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A M CRO- BUBBLE PLATE FOR P TTER NG BI OLOd CAL AND
NON- Bl OLOG CAL MATERI ALS FI ELD The present invention
woebaiesiss 0 bi ochem cal anal £S| s and PCT/US2006/039929

particul arl y,AMCROBUBBBER IAéfEﬁQPe%ATBER]HEII@er ni ng

b ol oareel angopRen bl ag hebamGILAL vy A

col oni es, enbryos, and ot he;rEp‘Fol ogi cal material, as
wel | as non-biological material, at specific sites on

a pl 'ﬂfe@ads&mt (ﬁerBﬁﬁddnaﬁlbteﬁ %) b16@6ﬁhcalretﬁal§vs1§)fr1]nd$ ﬁioﬁmah'tlidul‘arly, to a micro-

research and nedij.cj ne suc terials at
bubRlisviate 1€ RitlenrRg b 1P]§§’§%}ra(‘9% @P%g‘ﬂiﬁ’ﬁ%glt% ny sanpl es

under identical and contBrg{ d| tions, while

nonitoring each sanple in ependen Iy and repeatedly

OV erTHelaBRBity tSipRifedn 6 NisS@diPdrBaniistns! EbichidsMBTybsD &L dtR? blologlcal
| ar ge nunbers of sanples may be studied, resulting i

mafpigl; aspvellap ngn-Biokpgior] matemalop specifiersiies onapase Isdpportant fo many
arba%ngf ali&fieb kég!aag&{ &R méMﬁ@B? @ﬁmlﬁg s&bﬁ%’iﬁtérﬁls% ﬁh&)&n FoE‘atlons,

nosi s observing t di a under control
TegRorrdiEs mamgtudh nlamesqmpé@elné@ 1@“@&1 Rﬁﬁﬁmﬁ%ﬂ&éﬁpgdla@ns Whﬂe
RLRER caf P SEEATPLLS PRt 860 B el sl i
kiptvmdo@itjome dargg mynmestqf ermples mapr lﬁ@dmhqdr wailtimninstatigtitplly significant
da\?é,'selflsh}\#agsdof lﬁgfalifi%%&o%casl, gn%bléi%g% ﬁ% s%h to %SQQﬁ h gl%sw%klobgefrvmg
thPatetiiannéda centrollad emtdrtﬂaat mehd mesan%afmnlsumﬁaaxgems Wi pathogens.
specific chem stry at predeterm ned locatjons. This is

per fiovaveqmpliph paticeg efynedia. cespiinnal teohaologigsrelaen e gior
sthalo RO Mtbiaed %fa@@@éa@m% l@)’s‘rrﬁ’crtu@&' midBPars, ?5 AiRical stencﬂmg,
appr oaches, where chem cal s ‘are physically trarnsferred
alf of wieh lp[vgt;}@rtgmnmga;@vewrr@ bdé]lﬂﬁ @Wﬁé@nr u bber stanp. The

res t of.su ce tr nts |ons ar

A e IO A GRS B R e e
lo6&Hohs. Th@vié perfophad B llithdilgrﬁ;dlhdlgéthod%f(ieerUV Rlittiah | Itlﬁmg\hnat h.

the nedia, the nedi a and buff are efﬁ }4 ese
Phosgrpie mask): ARy P |Ss9m§éP@8%q wh arﬁc FHEHG TGP ﬁﬁf@

triBERd toSth&thie Badtdck &Y b PhtteinddQ@ber Sdp.E36 hesiR dF AhAbef@tments is
requires a different surface treatnment specific to

thﬁtﬁaglow g fayesableprgmiarerabis. fospediv ttise e nid e 8- otk ayth, protein

)bﬂfté’ﬁhéu%ﬁtﬂ%d;vﬂt}f‘ﬁl@n{ehﬁ BUb&E Sndduffel 5B QBERRANIWGY. These
etc ding cavities in the surfaces. Such

mﬁﬁh@«is&memt blgabéeléﬁmfenﬁaﬁ@amg% thsaredipdenet@pitisulgily pood, and each
mEﬁ?/?Iake%e@ﬁ@y\é @1%¥eﬂf shtd}a@e t‘fé%’tiﬁéﬂt ?;%cﬂ@ &% tﬂgtgi;?h:ﬂﬁl)(te I8 aBinhon.

des o e mcrowelI's. For
Structured microwells may be patterned into the surface by lithographic etching or

molding cavities in the surfaces. Such microwells are of limited use because cells will readily
grow out of the cavities and media may readily coat all sides of the microwells. For best
results, high aspect ratio wells are required (to contain the biological media), increasing
manufacturing difficulty and cost.

Physical stenciling techniques use a rigid temporary barrier that is placed over the plate
of interest. This barrier is in the form of a stencil or microfluidic device. Following this, media
is introduced and allowed to attach to the surface at locations allowed by the stencil. After

attachment, the stencil is removed leaving patterned media. This method suffers because it is
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results, high aspect ratio wells are required (to
contain the biological nedia), increasing

woamrfiaeissir i ng di fficulty and cost. Physical sPengiskiong39929
difficalikgng reBengiye) ta produgecstane g rihighyresplirtion it lyege npebers of precision

h&ésa?ﬁgst&\éﬁ mh&?erﬁ;llﬁﬁﬁn%ath BB %Jlitlh C}';I-Eghlg‘zg%?lgfelf}fﬁle letirk Beriod of

orn1o a stenc or n1cro
inpeiatiowiattechntent)., Gemedlly stescilsrieakdutreen opanihga firthaengducing pattern
h r a
regcih'étﬁogll. Fﬂlglké, ?‘3;0}1%24’ §1ﬁ%ﬁ e@ch?ﬁsg{éh%ld%[%n % e%lwfsfglrug}ﬁetug for the entire
intwatiomyeriod tforencteairfaeedha is Hlbe pattaetddod suf fers because
it isSi cut a expens ve to pro uce stenc.s Q reso ut
on, Therefere, g@pmasf Bethods apd systesnsdfpr padipaing biglegicl apdqnsbiological
maeeﬁal oh%?&ﬁﬂ’b diths &Y AR RuRIRRGHpIY th the surface
during the entire period of I ncubation (attachnent).
General ly, stencils |eak $ietweery openi ngs further
reduci ng pattern resol ution. Flnallﬁ such stencils
ar e ‘Brpanaisembodimgnts ard erginples pemisied berpisaragsneralbaditasied to

o L A0 001l S0 S

plsly,sasewﬁ afs growag Qrémﬁdin@thmwlmgwmhl stmcureefromithis ogiecial. Preferred
dﬁ{lén%{ co%gm kxﬁil]}%%gﬁ% #2410 vt gl aé?% 1}/\9%'1 gfqn 91% form of bubbles,

