TEMPERATURE- REGULATED CULTURE PLATES FI ELD [ 0001] The

present invention relates to a tissue culture device,
wa@pa7oesel particularly, concerns a nulti-well PCEES®07/003401

culture assenbly for in vitro cultivation of cells in

growh nedia, with features to isolate different

chanbers of the assenbly, control the tenperature of

the growmh nedia, maintains visibility for inmging and

for controlling or regulation of g nditions,
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related tests or assays on all the cultures. [0004]
Presently known and avail able tissue culture plates

h b desi ' ' ith
| noubator whi ChoReR TSR & TTCERTaoRr wih an

enper a i
001577 s 2B ANSR WAL Y L 0 s
comropily naéd Goridivittoasdtivaionod] della particubglydfoy exnerimenta purposes. Multi-

well 1ssjugtc%ﬂ§pecpqateglﬁ¥1\@ev§eren uséd fo?%és\é m$les?,%8 include six, twelve, twenty-

four, forty-eight, ninety-six, etc. wells. Such multi-well tissue culture plates are convenient

for the investigator in order to conduct tests for the separation of individual cell cultures
while maintaining the cultures in close proximity (all in one plate with a single lid) for

performance of related tests or assays on all the cultures.

[0004] Presently known and available tissue culture plates have been designed to
operate in conjunction with an incubator which can help maintain the proper temperature, pH
and gas balance (which may be related to pH) of the tissue culture media, therefore allowing
optimal conditions for cell and tissue growth and maintenance. However, currently available

tissue culture plates (including lids) for multi-well tissue culture have many limitations.
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tissue culture plates (including lids) for multi-well
tissue culture have many limtations. First, nedia nmay
wheooadosdi or renoved only be renoving the |id pemUS2007/003401

di sturbing the potentially sensitive growth

envi ronnent, and potentially exposing the chanber to
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- [0008] Described herein are tissue culture devices (e.g., multi-well tissue culture
plates or slides) that may address some of the problems described above. For example, the
smart slides described herein may allow long-term cell culture by controlling the culture
conditions within the chambers of the tissue culture devices, while simultaneously allowing
imaging. Thus, the devices and systems described herein may reduce or eliminate the process

of going back and forth from an incubator to a microscope. Molecular and in vivo imaging



I magi ng. Thus, the devices and systens descri bed

herein may reduce or elimnate the process of going
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chamber. Also described herein are systems including the multi-well tissue culture devices as

well as various additional sensors, controllers, microscopes, and imaging devices.

[0012] The devices (e.g., tissue culture plates) described herein may be referred to as
smart slides, or smart plates, because they include one or more control features for monitor

and/or regulating the growth media provided to cells cultured within one or more chambers of



smart slides, or smart plates, because they include
one or nore control features for nonitor and/or

w0 e@alogasing the growth nmedi a provided to cel | sSPCT/UB200T0D3401
wi thin one or nore chanbers ofthe device. Although the
devi ces descri bed herein are primarily shown and
exenplified as tissue culture plates, they nay be used
for any appropriate use in which it would be desirable
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with mnm@ensadm@pmstap kcever), liisposable éthﬁlessmehasm-mlﬂl@edbwcé gnay be used

fora s1n¥le-use, e.g.(';j disposable, or may be configured to be sterilized and re-used), cell

counting, monitoring of production of reactant or cellular byproduct (e.g., proteins,
antibodies, etc.), and multiple wells (provides flexibility in experimental design). An

objective heater may be included to allow the device to be used with oil immersion lenses.



for a single-use, e.g., disposable, or may be
configured to be sterilized and re-used), cel
W@ oui925gi noni tori ng of production of reactanPCDUS2007/003401
cel lul ar byproduct (e.g., proteins, antibodies, etc.),
and nultiple wells (provides flexibility in
experinmental design). An objective heater may be
included to allow the device to be used with oi
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The slide may be part of a systemthat includes a
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. negtaa tscc))i“tware and/or hardware interfaces (e.g., “SmartWare software™),

compu?
manages the internal env1ronment (e.g., temperature of the slide, CO,, nutrient flow, etc.) at
programmed levels. The system may also monitor the environment of the slide, and record
conditions within the slide. The system may further include a monitoring system such as a

microscope, camera (including video), etc. Alarms may also be included to wamn (visually or



conmputer and, via software and/or hardware interfaces

(e.g., "SmartWare software"), nanages the internal
wepoo7ogsnent (e.g., tenperature of the slide, EO/PS2007/003401

nutrient flow, etc.) at programmed | evels. The system

may al so nonitor the environnment of the slide, and

record conditions within the slide. The system may
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I TR e T e

plate (RCR Wl dﬁ@ubbe)fsbﬂfairaﬁg §iml eenteiatolinaenn SBS
conpliant, standard 6-well mcrotiter plate (each well
apabl e of

[0022$he mul 14 W@F L a §E|‘ge %&%%P%teﬁlc%tsc egéleéel?‘ gé%%er Gfgured as

micrd%ré&t&@.nf‘bwaﬁq:l@%aﬂﬁ okell Thayobe feférpedsto dsarbiencactpt éor a micro-

. each well may be referred to _as a bioreactor (3or g £
bioreggten) o by ep%rgg?lbrtsle_ system may control one or more (€.g., 2, 3, 4, € ¢) sensors for

~ detecting parameters of the wells/ bioreactors and materials therein (including non-
temperature parameters). For example, a first optical sensor may be used to detect pH, a
second optical sensor may be used to detect pO; (e.g. dissolveéd O,), a third sensor may be
used to detect pCO,, a fourth optical sensor may be used to detect pN, etc. Any or all of

these sensors may be included or may be incorporated as part of each well. It may be



In operation, the systemmay control one or nore
(e.g., 2, 3, 4, etc) sensors for detecting paraneters
w@boorlog2sael | s/ bioreactors and material s ther eP@T/US2007/003401

(i ncl udi ng nontenperature paraneters). For exanple, a

first optical sensor may be used to detect pH, a

second optical sensor nmay be used to detect pq 2 (e.g.

di ssolved 2), a third sensor may be used to detect

e %&mﬁ

parthEi%'%xs@%{!l%l 5?8‘ Jacﬁ @%ﬁéggﬁg% nﬂ;%?ﬁg? FUP I;ﬁgl ; degﬁ S&M region of
a well}myaybbse aatmatqddlea. G0 easlttpalllghifof ealammrl wawdlenm to excites a fist

. t | f t
optica] SHASE BN B0 o1 Lx DNCHoBRTRE i <Pt G Braposmtiay egd/or
emissyel) lig ttfélﬁ)det&teald?y Y, détﬁdo(, and the duteed fdspﬁhgselﬁ@h theodensor is
analygeg{]ts C ur(eg;r)(gnv;%\{gng bg{:}tg g%x (ghaf%zerf Lg)g%]%eg }}ée%?ﬁéa parameter of

the culRRS 8ndiforh witRiSAE WellOM sHe8h@kodil ¢si on) is then
detected by a detectqor, and the detected response fraom

activatige/sepvingideicstion anslyditmayfikery RespRsfergedyqy toasame or a different
sensof.€f l ects the characteristic of the systemor a
paranmeter of the culture conditions within the mell A

second round of actlvatlon/sen3|n%/detectlon/ana
[0023}ny t hefFOBBCFERIBS (Rt SR SPs dosditectsie aapreriwfeéir@ﬁtiuct) may also be

includ@NE Yart IR AluRdiUsdsus BRER! cﬁe%cﬁbed R&GEROIA Pfd%fuct sensor may be
detecting a ﬁﬁﬂduced product) may al so be iInc

includegras paft afiachell; Rfaélexwflplgsmerqﬂuat ensorBay| determhive de.-g., by FRET,
dlspléagx'hgh{]oﬁ ﬁﬁn@g&%‘ Bﬁldﬁ%‘ E{&F) tﬁ@l‘mg ggctﬂ%ﬂﬂ he Qb1 The

For exa ; a pro SOor may et erm ne
produgcesegsor gy BREIncluis ginsingriegic to ﬂetretmmsmamnttwtmdubnged on the

bindir%lgig%tx J%d%r”f‘i’ér@&eﬂﬁ fhedils Rg.““ within the well. The

sensor | ude sensing logic to
det erm ne concentratlon_based on the binding kinetics
[0024hnd/ or Althn@de;me berpossiblietty actiGoe.4kns, titectgnd analyay multiple

sensoREy RS SLRL SO0 B MR R1ca 9805 Beri 151 SO ABNERl o cac

e Sensors
sensot mdmﬂual@t eFoxsaeuasmle, Meldua]aaedsxagadqtmloaamﬁ agelysismay prevent

dual I [ .
cross gl R HER salsorh o IR e st Bt afloR sRERR et settineeand
resposding o ﬁldlhﬂdal\paﬂaméteﬁse ﬂﬁlmgarﬂi»esl_mrﬁblhlahl@ usefpbwhén thie sehsor is used
as park G5 SRR SEETERER R are Tiraota Saa bR SBroTca st vad. detected
and amyiegab oantrefgau tatoh ypemadfaaaaige cgg 1o pH\MkZﬁEodt heqiLAS Bétection or
anaty e B P BT et LRI BBV may e

etectwtah@mrég&mat&dmmcﬁﬁ{eﬁﬁtfr @kieanal ysis of other
features. Thus individual features (e.g., pH,

i ssol tc. etected, a d/or re
10025} 7 i Hest Bt oFFE HbALTEEE [ G098 a1 B0w g: Sl GRcome more
appar&ithe thdxe @kﬁledflﬁ didre Svhan thkaf VvatH RE&EndY tol thd BARRENF®IRe detailed
description of the invention in conjunction with the accompanying drawings that are first
briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incorporated herein and constitute

part of this specification, illustrate presently preferred embodiments of the invention, and,



apparent to those skilled in the art when taken with
reference to the follow ng nore detail ed description
w@Roowlg2s7nventi on in conjunction with the accoP@EOFINT003401
drawi ngs that are first briefly described. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0026] The acconpanyi ng
draw ngs, which are incorporated herein and constitute
part of this specification, illustrate presently
ref I ed_enho { gL
gt T L BRRL TR bR B0 Y G et
servet&&ty@ildlﬁdeadmsr)fﬂtelmvergmnen beI ow, serve to explain
features of the invention. [0027] FIG 1 illustrates
ne variat i f I . i : L.
[0027f 0028] %@G\ Olgus?r em$ E\/gx‘e’*ﬁs“t 451 @Jyré lzlm@élrl] %fa'iué? hd Q%gnbé‘d FdrBim.
multi-well plate as shown in FIG 1. [0029] FIG 3
[00285hows HEGaR illwstratsse systeinaincludingfa muktirivell-phate las ghawein FIG. 1.
[0030] FIG 4A shows another variation of a multi-well
| at e. 0 havi ng
0029, 7 7; FhGp3 ol Renl BSAP YRRt it el piee
variations of stirring beads, as described herein.
[0030] 0033] FEGGHABhowR enether wiation,gbraneltigivedalan an
i ncubator (control), and FIG 5B shows a simlar skin
xpl antgy L td hvihg Wiking Beadthasin,
[003lgescr| kl)? gyﬁg}gf)ﬂsa%@gfaﬁ%&%& %10\/\/5 gn expl ant
in_an |ncubator (controg, rc]d FI G hows a
(00321 i | arFTGx B ishoWE VaHIAns oA SUBIHE by arersr e Gt e
as described herein. [0035] FIG 7 illustrates one
[po3syari at iraG. 9h dhb&sRkiOERpMnt %rcmﬂlhi anlcubgba{w@ntrol), and FIG. 5B
I ncluding a mcro-heater. Og36 Fl G 8 and, 8B.s
shows similar skig explant grayat ohVel ok 2wl welbp atepﬁsaﬂeé‘mtf%%?ﬁ
FIG 9A and 9B show schematics of cell counters that
[0034imy be rIGeEARhoRSaIxPRE! Q.emi i an[lﬁaa&]torl{b&mﬂs; aah @IS. 6B shows
ifferent varjations of |light emtters that
asxmwstéﬁpb@tanayegeﬁéé?ul%\sw%g@ﬁ% 5 ‘P%u lh"l'e’ 0039]
FIG 10A and 10B schematically illustrate a product
[0035FENSOr M6, daRadtidaatbiRaagiation D Mottbh(of dfkiltbhellplae, including a
exenpl ary conpetition binding graph of
mlcrof}!et%ﬁ‘escentlyl abel ed product. [0041] FIG 10D and 1CE
show one variation of the product sensor descri bed
[0o3eier ei n.H10043] arfd €B sHolw vhiiatiins af eise botony af b atilt+waf plate.
sensor array useful as part of a m crobioreactor.

