushassgsenoved
fromthe aspiration hole. Conversely, the rigid collar 51 has an aperture
that is oversizeg 10% wth respect to the qutside dianeter of the pipette

tip 34 allow nﬂlcﬂidef B SEAEEROF %@}d@]ﬁg_ thrrugpilissidee Tighienimp of thelsebacraw aper t ur e
is decreased whgendie co1Bh aglgﬁt% @?gﬁéﬁﬁ %%&%‘gtﬂ?&?ﬁg%gggﬁ H;@ p%)vl | ar about

the pipette tip 34. In an alternative e cou al so
be integral |y Wovardanigrationof thetelrstqmeyetring 30 g3 iB4 préssed edaimd ehehPper edge

nbodi t, L. i, al d be wused. around the upper edge 24
of "the aspi r at Fort ERguEEn BBt Thint bl e oaioaing Sh that wiksGakistthe. Seal
35. The MAB 10with tHésghet RATIHR: dshBHHS: m@%;hr@@ge ﬁg{%&)géglg%f sglgpé’eé'

supplying nutrients in a sterile environnent. nglﬂfﬁe MAP

25 i ncl udes | odsfergd engle of ahaut 801t todfirthenfacililate, foomatirsi oftp eacoeiHighosdabr
nodified to s i | es uch as.tho sed to sort fruit flies.
General |y, th%&glétﬁ%yﬁ%%lﬁiﬁg%gm %g aa@BWﬁ?ql%e%ﬁcil%geﬁlﬁ'éﬁ%‘Bﬁtﬁ’f ¢ O.9ne

. unnodi fied celihclesidreysocaud dt Hetanded pipkit HE. Fbd nsHsces T7P 09 Pﬂjreg% ﬁggﬂtoly r.ene

enough. The is preferably covered wth a transparent,
cover or Iid%"é*%ﬁo‘wﬂﬂ pETE Eéﬁ@%#@ﬁ)@ﬁatﬁlﬁ,M@ﬁlﬂewolmld@mdt@mfé.s 186, Once t he

L S2ts kil L LI Aked Daplalsr 5 slacked Lop access

by a liquid handler inclu I"e” pi pet't

vacuum suppl i éody Theckdrgfiid thandl er grips the plate and renoves the lid in
a -13 22 Novenber 05 WO 02/ 097029 PCT/ US02/ 16645 manner known to those of
skill in the art. TRECIFRHCARgRliny 2t econdgred de fsamntyppoheipeits tip p 34

into a respecthiyuRifNg HerthR653a8 Bk Ladlide ﬁa L the seal..35 abuts
t he upper edge.y24 r%['ﬁ tﬁ;g aspirat ?Sﬁ%%% (galJntgét esg%?tflfl%ﬂlagfe%etrﬁgﬂﬁpper
surface 14 t R@céabpiallowingthciselitd chmmdbs avguidietiie 6ip veiikpenses (vadi a t hr ough

t E: f/vlelpis,s ligt ﬁ?ltrr]rpzﬁ ﬁﬁ@%%ﬁ%%ﬁlgoedhi%n? %heza%bh'attﬁrgnohl?l) EE.] (tjgneve(l?sré?;: ?I(lael r?gic% gol?a?d o
51 has an aperture that is oversized 10% with respect fo the outside diameter of the
pipette tip 34_ allowing it to easily receive the pipette tip. The collar’s aperture is
decreased when the set screw 52 is tightened to secure the collar about the pipette
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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the tissue 32 in each of the wells 16 has access to a supply of the nedia
through the frit 30. The lid is replaced on the platedRoadbdrit®op! ate is
placed in a culture room with illumnation to pronote growh (in the case
of plant tWOMEEN2 After the tissue depletes essential nut rHcaRishzigt he

media 36, or the nedia 10 otherw se needs to be changed, the plate 10 is

| oaded back on the |iquid h ndlcihtnlq%‘_151 device. The lid is renoved fromthe
plate. The |i quPE AN hE et dekdlindheart. The Haw pherdling devicg £xtentipeanh

Lpper edge 24 iTaRa® 2ERd ﬁésﬂ&ﬁb? ofig ofthe LA%S i%ilgo% 1g1es 3? luflﬁgthﬁ g%gﬁg&[ﬂ{‘]tfegac e

upper edge 24 of the aspiration hole and th rtion o
14 ther eabout . traBpper gdgeldefittie aspiratien hole anp id wstion VBB UPp & suFasd 140N

pressure 15 thr ipet tips which draws the nmedia fromthe cell

wel I's 16, thr odgﬁ%‘éhe@ﬁ%l ﬂ%‘é‘% ganéfé’,gg drvige Bﬁ@efﬁewﬁ%it@ﬁu%ﬂ@élpzmmmi nto

the pi pette5ti pspitaiondrls QR cthrAGRiIthedHaRels 28 Snd Rl ﬁleix&&ﬁﬁ%'. 8 S nf g 85
et e

needed by repeating the above process. In another enbodinment, "an
pi petting head HosSEobbin each phheavellsdibdiae rjcestoiassupplycfitie @edi B5ugi gl e or