S|ra ari ous en
w]menathqz)bleis msmbmlezgedl inHepuel Otler embelivecm of the giesant tngention include a

iR B Be elrRRe R oo S riorphed e Sfoudfe peg of
traf;@ed!\@slto S vEt ﬁwr,eﬁ@ls ﬁbmhmllédﬂmg at IIFI;JWaﬁﬁd eHgivan Siihe palte has great utility
structu referre

foF e G5 st LAY SO SAED TR T A3 G Thethod can also
bels@iol dpat the §uifacd EMaplAd whbl bédtiags at WhRiFictibatiPlsdbiSpattsmed coating
bnerged in liquid. Oher enbodi nent of the present

appHAIRES 1 ' Rl Rpemalériad A St s thysp éewgwﬂaéﬁ%%ﬂgﬁ% inghpding micro-

médheniP1 3t Sot@bs PlyRerdl Ble @It HmbP 6RfoARSHA ﬂl@iﬂ? Br Ad¥€liHREmaterial,
of trapped gas to prevent materials fromcollecting at

tlsé‘i‘ﬁ/\%ﬁlpﬁ'dlsﬁ“ég‘?f%’éc orprsgaicaprd thakkegreat utility for
pl a S an . tissues at s S .
P> i o' eR At &SRERs AR uR S ke Sp B it Blby gt meata
andmah-btdh@uswmfeae ewltdh Iﬁa}pdchrhlﬁagwbﬁdily boiatatrg sr a‘i‘adcﬁassﬂilé arel/or
Ioc ons ttern coat licatian
e TARIE S 56 LYol BRI Cop DB Bl ariorsto cel and
mii;}z[ atfhbhk?&ﬁ on itRGLEbe§ 6f thé Gegﬁﬂéfg Glea ﬂngﬂﬂ/ re‘giolhk,; ‘éftbkftﬁfély'lsolatmg
re the structure or ne romliving
Spﬁﬂaﬁ che}rwf SFs s xvre‘f rf{%l%*é 308% ong 6H°'I1?f§§l§lée plye &Q?ﬁe dtigfesirable

fot S @@ Media ta B‘t@hch h@hé %a'ﬁ Bubbléi@ah B@ﬁhﬂ@ve@;ﬁ&isﬂ}aﬂlﬁg 18”rdphobic or
troug hS are, used aciljtate patternin

h%lrdoqeaﬂ apifavitisy P%Fnafﬁroe&trsmdw@@% G3atgs vy gth ofifiapstefgipensions

ofasky alh ARE ek Kr. A | ga{b Iﬁbﬁl@é’pr@fera@ty A&ddn espal kR o%QIQﬁQBf the
renovabl e sites. preferably provid

capibiag dngabaes the Wpféﬁ@wabut@wﬂen@mtwJlbsébqlovaﬂv@ wet regions. Gas

bubble formation advantageously requires no external handling or manipulation, does not
damage or impede biological function, and can be removed easily at any time.
The gas bubbles can also be used to provide temporary scaffolding for tissue growth or

growth or formation of non-tissue structures. Conventional methods use biodegradable

polymer scaffolds that are eroded away over time to release tissue structures. Gas bubbles
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medi a attachnment on the surfaces of the cavities,

i.e., the dry regions, effectivel y i soI ating specific
woOaomEtzois3or sites, i.e. "wet regions”, from ORET/US2006/039929
pravide b ekcapreonyeaidsy, suwepleimethed for cleatingdeparyy @- svaffolsiing structures

fo?ﬂﬁicr gdhﬁlllﬁéalﬁtt%%téﬁ%lg&%ng % IQ%QIL es can be nade ver y

usl Iquid repellant cavities,
ev e rFufrtﬁér bt ARl aﬁv;ﬁﬁ@ké ofGR/intdridn Will Becding bppaint from the
di apet er _di nmensi ons | ess than a micronmeter. The gas
foﬂaﬁﬁllgﬁtaﬂ?de‘ieé?rﬂ’ﬁpﬁ) ext end beyond t he opening of the

Co or Just bel ol HeDherRiPIiTE R Proe SRR o °F o e f o
adv qfiélﬁg @ QUS Keh RIS &cﬁ&aﬁ%@ﬁ R butiangihi @Qan‘igrged in a container

mani pul ati on, does not damage or inpede bi ol ogi cal
withip esplgfion egntrinfagimplerislofiiesest.casi | y at any t| ms The

bb l h d t t
gcaf éifﬁ??éﬂ “fndidSuety PERE R PEYRE AR TRgFork! i on
b| o de%lr zﬁ%ongF&}?ﬁtsHJvﬁﬁg o9 Xt?e?ﬁéd%ﬁ%hevg'@& Qﬂ%\%%;%?ﬁqe bubble

nmer scaffo ds that are eroded away
plate aping ihewraferredahesheredesdribedibereiny uct ur es. Gas bubbl espr

|de heap, convenjent e, et tin
3FF § 52 %‘E%{Pfcbqsﬁr"‘?‘fﬂn;g’h vigeof q@g’“i"blf’ pa mwmg how 3-D
stfﬁbﬁfe@ RBECH TR GomtRId s BitBied @@feh@&a%p@hff&aﬁlg ons
Furt her, objects and advantages of the invention wll
bec d?iglrap e jgotogkapb rshcrvheg ¢edls bawirmeg od eteaatbdshirfaces of the bubble
plgt% eﬂ%ndgétoveﬁhe cavl %&hpwag}lm t}}_el_f)%?fl: rrecijmgtg?d: é{e%?nbted %iereln