[06037] FIG. 9A and 9B show schematics of cell counters that may be used as

described herein..

[0038] FIG. 9C shows different variations of light emitters that may be used as part of

a sensor as described herein.

[0039] FIG. 10A and 10B schematically illustrate a product sensor as described
herein.

[0040] FIG. 10C shows an exemplary competition binding graph of fluorescently-
labeled product.

[0041] FIG. 10D and 10E show one variation of the product sensor described herein.



[0043] FIG 12A and 12B illustrate one variation of a
product sensor as described herein. [0044] FIG 13A
WO @93 78i de perspective view of one vari ati oPCDUSH07/003401
devi ce as descri bed herein. [0045] FIG 13B shows a
cross-sectional view through one well of a device.
[0046] FIG 14 shows an exenplary tenperature profile
across a glass plate that has been coated with I TO
0047] .
(00422 ST AR bhe VIR cenghlloy MEERTTG BIF Y micro
bioreabwirei n. [ 0048] FIG. 16A shows a cross-section though
one variation of an inner shell of one variation of a
[ ti evi ' :
100430701 318} Fo8BEUABPIRY RS e uhioh o et tor &PRescribed
hmeumultl-mell slide. [0050] FIG 17 shows one enbodi nent
of a tenperature sensor attached to a ginbaled nount ,
s desckjb rein.
1004475 ey oF 18- TpAGTR e KoY Vg br g VR f4pe BERC o
describéd Bémin. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTS [ 0052] The fol | owi ng detailed description
houl d d,with ref
(0045 o e | ER SN of R FEARERLIR AR AT of ducvice.
identically nunbered The dr aw ngs, mhlch are not
[0046]1ec ess eEiGL y4 shows an exerpiydemperagae aroftlepetisaa glass alate that has
been §= féended tolimt the scope of the i.nvention.
°ﬂ§ d@F% d description illustrates by way of
exanple, not by way of |imtation, the principles of
[0047] he | NVRIGE: dHA-Cidlhistraterdiffetent wariations 0§ e&etroqlq grranggmeats for
referre i ments described exenplarily
mmmﬁ’g?teegs g F%%?/d:}?ng%?lhl s description will clearly enable
one skilled in the art to make and use the invention,
[0048hnd dedU6. B64 sheweralrossrrboiiiimibough onelspiatidngyfan inner shell of one
variatio t S ses of the
variat Oﬁ\/oet??tmgﬂl Plﬁﬁl d cg&ha Sn?ggsgesent ly believed by
applicant to be the best node of carrying out the
[0049] nvent iR, 16BGbas AsTessedctinar hiongh phe varigtion of gyaulti-well slide.
"approxi matel y" for any nunerical values or ranges
[0050! ndi CatﬁGa 15 ‘éh{,?? bfe %ﬁ@&iﬁieﬁﬂéfa RSB atRb S a
or collection conponent’s to function for
glmbalcdsmonn@ﬁslédsquébs@lras descrl bed herein. Al $o, as
used herein, the

[0051] FIG. 18 shows an exploded view of a single multi-well slide, as described

herein,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0052] The following detailed description should be read with reference to the
drawings, in which like elements in different drawings are identically numbered. The
drawings, which are not necessarily to scale, depict selected embodiments and are not
intended to limit the scope of the invention. The detailed description illustrates by way of
example, not by way of limitation, the principles of the invention. Hence, the invention is not
limited to the preferred embodiments described exemplarily herein. Moreover, this
description will clearly enable one skilled in the art to make and use the invention, and

describes several embodiments, adaptations, variations, alternatives and uses of the invention,



terms "patient”, "host" and "subject"” refer to any
human or ani mal subject and are not intended to limt
w0 b®799235rens or nmethods to human use, al t houghP@EESWN7/003401
the subject invention in a human patient represents a
preferred enbodi nent. [0054] Described herein are
multi-well plates including one or nore on-board
features for controlling or nonitoring nmaterials
nmedi a, tjssue, etc in the IIs of the .
includig WhviE PTeSBH BENeve) &) eRBLFHERUAR HY R Ppdef parring out the
inventdft €s, and nmethods of using these nulti-well plates.
Although many of the features are described and
xemplified separately, shoul d be under st ood t hat
[0053F hase. Peaser DOy R HIR RO (PR DGR LG ot Aaereal

values‘)(;rr}ﬁﬁgésqaal%ﬁfesa sudfabRtdiRiensiandl a@lbﬂﬁ’a&e Q‘fat bh@w@ bt st or collection of
(including plates with only one wel

comp@x@ggdnefgn‘glmétp igfenggs Rtgyose[ag éggqnbpﬁé;e%r Alsge p§ used herein, the
terms ph%%e &r’ a dsxhﬁéc?"’ fbfé% a!n? %laﬂﬁ% (ﬁ%nﬁﬁ%%gféép&ﬁl are not

cha ers or well
1ntendbd to Ziﬁut 06 sydtoms 0B Saethrido h}@gg usg@‘]?t@ouglg BS9)Q of the ebj g_ct 'invention

in ahtalg W? @eng ﬂ%r Lidkd é)ﬁre?érretd%mkn{ml ti-well plate

el n, having SiX |ndependent chanbers The
plate is conpl|ant W th typlcal %gg 'standard’
[00543i zes d¥escubed berbinare npilitwadl plage i £ 61€ PREOET al? -poard

featuresp g%mloslgoll_%)g‘é)r l’n&ﬁtoﬁ%@ n‘feﬁ@ﬁ?&lk ?@% irédpa, RGREeStcBin %1e3wells of the

propriaté shape or size
multl-lmmlaféh,esymtﬂssnduglmgl mvdtlbaelhpgatapmcbmeﬂmd@ of Hsipg ﬂmg muln-well

plates\.l\é%l?}gutgﬂ zxeasnéfi( ef"@'@ lfe%%%%? e desl.sﬁﬁ;eg‘ e§'é§1p§§emﬂap?t?gc {t%hould be

undergto6d prest ﬂe:@d feaphes ntay Hehaclbdéd mmndewﬂmadtticsl with otties dedares, or
any appr or .sjze
other YFHORS ) @PTeé %Q}éteaP‘%‘(hc‘HﬁY SPeaV f’%anr?’ fegpnable number
of wewg). | s, trus the wells nmay be adapted so that the
tissue or ceIIs may attach or adhere in any

pproprj.ate s YA
o052, P e BT P bt o
chamBérs bt %ﬂ@(e 0@5@,]4 Bbez,mﬂ Dk 48196, p9:at3@g y@s 4536, 3072, etc.). FIG. 1

R ERREE I RN TN Y —

chamB&BS THE pRfle Hkdnfisiant h@thdy;steﬂs(exgns standardt)hsizes of cell culture plates.

approprla e speci f{ |on on ustr .
For cxAmaHaua Dlate SR Hh%ﬁtté S%%Pd?@f ' qﬁﬁ%P’?c%f“&P“)
Howe9ef, %ﬁ? 'aﬁﬁrloﬁ)ﬁg% shaﬁ@?ﬂﬁz@ﬁiﬁﬂb@ﬂisl&g StI&lei@dlESnéyodilso be any

mechani cal uni f orm rop s.in
apPropBRR bR D By et HOBPTBB A ot Bl bR B g wells that are
19 miNRepBELS bR BE ﬁaefs@%ﬁé bRl perfe@didi RXA1TH iee bdthen PITAE ®&lls may also

descri bed herein may be within the nHX|ﬁun1d|nenS|on 4 withi
be any RPPIOPiAEi HAPS PRYHEE yelamey  Typigpldy. selis egtissue are cultured within

the w@?g #0lsRE g@){na?ﬁ% sdopRdabdfat thd SRR r 8N4 Alak QREch éMRihere in any
es nmay | ed” by automatic handl i %
appropnate surface. In some variations, the wells may be adapted o receive an insert

containing the cells or tissue.

[0056] The multi-well plates (e.g., “microplates™) described herein may be used in
biological and pharmacological research, and may be configured so that the dimensions (or
other appropriate specifications) conform to industry standards. For example, the Society for

Biomolecular Screening (SBS), began developing standards for mechanical pniformity of

10



[0057] Wells may al so be treated or coated with any
appropriate agent. For exanple, coatings to enhance
wa@edor/ogashesi on or cell culture may be used (e.BCT/US2007/003401
poly-L lysine, etc.), or coatings to inhibit cel
gromh in sonme regions (e.g., the walls, around port
openi ngs, etc.) nmay also be used. [0058] In FIG 1 the
bottom of the wells is made of a clear glass material,
al |l owi ng t well to be vjsualiz
miro S Bk o 3.4 BB AR REBA Ry e s
standa&‘@?&)tﬁfima 'BorERbMpleatheqlates d&icridtd herenf maﬁbe withlis the maximum

However, as. descri bed re, ful
dimengiepxtithe heighirequivements foryaicrop qsteis%iﬁ lﬁ'% Standards. In some

vanat{oﬁg df.e i»ldtés%aﬁ Bérﬁéﬁcﬁ&i By hiRs@atandlin@t eri al t hat
rmts [1ght” of any desired wavel ength (e.g., UV,
SI ble, etc.) to_pass, permtti n&bw sual i zat i on