multiple wells i : t SIS 1iquid handl er ( TECAN,
AG of Switzerl g%f%ﬁﬁ\%ﬁ#@%l%g&%}%%@ %EE? Plate g BlaPetied GHliure ®oms x- way
val ve for swi t ehibrijubsattiee stofioes @otvilEs i casd SBARN S et hanol suppli es.
The robot includes eight pipetting tips 61 onits [iquid handling arm 62.
Four of the tips ar gﬁg’é it’éiﬂﬂélfpiegescféﬁnﬂélrnmt%ulttbe wedjpl A6 at theynaoifa

multiple waed | pipa HPROS ‘ i ¢k, 64. The four repmnining 25
tips are each fi t%ﬁgﬁ\%’é{i % a tlhtgﬁgeggtpleéfl?%gﬁﬁsglof‘%g tf%ﬁ?“%é%’ﬁiw Hdings to
aspirate the d@lides The lidis cangdvetitiint teqRecThy Bqad Bhhd@ideQRviae 88 nd2-
Preferably, theal éoboéi? li,qui d handl.er 60 is operated using a software .
programto cont¥ 8P HEEpHByY PSHePEvEPsRitthagpiration Igdes 22 witid theaseal35 as to

mnimze crosshueOnt apidnatisoy : I 6. BPuri medi a delivery,
cont ami nation 30 of t elfogur_ ngﬁ?lgg USEP§P¥1%3[1§B%H°§“%R/%$‘§%BPWSE endi ng
the nmedia suppl4/inergabaups Tholieuid hiedlingl desioaiappiidta veonisa ot stdioh Peesplat €s.

Cont am nat;ison aspiration.tips is avoided by flushing each tip with
an anti-mcr obtﬁlféjluég? }?d)ﬁ’gﬁt{eleﬁp& Qﬁqldd_} %al’félﬂ\]ﬁe‘@ﬁfh@ framothe sl wivlie 6, 2008 gvibe
02/ 0971129 PCThAGON OG5 uRsRbraldaRILS £3 indife SHLEL iR 10 Prblife L1 PS N

seal s are washed in an on-dec
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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shal | ow wash station 65, also filled with ethanol |iquid. The ethanol is
punped by a syringe punp and/or a hi gh-speed di aphragim gbastber@as punp
froma reservoir accessible through the six way valve. 5 Programm ng the
robot 60 WO 3#2®Wa% t he correct hol es requires teaching thecmwaotsdbe

| ocation of both the aspiration holes 22 and the wells 16. In this manner,
the robot is operated a? if the plate 10 has_twi ce as nmany wel | s because
the aspirati on*RIRRL @¥lesr dhss¥ieriohpidhe tips awt sealssn washedin en weideek of a

pl at e havi ng t 208w vy [ T _ ' | O have a
smal [ er dianeter than tﬁﬁfe;ﬁ?g 6\%?1?%{?%%&?@ 8@1@%501 lgdgn%eqlgée%géemg% I{ﬁg[g)%rﬁ(?got
seeks the cent®fyroge phapasigior atighnspeed diaphagm (ot wiasistpangefrorth Agedetlit i S

programmed to agce 24 |1. plate.as if it had 48 wells, each well

having a di arre%ggssgquﬁ‘lmli%lvﬁﬁgf‘V()afyvtah‘@' aspiration holes. Notably, the

programmi ng of the MBllanERRERSobOH 60 BQiEes aﬁ%h%ashd@éstﬁaq&i?e%@&%mfgﬁhé he
marl er

aspiration holes) can be considerably off because of the’nuch s

di aneter of  m3betthe lcpiden ef haththemspinition holss gdandttlee whids 1| Inghis Riaguere 5
depi cts one exgopl f aobot can.be programmed to address the
wel I's 16 and gspl ’ g% ?’poﬁgﬁa\g‘%ée%%ﬁ@e(??ﬁ? ﬁ@hiﬁ%&‘%‘? afdl.mrg'l‘?' S PECREC ffSur nedi a
supply tips araspipiithiotsset @bpystionet ke cdbapbiy fé%ﬁ@w&ﬁ@oﬁé‘ﬂ]ate"ﬂaﬂrﬁm%qgice
contacting th | at e i,o, di spense nmedia into the wells in step I25. The

medi a supply 'fi]i‘epge“é% hefrcbthattibg amitetian hglepbaye 4 analler disoeter thandhedi spense
redia it Qo WS 18130t OlAlekAG ANfe robBlickll HUURLAZA 40 Sheps, 128, and

127, respectively. our aspiration tips aré

.aspirati on hol2@s Fominsthce, liigs 10dbOb progeaa@ned RSacasss 2% well plafelh if & RhPugh 104,

aspirating spe s 105 through 108, in step 128. After

. i
‘aspiration, t Pf%h&sr%&!‘ gfﬁilﬁ‘rgﬁl\ég@%?fémﬁquglﬁe@qt &f herpgpirgtiogriples| dbatrbdd

externally 2@embi8hhianekat f@!?s?(? t t 29. Aspiration
and cl eani ng arégreﬁterna‘f’ed f(ﬁéun%?es bg}e?rﬁér’%ﬁé’ﬁ??ﬁ%s ﬁgg? s 130 and
131, and agai Asti@iiombeles)tande commidarablil HIF betmue ghtht 20udhiinsliendiahdRr gnd 133.