FGSs sectT bhal
sub fﬁgﬁ@é id dscheBARAIO RlctiMal TibR 0B 1HB BUbKIE PRIcGRENIAE AbWE-D
materral of interest. Figure 2 is a schematic top_view
sty tugag € bl figmephemis rials, Pregiftatesy polpmepsyaad ghejlike gsing the
g R BALA AR AV DGRl S Patterned on el evated
surfaces of the bubble plate using the preferred
et IRaghrel @ e SChﬁﬂatf&&fces Ebctlcﬁiagviéﬁ oﬁtHeSDuH)ISﬁlhemﬁdinﬁg coatmg

CrQss-sectjon view_of t bbl ate sho
mie e el SHEpATe A e p@%’“gg@met%od
ddaetiel @srems tenporary scaffolding. Figure 5 is a

phot ogr aph showi ng cells patterned on el evated

surfac @ﬁTdsﬁLEH SBNFIPEION QF HERREBRRRIT) RYBOIIMENTS

cavities te usi he preferred nmethod..
des b abnn ﬁﬁcgﬁlqm ft%f‘t{j{‘fﬁ andgegclungs Biselosedl br eW&%Q%uﬂhzed separately
orSE 6rj@28bn WitEWch@if fehtiRs BBl cBinBd Bt RoEMONINREo-BEBIeSsld for

structures can_be built fromcheni cal naterials,
rafeaagnelagieal andpmybiglogical gigeniaie Repiegentadivmeranyples ghthe present
mbéfﬁ@h Shi@Se b RIPRO (814 nsn e bf @b a08itofkl %afu%es%na %aﬁnngs both

schematic cross sectional view of the bubble plate
sepafglyragd @b%tnpha@atlon, will now be described in further deta11 w1th reference to the

attached drawings. This detailed description is merely intended to teach a person of skill in the
art further details for practicing preferred aspects of the present teachings and is not intended to
limit the scope of the invention. Therefore, combinations of features and steps disclosed in the
following detail description may not be necessary to practice the invention in the broadest
sense, and are instead taught merely to particularly describe representative examples of the

present teachings.
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materi al patterned on el evated surfaces of the bubble
pl ate using the preferred nmethod descri bed herein.
WORTAI1R&R3 DESCRI PTI ON OF THE PREFERRED EMBCDI MBNT/®SEm6/39929
of tMereeislitid Gingls Teaites pbibe sanepserniityn cxayaplel and ithesiependent claims
I ' ' Ie
e e ERhoR SRAAU ahg Spoll, SABAEH P Btaer 0
pmiide additionbl vsefpl an@dimntwﬂhmmmgedghmgﬁ dln@dditiatn dt is expressly
nﬁ%@hg 'rag g%g{rgs?%%cgﬁsfz 1n tﬁe c?&%cn ‘1:5‘181[1 gl’?cﬁ&ft@ésél%l sl%l%(eailqgnc?e% 10 %&?
dﬂ;dkoss@se@ahﬂiety amdaﬂldebaﬁibnﬂ}&omwhbﬁmnfw tigpulpokdiof ongmal disclosure,
canbi now be, descr.i hed
G R e a8 (i Blejest Pater AR e gt of B4
ccﬂ{pammfof thEfefurdeindhd @abodRsmiks aliiﬂ/b@ﬂhe icRihE eisWlsb Rk BB thoted
to te ch a per.sqgn of Skl|| [ dﬁ‘i further detalls
thptgl Vﬁ § EAUERS Y OPratipny HLEErURg ge 9@ CY5TLReSHPle intermediate

vdhRak ﬁﬁt&ﬁfédl@ﬁ@nﬁ? f&othe bitp &0 deskidifnl tisbloburd, A€ wE 8PR: B purpose of
the i nvention heref ore, conbi nati ons of features an

regfighg thy daimed sebigchmeh@. f ol | owi ng det ai | descrlptlon
may Aot be neégﬁsar ractice the nve

br oades T & FEROUENY péovédé% Cedd eneraﬁ?’
foppatteining Holbyicdlend nom&oroginﬁleﬁmiahttl spﬁnﬁxﬁl&’p bles plafe. tAhygreferred

%@? sent teachi ngs. Moreov g me varjous ie tur%ﬁ@qf t.he
© E%@g FAMRTISGA UGS SpPRsed pf Fegiphs CBBRMETIaces i 18
inRadeasiakecbntadt ey EegIdﬁ@tand bheN@giofdeldrd liguad Isyhofidebnded to make

expl ci.tly enunerated jn grder to ovi.d d|t|ona
CO&%? i‘h‘%d’& ey gm# H@?%? ’?% F‘ﬁﬁ% the vyt regions. This is
m@di:qdo'éshlﬁé‘ {hb ubSofBHRERRE Inhtehiat 16 groﬁti&t coﬁhéuoﬁ@éﬂr B &8 filled regions

dlscloseglln the description and/or the clains are

atspReEis PE v eeatigns dngise @es%%malfeé Possihethp Refespuingiefhielgeical

mIltEI@ﬂ‘ RBEH sﬁfan@irvmfg%gahﬁﬁls H%r@d}%@mﬁl(zd Wchtgdn@ Airecting tissue growth,
di scl osure, as wel for th purpose of restricti ng

deppyiting Iagragdc @r@b}ré@ec lﬁﬁﬁlﬁaé pt prmée@@mé Heatgins tlpealizing chemical
SRRO eBsiRfcohdlpsfeatures in the enbodi ments and/ or
e t he CF%%%% 1&%00 so expressly noted that all val ue
r anesertiig ﬂolfﬁ’glﬁcal laostaidbr Dis GRS with a esthiiéd £sonthisif Merials 5 of
ever 0ssi bl e interpedi ate val ye .or .i.nterne
infergsh ¥1VR‘F SstanpeelisrtieRiclsd: Riptg ﬁﬁwlafc?fiémﬁ*s élavg ﬁ?]aicmnrer 2.
Rég%nfs Oh tHe pRrtPHRR FebrRRhted e&&aﬁmﬁg kuBicdsiBent qifﬂsrem@ Qleﬁdﬁbh@ e "wet
na ter. The vari Qus enbodi ment provided herein

sraélwlth dhe matey] of piteasete éq)fgesdﬁa cw@gcﬁé\a@ apgd, pdheres to the plate 6.