[0057]an d/ or Wellsmag ﬁiso(bé tpatediar cogtsd WHFLARYRRPI YRt agent Ber example,

coatm%?&ﬁénﬂalngg Eell lehe@fo'ﬂefr cER<uRtieqRly B usedl (k.. PoDMLIgsine, etc.), or
|s. Thus, at |east a &,ﬁa{tlon of the

coatingprty inhleit pell a@yvﬂe shpne Eeemede.g-¢he wAlly argm ry%‘?mngsa etc.)
nmyaﬁgr le, the wells may be at least partially nade
a polymeric naterlal such as PET (Polyethylene
Ter epht haI ate). appropri ate mater

be
[0058D) f f er dntFIGegi e §° pmich shepells isiapde i3 ‘E}%%I gjrﬁ? mate“gl allowing
the W&P{BJISA §1§u£iiceﬁ ot Bcﬂ'gahxerl'naéeﬁerali‘ Ql-ié S9adivdlBp18RE described herein may

ertires. For exanple, in 1, the sides of the
be mawe Iolfsna meateried or g@mbemlowqf n@tetrwés Haewverar as dpsgraled more fully

below, ﬂrx}xgeﬁgpé A8 (P RESOM %?8&}3311%%?%11/'(&%& H@)t&fn'ldﬁ{se a

erna contro as describ
anSpla&lmmatenal rumtsaenmtsahghtuotﬂaem degieerberealenath fegulaY s aisible, ete.) to

pass, {umg T\gse\i\a zau?r% Weci/é)r tpéa%gét (g%y '__th es:%oglﬁ'\é %o ﬁgﬂﬁ%&?& laser light,

erent r egl on
or othbﬂfdd(idﬁdm) of bﬁlsrgtbtvmg/wimmptham11§s Atws aakagﬂ aprtion of ti@ smart

e ot SRR ST o SO LAy o
‘ partla 40 SpApnet atterial BM] PET] &’dhaéthy}eme Hbrephﬂtahatci}ay&ny

so i ncl.ude a, renmpv r. each
approgEpe TRAEHEl B B (ALToFST SElRISR ARl st Aregegomprise
dlffer@ﬁt rthitef{BY, BARhg @fRFert 9f®eﬁﬂiesa|ﬂor ekarhple, ImEiG.i1d dad 51des of the wells
ers. For exanple, the |ljd gﬁ:ludeoeor 4 with
are g RERB T whie thetPE E\4%8r FeBRFmin® Buthiipns e $eg (gpted with a
materfefl‘ @o }9@:'11[;@ thePi8N&MuloN Bf AR YvIRC Nddsetibelb&ywhatigesesetion titled
lal between them and al so hel ping to maintain

“Tempn@uwmwéﬁwrt onnent formed within each well.The lid
may al so conprise one or nore materials, and may

[oos9per m t ThmultRivent és xﬁiﬁﬁ@ﬁ;o(ﬁavé ardesinegl mﬁzkﬂEQSintdﬁlﬁmgh'egions.
all or aregion o l1d exa

le, the |i .
For exmled@eéogpas%f the &%%-W%lrplaier{é@w gg%‘%%ﬁ ‘é‘ﬁﬁathg&%@ thin
enough RPrmEEHagiROhRiigh Molkis S aPUNRHEd kii®seié (3lgs @ppfoximately 0.5

mm thick clear glass).

[0060] The multi-well plate may also include a removable lid. The lid may cover
each well either loosely (as in standard multi-well plates) or it may seal over some or all of
the individual chambers. For example, the lid may include one or more gaskets (e.g., 0-rings)
for sealing around the lip of the wells, preventing any uncontrolled exchange of material

between them, and also helping to maintain the microenvironment formed within each well.
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included as part of the nmulti-well plate. As nentioned

above, the lid may seal against the wells. The lid may
weood/033sngl e (unitary) lid covering all of theP@EUS®N7/003401

or it my be divided into separate lids (e.qg.,

separabl e operable |ids covering one or nore

i ndividual wells). The lid nmay secure onto the wells.

For exanple, the Iid may snap and/or |ock onto the

s
oo et il B a e O bt AR Bl BB R eRPor theg odes of
sensige@t pasgthirénvezH alﬂomyegwmuﬁhe hdoﬁ@eaxahpkamheanﬁrna’yiyndheie a glass

t | at o at
regiof oL FAGEPar PRI Cr B £y, NPBHPE RUBLI rayialso be
mcluMdsQﬁl‘t&if:ﬂﬁét)ﬁlu&:iMI ;ﬂatet Ime; htrtiched abbvitd Ha ﬁ{ayvsebll dphinst the
era e

In g | ude t he eat ure
wells 1 db8 Kidaeey ber aing %@mﬁalfyb oYl PE ﬂ\ﬁé?’?l SoPF Hanay be divided into

separﬁt@ 1#s (e. goﬁéﬁréﬂlé Qﬁ&ldf)leqrdstcheeﬂ@ bifo orABRAh8ividual wells). The lid
tenperature controlling el ements, data and/or power

may seqprgrostaibeyalls; Feagrenple. dei Iid rapy snag gndyor Ippk gmsthe well(s).
variations, the |lid maybe reused with different | ower

[oos1pOr ti Onﬁ"lGQfd 139 alddl Bel heWRld! aSddse8bed B0 ®NATRY Temp&iBture regulation
'ower portion may be dlsposable while the Iid is

region.cHeatingethe élﬁdnwapreyénfsq%flﬁrzsaa% anﬂd?%kt%ﬁfﬂdéo regidatetle
temp&ﬁgﬁﬁr@@f ef ﬁgﬁ{ SHlateQe @l iftMest STdr! 1h ﬁé&'tlgﬂ 16 Belling AY bottom and/or

radi ation, etc. his may save cost

sides g thealato s mdrmgnélt\gellﬂ)e dnigeera @#érdt way Etctudenaay dfdhe features
descrﬁ’:l ?191%“9% }BJ}F?%%]Q @?é\g?gvﬁ %r%eﬁlo%gg% /&?'o‘f% o&efl{j §ensors,

tempfuhiem ccmﬂlm@mg slemeatsy dath ahdiyer peraeninpsts/angmys,onagnetic stirrers, etc.).

In soL g%ﬂt :7\}% tlhe id é{)%}éb%t rtﬁrgée H%P %) %\{vg d&?lﬁf)gs ?{]téxe lnin&tl—well slide.
For e)Feﬁnple)Qhﬁ'mveer }id‘réotp ﬁ’fatyshe d’iﬁgﬂeﬁle “(h‘ilelthdl& Hd)is ceusibie dnidksay be
ower... r

rese n..t.he / or th
stenhgﬁé ng % 1d|xﬂay|:lfec§on¥'d ufeﬁleto W Stﬁ]é iza %pg? & 1';by heat,
alcohol) eddigiRs, ml)t lmhenﬁgrshﬁe ¢dit, Qs 3oy, nﬂigfne&f h&adg elhdnts, etc. may

I n partlc | ar, shows f our por sin
be plaged pp thesi lﬂ%qaflé’fq‘%l}wfélreg%?y‘é’ﬁ b‘rY"gﬁ éhiﬁj n‘%g“repbf” ere the
conteﬂﬁhhﬁesﬂﬁ&leﬂ%th@@ﬂse(, QnQ of the fedtured; ugks 0P prépert@dsthetein attributed to
al t houg /pi cal | | east two ports are. included.

the “plafes, ‘Honul I pla qﬁ é“aé( lzféap%a?@éedr it thedid. Irmgexample, the ports,

magn€i Qﬂﬁ’réf? oPthB K HBY b BredSR GnftRE 118 AHHRY 1R 10-RF R GYof the plates.
materi a (e g., nedla gas salts, etc) to and/or from

he wel | 0, be dtoetract sanpl es
(00624 o't B ‘%r P past-gvel Eglgter ingibes mltials PREE Bk aad(gugut of cach

well. X paRicamr o 1d. qwhowsffﬁﬁxr &fﬁs dé@éstsﬁlg@cacﬁ omﬁet dix w@hlk Pio@&teeer any
i ncluding a_feeder port

approgyiglg ﬁ*b‘“ﬁ’@f pf Bort%mygﬁ uegd {f‘oﬁ " 1 62 3 @()gﬂ eqch)’@ ab]@,qq@ typically at least
two p§H9W&: ih@ufidd> Edcrapdit ?@ﬁ(ﬁﬁ’d@ﬁ‘ d&h@a’c@d HhcBbn! h@r BkAbRe, a port may

One of the four ports for each IS spaced
be use for adding oy rfrm@wng mat@vaié? €;» rrmdem |ga$ rglte atefte eagios fiop the well.

A port PR afo Q.[se? Jit%’cq Ish¥y ln’Egllé aﬁ{] g R RELdined Hikther below,

one 1 S. por erent S| Zzes
showsersimesof fanddﬁ@yentm@rta @é aqmultkaaibnlmcmcbudmg a feederport 7, a

sampRofts, At KORNEFEmbSRHY, §ia aF Y, pord®Y @l SO include

[0063] The ports shown in FIG. 1 are located on the side of the plate. One of the four
ports for each well is spaced differently from the others, providing a reference so that a user

can readily distinguish which port each one is. Similarly, ports may be different sizes or
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one or nore valves controlling the opening/closing of
the port. Valves nay be controlled nmanually (e.g., by
wao eooniopag71 pushing, etc.), or automatically (e.PCT/US2007/003401
sol enoi d valves). Valves may al so include energency
rel ease mechani sns (e.g., overpressure rel ease
val ves). The size of the different ports nmay be
determ ned based on the purpose of the valve (e.g.,

shapt{asgéréd"n%gy ‘é\féélgd% éllt?igfc %8nne%?81$ ?&clf %’ésﬁc%mb ?ea%gr%%efwgs may also include

ter as
one o @wire vdlvesngarafing It}mmpeatx@éclmhn@ ugﬂxetﬂmt PYilies 1P 64 kontrolled

mamfaf0 (€52 FH einie. Rind e s ARG CE e Polctpidabis). Valves
may ﬂb@ixﬁlud&t&nﬁgéﬂl@tmfeﬁbe inbehapdints Mg N%rﬁtﬁ%dﬁ@féleﬁ@)&alb@s) The

a%% n an ri ate 03|t| on, 1 ncl udi nt%
size ‘{fg%‘e QRN 6‘? inggt basgd opdhe p'e@QSEa@f etvakve (e.g., for use
with Hq&iﬁ&l rdassed] &by, efe ﬂJe@éﬁc@ Or absefte va‘élﬁltkp% bt 5O ‘Bt)rtt 5}51 the desired

, or near the bottom of the wel nore'ra
rangee@fé}%gaée%ﬁlrwmbp@ogeen by the cells or tlssue in the
well). In some variations,, the wells may include

[006410T t S CRONSahiph] adstiremePbe Wdl&d r Q51N c}‘%‘lﬁ@&la (. %élchlture media)

al | owi ng passage of material between in I dua
to an éﬁdl‘(lﬁéalpwalﬂ ef thegdes] The ewtlestior theinest withipuhd svellgnaeby located in

any abﬁto?ngfe P4 i il ax‘(\%{ﬂe%ﬁingf d}%&i’qgntolf%eo\g%ﬁ 3f ﬁ}%\r}»ééif(sg g not to

controll'ed (Ins ontot
dlsmrcbr?éllt@resraw‘eﬂrmm nemrthbibomra\qftﬂse wel)] or Apar the bomphioﬁtlﬁe well (for

more F%gg g?ﬁé?gg O&i%ﬁ%}r{g%?&} ? AL ﬁ% gt{lésuﬁc? [}gez e@t CIH SPWS variations, the

wells magyt intlode ipotte compeceng atljaeett evellsgo eacteathts, ajowhey puskdgs of material
betwéegrx?&igni ta{w%eﬁgrg£§]ep1§r exanple, a filter may prevent
a

amn y pre entlng cells (e.g., bacteria,
etc.) from pasting through the port into or out of the
[0065)e| | s. Hpimafiftuidafligmidsogaeshatit oxpmtto:fmd wtlds fididghrthe ports can be

o AT FALBLIIR BN 00 BbL o e SUFPBLE oy

Any dppraprzte pehpway e lﬁSth(e.g peyistpie fRifdpsi@@net i ¢ stirring
particles fromleaving the mells of the plate. Any

ppr opr r r,may be_used, . .
wﬂ“?ncl udi (?1184(? %‘P%Jeus ?IQ aé/ 3 ma tﬁéﬁ%?éﬁ go ﬁﬁ?’i ppterial entering or
exitingalp& Wels ghrbugh thegportsalbbi e:xafrmﬂlé er ﬁ],telﬂhﬁy pRotRCiontenination by

Si ze ecti s, and active

il ter | te
prevehlind S (£ % Hepichle” 853 ronbe B biouBhiEars e pigutafyhe wells.
F 1lterairmp alye prewsht phidale ﬁﬁttéieﬁ@rhleh&ﬂ‘m’ghﬁé‘ Port@a¢Hh: Well! FeP¥ample, in
nore sa y.be used to
variat i o g g B En B e e TR BHP T el i iop oy prevent
magntﬁbjsthﬁng @Blftiogéﬂ @&n&éhvﬁﬁ?ﬁle RPAIRIDF @he IR Avhy é}bﬂ}oﬁh%@ lliter or type
£ filt 5% E ‘W %‘%;:It br eaki ng the biolo
ot HEFISBPAPT YPPce d1gudiBg fibyous ilierss PREUS mergbragg %Afere capjllary filters,
fabricSHER, @t SEIecﬂ‘W fikersqeRf, isphdsellcBve ALSRRIH TN Qeiive filters such as

I C
electrostatic filters) may also be used.