I't shoul d;be poted that the process  can be expanded or reduced depending
upon the %'unberepé?ettﬁiq’é’ét‘sﬁi ﬁ??%?@r{h@i"ﬁg- nunber of wells. In addition,

the process is prefguadt Yefigk bas émp\i\é S ﬁiegﬁfﬁ‘ 6%t !b%})f%ro? oyly onnent,
such as within a pressurized and filtered hood, to mnintz€ € occurrence
of cont ani nat fdshess thepgells 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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22 Novenber 2005 WO 02/ 097029 PCT/ US02/ 16645 The robot 60 can al so be used

in conjunction with a high-density hotel or rack for i uppl yi ng
light to the tissue in hundreds of the plates, as des%?#g‘éég‘gqeﬁr}ggﬁnonl y

owned U. S.WPLEEHT2Nppl i cation 10/080,918 entitled, "LED ApedsoPicess
[llumnating Cell Well Plates and Automated Rack System for Handling the

Sane," which is inca orﬁt @her?i by reference. The automated rack system
uses its own robot to M f’g HRELhF o8 dpRn ineliop vathesshigh-dehsityrimibdor of  t he

present  syst entack forteldidnid epp BRI HTE M he iR 1@&%%@16%@35 %%?gn?f

the present invention could be used To perform
Each wel | of thdsihed in gopmenty avomrddi$s Patentedprilicatior PPOS0,DES WRRRASTIE I Of

frits which forg, - Vari oun such as a |igands, or
anti bodi es) are gyr%ggﬂ{ﬂﬁ%%%%%?lﬁg‘;d %ﬁﬁn‘gaaé%@é%aqlq%}ﬁ@ufmﬁmﬂhlg he

matrix. After shkBamahadécheidcdgidried hefin KOERkeRan ugh t he
colum to breakup the solid phagied. Hi gh- 11;[ hroug?]pu‘t ﬁ?sé{u?qlﬁﬁg?%agkg m

retrieval of tH’ég%’B‘r%ﬁ?&’Pt Ryesigwlattand presettdhdplates hirdbest dfyheptesut onat ed
pi petting head ygtpg the wells and their respective aspiration holes. The
present invention has several advantages. For exanple, the tissue sanples
32 in the wells 16 &Dyﬂanoﬂhmvanh@iiﬂenm)&ﬁblgﬁa@iaﬁgﬁmqul#]%lie%tdown on
wor kl oad, ensurin t'SterQﬁ and optimal growth conditions. plates 10
maybe 20 used W CH FbRIShPT Bivgito PP%%S&&Wm@mmpmtﬁamwmﬂmewﬂe t he

aspi rationifol @ste dAtadisS: RAGLESS] . r _surface of the body,
i.e., a top-I ogdi_ng arrangerrentp%@ﬁgeﬁﬁgheagguggéﬁf iv@“ﬁ]ifgﬁ?acﬁ ‘ers with
the plate p'ror’rﬁfta@QUSeGOmﬂIOIImdSt(@uwledslah@nﬂh,&feﬂﬁ)ﬁdﬁ.ﬁ? bleGolcb@ BB mef the
tissue, as wel Lolﬁﬁmth beffi ci ent rermvgllf3 and repl acenent of the nedia 36,

The top- | oadi ng’ asSpéect "I FEWERPRL Wil e mains Aftarselidphpsechxiractin, eni | ity -

control and reagiesntbadone@thrb@dn @ %89@?@5% njfol d.station for
pul l'ing out nedia. The |ack of@% m?l_ni fo aﬁégﬁvgﬂigdsroﬁﬁ ased%"g renti al
treat ment of  eREMekRdisimbutionend defsieyaleiths doitpyuhd adgbritsliett Bandiber design
ison. hiquid h . fi h [
%?I s:!sectllson naliiRa by ML NGRS p‘ESé}mli’g‘? héat us&n%lﬂ;f? \?feitls? agdetgi\lf?es;ec?ivgem 28
aspiration holes,

The 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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add new nedia with no change of tooling or pipette tips. 3.0 Sone of the
figures disclosed herein contain block diagrans, flowshaidemmpdogentr ol

flowillustrations of methods, systens and program products according to
t he i nvenM@®R9T29wi | | be understood that each bl ock or strmpr/o§eztibesbl ock
di agram -16 22 Novenber 2005 WO (12/0) 71121 PCT/ US02/ 16645 fl owchart and

control flowi 3k | nations of blocks in the bl ock

di agram fl ovvctlb‘% %Pdé;%?‘?lgfo“f ﬁggfrfﬁl“i“héfl sembRations of blocksin tedieckd by
conputer pr ogdhagaannslbwuﬁdﬂ ARSoonkHEASw SRRRESH, BE egﬁﬁ@bﬁ&@ﬁ{eﬁ B! éJ fibheeY be
| oaded onto a conputer or other programmabl e ‘appar at 0 produc

machi ne, such PREEET: Hetretions t Fhese compuish prigrex ssuta@ionn ntdydedoadudteito o
ot her progra e_peans | enent i nctions
specified in tﬁe ‘ﬁ?&qﬁ%@%g‘% At I%\/\BW&?‘PSE)[}PTB rad?ath“&fwg%tho‘gﬁ‘(é? or
step(s). Thes emsimthewluphegéoam cbmﬂxtarcuﬁiphﬁb?& 0 &@Q]n%lézﬁé;ﬁja?ﬂug n a

conput er -readabl e mem)rty that can direct a conputer” or programabl e
apparatus to GRS MEARS fr inplempenting the ﬁmﬁﬁ’é‘?fSpeglﬁ@%lntthablcwkehamamnst ructions

stored in them an article of .manufacture
including instructi gﬁ%angﬁmlﬁﬂ%ﬁh& ﬁsﬂ ﬁﬁ ECLORRYCHROgHER SUgGUonS, ¢t he