cmtets AfolRGbridhA 91.6 he Qﬁ&'re@ﬁﬁs"b h@ Ipeaérga!y forRIc@ il @b pRte 6 and
%§e0|f|c sites on a plate. Ere erred enbodi nent

iR b Belsophobir g bq%r?fs@%a@a ags} thpselgancges beldhesdiothas gorm a
cotHERS ERpMRLLHIe bdrfbt 6 tHe SndidMaPRIRE ebiSs. nﬁllé%uﬁlﬂébt B retbMB extend

regions) and other regions where I1quid is not
beyeridethelengning ofrtliesavitien Idand albnyb Bleeves regdimy 8y lajimapi g¥xtend up to or just

be!llﬁ‘% @Q iwg{ REBhEPIprSWht AUNHnADGE QRS S MY Rlgidn§ 96.00S

As depicted in Figures 2 and 3, the cavities or troughs 16 preferably run contiguously

eec1 10 s¥s(ljems an?l methods

across the plate 6 criss-crossing one another to isolate the wet regions, i.e., raised surfaces 8.
The wet regions 8 can be patterned into an array with each region or location being
addressable. Regions 14 containing many bubbles 10, as depicted in Figure 1, can be

generated by producing a large numbers of cavities 16 in close concentration.
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made possible by the use of structured material to
produce contiguous air or gas filled regions at
wepewiRo3or known | ocations. use, the pl at eChalse®6/039929

pos siPERHNE T3kl Prﬁ%fhafsolsil% bGig 5l lsniplepaciand erhp glate 6. 1t
ttRrceBdMlahd bh %ipdgdRtdaRE § ’ﬂﬁy Aay REQARLELIN e SOGRL 'apﬁﬁ‘t 'point 12.

%Lrectl nqg,lmbl ssue growt h, depositi nig I norgani ¢ and
lighgyaancombbbles H), they dﬁﬂlé’t}%llc]érh‘ﬁ wpigallodide p‘tﬂﬁéo the exposed plate
rdgRma kI & 'tlﬁg IEEIB %H‘ré:g?dns g @&{téﬂ?ﬂg mfﬂ? Hups 6 rtﬂéesnglil float on the surface

coatln? Referring a contain
of the pulh Wlptbuéwslbmﬁtadhﬂ‘ﬁwthﬁ)lﬁafaﬁm ng materials 5 of

inte t his instance cells. depi ct ed, pl at e
6 i sf?ﬂslé&?@o@ SRF I 6&%&8@6#«?@%&4 K baFilaRces by fetgise Rplate
mafkribhe sifat Gefimskits t}faﬁxlﬁélteqﬁé ﬁﬂ)bféqgélé‘ﬁsmy&%pﬁdlﬁc&ﬁ%e Sfo@\wé’:&r)

different el evations, the "wet regions

HfgRhebie 8 €. cibT il @cBrvise KpRagt forfhehauish T st et onhance
stﬁlﬁ@ ﬁﬁlﬁﬁe ﬁ)ﬁne{tﬁﬁ ib @berfe stV dab 1S thal t{a%%g@ $al! rtragﬂf?% %vﬁnes 16

e., "dry regions", are prefera for me
Slm‘lh]t@ %n%ﬁﬂ@teﬁaﬂwdtqph@ec Pgteriglsholeaedio ble |hm@rpplhoblc Methods for

mﬁﬁﬂg LdoRak hycﬁ&ﬂ]of)l@ l(')? §<fbﬁﬁnlg@§a1$ QQ@%&%?(%& gr ﬂrgl,'noqa@hngs

conti guous, I npenet arr
apphiedbyeran-Slectitedreptisit @sthx:p@gtpa aemlamaynmpﬁmd bbresylectdre treatment

sutrcg g? %%g%?g% i rmts H&uﬁtﬁ}\/ 81?6 mgt6r(1)ﬁ ggt n%ués)li{) ! P)g \Wl]i.’%d \R%tl,lrally by
Chofecglqﬁ netegal te.qglasy elurfacawra(smmm: sumfacemat eri al 5 on the
gions 16. As depicted in Figures 2 and 3, the

c av i ‘{E & sulgperging fhg ﬂ??tel‘gmﬂlqéﬂé’r aprddmedisuiddravieriie suifape of the plate

6,3kd BRIFophOic Blvitles 16 well ESste Frﬁﬁy%é gé’sg)ugﬂlgs g ; flﬁ%rr w%%mg _f_lhrfaces 8

‘isolate the wet regions, i.e., raised aces
willot Fepgi skl a9 dhgse wtaprstSeveiflmeraein it eontaet veitlhy thy ligwid K. Bach
OR1yUrrah Q2L @ 189 S
aﬁ(i;%%?al r%/:)a?]‘rg értim gﬁy b%}]kl)%% 18 %‘Q%&éggg# %%)185@ 91%; an&élze fan be
prepaiedbe gener at ed by produ0|ng a | arge nunbers of

rat €1 SRS Gtz ARG omihe giryoe (P of 0 i hateoats
thé g, & WIS th sBi a8d sizé of the R lok Savitick. ABELHRR FErAP@RAH surface

surfaces 8 they stick or react with the surface at
teRsgion WiNEh REVeRs. hqmd 1% W {lowing dnte heigaps 1 Asdheliquid flesys st theplate,
th&leh@ikig edpdlof thy MgGihhya Shfa6mBNIus ke Ekif% ROS &b Alef the gaps

regions 8. |f they |and on regions 14 contalning many
Ofﬁa‘ﬁB?Se Jhy @Jrfapﬁ@psw #lpo grpbies Wi thenléquid is sisting onfton fighe gap or

cabied! BswelBh, lapéétcathlaé ard géne?aqilg s€sthfle LMemieal'é& Iﬁcelg-w Srm gas

l'iquid repe | ency e regli ons
bugbles er@eal@yvmwéom@@bbfregmmpeefmble rranab from 5@u1aﬁ<anﬂers to 500

mfgfo%%&e@? ﬁﬂe@p Saldes ?@Eﬁ‘?cettﬁ@aﬁpﬁ 91%1? b{l@r%soi? heMchrS? qgese bbbles may