[0067] As described above, each well may have one or more sample port, which may
be used to remove material from within the well. A sample port may be configured so that
material from within a well may be removed without breaking the biological isolation (e.g.
seal) on the well. For example, a sample port may be configured as a septum through which

a sampling device (e.g., a needle) may be inserted to remove material. In some variations the
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a sanpling device (e.g., a needle) nmay be inserted to
renove material. In sone variations theseptum

w@ompndzses a material, such as an el astoneri c Per/8s10a1/003401
that seals around the sanpling device inserted through
it, and cl oses back up after renoval of the sanpling
devi ce. For exanple, the septum may conprise an
el astomeric plug (e.g ) a plug nade fiom rubber,

silicone, etc FI.G il lustrates
septorepEREEHd § BBl SBFh BHE BB TE Too gL Foh Sl argpag he sampling
devicé ﬁuséx"ﬂécﬁtbﬁéﬁiﬁl’iﬁ‘c @nd 'ELHSE$ Phck xﬁfmerrremws)famesaahplgrge@bme For
al ong the outer wall (near the ug\&e{? ed 4(){% bb
examplg) the SeRIMM PRRERMPESE-H SBPPTRTIHPHE Gk %e%‘g opn rubber,
51110054[ e £ e 13 ARlRtatdB: R0 WersBe@ivRSAe® 8€ bh®Bmbodiment of such a
ustrating additional features that contribute

device.olwathifsexaimpldh imiGgleceptuns pprt e plighedaleps the qutes wall (near the
d§seh| ' IG. 13B

upperf gg ?f‘}l@ Septle AR ppﬁétie ﬁ%ﬁ % pﬂ;rgglld%g Q%H%%%ﬁ)g Qnglecévell F

showsip peiss pexgiion mllmrftranhg adﬂultllondffea:uv%lthat cPhiribsgptavrargeibe biglogical

f .th
sota S e S0 8 P oL RS PR 19,
septuﬁlqmrumsﬁmvﬁ Ipaﬁmg mtmgtMe wppér. regiontolfitise wxlanrﬁ bevetlh €lhe septum port

on thq W@eb%fl%) Bmfwacltf@ c\RBpgumﬁ v@g@‘rﬁ%{’tﬁ“ﬁ%% ¥ta efya pr%%\ﬁﬁng access
througtgRrsehRadmbahiaial idie tReRElUNThis examplofirsepniopotén tel well is

T T AT A (M

septufpdit Ay SpELHiOthe \b&@ 88dnyRipfpropkdite BEigHt drl poghionatiee ekample, it
cross-section a nulti-well plate in WhICh alid has

may hechanefeial ?WP@F?GSéh@&’QchrWF}FP paftorpar middis gegieont j s shown
as closing over the well and pressing agai nst a seal
[0068? shown fyey, @381 TG40 @bQLEdtibhe nuliavell p]&teoiﬁi whieh a lid has

d- engagi ng region of the well. Furthernore,
been sapmely HERERL WEBEINSS THE He S UTBE o Hebeayilatg pressing

agamgtr aP{Qaf &ﬁo{vh%e}é)ased}%g'ﬁlgﬁ RERHA(the &B8RE 8 o€ e 1M ehfiROEgion of the
device. In sonme variations the sn

well. (ﬂ urtheemp@nﬂ@ 1fdr i’ﬂ‘?’l"ﬂ‘l‘é %933@%@@6%“@@6@@? Shat é§teaa from the
lid to teﬁgaéel s%aﬁa&e%g%ﬁ&:) on HREL&ASF thl hRIEREA0ENide) Qn|sbﬁ{1e5\%r1atlons the

seal ed against the well, isolating
snap ¢lipenteids feom@lnmbn»dyeam engaaesecepipdles oothed - af@e&?ﬂeral 'the snap clip
enga tllxe hd L9Q8Pk &ée@ie%sa ?ﬁét ﬁles&gelp ‘?sdiﬁﬂ{ktex ¢ oth 1 LX08nal
‘% nor e power sour ces. e includes
envxremnentbamfﬂommdmcenbwdés;tor prow d| ng power to the
heat i ng portion any val ves, any controlling |ogic
[006%6 9., Jﬂ?é MRE & 1sJ t%c&lrétcféd tb BnS BMRoYh bWl QRiSoes. In FIG. 1,
ower e su y a power regulator or_ power
the platmnpkmldbsam onhp n@wv:acrqr)aw@nsrovedmg pewer torthg hpeting portion, any
ah t b
valvef 8 ccSolibg A0 SRERT RS- RUBL o Y. BY(ind Sadations, power may be
supploadrlm_,ua pmyext wgulaguloapewsoventrdliz:rt Fresorae vmeém@@,mbe pewesmay be

oo OEb BT koSSR o BRI TRLPRIL BB ke

condifieAingrcircuitry to regulate power to the various components, mclud:mg the heater.

Separate power supplies may be provided to different components of the plate (e.g., heater,

sensors, valves, etc.).

[0070] As described further below, any appropriate sensor may be incorporated into

the plates. Sensors may be positioned either within one or more of the wells, outside of the
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sensors, valves, etc.). [0070] As described further
bel ow, any appropriate sensor nay be incorporated into

WO b@7pbBres. Sensors may be positioned either BT/O52007/003401
one or nore of the wells, outside of thewell, or both
inside and outside of a well (for exanple, enbedded
within the body of the plate). Optical sensors (e.g.,
for detecting tenperature, pH dissolve gasses such as

. ..etc art IarI sef ce.at | east
well, G bpsfiniaS i $yidleg oha il Gofratate Sbeddsl Rt ws EpRk o the
plate)S €ftival sénSoist{alg.,ifbr ﬂayctd@tt&&be@hﬁa,gﬁ?& disdolivengdshs such as O, CO,,
envi ronnent of the we] | s without g@ﬁéurbl ng the_ we
etc.) ap RABEHIar KR SIGp AT gpet ARASEORPT SiElYR MY cBade Bepsparent o the

sensoF %81@1%@% Hh§ dBRBHERhES Wit Akt eANYorBRET AP EhANEINRRhORSisturbing
cool i ng° conponent's may be used. For exanple, the

the weléﬁlp'@nbﬁru rAEORPPEPRIIESE tpsIod SERIOr §uayfbeusgflat e may be
heated by a heat-generating device such as a

Tmndaﬂaygggﬁﬂﬁﬁnponpr|3|ng a conbi nation of electrically
conductirve coating applied to a region (or regions)

and one or nore el ectrodes airanged to contact tge
(00713 .ot r i ABY PRPTEBRS GERIAE ChR0HAG SOMRBRETEF BEY teged. For example,

the teRiPeFalifreiot cRBRE hite AR119Fa hhife Bla§HeteaRl!ty LiMatldehdritng device
coating, resistive heating warns_ the regl on of the

such g5} aaécredigates GOMPTising 2coabingtion) afiel tGopductiygioating applied to
a reglzyr}? Soxafegﬁ)?ng%%neo& hoe e‘i’éc%%‘déé &x"i‘éﬂ@éd‘w REMELH HE efeBRichlg

ctrodes may be confi gure to allow accurate
condu&nem opating. f Wihan elestrive] energe it appijed penopethgeelectrieplly gonductive

coatlrgb f’és?stllvF Qfgaw? tr%l%qgéliﬁ‘%@th %la{etfhﬁggxlreg;g ¥1eg%§%ll¥ gonductive

coatirgQThe Arraegm\pit@f dﬁe m@noalbeamdmgtlsd eddtiag and eldegrodes may be

heat er Q
contiglrbd £ R S FE bR UptBE i oAl bie Wiy s 2 plate. For
example] édohdwéllﬂpf)ﬁ:e lats nﬁiyd:el‘abhh'oﬂed chWﬂMml % DI *€xover the range of 30°C to
o Amal ses ich.is.herein Qr a b ence
60°C.. ﬁm }]% (i)f\rl\rg{cg/o hf:&ﬁgzilmm 0 t 5 gglfsreq, éeag?r &étsg}?e)t? ? elrg}n for use with
the mmidezen fpla:tesamap @8 folindiat WG :25005/ Juziv ! thﬂecg hApbamma land Methods for
conducti vity chem cal stabi uch mater.i
Multiplex | ARRLyseg W@Fg T TR afedf ‘?Pé‘%é’gﬁ‘rgn%ﬁ}&‘ﬁtsa%‘“mty
chrom um platinumand gold, and sem -conductors such

[0072%s cer avficrs-hesietd aremypieaily gedaof comings ofuheterials Halatg high thermal
oating i

cona 2R i BhbmleR bt ity S bt LA S BB go metats
such asBdhedmalm Vyhlatingnm ved gold, gind @éxﬁpédqduaiomswﬂuetcbmlys silicon, and
seranim R o ekt oo B e dbe e b spg sdndium tn oxid

(ITO)TNE iRt trdigpaeiit eamicat@drinnwih @Glefy Bigh ol@ict coMucaRity. ITO
el ectrode (or mul t,ipl e el ectrodes) to formthe heati rfl(tgheplate

can be|aygEsich (e-spt SRVt RHtheraa) sg%@aam §ifgrPtp EhecyiReiraig ©
The cbitth LR} b 1R LS elBiricdNONRRRbY 28 fdc@¥BB (or Bultipl Sladttddes) to

~ form &%rﬁg;&tlge gle\rge%t e{h?h%tnrc?lggntclg ?Jgslscézi %hrto?lgl'? ltheecéo;!agg,l thl: gggcfng heats up.
The heating element is typically connected via electrode contacts to electrical leads which
connect to a power. source that provides voltages agrees the element and effects subsequent
heating. The heating element may also be coupled to a temperature sensor to control the
temperature and hence the thermal profile of the plate. Furthermore, the electrode contacts
may be configured to provide uniform and controllable heating across the plate. The

electrical contacts may therefore be distributed so that the current density across the ITO
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connect to a power source that provides voltages

agrees the elenent and effects subsequent heating. The
wheaviosag7el ement may al so be coupled to a tenpRCEUSZ087/003401

sensor to control the tenperature and hence the

thermal profile of the plate. Furthernore, the

el ectrode contacts nay be configured to provide

uni form and control |l abl e heating across the plate. The

el ectrj cal tacts therefore be distribute
coating {5 S i HGFL LU PSS SRR A S i others. For
example! fn¥oMe Ririaltidonslithé élb&ﬂic&cbdnthcw 8¢ elﬁﬁmlmaa hng ta‘p@fﬁ fashion across
regi ons nore t han ot hers.