. bl ock di agr ammay aimbmmreabm a:ocsrhplﬂhr-lfeladmbh&ﬁi@ﬁsﬂaawanﬁl%&(aséomﬂ_ﬁt& &onput er

program i nstruglbl ons | so be | oaded onfo a conputer or other

progr anmabl e eﬁé.’fr%gtrﬂ © aRRpRiug toslunelien wra pegicul mamapr, sedpbat bebe

~ per for medion HReneamAE! Bithd SoRbRSErRLATE HER S ARRALALHS, Le Produce a

conput er inplenented process such e I nStr ns execute on
t he conputer &rangfarése mﬁb@mmﬁmwon appas which ippleieaieths teRsioh @pecified

( I t £90 eci,fied int di agra flowhart or
Lgﬁt reg:s r]f : 23\/ rPoc IP?&;( “@’Eéﬁ %ha“,&é8%3?5‘?1%‘@{’10?}1@&5?@%(3)%89§07@Pu16he bl ock
di agram f | owphaim @istra@mint @lay 220 el 19M4ddl drs 4 E&ﬁ;&d@ 0?%%9#0%%%} gations of

means for performng the specified functions, i natio eps for
perforning th8PRAsEYS Wé@ﬁefatmaﬁt’r @ﬁ@emmbnakﬂtqgrtahﬂ: pe}rﬁimmdtonmhta coapstef @r

performng th unct ns Lt, wl under st ood that each

bl ock or gét ep Stl*? P?%Ja%ﬁgabl dPaY) bas rﬁo pf?dd’\ﬁﬁﬁgf)?lp'étfer @%?fpﬁ?teq PIoess such :

:c : I us':1 ration, thanmeamnﬂncmﬁl% hwEiksh @i‘ecﬂbQﬁHﬁe SmSHERS ofdr pRErRhAGKIdI agr am
owchart or

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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25 control flowillustration, can be inplenented by special purpose

har dwar e- based conputer systens which performthe spegsNoGhbdtPohsons or
steps, or conbinations of special purpose hardware and conputer

i nstructi oNS92RM% nodi fications and ot her enbodi ments of treaisoyegs on
wWill come to mnd to one skilled in the art to which this invention

pertai ns having_/ nef i f,_ .30 the teachings presented in the foregoing
descri ptions agltljr% ? eéiqgé)g&cﬁ"g@gav . ?%aleﬁﬁgl?e Otf'llth%?l&“eaﬁi%i, clpims;. For instamce, in

‘under st ood t hatanbther érfieitheihd wel platd shdd8ethbitd a4 ' eGhi! C
enbodi nents di scl osed and t hat nnd?ficatio%s and o?ﬁnggggiﬁﬁﬁgnts are -17

22 Novenber 2008°0@D2Ndhoreiospecific UsoR)/ ar6 eabloyed kardiadiip ateausedid aided Wi t hi n
t he scope of t .al [ _LRAstance, in ot.her enbodi nent the
wel | plate and%%g?ﬁggﬁgggﬁghg%§%$%£B&s %n?ggbpgﬁpﬂﬁégﬁBFPﬂﬁﬂ Al t hough

specific terns are enployed herein, they are used in a generic and,
descriptive sense only and not for purposes of Iimtation. 5 22 Novenber
2005 WO 02/ 11) 71129 PCT/-US02/J6645 THAT WHICH IS CLAIMED: 1. A plate for

hol ding 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 5
device, said plate conprising: 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 bel ow the upper- surface of the body, said first hole being configured
to receive 10 the porous frit and the tissue and to hold the medi a bat hi ng
the porous frit and the -tissue; a |ledge protruding into the first hole
bottom portion and configured to support the frit thereon; and (‘
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a second hol e having a second hol e upper edge defined by 15 the upper
surface of the body and a second hol e bottom portion dej Ngednidridaps t he
body and bel ow t he upper surface of the body, the second hole bottom
portion Wweimgemamnected in fluid comrunication with the f];(Fﬁ{] $AkEspot tom
portion so that the pipette device can access the first ho e? rough the
second hol e upper edge to aspirate the nmedia through vacuum application
and refresh the nmedia by punpi ndHT WHICHE IR GhedMEDM t hout renoval of the
tissue and the porous frit fromthe plate. 2. A plate of daim1l, wherein

the top surface of {he body i configured to receive a cover plate
di sposed t hereon. 2i5 3. &p&t%foéhSﬁQ’Eﬂ PeRoys it thalBPP Qs AdisSae Which ie b

platte t hat i s ballaria RanAIM thifis gl RVl 334 AR ISLEID. e Ffist Mol e
ig i

upper edge is _configured to allow | t transmssion-to

contai ned Pn tde&ice; said platsicompyisingyi ng a height to diameter ratio of |ess
than 2 to 1 so that growh of t.he tissue i pr. ed. 30 4. A plate of
Claim1, wherein the secaobno(ﬁlyﬁ%wgg ﬁﬁé‘p%m(ﬁmét?f@?’é?ﬁggél’ g‘?5§11I1%:'or71)ati bl e with
pre-existing pipette tips. -k%irdhoNoNaiRes 2081 02494 S02/ 16645
5. A plate of Caim ;L wherein the body is for rrg\o%gpror%%a gil%geéjl% L%fgece of