., for water
begnade tangrew or elpmkl depending arttbe tempanatilre aderesiurp bethe 11qm§t Bubbles

calg ggfen{bg%rﬁé oes{)frﬁggxp {é}ﬁ S}Ip%r@r{aég{frepfsrﬁl%ﬁyg{;?%%l eaimisgggres, to the

soklowl| d be construct ed of hydrophobic materials, or

tre%hed to be hydr o(g)hobi c. Methods for
e plate can be produce by a variety of manufacturing methods. In one embodiment,

a plate is prepared from plastic. Small cavities are embossed into the surface of the plastic by
pressing a heated mold containing the relief pattern against the polymer. When the metal is

removed, the plastic surface will contain structures that mitror the features in the metal mold. If
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maki ng regi ons hydrophobic or hydrophillic vary and

can include UV grafting, coatings applied by
woamgedsst i ve treatnent as through a stencil, PCOASR06939929
deeﬁ:}éﬂ dnedditiyns elieet rvemtnteatiney TV gradings oghiet megogsHTioga above,

o RSB 5B oS B AR ot . i

plmﬁlaﬁ@s doatafusgiphsasiergas ainaadll foxd, end Isglbmrflgamgqmdh will come

in Bt spnepebich G Shgt dn GUOiEstutongr AR R Heg FRGveyfere are
maby Irﬂetlibﬁ@@xtaﬁaﬁlé ﬁfi’ pethigBe Fldféhh&&dlﬂé)buﬂﬁir@tpa@a’rndﬂ&bglmﬁhg)ver the
surfaces 8 will not repe uid_and these_ surfa

surfjoe) ewwaﬁmﬁﬁmwm %facwmng,wéolﬁmba’illamztnacwmg» el e, The

caﬁﬁ&rc‘aﬂ bt 8F &ly¥n rsfi‘iégéﬂ&gief)tlﬂ%r&@déﬁttﬁaeﬁ cdPgenSidte o LBleBSion of air
arbitfary shape and size can be prepared. The

or sasaqu qu}zplgfmwﬁ‘éalgséigf wisshheler of aprompier 6901 THY s fspdh oggenerate

m%%&ié%ﬂ%ﬁ%?d& jd that coats the plate, as well as
ape Si z of the gaps or cavities. Bubbles

f or Thélpethb® oStHE hRfegred %Bd)dimeﬂbi&hﬂ?éhable evanttaning @l cellsfor oftrer
flowng into the

iiedran e Tee g Do Grivt R PuneheGE Ly SaE e i o

is PrepSLabtaldihdRetTor mdtbriul tetdrioh) 16%181{!;@ an@dbuBle (oA enag@Bdedrent)
cavities. The surface tension SO ap Ilegthen t he

regipng ltdpyiagy syiteble myniactiRE RIPCesh EUGAP tisymagpr Eppg process
%@fescﬂb@& %x@ ¥ 'pia&@@m%‘la%ecgﬁ@@ﬁﬁbﬂ %1{ cérﬁeﬁﬁn§ in@*éh@l oFiderest 5

| ess |i orm gas -bubb

sughesicellein Sﬁ&pﬁnm}éh@aﬁ’@gﬁi B thyy @ﬁvbkaagl‘ylsrlé rf@@ W SHpudes 10 that
co%‘c toﬁ 3 wh e g20%o gs Egﬁéefﬁg%?fe on 8 GRich Al ot @&teﬁrv@ﬁlugcﬁ After

st sta ernDre t hese bub
somaymigethwa@b Stsmkqo thwplate & IGelln R thatiEPondibijesd Wil é‘Ot be able to

adflere qbtilg Etﬁfag 9'1%119 {hgff%tf oft v&% ed Jﬁ?fa{:és %%lﬁ be g\!ﬂ@ B ffecad Ex%w
o) y applying pressure,
Aﬁey plsmaibleypeﬂed/ eff tache, atemoh‘lphre# essyashe anf eepdaskdiwitl plearTidfer. Cells 5

th#‘lg?‘ﬁoadl & ecil E) tgeg%lrfc ucf?\gllpl)émflm %fler s%el?sf 5 M 9@&3}5??%%6 regions

I's” prepare
14pViEl Bt irénovBiElbus, Claeviedul gy plate6 ezuibcmmIdcallsﬁmn 4 patesed fiaromtion on

RESF P a e R BOLSERB RO REE  Vhen  he et a

is
e

pldté usieg the mefhod desceibhdiabpyen Ahere aiefngsells ip ghetcaeties 16chgbyeen dhe

N 9 A TSGR 3 e Rt o e

beemuqed,t ﬁGWblehw l%\ ofttbe blevptaslsubfaces wioulddiawg @prlatedtoh gikem and the
locagg % cell ulﬁ%? Ix%ﬁlgra Vcﬁﬁbu‘fead httﬂeeré x\ﬁsl lJe‘E\J;egﬁ ﬁ%e e?e@gted SIhrfaces

ere cone 1 n I rec act

the 14 Heaﬁa disbikscdfdidid QR chsbld e uedresils®@BtheRES bﬂaﬁdres to
above, there are many nethods available for buildin

crearethyse siraensiged] savaigeHuRiFpRPepat it PHRipTeag hayiel ! gpppations, or

fot gl%eratmg complex tissue structures. In this embodiment, cells are grown to confluence.