F
the bage oF SRS TS ACERE 186 BE SOOI KOs Hreemivadithe (apersdsieotrodes
whlclfe'mh%1 BE LS fAR LY fhe%ﬁﬁt@ %I&J@elbéi%e@fthatt%‘e Q/le@éeeslﬁ‘b&& lcurved, and

as been coated wth O Exanpl es of the tapered
vary igltkicknesd@s anglech may be used to warmthe plate include
el ectrodes that are wedge-shaped, curved, and vary in

[00 731 hi cknQ§@ePloffiglife t{e%gg%]coglﬂé‘sr thaoqd léﬁﬁété&%aﬂl Q?ah d}.‘f@}nt include

oat | ngs t hat are SUbSt ant i al t ranspar ent | nc u
any tramgparend aepduotive oxisiecych asﬂéF(Mf (Buetinexdoperictin ¢xide), ATO

(antm(t{na'%ﬁgnﬁ%e %rpcg dlrkfli}é ?}é&ﬁ%ﬁiﬁe\. an é‘leg}&l)'s g%@é’ td A;fg) p)?fﬂe%%}xductwe

coatingp nd:tlmhng epwtteainignprinting; paigting, d;pplmgeon thg likpr Fot exegmple, ATO may

v P AFIRER Pl sU8 o Bim SAERY o 0Pl o fom

the hdatdr/élqeaiotie hangenikaitnThas) AT k]la’.}t bé ifprfmédﬁ inktead of sputtered by using

heat er/.el ctr de .arr enent . , - ATO may  be
ATO BRefsdfa Tl B (St FPERIBY. (LI R Bhr ATen be
annea%d&l a Ibwg%)ﬁeﬁﬁdé Etma @@ct@mll aigersptﬁﬁﬁigs | AT . mafhiee padtilagdy useful,

. e anneal ed at ature in
since (Y RisAIL OV Er 5%?0.Wﬂa>@em SRR 6%%#%&@%6&%%@6 visible
| R discitivdliceahédfiof\(€k., 3Rrba BB be FERRRIEEFrifthg, sputt

reglorI§)T(J s 85%tr ansparlgn\éygl n the %Fﬁ er ggl on). ﬁﬂn g sputtering
(e-g., B12gkEing)-EH- connection (e.g., electrode) may al so be

formed by printing, sputtering (e.g., masking), etc.

[0074] 0074] ThaAgfRatRBAEHNE U6Ating xﬁ@aémm sheWdll & bOWshdlEzed or
well to be visualized or imaged through the heating

imageg) thrpigh theReRtingaglgment diugeany rf’—}aé‘ﬁglé(éff’éﬁf’aré’étrﬁ%‘étl?% films may
be usdd, kx{eiu (% 8. Hsefhctiv@6ddisiuRPoxifle gcdof ANAyCt i ve cadm um

oxi d films. [0075] In sonme vafiations, the

n1cro heater i ncl.udes a protective_ | ayer of naterlw

[0075) o pr otl8semen@riatinnt &9 pere: S5EehREcl %lea POXVEFH\Felay efyqfmaterial to

protedtile 8hdRkAGE B0 MinsE A bibi@dide '@}ertnh% bSSlasdd d&?ecﬂ? alhiRgt the resistive
Thus, the protect]ve | ayer may nprise a clea

coating} i It thepreiertYs lgyr rpasy SOmPIiSe & Bhear (ight- etap-‘aﬂgﬂn&)ﬂeyer In some

variatfynS} ﬁx‘étﬂr&‘écﬂl@é’ %ex‘ 8 a%r@t@@tﬁ\?ecéda‘(ﬁgc 3t ERMNPIEXS cEHRABRISIO may be
a Coat| ng of be used to pr otect a CondUCt| ve

used togueteata e@mtlag cq>ar@)g (syeh apddQ)o Aesomepiinned abeyg icaaténgs (including
the co(nun&!lw'édaan *&ﬁd% s‘@ my&ggﬁgt& esatg{gq) ﬁap rbetagsﬁéa/fﬁ any

coating or oat I
appropriate manner, 1nc1udmg dipping, painting, sputtering, spraymg, evaporating, etc. In

some variations, the protective layer may also be a thermally (and/or electrically) insulative

layer.

[0076] Any appropriate region of the plate may include a conductive coating (e.g., the
bottom, sides, lid, etc.). Coatings are preferably done external to the inner surface of the well

(which will not contact the tissue or cells within the well). Coatings may be external, or they
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appropriate manner, including dipping, painting,
sputtering, spraying, evaporating, etc. In sone

WO 2007@9350ns, the protective |ayer may al so be BCT/US2007/003401
thermally (and/or electrically) insulative |ayer.
[0076] Any appropriate region of the plate may include
a conductive coating (e.g., the bottom sides, lid,
etc.). Coatings are preferably done external to the

TSI 5SRO BN ek,

condgtitve knating may bheyvaydevithcodinedating md/oxsla'otbmcé] e6lting as just

e en oth f the For_exapple, a .
descrPitFoT POAME bR NP e Br Al TR s R Cal s Rgrticularly
usefubfos /pedteEtin 16 hiv-Bdxdib} meglaﬁ just described. For

exanple, thermally and electrically insulating

teria sare tlcul useful for protecting
10077 £ o HSEFAOREBHO o TSR S BTy B eluded to
help ref@laf theRrBpdrard & ths PREOHWheARYinBehd ﬂﬁérudﬁduﬁ@nﬁﬁlda described.
regul ate the tenperature of the plate when usin
For exgraplg. iRl seRstriay brediepisd o pspnaqlishsiter en &wlm(e g

integraRAS Ao MBYIRE FTORNSEhE Pldtd (g COMeLlitd a%bh@@l‘ier?'fb %ﬂ%@/lde
integrated into the plate) or

pl at
feedbwgﬂogeé&a% the plsihesmnseatuss- o k@dﬁmpetarl@ﬁ penrser ﬁrr@@nmss) may be
locatefdelﬁ dRpckp F ﬁogn'éfacqw:ﬁfo% dettBe Plafd, %13 ﬁ{gl’@fg?é #gg g{algg'@gulate the

enpera sensor or sensor
tempeavprwranata@prmratq mgloofoftthfe plateafees., fém ovellser chrcm«anm in some

variati¥ls pth'é%%ﬁi)@th F@xs&ﬁ%ﬁggﬁédjétﬁa&%t ?CFX v@ﬂ% Iofatmeqre wellrs] in the

regi on
plate. ddnemay allawitbe @mnehmeamﬂmraguae:démmbon e tbmpertaeﬂe of the media
j one..or re wells in th late. .
or mafiHof S 1R il ot BBl % Brifraclin Pt B ifprentiaty
Iocatedmeahmetedaasqmecraaltywmdwn\teh@aﬁﬁgll a or material within the
well. In sone variations, the tenperature sensor(s) is

refer I, cat ed neay ect
[0078gon d uct%{ivbea éf(% t).la9es onf (%9%1}) erfihé [}ﬁ%gt(%xg“ghaes a 6-well plate)
that iset.iempspi'aﬂnﬁfcoﬁtrﬁhhéd. IIn\EEIGI 7ph pdgior| Gfltbl‘ﬁfbo&ﬁnﬁof&h&\plalte 701 is shown
e) that is re cont i FIG a

coate yBh QPP R DB of OHIESIAUE Comrfive Eniae) Joke Jhe ITO
coating ’7[12 i8 alsbapapatahino tooahpdigd efectrd@s(BI3e b3 cﬁﬂidfu sides of the plate.

conducti ve. coatin coatin is also
The nEBRRBL TSR B AR es ] Do 5GBS SRpaecomns 3 e ghorent
sourcS(rde Shn) goughdofnectis 703 MHSRIonLEW0r8 70y 16r 4 FREI&Snnector

el. ecg@tgl;j s 703, 703! are connected to a

connegting TFLTOLRY): AGFhewn PreIECERS TR ersidiydf the Rinde tAlfliough a pair

of confi@dtorslERrEPOREBEE & SachApdr&d cRc2bIs RhERRANEGHIIE connector may be
connecting both electrodes) are shown projecting from

used. one sjde of the pl ate. Although a pair of connectors
corresponding to each tapered electrode is shown, a

[0079Fi NGl € ANNREGES abdRY, 2 appdbriate electrode may be used to contact the

electrically conductive coating. For example, the electrodes 703, 703’ shown in FIG. 7 are

metal electrodes that are applied to the bottom of the plate in a tapered pattern that is
triangular, with the wider region of the electrode furthest from the connector contact. Metal
electrodes such as these may be applied by printing, painting, adhesive, etc. Thus, since
current passes from the electrode from the direction of the connector contact, the current
density may decrease. The tapered shape of the electrode allows the current heating the ITO

coating to more controllably heat the plate. Any appropriate ‘taper’ may be used, including

17



[0079] As described above, any appropriate el ectrode
may be used to contact the electrically conductive
wa@o@viopag71 For exanpl e, the el ectrodes 703, 703PCEHOS2N7/003401
in FIG 7 are netal electrodes that are applied to the
bottom of the plate in a tapered pattern that is
triangular, with the wi der region of the el ectrode
furthest fromthe connector contact. Metal electrodes
- y r '
non-ifthy BpehNERE oTE o Sh QBRI AP T 1o BTt 1. 7 and FIG.
8A chehgestirad e farmw dhmembrr(emrbmnamélytﬂmnnmam ¢lot amnectot)de a, wider
. current densit ecr ase. per e
aiamiJapiaf el Lt fe TR AOR L5 fmeclaf) HaP St ARRRPline) rate
In sorf®@ariapnk ahmteetrodmsrtapéradb by cha@ng te dmlp&t &. g.Ahyckness) rather than

ria er cl udin uni form
Cor in A3R0R S vidh 5 shovahinine 1S T SiemAOCHIRR (S E The shape
of theTRREY ElRcirdde) Iﬂaﬁd&eﬁlﬁe gﬁ/baﬁtb‘ abake tdndperauleds rdi’éMlbuted across the

di ameter (approximtely nm near the connector) to_ a

plate.Fgeexamplazthe tapes mﬁydag dhesen sp thatthefiemperatire petyiecn Hefferent wells
I o,

it oSS 1R SPRMATALEI bl €, A 1

+0.5°deid.b°Q. etq). Msmmme@@)m& ahm@mnerﬁnre(may b dvadrdmttubmpn-umformly

sern kRl L E SHRIE oL e IR OSAIR e weis
closertettbs commecior fe.pa 86)5°ﬁ))wmj:wed emmereaﬁ wif ¢he slati fetthetfnoredhe
Cormeagr ?s g?e@ol ate. For exanple, the taper may be chosen