_material. 6. HPBPaelergef thebeflyigda fyst s bpitemposionsisfipat witha the dsde whi ch

is to be 5 baihedol [ IS regulatl irated.and refreshed by
a top-1oading pi pgltC);Wre]t h@g%lg ggrf :}cg%;fct}& B;qoéj? é&é(gﬁﬁ#@fe%&“gﬁome%@ ¥ 6r ned
- froma si hl ethpi mreusfiit end e tisducand 16 BVIdEe BRdiaRRGTg BE pbARE FiSRldHbOdY

defining: a f'{-rst_ hol e having a first hol e upper edge defined by the 10
upper surfacedt“the body and a first hole bottom portion defined wthin

(the body and bel ow the UPPeg icit bffaay hiFuR i noRYolofl fbfod S D1 "9
configured to support the frit thereon; 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 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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the porous frit and the tissue and to hold the media bathing the porous
frit and the tissue; and a second hole having a secong Qe HepREHs edge
defined by 15 the upper surface of the body and a second hole bottom
portion de¥Dmegoaee hin the body and bel ow the upper surfaceQfydhssRody.
the second hole bottom portion being connected in fluid communi cation with
the first hole bottomportion so that the pipette device can access the
first hole through the seédifie ptllaimdpuhersigthetbody ashimat Rorhheinmebrce

t hrough vacuum gppligation and refresh the nedia by punping 20 in fresh
medi a without removal of the tissue and the porous frit fromthe plate. 7.
A plate of Caim®6, wherein the top surface of the body is configured to

receive a cover plate di sjgogfd thereon. 25 S. A plate of Aaim?7, further ;
conprising a cover pqe'ate Rigte o8 holdpngraprrpaniritithat sipports aitamenikish ortodred
wherei n thesfi mathe i Lgur t low light .

transm ssion to t_hgq%?gygﬁ%ﬁg%%ﬁ@yia%&%g@%{?f% cﬁlg?g’y oﬁ‘ilcg’igﬁ@rﬁpﬁtﬁ ght

to di amet er ratdFvicefsaidgdstechmpridng:o | so that growth of the tissue is
pronoted. 30 9. A plate of glgi.m ,_Wherein the second hole has a dianeter
that is conpatible with 8y BEPg {ergddrose psinelq pece af pepterinl Now barieg 22005 WO
02/ 097029 PCT/ hﬁﬁlﬂ-/sﬁﬁﬁéb?sﬁ@bo(ﬁfuﬁﬁlﬁfg’}b| y for supporting a tissue which is

to be bathed in a nedia that is regularly aspirated and refreshed by a

t op- | oadi ng pipette device, saifusthabsenbige fonole appgedie demedoyshdlit; a

body bei ngyd or f i ngl.e pie f terial and having an upper
surf ace, slaoil d g@%f/ sgxgﬁeﬁqfﬁifbeﬁ%gy ?g&l‘%ﬁgqogﬁ%{mnhgorgmp ﬂ?@‘%ﬂdh’daéﬂ thedwdyedge

defined by theandipgiew tsangpacairtbe bhdebody @ntsas ik 8Lind it ortion
defined within_ the body 10 and bel ow tﬁ% upper sd‘%?%”&%g‘%&éa%gtggéﬁwsai di

first hole bei H§PeENIitHtnsdhe Bssne aed tashold the media bathing the porous frit and 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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the porous flit and the tissue and to hold the nmedia bathing the porous fit
and the tissue; and a second hol e having a second hol & NBRSHbSPgEs def | ned
by the upper surface of the body and a second hol e bottom portion defi ned
Wi thin thwoWB/obwaYy and bel ow the upper surface of the bodypcihgaeagnd hol e
bottom portion being connected in fluid communication with the first hole
bottom portion so that the pipette device can access the first hole
t hrough the second hol e upper edge to aspirate the nedia through vacuum
application and refygesh i ing. Jn fresh i i.t hout
removal - of the ti'sslt?g an‘f\j‘H?i ﬁ%ﬁgl rgggup%#ﬁﬁgfggésr%u?ﬂe G Ilﬁfoerfedléagheﬂlm 2An
assenbly of Cimagdia tho} iswheuleilyaspiretep end vsiebhdd byi S10poosdingslpete @vidk, salint er ed
pol yet hyl ene 'materilal . 12.. An assenbly of Caim 11, wherein the frit is
hydr ophi I i c. Z5°EPLY $oMRUERg v of O aim 10, wherein the frit is about 0.25
inches thigk. 14. An assgidhbys@f C aim 10, wherein the frit has a pore size
of 90 to 30 130 micrometers. 22 Novenmber 2005 WO 02/ 097029 PCT/ US02/ 16645
15. An assermbly of O ai rabkely boinefeimedtiven beihyld pie¢cheimaenig) zh@ Revidg ah €dge
protruding in 1.r st. ,hol. e ttom portion and configured to support the
bl $itde, g e fectrne