Upon further growth, cells extend over the bubbles to form bridging structures. The trapped gas
may be chosen to enhance a particular feature of the cell growth, or to produce a desired
growth property. When the bubbles are removed, the cells that remain form a living 3-D tissue
structure.
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surface, etching cavities into the surface, casting,

mol di ng, mcro-machining, and the like. The cavities
woam7neoss any, shape, size, and depth provi dedPChalS2006/039929

can {EREnEE laﬂfgﬁa%ﬁlégrﬁ@gﬁ JRduged IahaP sh@ws hew 3-[rgjructures can be built

ﬁ%fﬁ@:@ﬁ’é Bingl gaE‘ ISub‘tJﬂ%' KScell® EroW Bl QELRlue, 'ﬂ?e?l% BidgeCHNePihe

e used generate | ar ge regilons of alr

b@?bi/e@ &t repple mffbteh dncgsionah @nw@«fsefrhe@dheewbm are mm@ad} Elevated
) atr@ﬁeﬁﬁ&f l‘ﬁ{lﬂi SHotf Eel \lvtg Ghs lﬂfbgfég p{o'v?ﬁ% %‘?entmés 241_ﬁhat cells

Creatures at specific |so sites on
mysitbinidele. Reswgng ‘@Bmmcturel is zsbrldgd pbsae 86 6hat spapy thp saed 24 between

ﬂ%%E&?ﬁ@%ﬂﬁc (or materi al retentlon) regi ons 8 and

or mateéerial deterrent) regions 14 by any
sui tAkhiag FPRBARG! Aphdishrdh IEREPide SUSEhEFs ¢S patterned on re‘:;levated

manuf act uri ng process previously descri bed. hbx
sysfageseot g plade wingdhempihod daspritied abeyeclaribiaimagsgeelia ateseenl to gfow over

sion. The cavities
O B P e P S Dbl 5 10 ¢ hat

coatCdlhxatieg inethoddlcawibt Gised &Scrodssitikahd Mglet e iMeHe HvRGI30D Sissue

ch are ted w fter s time, the
s T e i arus 1o stBlin dhesmin Aiorfum svghps monomers
mbyl bbirisd Ohyvtisshes) en PelyRBiR4d bPhAGMEd, Qo hidkd ﬁﬁmg& EaRGEY, or
Cells that fall on wetted surfaces 8 wil | e abl e

fe@@fﬁé&ﬂ@ﬁ@@%ﬁiﬂn@%héwaIM@rl opelegiri¢ah progerties. ilhig msthodiafigws one to
usIehiQm%QJrghhisﬁﬁ tébhifd s‘ﬁ@&hﬁgthwe R béeHe dhiomhot 1S 72 structures

buf f er. Is 5 that have adhered to the surface 8
wi | INcmeIm\angmamhels dath cﬁ@nic&nﬂ ifoignicymere als@bé pavernbd thie manner.

th te . .
NI S N T e
outas e Isursfoadkssubase. TapbubbRdedithstshive phRbRE raglbnssdﬂ ﬂiMplate

Turnin o Figure. 3, the otogr
eé?*}sgi%%rbb‘a@? BERBETER ‘i%@sg@amgﬁnt% el dorpriep Pla? egions. If
thel Fepogitdd18yeiedrh i Laasedh] Hedmap e, thith 8hfndbf] gtawﬁ@ésl o¥er the
the cavities 16 hetween the el evated regions

bl (Bheripetodsaf dengridraErieiplngn Gasbuprd Py dsorption,
chiei@faBroh & bni R M i@ detd) %a}bzﬁﬂfb ﬁéﬁt@i’ﬂed lf)}ﬁﬁﬁﬁrteéhﬁ Be. 30 t{i’tﬁkfrmore the

t he elevated surfaces woul d have cel plated on them
gag ithe Rvifiesarayi hsiwhesen tappdicop prederisd Ch%mla@ wgagtion with the liquid.

di st bute eqi ons be he .el evat
S ur et Pt B G5R B SEIPER shot sl L igh e gam be buil
frais ehaiicad edaltesialyy protipiedtesl pol‘ymkgs @foeMgtﬁheB a?&de@?@t@d 6vek fe@Rbbles
ct can be use o . "
seflabee o Re e kg Sier 22 il Spen? GpttR ek Bpmymhging to cavities 24,
If ﬂﬁnﬁb@ﬁl(ﬁ‘ﬂ iSthitk efbugHClesIRg: Jtﬂl&m;ehiaiﬁgﬁdéﬂ(gcbtﬁm&ﬁhies 26. EIh |t}§: event that
on further gro

ar e omn t onf |l uen ce
the g3sg f?“? ﬁgmwsﬁqhﬁ%at% g PERUS AV ﬂwrg%emaf Jre&gs If
bn-ﬁlgﬁlgtdbaﬂﬂf@ Gccﬂla&hmé’ulthﬁa ﬁﬁ@ﬁﬁﬂ dbsRioh 3N mBteAalAB! & 6. Céléc?t()platmg

feature of the cell growth, or. to produce a desir
mefplotR 19P\9f Bsetergied w%lﬁe&&?é shasbinddcuas & Fsrnstterged @q@esmon method

de8&@1bkd hérBRlcaf B8RCA td R Patteribld Mpositldn loh IRUBrfaces of removable
pallets as described in U.S. Application No. 11/243,926 and U.S. Provisional Application No.
60/746,008, which applications are incorporated herein by reference.