S8\ Fikr tenperature between different wells that

are all connected to the sane electrodes is
[00804ppr oxiThetedéqtrieajlyi acaidaetive( @ating 7\ shown il BIS3. Viss@jformly spread
acrossgthe htlet § t%lotrré n%cr?ngnl $ Bfa ! Iﬁget %éigl le dc%gfgé ?%#51? Ctﬁycts both
electrédus. én amnb earietienst drffneer&trelglensrmﬁ/thb @lﬁb ingyt doyrespaidatd different

clectelgfi AP T 5 ERG R CPRENpR G Sy EHE P e goparete

electrizaly eshidifctive chatingrégjons [aﬂi)ﬁﬁ)]wnTm 804,806, CElidsy regions are each

copductive coati 711 shown in FILG 7 i un'for .
clectrighlu SoPiRERonE T ENEHeda TR Shie SORaRROTHE PSS pifeibane variations,
each r-E 1681, is BorfriedfHdo @A dhdiNEvaPEE&FodeqBE §6itoF eRRtrBdes). These regions may

ectrodes. In sone variations, different regions of,

Coneapﬁ@d i eReOTRPTWENS K RIePple rreheo iike tee s3ipRsaboyn in FIG. 8A
corres{p@ﬂ&jé"&)ttht\! BasOM thA0RelIPGobRMMPY figure 8A In FIG B8A
hree separate electrically conduct I ve coating regions

are shown 802, 804, 806. These regions are eac
(00814 oct r ilp £EPSF al, SRHEEP AGMP: a‘tuﬁf'ec%?‘@g tbPHU\ﬁhb”r% Wfﬁaa“&r?"mss

differéfiSydIRIIFAPIAE, 1shRsRABIE and IHlayS BB C6RHp1BhEPSng 8FBpriate electrode
region js connected to an_j ndivi dual_ el ectrode (or set

and cepting|regimesdassyescripekleereing iFor sxamplee BIG ekpibingirates Bigdergperature

proﬁlg%r%sé’\f blagSs %%% thakREHeRn c6REH wath it THE PEO e é?éb‘incal contact
shown in A corresponds to the base of two wells

with tmdﬁp@%mytro‘[i@ds&qulqrﬁo ghase shown imFIGY.m anchPerBrafil©-coated glass
may seRRsbr DOl ESh R th) th8BYsAGF S Dlate or a top for the plate. In this

example, the glass plate is a large thermal mass having a large surface area for heat radiation.

The outer corners tend to cool, while the inner center region becomes warmer than the outer
edges, resulting in a temperature gradient. When this system is used as a micro-heater for the
base of the plate, more extreme non-uniform heating may affect the temperature within

different wells. In FIG. 14, a thermal plastic sheet is used to demonstrate regions of different
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different wells of a plate, is desirable, and may be
acconpl i shed using appropriate el ectrode and coati ng
w0 e@7ie2s71 as descri bed herein. For exanpl e, FIBECT/182007/003401
illustrates the tenperature profile across a gl ass
pl ate that has been coated with ITO The ITOis in
el ectrical contact with two tapered el ectrodes
" (simlar to those shown in FIGS. 7 and 8). The
| 1O coat v, ( t ;
tempediscB e Vel AT o e RS R [ Rlipcl REleTReinces may be sligh
and cqrifated.to ke pdripheexaiithk @latt,iewghldds: deissle itg ehminatgythem.
thermal nmass having a |large surface area for heat
adi ati;on. The .o [__COf: 0 ' :
ro0s2) 1 uB ot FudllflnG iReten hkehRabst qanthlstft dricall
condwti@aRatetiglanhy bagséditogenermreieat acrosghagilant Foiramplhi HG. 8A

sysfemis . used as a mcrp-heater for the e t.he
(descrifed Sovbine o hon OhARF AR pled el A1 RnP hedif zones
traversRBRBE Rindef didbRdionglbifthe pRitd. Meddesvariatiof bfthid design, a series resistor

t her mal | astic sheet is used.to denpnstrate.regi ons
may Rgreqaneqies BRPeE Bt St GOPE, A0k e SRRTCE A SIF ook SRGRT ng

system Al though these differences may be slight, and
[0083gonf i ngd otieertvadafes, fHeashypodnd pusitidmtof the tlevsoded nwy be

desirable to elimnate them [00 In sone
configiERL U FEANES * BIOFS BRGRER SR FIIEH N Ce B Parpsy R pate: For
examBleC il FICE 2k WY a G0 R JFBipeiseafoulBlectiBdess@ilo ba either long axis of
enerate heat across the plate. For exanple, FIG

8 .
the I geatingp ddhealBanein ERGlRsToAR oRMerga 1oRe Bie Ignmaxisioh @hepaevwe may

causel RlEctRVh Beadhfthe &Rt FH& ZPRES 5B iAvSk Stk Sndthé variation of
| ongest di nensi ons of theTp9 ate. I.n _one variation

f
the deviges injwhichrihe periphere of thedTEX enating jnaludessierdradss of alternating
t : i
polarﬁ}ﬁ. Y gr{a.ggeégfrﬁ}rﬁ&yo%lgcgf AN AR aRUGEE o ﬁ%hggst a[dg%lmers, so that

eher gy variations, the shapé and = |
heat ipost eichssvedy codrentrhied it tesnirnyedien. cBF-i P& pvisp design in which

r.oduc [ [ j ' i . )
the cIS{aREHE ExEnd oy W denloMt) oY ehd PHO (B o BRBEHR bhEr of the deviee
(resultiggtie theC G hiaped eleciodas| shownp dEbe polantyort thesehadecttagagalternates.
.axis of the.l TO coati The ."gap".in the electro
In thig yoaetihge 1% e&%&%ﬁ%%ﬁﬁl bRt sF3P peb Bty Rgfins o ¥ifcular well,
allowﬁtligljﬂﬁﬁdlﬁﬁtiémt}lﬂ@@ghh the bakeofthatweill. dh sbhﬁ pkiatiens, BleGledtfifdes may be
i llTustrates, apot her vari.ation of the device, in iC
at leaptpar by YifBIe IR ua 1bS P ST pifte | ASr et mePiolcthe
electr@flefinh g EABbHAOaBOAIprbpriate Tattialr asgaereatativay, thk ketsatrodes

for increased heati at th es and corners, SO
compyige fley Supulf cORNGEtoRs ¢ %@?x@g}p@e, g%%&éﬁﬁ{l? Senpeciors g]??é'sbe made from

polya8@Bt Qitht®@| RAnorkllsyerd 8cspers a design in which the
el ectrodes extend fromthe periphery of the ITO

coating. towards the .center. of the devi.ce (resulti in.
0084inc. | Ok Fiife: saoBTE e RO BB PR rP b wlcelically
condiiBE oG lahd dsctrakit @bAREERay b8 ubdd, 8s dedckidtd briefly hBove.

el ectrodes can still be kept clear of a base region of

ouef) 22 e dion At SRR N0 ORI Bporions of
the wlBY) € tiimhBRSolaed by #d ivichbidhlkif an faltr @ipghrohadingithe plte or each
well.tllgr? agl g%}) %'elpé%o gl?ergnlaﬁ?f ?sdoleeure VeI \gfgﬂc‘sl %6mttﬂee surroundings. For example, the
base of the plate may rest on a metal surface, or a surface that would otherwise sink heat from
the plate (by thermal conduction). Thus, the base of the plate may be isolated from this kind

of thermal conduction by including an air gap between the base (or sides) of the plate and the
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el ectrodes may conprise any appropriate material. In

sone variations, the electrodes conprise flex circuit
w@oeowmeersor s. For exanple, flex circuit connectBCEHUREN7/003401

be made from pol yam de with two or nore | ayers of

copper. [0084] O course, a conbination of the

different region so transparent electrically

conductive coatings and el ectrode contact nmay be used,

as descr.ibed briefly above. [0085] In some variations,
surfaqeﬂg)o&p&l@ gh (I}(g Rjate restdii 1A Mg varEatioss,ghe plate igna@réses 3p inner shell that

may &%Hoﬁﬁéecpﬁy s 8utsrsied) TRE @nﬂeli‘gﬁémfﬂay fdn%) l)ﬂé 86mbYe 6f¥8e walls of
inclusion of an air gap surrounding t pl ate or each

the wokds. | F1IGard 64i showsp aressppection efenereariagion 96 pmyinger Heellldving six wells.
A bas]:a ‘Pam: t&%ﬁ%ﬁe@% %ﬁ{egﬂa?febf ?Jatﬁ??:gﬂ{ée&xenﬁglgy gu ¥ ggge H;é?einal
connamnqll td e&ﬁchedw, sededicriked abeve) iornnnketed tathes inbypr shedl; awd the inner
shell 1§ Ssgfr§§xté Og%frgryo%l (tnlh'{ fsslﬁne &rq %?r%g ﬁ/érrl%rtg ensg%hre] ut eltf B.nd the inner shell
meet atrmkarelﬂerp@uaa mainimrayy the tthvreral t:dmaa&tamazvéamrthsmd da )somfe variations,

t d t f which th | at t
these e s ARiPPURE] D RO BOAPSHGF soq an | nner shel

that may be surrounded by an outer shell. The inner
[00863hel | AG. l6Brshowe a(crossmeetmf thbhgh vad Vaiadfontdfe melti-sell slide,

Fl 16A shows f f .
showing s R Ty Resi b L REg e 3ol ABagt AL AbbEh RyeRbthe inner
shell agl the lbasirehell. b KIGat16BY a\l\ildt(blsb Ihammglal heatd)iduldol sealed over the

eri al.. connected t.o el ectrode scr.i bed oV )
plate. n@“t%?fﬁ’é%‘t%‘a h?&‘“ﬁlﬁnsm?‘?{ QUE|S ené’f?os W@‘P%@Fa"gﬁéﬁebm in the
sectiohSnSMEkRE e darkifachiiSLvRIt SWell Platddd sonme vari ations,
the outer shell and the inner shell neet at di screte

oints ni the thermal contact bet nth
(00877 00~ AR A et B feaerOre febser T Y palgpntact
with ebp(orﬁoh e EHHiilatbﬂBﬂFIﬂI T, the] t0RPEfatdrt Gensbe B aSRSM@taﬂce Temperature
ne variation of a nulti-we

t th
Deteafr (3d O)hehFORGCISTES F Soatipeer e Bams o v & strica) leads 721,

721° @dax@a\dt the/R TOGRB11AEIE toVArtRr@ oRBHGETD 5L Be tHaP R teSipBiature may be
and the outer shell. In FIG 16B a Iid (al so havin

determingd apgl may fsféba%ar%@eéwammofmlap late toppepature, as desoribed

aboveY VbR thAR Snd RYATREtAR JeA8& m@},nge QeldehinShE |témﬁ51%t1§@ QM¥ors may be
in nore detail below, in the section on Making or

used igany fapprapriategosaiion - Wel | Pl ates. [0087] As descri bed
above, at |east one tenperature sensor 715 may be in

[0088F ONt ACtInWbink variR@rsi 8 ferBperhitee BIndbeis cbndctdd tofhe bliRide of a well
t enperat ure sensor |S a Resi stance Tenperature

at or 15af et hater RyeyraterEicrohiaes Boitom of ths welkt Arfgmperatutetsgnsor may
be in ARSI HuniEMOEWRE biPof@dn bﬁ&%soﬁrgéve v@l]s oﬁﬂ@f)ﬁ@é b)t Bigher

RTO and attach to another connect or

dxrecttmcamgra@vﬂbyfm verdl (6781 the Quiside qfewglaéseﬂats afemngttbe bottom of
the wél Cof ﬁﬂH&ﬁL&t 188 wWel@nRhhenifTREER %or%§a%g§ec Iillle':bt‘églpera’mre

ove More tfan one tenperature sen
sensoam@ytcnmmlgnm withithe bestenubsimaty off the well through a thermally conductive

grease or oil. By using the oil or grease as an interface, the temperature sensor does not need
to directly (physically) contact the glass substrate, preventing scraping or other types of

mechanical damage to the plate.