fit thereon. n "aut omat ed, high throughput screening of
tissue, ~said apparatus COMpuiffithale MikidsQPli: RIIE uIBd A AR bl i, Connect ed

in fluid communi cation with a nedia supply; at |east ®ne aspiration tip
connect ed i n VPRI udenerafihebadyend wifist hele htowepartion defisslwiehis tpdody a seal

enblr aci g1 hea el s R th e Barface 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 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 robotic mani pul ator capable of articulating said tips through a range of
notion; and at |east one plate positioned within the rshgg.pdrebbon of the
tips 15 articulated by the robotic mani pulator and including a body having
an upper =~ Y@ R4EE29sai d body defining: a first hole having ]ac-,f,bg(ﬁﬁ(,{ml e
upper edge defined by the upper surface of the body and a first hole

bottom portion defi nzg W :fg‘i n the bOdél' and bel ow the upper surface of the
body, said first hol é’bei ftft €6FRPlyof etrinnd O sderair URtbaddurthies sargprsed at he

medi a suppl i ed {dapeuehidng ML i to hold th nedi a. . so as
to bathe the ti ssge? andlﬂgg secogﬁgﬁ%ﬁﬁg{?ﬁ%@%@@‘&%ﬁ% egt‘t‘:lﬁ}ﬂ@toﬂéh@e
defined by thefitigh&eosurface of the body and a second hol e bottom portion
defined within the body and bel ow the upper surface of the body, the
second hol e bottom portion 25 being connected in fluid comunication with
the first hdl e bottoms.por iy L | configured to
receive the aspiration tip ?g??ﬁgtb%ggiﬁ%ﬁ%g%ﬁ’m%ﬁ%?@gﬂ Sf'f?gm%ﬁﬁ:@ﬂl%n tip
abuts the upperSalfapaeauseamprisingi ng t he upper edge and seal s agai nst
application of the vacuurrét%% gure to aspirate media fromthe first hole
through the aspiration tibp. 70 SPREpYR Sereckd ioflaideorsnuni¢asioniwitlt he
tip seal definesnedipasgage therethrough allowing the seal to encircle the
aspiration tip. -22 22 Novenber 2005 WO 02/097029 PCT/ US02/ 16645 18. An
apparatus of Claim 17, Mﬂ%@@ﬁ@%@s@g@omgzt@dhﬁﬁﬁéb@hﬂﬂﬁjcaﬁonmﬁh 90% a
maxi num di apget %C'Qfmb%sﬂ%%wj on tip. 5 19. An apparatus of Claiml7, _
wherein the tip seal "has a stoconical shaped end with the passage

extendi ng axially ther et hrsaigmbrng e aghRgibalis of Caim 19, wherein the

frust oconi cal shaped end h .an angle of 70 degrees. 10 (
- a robotic 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.

29



21. An apparatus of Claim 17, further conprising a collar secured around

the tip adjacent the tip seal. 22. An apparatus of C apnNgdempdrengsn the
collar includes a steel 15 bushing with an opening therethrough sized to-
recei ve tW@wfop70223. An apparatus of Caim 21, wherein theg&EQddfifMrther
includes a set screw configured to trap the tip by abutting the tip in a
friction fit. 20 24. An apparatus of Caim 17, wherein the seal is
constructed of a silicone material. 25. An apparatus of Claim 16, wherein

the aspiration tip g fu F@J ted in fl.ui.d comunicatjon to an
anti-mcrobial liquid su‘ﬁ) .arajgso(gfgﬁ&%lng%tp (AP (R pFsage B dmefer of gl
conprising a ‘pursp 90 panheinyin diatem 0Hthe Agpiaioh tisl crobi al 1iquid through the

aspiration tip. 27. An apparatus of C aim 25, erein the anti-m crobial
liquid 30 includes ethanol. 22 Novenber 2005 . WD 02/0971129

PCT/ US02/ 16645 28. 1A net ezl te.far holdin rous flit
that supports a tilgsue,m?ﬂ)gg{)aorousdigﬁltﬂgﬂlg%fl{]gmﬁps%gfehag&afﬁ% °PHcal nedi a
that is regul shdppdgupwitittbelpasangt axeehdinghethllpyheaethiqueht e devi ce, said method
conprising: providing a body with an upper surface; 5 defining a first hole
in the body by drilling through the upper surface of the body to forma

“botly 10 form A 1irat hore GBtrom noreran: “gr hne irbUbn B Sl s bl fo”

body to forma first hole bottom portion;
body by dril | #h#pglepbifearess. upper surface of the body to forma second

" hol e uppejy edge and drilling below the upper 10 surface and into the body
to forma second hole bottom portion; and connecting the first hole bottom

portion to the secdhd haheppahiussT CREA U7 OfBY: Jook in the body
(and between the [Hrst_ hol e bottom portion anld tﬁjgsg%cagcnogﬂﬁ%#g& ottom

portion. 15 20uld thetipgdiasentibkiimesalhe pl ate of C ai m 28, wherein forning
t he