These embodiments are meant to be illustrative examples and not exhaustive of the

types of useful devices that can be built by patterning gas cavities on a plate. The plate and



structure.Referring t igure 4, a iagrams pro uce t at

s ows how 3-D structures can e built fromcells using
wgaso7hatisbes. As cells grow beyond confl uence, PCI@B2006/039929
methgdigiuiigt ebovsival haveesrent bislity £rervariety 68 @npﬂlcatwns inclading, but not

t ved.

iR AR P LR SRR i, B R B B L
migromchanic@hi&bbedtlohes provi de openi ngs 24 that cells

nmust brldge Resul ting tissue struc%ure is a_bridged

ti ssiailethe negntion p%mcepﬁlée tpueias modificatigass And glistative forms,

sp%&lﬁc\! alagfhled lﬂﬁefré%@ Bvediden SHbA i he HRAWgE Wh&are hefin described in detail.
phot ogr aph provi ded t hat shows cells patterned on

It éh@hﬂwe@d@fafp%@ewew, that Hhednvential i §okta e Hmitadtp the particular forms

ordfRtddk Eﬁgo%qg to thB couftia®y, TR SRntidtab {osco%%llsiﬁ@d‘fﬁéaﬁo F ow
over the air gasgaps,” creating three-di nmensiona

equivalgots @ndedten@@ws fhiling within theesphith@rd geapne blitheigpended claims.
cross-link the nolecules in the living 3-D tissue
structures to produce hardened structures. In
addi tion, chem cal additives, such as nononmers may be
added to the tissues, then polynerized or hardened, to
make stronger features, or features wth specific
mechani cal, optical or electrical properties. This
nmet hod all ows one to use living organisns to build
structures that are then converted into non-living
structures. Non-living materials, both organic and
i norganic, may al so be patterned in this manner. Wile
in solution, chem cals, conmpounds, nanoparticles, or
other materials nay be precipitated out to formlayers
on the surface. The bubbl e regions serve to protect
regions of the plate, whereas non-bubbl e regi ons may
allow the precipitants to stick, form ng patterned
regions. If the deposited layers are thick enough,
they may formthree di nensional structures over the
bubbl es. Ot her nethods of depositing materials on the
surface, such as physical adsorption, chem ca
reactions, UV grafting, etc., may all be patterned by
this technique. Furthernore, the gas in the cavities
may be chosen to produce a preferred chenmical reaction
wth the liquid. Referring to Figure 6, a diagramis
provi ded that shows how 3-D structures can be built
fromchem cal materials, precipitates, polyners, etc.
Materials are deposited over the bubbles and adhere to
the el evated surfaces 22. Bubbles prevent nmaterials
fromadhering to cavities 24. If the deposition is
thi ck enough, resulting structure has bridging
structures 26. In the event that the gas reacts with
the liquid, solidification may occur due to the
presence of the gas. If bridging does not occur, the
result is a patterned deposition of material 15, e.g.,
el ectropl ating



nmetal, on top of the elevated surfaces 8 as shown in
Figure 7. The patterned deposition nmethod descri bed
woeo®wiinowsan be used to forma patterned deposi PCOUSBIW6/039929
Whiigs eldiitfedces of renovable pallets as described in U S.
Appllcatlon No. 11/243, 926 and U. S. Provisiona
Appllcatﬁﬁﬂwﬂkﬁn%%m RIgleGOBPTIHRS ch applications are
i nc Lo
ar o SRHR BEVRIEAH bR E LR Wl ARG AR Vi o tiguid
upex lsehnsdrsioreofahe plire int thp dguidfands ef uI devi ces t hat can be
built by patterning gas cavities_on a The pl at
andPEe AoBOgiceRtiges EAPRETHRAS resjgns adjagsat ta? zé!ai regon ffrldySOﬂaémg each

of‘%hé’\%t'r@gﬁ&’ns Qxfonﬁﬂﬁlah&ﬁ&‘ hSrein M %F%as ?e%gionﬁ @&mﬁﬁs@sﬁﬁ%es which

lul ar assays, particu or arrays,

ar@ P@S@Péedefﬁglil prERing g cc(n@ct 'mﬂ@ the Aigeidl aﬁ@rt%ubm&m of heipdaie in the
li |l e the invention is susceptible to various
%Ddlflcatlons and al ternative fopns, specific

exampl es Th@ﬁ!lﬁte oF claiay e wherih thd1mped Fastrdpiord forn 1B6ISte@Mdt regions
.are herein described in detail. It should be
M3 PRPEfH B ™ owever, that the invention is not to be
I|n1ted sed

but t ot tﬁge ]%lgtﬁ toP gir ﬁﬁ 5 tki}ﬁgi%ln t m%ﬁlcrﬁg{té}g gssadgfe*?sca{)

|on i's to cover a
modi4 i catrhOpate of aluinv@ Waskem tHeD oftletrRpAMrh Y& s ha hﬁa;n g
within the spirit and scope of the appended
cl aisws. Wih¢ plste of cladvie tl whéreinAhevirapped gratré¢gions edmptisgtogvities formed

. of wet regions conprising
mg%ﬂﬁ%ggg %ﬂ?%&my%%mP Yo contact with a [iquid upon
subrger si @Re ?Ete tl @laﬂ 8lBeret thd@vitefI Ve dirRdidioROR a%ngmﬁ gbout 50
conti guous ped gas regions adjacent the wet

lwm@gﬁéﬁéodﬁﬁtﬂ@émﬁmmwgﬂ%ach of the wet regions from one
Snouter . Wk 0rANec LLSERS, 8 £a Q0B LML Ao ucon

thevedvitiedshe Iqu|d upon subnersion of the plate in the
liquid. 2. The plate of claim1l wherein the trap
gas & egi dhsplpigeh cla@bV aherginghg rapsedssusiagesiare ramgéfehheg@m ¢he plate.

Dot b 5 W6 uBeust f%%“‘ﬁfegtog{hg'f?vaﬁ%ﬁﬁ? QP lcpbifint.
Wherl%l n trﬂf 196 ga V\ﬁ‘ @Je ecﬁ@suﬁ'ﬁéeg%f e cﬂlﬁ%yare uid Qﬁellant
Bim ereint TS

pl ate of e trapped gas region
hydoppelise cavities forned in the plate and conflgured
6. .The e of cla erein,

to trap
cavil os Hheietir dam RUALSFR e 33 e a0t HhHsElofpe bydrophillc

nanoneters to about 500 m croneters.

12. A method of forming a micro patterned plate having a plurality of wet and
bubble regions, comprising the steps of

forming a body of a plate, and

forming a plurality of cavities and a plurality of wet surfaces in the body, wherein the
plurality of cavities trap gas as the body is submerged in a liquid or the liquid is poured over
the body isolating the wet surfaces from one another.

13.  The method of claim 12 wherein the body is formed of a moldable material, and
wherein the step of forming the cavities includes pressing a heated mold comprising a relief

pattern against the body.