[0089] Mechanical damage to the outer surface of the well (or to the temperature

sensor) may also be prevented by mounting the temperature sensor to a gimbaled mount. In
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used in any appropriate | ocation. [0088] In sone
variations, a tenperature sensor is connected to the
wongigs7of a well at or near the heater substPper/@s2007/003401

(mcro heater) bottomof the well. A tenperature

sensor may be in thermal conmunication with a portion

of one or nore wells of the plate by either directly

contactingavvall of the well (e.g., the outside of a

t f I

generg % ?1@& u?xE Hb{?ﬂ %‘%ggf%ﬁgga?oﬁ rclltegltegs §Fh‘egdo ad?\}/stmg the
posmex aﬁtﬂeeemphuamre Hpmoatmnlat ssn&ontanawlthcamnmmrcp@ttmn/wﬁ the well, or a

slass BRI RE TS G QR BPOT Sayp IR FIRE ) Pt yfeor rtate t

allowahe &mpefdt&fefseﬁﬁ;r th st againstrtAé Plass Wﬁh&@tfdaﬁhﬁagsng’lﬁt FI@EN7 shows

one eﬁgggl . ect gg geépg%pslqll‘lgea %%.n%%,rt conh?(ittﬁ)eatsgg?bg ow ﬁﬁ&iﬂfvin"g t%vo degrees of
remo%‘l@ﬁé‘edo% t irrﬁls@flﬁbaed [SRER nadyseRniigaleddR TG MV AbIE Mfount. In FIG.

outer surface of the well {or to the tenperature

17, the girsbalyd mepnbinedndss ahreskehl €Y oywihish thg lp@e t1F85 is connected at a 90°
t t I r
e, RS 8 SRR Y B DI i of oo
Shell)fané a@tlomthe élqmmaﬁmge samaopbEBtResisehoe TEempewpep Reggator or RTD) to
[
conta?tﬁtﬂg %Eals%J .E“ﬂstra{e cola aeéls\’alrtl‘(r; ﬂlfegxﬁﬁl;l}é ?&nr]lcinhcﬂ()% %éb%gafl %g@%&%& base of
the plafe a hﬂfgxﬂnbal'étl en(gmﬂmdye‘.tb xmmlm¢at leayt Ifdré)() aff anr s sadraetiomaterial or a

mate i R i AR AEPLe acine 17 Aot B D o T s e

inj ecttcenpe]rdaﬂ pb@mmateatal diefthel virdationgihobal ia ¢ 1G0 UM} the mcungcomprises

t wo [?r novabl e free%om Thi, s 9 nbil eg. "leﬂt .
out e seg GRS Bl B aEour TR MV RUP & B £ eRIGei | Be concenric
suppdriéng 479 sh@0coioied a6l dIgsintsa sl e hodehdht bOthehineBnnected

. the base 1705 is connected at a 90 angle. The bracket
TegoRss configured to mate with a region of the plate
(e.g., aregion of the outer shell) and allow the

[00901] enper A dhhenSeitEiaibotd ddmpHakirs kaioss kaddseriBddlé@ein may be
ector_or RTD) to contact the glass substrate_ coated

remowbﬁ%frméhﬁahtey apd merrchs Ysed ﬁ*&ffb?ﬁhsx platest Tihys Ryep fethg gygro plates
describbd hBRiPAR dspoliile Horal sebdRHR of rﬂ?é’pl*af‘es'(@%e tﬁ@{en{p%ﬁa'i&re sensor)

partl i of an el astoneric material or a terial th
may Qegeusapleythaoyexgmple fhapgigbalad mewnt dgagribedi a@ﬁge fgy be a removable
gimbdlbdRRLAL TRUGMIARIbERSmAN maRE ﬁ(établgf‘tdmgg'%qu Qﬁa/faeﬁgeca

material. Inthe variation shown in nmount
temperaipT jeseer wuethenplptes éor otherspartiens of 4 piated h@thwumm@gmg the plate,
the mg&ytem(ﬁegem Hehde ansgﬁt ate) readily. The concentric

support ri n s are each connected at two points,

novenent at the unconnected regi ons. [0090]

[009 1}\3 e ntﬁ@ﬂé‘b@a et thepsie may pleo drglads & sinuilag deyaperplaige control
(e.g., %E@icﬁlﬁ@éfn&?ﬁu(f@ g@é‘tﬁ@ ﬁldfé'l%otdg easp&lvgﬁ &s ﬂ@t{‘gr HBYe Rfperature

other plates. Thus, even If e mcro plates
sensors) The connectors described for the temperature sensor and the electrodes may all

connect to a controller, as described in more detail below, for controlling the temperature of

the plate (e.g., the wells and/or the lid or top of the plate).

[0092] In addition to temperature sensors that may be detect and help control the

temperature of the plate, other sensors may be used as well.
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descri bed herein are disposable, sonme conponents of
the plates (e.g., the tenperature sensor) may be
wo ewsatdser For exanpl e, the ginbal ed nount deseei/bsZT07/003401
above may be a renovabl e gi nbal ed nount. The gi nbal ed
nount may nmake it easier to disengage and re-use a
tenperature sensor on other plates (or other portions
of a plate) w thout damagi ng the plate, the nount, or
the tenperature sensor. [0091] The lid (or top) of the
Sensors ot e may al so include a simlar tenperature contro
(e.qg., electrically conductive coating and el ectrode,
[00933s wel IAm;sapmepxdnte serser trenyheratd teehalp nsoiite)y and’ bentrol the

env1r?rﬁgg rzg rl?s. 88% §1(:: ﬁ}lg?ee gii‘ \{h eﬁﬁ o&‘tﬂ? n@egagg Irggp%e e seggors may include
non-lﬁi@%ﬁ!d sefsbrs (e. g(pbﬁldiﬂy&ialsedmér@wts, b10denSErB 0 ldbtengﬁobertles from
er at

s d/
outsxc}q the quﬁﬁ of eﬂ:ﬂge}a |ag€ g?nt ftotggglser}ers\;%t fqagﬁvetlgcr:atctacs1 within the

well, Eﬁﬂﬁﬁ&%ﬁfaﬁt HERSN Snd/beduliRY mRBiadfiRiaith&Rellf elIR some variations,
control the tenperature of the plate, other sensors

sensopglpcgied wabin te Wlls| maebe ciegd| maﬁewﬁ) bypmesprmepedransducers
locateiSlitsite @%e%l@ﬁ@véﬁlﬁkee&tﬁﬁﬁ'aﬁ% RS, @I?B"lhf%;nt% Egthe well may be

environment W thin one or nore of the wel j _
maintgingdevhenregding prising He \weious sensetsy Joneony d@ay partlcularly include

sensoP St 'dQ%é@éﬁé’ ?‘iq%t%&gg [dntEmBeranfiP %)Lu“aﬁ#eltéi's P ?rrﬁ%re detail

Oor sensors t'ect propert ron1ou
belowje It shootd behele@d thate)o,n—famj:ecaﬁmeamamgps 13@né@papmeria$ that may be

affect%@%r beodllfo y g m X ur e r%%f? th\QE nilzﬁl reﬁg%tr@ WBFE leg?)r hgxl;]eetemperature

s an
inﬂnmmmmﬁmﬁﬂn&mkﬂemeﬁmsnlocated within the wells nmay be
"read" (e. g ; sensed) by one or nore transducers

ocat ecb es o 1051 steﬁe s Ig)tnghfraiu%%/r%]t {e era‘cull'eI sensors)bmay include

[0094h
ont aning |on
pH sefomsi(agn e&-MeheMphbbengormuch as phOptien, disttitbutsd bg N@BI and

nso a tl cul a nsors or tect
manuBEREEh By PR SR Preor Seihint Db et g BHEPRT™ may be
used)@ikSo1aL O ber3Blsqélp., OX YMNNIV@X‘YMI{IIIB@ rsehddad dlstnbrl]lted by WPI and
on-t [ ur ar_a ters ar anmet er at m
manuBighupd BY CRETT PHOUTIPT SET3E ORI Lraa EROmEH N Prisgoqraly optica
sensof£fel gE,CdpticQIWgﬁigJﬁlﬁ:rﬁicobaél Qaﬁﬁfﬂ@eétal) Udel! dothi$1R. . Ofbmmercially
. extractabl e therefrom Exarrpl es. of typical

availablg,eel} coynting |sm?rﬁ@uﬁlbﬁs f’*@ﬁb@l‘ §reell sewdiesystegy)- US 6,673,532 and

US 6 602 746 @inB S RRGPH P rdférefice mOthElr teﬁﬁf EérEmP e SR QUIdRIoRA!
hOptica, distributed by W manuf act ur ed, by

eanp%ﬁé séprnsprsear sy grmsardndige eﬁveﬂqrs élﬂa degripben iy wrhmlted to any

partlcEiak'Ws% hadet M may be used), dissolved O2 sensors
(e.d.”, OXYM NI/ OXYM CRO sensors distributed by WPI and

rmnuf actured by PreSens_Precision Sensi n% GrbH,

[0095E) Lor 036 P,@(%Q g}%ﬁg‘ferelgr}[ap@gpns of a cell counter t}(l)e{t may be used as

one of the sensors described herein. For example, FIG. 9A shows a schematic of a side-on
optical cell counter that may be used with the plates described herein. One (or all) of the
wells may pass light (e.g., at a selected wavelength, A). Thus, the well may include windows
(to allow light to pass through it), or it may be at least partly transparent, at least to the
wavelength(s) used to count cells. In operation, the cell counter may pass light from a light
source, through the solution including the cells, where it is detected by a detector. The light
may pass through a known path length (PL). The concentration of cells in the well may be

derived from the relationship:
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sensors (e.g., optical imging m croscopes, caneras,
etc.), cell counters (e.g., commercially available
w@edor/ogasont i ng system such as Applitek(tm's crCT/US2007/003401
counting systen). US 6,673,532 and US 6, 602, 716
(incorporated by reference in their entirety herein)
descri be additional exanples of sensors and systens
i ncludi ng sensors; this descriptionis not limted to
any particular type of sensor. [0095] FIG 9A and 9B
[0096 ]shom1d| ergat-variations of a cell counter that [fpy
be useddlas one of the sensors described herein. For
exanple, FIG 9A shows a schenmatic of a side-on
opti cal
[0097°P hue‘?{;1 gf)c%'}*agge}"d(}%e E@( st&ﬁsqeeé&fmeaiaﬁlaph@&%%

descri be rein pass
deterrdlnfgiﬁxp(ean@mal@t (for swivgde, day Qmﬂélll@mgtfmahbyatwnmy\gve pased on

countipg pv&?&%ﬁa‘ﬁgytgwefe\'\ﬂ ﬁglgi’ﬁhé Z‘d?s %Agg?’é gg? I)%rugﬁ%? gvra\er%ltength A), B
is the Bdth lengsit (RIO) dndeC Wethe Icemgﬂntréum)n uﬁe@llst d3'c’csedl ot tige Ir¢lgt,10r1$h1p, itis

oper at.i on, the cel/l unt e ass.light.fro
apperqPl ik IhEREELVIY R SRR G RO B R Slige Sfgin length. For
exam;ﬁ@llf e adhiBhEtHat tHeSfactet @4 000D Yora delt 8pepand fflﬂmﬂa aght000 cells/ml,
pass through a knomn athl

then forchpathiongtih B 1 SrcTidht SOTRARE 5%55@ gL agfl gtiis 21 . the

mmoﬂ%g_eﬁgi@tlonshlp [0096] -= B*C[1] A b [0097] where
§ Is a factor for the cell type to be determ ned

at may be deterg1ned exper i ment

|
[0098]§Jy conStAPPIRyIate Bl OHEEITHY S %d’?&ooqghe E%EE?%% For

t IaSer! HaiRRS Ok aMe eighes@urce My b
S e
incorneredcn Bart REthecelen T huddteRionnay alsp e incuperatid iy {3Pthe plate
In so ﬁa@%&%ﬁéfﬂa% tHel hé&g uﬁﬂg@ b held@dctdiRe %%ﬁ')drhféﬂta&’ pﬁrft of the plate.