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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passage includes inserting a sawinto the first hole bottom portion and
moving the saw laterally until encountering the seconsh QelniRebhem
portion. 30. A nmethod of nmaking the plate of Caim28, wherein the body is
20 defi nedwWPridf?72%i ngl e pi ece of material. 31. A nmethod ofpcq$idagidias
multiple well plate having a body with an upper surface, the body defining
a plurality of first holes and a Iunal-itf/ of second holes, each hole

havi ng an upper edge?Sdef ihaeethed etipakingeplatabor heldingwipeauhfitfthat keppdSis fi r st

hol es connect ed;.i i i jon W.th.a respective one.of the. second
hol es, said sl @*&Fﬁ@?‘."%ﬁc’ %ﬂ%ﬁggsﬁlﬁ e ift a R Bk i RRUERASBIEE) [ty of
first holes; plaadiefieshed by s pipeitsdevien edtd elethdbchptistd:t y of first hol es and

onto the frit; 30 dispensing. a nedia_into each of the plurality of first
hol es; inserting a pi pet PECYIRIRSG ahody Wath apwppr twfabet y of second hol es; and

|24 22 November 2005 10 QR CTL 2L AR L A oo 2. om

the first holes by applying a“suction press

the pipette, tBefaeofiturbolgedunea drsalngppiredzoedd driftingBeldvent uppér hol e,
into the secong rg%le @nrg iﬂ[}tg he _pi ef&te so.as to flush the nedia fromthe
nul tiple well plat&E5E3MN ttﬂcg‘gngéf 156 helg bofemmartons) e wel | plate of
Caim31, further conpriisfingehadl 254 Hidnd t he
plurality of first holes after a@ﬁ??ﬁ?ﬁ%%@ﬁé@#%&%@ﬁﬁﬁf hol es.
10 33. A net ho#hrére @géthsdadydo 4 gshendiellt uppeaedgoindiriling Bdowfthe tRe

i Si i i f h | tipl | | at e bef | i th
ForPr Lo oL S ofis bl B L0 Pl R oI st a Goionaand w horod of
using the nultiple well mmmi@mgﬁegtm@%ﬁmﬁfo%&ﬁﬁhggéoraﬁﬁﬁ&@%oaoﬂedi a

into each of the plurality of first holes includes dispensing the nedia (. :
into the respeRATVRDHHEEIBE 2 Ppsagsao dhrbadylasd bawieey tharsphele bbteom 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

24



35. A nethod of using the multiple well plate of Caim31l, wherein said
body further defines a channel connecting each of the JJKsfeniiRl©604 0 the
respective 20 one of the second holes in fluid comruni cati on and wherein
sai d aspiwatiemgretr aws the nedia through the channel. 36. phmgdhqghef using
the multiple well plate of Caim31l, wherein the tissue includes a plant
tissue. 25 37. A nethod of using the nmultiple well plate of C aim 31,
wherein the tissue is &RiaAt medig Siga the Sirsthohest hyogpphfing s sungioa frit

material to s [ h,. 30 .conpr.ising: suspending the
frit material nggg{/rgt(gthtseggﬁﬁ? Hc())? ésr}%{n%méen?lg?ée-’g? %{IRBP ' Pﬂ?%@@%
02/ 4197029 PCiiedis0Ruri BitAfirsnhale] ing thheecobd holHng iktBHR&SH e ROLQH Siush the

hydrophilic strycture of the frjt material; and supplying the nutrients
t hrough a topl%aﬁgé%tllﬂ‘m‘ﬂﬂ’éﬂ‘?WF Pl the tissue so that the tissue is
continuousyy supplied with nutrients and growth of the tissueis 5
pronoted. 39. A nethod of Caim38, further conprising storing up to 550 VIl
of nutrients in tHe friA nisdfcred vsmgtieyinigiplcheelhplad 6NCRim 30, M@nerA Met hod
of exchangi ng fluid diain.a mltiple-wel] plate defining a plurality
of wells eachcocc})r%hsglzﬁrg' IFheping e @B%Hﬁ‘? &gy f thewp lurplifys of Hest helevafiesne of a
. plurality of agphtimlihemedtofigs th Rt AREHod conprising: positioning a
plurality of dispensing pipette tips each over a respective one of the
plurality of wells of the nmultiple-well plate; 15 dispensing nmedi a out of

- each of t di spensd ng pi i ps .and into he re ctive well over
whi ch t heﬂgi spens irt’?g pi{géi %&f?{)us?r_ég tﬁ%ﬁ’i“hpgwah pf"é?)@é&far‘r’& 3 elirteoni ng and
di spensing ouonpiisingaeatosipgnslid@omitRSthhRiple well plate before placing the frit and

replacing the lid after aspirating the media.