7. The plate of claim5 wherein the wet regions

conprises raised surfaces adjacent the cavities. 8.
woher7pheise of claim 7 wherein the rai sed surfaees/uae®e/039929

r enpa/abl Biefricidtofielamh 32 eherfin tHheetphditces o hydrephiticand the

erejn the surface f the cavities are liquid
sur a@ﬁse‘?fjltg‘?w‘ia.v%ﬁ)‘i‘reIﬂﬁcgofla](’gice of claim5 wherei nqt he
sur{ac eglé}%f:métlﬁ o?j?_lﬁlerﬁ E)fﬁlrtﬁ&eco'rﬂgﬁbﬁhg tHe8RE bf B&Hting the wet surfaces

hydr oph T | at e of aim 10 wherein the
to walref the gufaods hytphibie. regi ons are hydrophillic. 12. A

met hod of formn .mcro. patter.ned,.pl ate.hayi a

o1 Ut i ¢ prerechastot i bt bR ougriane HeeBh gt g e sutaces
to mheEe Qfrfat&ddinpativde WRdyellfowthpl ate, and fornming a

plurality of cavities and a plurality of wet surfaces

i n {he bBdymethdie elaim § h&iriheuroaiprisipg 8fe steaef trpading theggrfaces of

as..as th ody .l S.SU rged in a liquid or the liquid
the?cgv%gﬁpé@?%@l&sxrtf%s @%‘%’ﬁ%"g‘% ating the wet surfaces

f r ofg oneranRdthRof chin 17 WBedRtihPdcthirfade ateBribdgen@rg@bmetric

the body is forned of a noldable material, and wherein
paftdye step of forming the cavities includes pressing a

h d | d i.Si .el,i ef : '

pody?-1a. TRREERIE 13 R e Eories BBt AS e
surh@cesypr p@atﬁ ¥ aRhiglviferd he LBSn e pAeRTohs dnheray.
cavities are hydrophobic. 15. "The nethod of claim 12

furpher soghodF pateitiey Gtrefperials dfiertst agspedific wies on a plate
surfaces to Oggake t he surfaces hydrophilic. 16. The
CORBRHREIEFCRI Ui m 12 further conprising the step of
treaty . . 2 . )
o Gl e PR B A b O IAGE D i
12 fatetibgethe a06aRial Simtgretthe a Sitse pluedlityt sfgaddetegminéibsites on the body of
surfaces of the cavities to nmake the surfaces
thegl¢fFophobi c. 18. The method of claim 12 wherein the

wet 1%}“%1{1%&%? %%:: e ﬁ{r:%% @E&Wﬁ ?edg{%ﬂrgﬁ&[ éifés Hé‘l&lto?lé Qnotﬁe?; and

The al Int geonetric pattern Is

addpRs&ak the ferial BEinftest Rorp bdtetiag M aldcord@haility biygredetermined
~geonetric pattern forns an array. 21. A nethod of
sitgsat t erni ng of materials of interest at specific sites

on 3, .pl 8% method of claim 21 wherein the prevention step includes forming gas

bubbles that coat the surface of the plate at the second plurality of predetermihed sites.

23.  The method of claim 21 wherein the isolation step includes forming gas bubbles

that coat the surface of the plate at the second plurality of predetermined sites.

24.  The method of claim 22 wherein the step of forming gas bubbles includes the

step of trapping the gas in a plurality of cavities as the plate is submerged in a liquid.

25.  The method of claim 21 wherein the material is a cell, tissue, or living

organism.
26.  The method of claim 21 wherein the material is a coating material.
27.  The method of claim 26 wherein the coating material is a polymer.

28.  The method of claim 26 wherein the coating material is a electroplating metal.

10



conprising the steps of subnerging the plate in a

solution containing a material of interest in
weusqaneisen, adhering the material of interestPCD/U32006/039929

fi st pl ugmaipdsf B defighen eegrising s sish of frane@yplustlity of
biidiRs Bhtdfthe thaGaRbidd the R8I Blurdifdfo hﬂr&ﬁ&emﬂi Wi glekty of

predeterm ned sites from one anot her, ang preventing

t he 3fat erThalmetifodiofitlemnest fufthercoagtising thg step offon@ing Adhree

| ur.al it f predetermned sites. 22. The nmet hod of )

afjefifhal o PL B e ey of Biser ieritrg sues itk gpateril.

gas Hubblgs ndRk of O 3 R {

second pl ur gf ity 00?1 Qﬁalr e%]‘g{lezgﬁnﬁlﬁeggat%{atl Eesggl' . E@ﬁg& ther;?ep of
foppingacbrigge vichiden g2ovtinghe mitariat trer ilesb@nil pluradityeqf predetermined
ﬁkgcludes form ng gas bubbles that coat the surface of

t.é plate at the second plurality of predeterm ned

Si te®. 24he MiehodRF BiRith P fufth&icBndAsiMiBE Siep of RBvEtifPhe living

.form ng gas bubbles includes the step of trapping the
ugyagIniuoR-pling wptpal of cavities as the plate is

subngrged.in l.i qui.d. ., The net.hod of claim2 1
aher o e hefhog o i 3 e pBETE e St Bt P pghomers to the
metetjaining polyRerizidghe rdhsiae cofpediinmte?ibl. Wher ei n t he
material is a coating material. 27. The nethod of
claim 26 wherein the coating material is a polyner.
28. The nmethod of claim 26 wherein the coating
material is a electroplating netal.2y. |ITie nmet od of
claim2 1 further conprising the step of formng a
plurality of bridges out of the material over the
second plurality of predeterm ned sites. 30. The
met hod of claim 21 further conprising the step of
formng a three dinmensional structure by bridging the
second plurality of predetermned sites with the
material. 31. The nethod of claim29 wherein the
material is living tissue and the step of formng a
bridge includes growing the material over the second
plurality of predeterm ned sites. 32. The nethod of
claim 31 further conprising the step of converting the
living tissue into non-living material. 33. The nethod
of claim31 further conprising the step of adding
nmononers to the material and pol ynerizi ng the nononer
conposite material .
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