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;



tips until all of the wells of the nmultiple-well plate are filled;

inserting a plurality of aspirating pipette tips each s Nigvempsopesti ve 20
one of the plurality of aspiration holes; aspirating nmedia using each of

t he aspir ¥OlgyoFpette tips to suction the nmedia out of tIp@ﬁ@gﬂﬁ,%gg ve

aspiration hole in which the aspiration tip is positioned ; washing the
aspirating pipette tips at, a washing station; and 25 repeating inserting,
aspirating and washi ng unfipiingfhe nyfrientsethigaigh ¢ pofoust eirophitic phetwe bk kel at e
are enptied of ghgaapMi 8,4 41. A conputer program product for controlling
exchange of fluid nediain a nultiple-well plate defining a plurality of

wel I's each connected in Hippilyingtheamtrinty BAfueRR ¥ ERFRR RHAGEH ho 82l 2
conput er program product conprising a

plurality of asqo'grgﬁhi ft).n hal es, . t he i

conput er - r eadab! BV PSHE HER TP U suppling vathinatnetosd Mool OREOESue is

PCT/ US02/ 16545pheistdy conput er - r eadabl e program code portions stored

therein, the conputer- readabl e program code portions conprising: a first

execut abl e code portion for positioning a plurality of dispensing pipette
plurality of wells of the 5

tips each over ar ecti,ve _pon th |

mul ti pl e-wel | pl at g@pa s &%ﬂ%@@@a%g?@@ﬂé%wnwmlmitgﬁéagin@ medi a
out of each ofuttiérgis Hitﬁ_@@ﬁ&ie&iﬂe@ﬁ;ﬁﬁ%ih@tﬂein%%émﬂ i nto_ the respective well
over which the dispensing pipette tip is positioned; a third executable

code portion for repeating positioning and 10 di spensing out of the
di spensi nggpi pette gy ps il Al f the wel.ls of the multiple- well plate
0 SPeTE AP0, 42 Al Bl b RS Bl
aspirating pi pefihingtaieraBaT vidlks@ach JRSRIES M@ ESm_Qﬁm}c'a&o@lvﬂ[l%' ty of |
aspiration holﬁs; a fifth executable code portion for aspirating nedia (
using each of a _@C?IHQH%[.QE?. p]é}ﬁlﬁ@ oppspeetien haless theonethod temptisige:nmedi a out of
the respective aspirati ?}Bsiﬂ&lﬁ%g 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;
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

-26-



in which the aspiration tip is positioned ; a sixth executable code portion
for washing the aspirating pipette tips at a washing s Rbihberdings a '
sevent h executabl e code portion for repeating inserting, aspirating 20 and
washi ng uMQ 82/879290f the wells of the multiple well plate grgusipkigd of
the nedia. 42. Amultiple well plate for holding a porous frit that
supports a tissue which is to be bathed in a nedia that is regularly
aspirated and PEMMEORPYigyealaplyprogm edapargions storedtbensin ithpetongpudevi ce,
said multiple Mﬁdbl@ﬂrﬁéﬁnpﬁ@%ﬁd}ﬁboﬂl Rgﬂg formed of a liquid inpervious
mat eri al having substantially”™ planar Bppe “and |l ower surfaces; a plurality
of wells fornmed in said sidyeandtahlercargpottibn for pasithaidd yplusaesd grid of
colums and roys.. each. \/\gl{5 havilhn an open upper_end. at _}t)he upper 30
surface of the BOdy aREYe Bot $a5 OS’SF%T%PFC%‘??IMWPM?ﬁWWéW sipfthad bel ow
the upper surfragigpRiwdingateody, and each wel | being configured to receive
and support -27 22 Novenber 2005 WO 02/097029 PCT/ US02/ 16645 the porous
frit and the tissue and atsgcind exetifeblmeodepanadrhiondispbssin®neda dut bfeaahd t he

tissue; an aspighat le | d in said body adjacent each of said wells,

t he aspirat orwﬁglfeecggpggﬁnn%p%’%gﬁ%ﬂuq]ﬁ‘?oagﬁ?‘ﬁsij WW@M@EW@U&@ of col ums
.and rows, 5 anikpeasidy fipstidtip BhoapRAedpper end at the upper surface of the

body and a bottom portion defined within the body and bel ow t he upper

surface of the body; and iBrdexaerablefcoderpertiom fasatmtatingpositionipg end di ng f 1 ui d
- communi cafgon g; t rtion of ,.each || and. the bottom
iopEimR e b e AP Bk Doy Rl P e gvotfiit el hed

portion of the respective acen
_pi pette devi cvelpiatsarmfilicdneously 10 access the respective aspirator hol es
(to aspirate the nmedia t ou%h vacuum application and refresh the nmedia by

hr ] C !
punping in fresh media MY SPAR)G spdegrortiqrhfer inssging agrluraliheofpor ous frit
fromthe mul t hghi@iNehiberpd Sach ato a respective one of the plurality of aspiration holes;

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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the porous frit and the tissue and to hold the media bathing the porous frit and the
tissue;

an aspirator hole formed in said body adjacent each of said wells,
the aspirator holes being arranged in a uniformly spaced grid of columns and rows,
and each having an open upper end at the upper surface of the body and a bottom
portion defined within the body and below the upper surface of the body; and

a charmel formed in said body and providing fluid conmunication
between the bottom portion of each well and the bottom portion of the respective
adjacent aspirator hole so that a multi-head pipette device can simultaneously
aceess the respective aspirator holes to aspirate the media throu gh vacuum
application and refresh the media by pumping in fresh media without removal of

the tissue and the porous frit from the multiple well plate.
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