count er s wth a doublin

ath
The uglanagnh:e riay inshades lens tof spreadzps oo thy é’lghg ﬁléi 1#15@8965 pngregsg the
regio gt&'i aaleﬁ LY :R) § ohfthd BEEG AT B sHAROVARIIRS, B aperture
g Ve 276

cm the absorbance is

may bé. u@led whpmt bﬁﬁleﬁahh sdmmg vhthlesle@cmrémllmlhéueamgi@n 194 meehg}g detected

098l ; b80that may b
o el FHGGE S0, BRONRREA ks U TR B U ey
used Bqartaethewygllleuatek.anp, a | aser, a diode, etc. The |ight

source may be incorporated as part of the plate. The
et ect 3hiy 8o bbGsed as part of th

U ETRO LA i
cell cdhhﬁerd Qﬂm:mthcmrmay he pmmumle@pamm@tet when migasysingteglls in

ht .souyr Sed
sl bR RS AEn o BOR LSSl ks
because hisosbamey ofikemme b'eavakeagth(n’) of hghdmtagcbteanopqmo@ e the concentration

(e.g. Xgrgx er t) o?cel’ls Al GRfT rF% gxample, absorbance (45) may be expressed as:

[00100] Ab = —~LOG(Transmittnce) [2]

[00101] where the incident light/transmitted light is related by the equation:

[00102] Ab = —LOG(—IIL) [3]

[0100] A reasonable wavelength of light that can be used is between about 540 and

650 nm. As the density of cells increases, the absorbance will increase. FIG. 9B shows
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may be used as part of the light source or the

detector to limt the region of the light detected or
weriorexs71 FI G 9C shows two di fferent arrangenedit/FSmh7/003401

emtters and detectors that may be used as part o the

cell counter. [0099] A cell counter with turbidity

(light scattering) may al so be used as part of the

cell counter. This nmethod may be particularly

appropriate whepn neasurin
anothqyaEapEsReRt of §ieell SEURERH Wg J’SJ“B@?‘S& b é‘ﬁ Bélow the well of a
plate, &R MHohfdwRee BRYcha @tﬁweyadtmengugﬁs@b smbbgmdea wéll from the top

o e Do A s o i e sSBR e 3 4 S, i
ly[REEE0f:
oGP U A T TR 00
absorltiancé diethe phitighlat wexplsnetht Ge- ﬁ@mm) sthedhegpetize jnayyary to match (or
fit thﬁgﬁ!)%o 128 i éﬁ%@%e n@?}ﬁ:ﬁ t]f’xé-{:as ard b%lﬁ% n&é&%@r@h Rurther, the high of the

can be used 1I's
liquid edyveisnbabiasen ﬁﬂ@ptamzet{aonmmv@sthc hethdeggih (§ines theabperbance may
t he absqrbance will increase. FIG 9B
lmpmgﬁm%ﬁg?'}%}?‘%ﬁagﬁ ement of a cell counter in which
the detector is |located below the well of a plate, and
[0101] he || ghffemnw:amtloas lob ttzet astl. colypiees orsssnsdra rd algmpossible. For
h th vvel I 0
examiE3R8 Sel Bk Vabofin R of ek i AQRaQ IRl kRl imay be
adaptdd e wtthtarcell\mhhter bt gdatlen Falesampled trwa;ieml may igeludée window

concentr.ati qn of . cel | det ect
orwafsSRSER LSO BN TES B e R B 5rh B EPbt, sshowmin
FIGs. 02 §hd 9B Afe 6¢1) coukhié&r e Eﬁnéva&en raiay appioprit@ diwctlbn(lucludmg

fit w the size of
tonsee e e orag e B ESSH iEghOoH i b B e e
al so be chosen to optim ze (or inprove) the path
| prgdtict(Scne6e t he absorbance nmay i nprove as path
l ength increases). [0101] Different variations of the
el nters or,sensor al ' . .
[Olozix anpl ?énfcﬁémc?é' I allsocou‘f‘ﬁe% 10 dgtf g‘%ﬁgg? gl%"%hﬁﬁ%glgFgﬁngteflglsreleased
from ﬂﬂﬁﬁéd bﬂﬁlciﬁtbﬁytﬁ:) (e.g0 byt i‘t@rqliccj)at b'sisa;ecbﬂioadatpt)e d*" ofr @Kamp]@ a sensor
Wwth, a ce cou r aor reader. For
may gtk e GERG N0 R BEo PR oTRP B s FREREE e -
DNA CLFNlA CRUNtAboRRItatesAthias letc. CRuIcER AL bmectﬁsalscvacgm in

.. 9A and 9B, the cellg count % ﬁ‘ ﬁ)teln ﬁ%/ d includ
electraghsmipli. optica) Pechermifal: iFipg Hﬁ%ﬁlﬁ’%  AFBAGIRAY e Rey et e-ghf retmce
an eniﬁﬁe lifeul tah@ci-l%ﬂ%mtétﬁére& leﬁ@rﬁ@[ 98 )onekatiticiigle sthr determines

sides of the well. Product _Sensor. % 102] Sensors y 1
conceairaBoBY a8 SEIeA) EREOAIHE FHe LOBESREFSPIGHAgon of noptica

lmmu%ﬁs%ay Hat bRy ERIREY b PR Bﬂh%éﬁsﬁﬂl Wil thé pRfestdes&ritsed(Ieeréin,
y secretion, lysis, secretion, etc.). For exanple, a

[0 103] ensor A patch immunoassay may be used to detect (in real time) the presence or
concentration of a product, for example, when the plate described herein is operating as a
mini-bioreactor. Product (e.g., proteins, steroids, etc.) may be excreted or released from the
cells, or the product may be expressed on the outer surface of the cells (e.g., the cell
membrane). A region (e.g., a patch, spot, ring, etc.) within the well may be configured as a
sensor to detect the product by coating an antibody (e.g., a monoclonal antibody) directed
against the target. A sensing agent (e.g., an antibody) may be bound to a material (e.g., nylon,

glass, etc.) within the well, such as the bottom of the well, or a region of an insert within the
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may determ ne the concentration of proteins, hornones
(e.g., steroids), nucleotides (e.g., DNA, RNA etc.),

w@ a00podsdr at es, |ipids, etc. Sensors may be el PCT/UBmaAl/003401
(e.g., electrochemcal), optical, or chem cal. For
exanpl e, a sensor may be enzymatic, and include an
enzynme (including a localized or tethered enzyne). In
one variation the sensor determ nes concentration by

well. &Pheoﬁlititﬁ)ﬁgl 6#1 9@&%&9& boﬁh@b 1391 lglyi"c%%kla ! ﬁ%tho@iasu\g%l& known in the

vari ation an optical
art Ofamlpmqasm‘ys)a nscém@ng bmdultg totresqcbatﬂzey adbadyi (@&dcﬁtﬁ'faga ipfovide some

anuﬂﬁﬁ%ﬁg% |nnunoassay may be used to detect (in
rear tine presence or concentration of a product,

for exanple mhen the plate described herein is
[0104per at | Fi. aisﬂﬁashtiwsi a hhdmga!gemrconﬂtguthdcas apeangibody that is bound toa

oo BB BT 5oy e AR e 3305 iy

directedtagninsuth @c@dunt (drhaeg@hlcﬁ‘ﬂteep@ducﬁ) h&he ehdlbcm@rtb Rk to the

atch, rin etc.). mthin the
1ns1de,\%f ﬁ%g Iggvs &?é p%éﬂe Gﬁ og ahedl%lo Ig@(g -gBplticyvell gulture plate).
Standardchitingltyclef@ics mehydte et 1B@Iﬂl)ﬂ1r{gestﬂrose dréRARELANAA frer the

directed agalnst t he target. A sensing agent
amlb‘(cgeiggaveaﬁ?ea Attrdsdyy theapobee ttiFe hindiae dameinsdprops) ngay still bind to

target\¥le0pro@hdty %um@i%& dspWcbdd1 8 tdrb& ﬂ’i@llekmle§ Whithascluie < i indicator such

ottomof the well, or a regiron of an insert wt

asa fﬁﬁéﬁtﬁe?m mqiﬁeﬂsﬁtlweayorﬁﬁvem@unéa@ & aptibbdyirad shywairy FIG. 10B.
‘Any PPRIfHY RldfcatB IS %d‘“@h rpalg{&(ﬁm ﬂ@or%&%n%éle%ﬁles may be used,

i mmunoassays), | ncl udi Ing to a secon
particylarlyfiunyesornt whlesalps phe@do tot waddy Sbichilf| (€t lose theirtfluerescence).

mhe gl o B2ALEL O o8 L 0% 450l sme sy
produgj ttaﬂgﬁt)tm@le@dc,tqrrﬂl@&nttﬁwym&}t haviedpwex bimpire, afﬁhitys for the

»00d t
dlsplat@E%Blg ?ag%ucﬁé’lfgtrﬁeg'[gg 8v1 lf)ﬁcg dprpga%%cg sgl%%ﬁsgt ity Bgay

incorpQS'aTad tim,to hh@lwbh fbh@tldaﬂy deteoﬁng e ;ﬁb@i‘aﬁe of pioldast IThe¥&®|daded
culture

decofs A7 SR PRI oty el B e variuions, o
daemnnmhaﬁbegqsmmnnaf preservation. After the anti bodi es
have been attached to the spot so that the binding

[ to t . 0.
0108127 3 COLTF Y o005 Sl o g on
bindirigichetits «frithé talga pratucstocthe astibodyl. UL e8gR Brodiiek Q%tb@uced by the

cots FAURRRRLY i BOUDY 0y SR DOLY, 05 SO LD

targetpthiat iverd pre;lohdddosres €ei¥ensod| Gk She MRYrddCert Sfthin the well can
Iuores ent | ec Ies that do not readily

| Iy f
chang® g%teé@ﬁmga%%ﬁ& COHF%@@ Eq: Prodp thepglls. The presénce of

unlabeled pirga eaddiut irﬂﬂ-@&ﬁoxﬂ@dt&cﬂilﬁ&sﬁﬁ& e MHanﬁéxéel? Bound to the

.body. with_the sanme affinity as the pr oduct
amﬂ"’?t/’a ¥m friheRoncscenb marles infarthd vell (Mass #etine)| Bisplacement of the

dzsplabéabdd Ngora$denily tabel & prbiieet ¢ ﬁ%&%ﬁﬁﬁﬂosoﬁi%h&% bﬁ@dlg% U fre
]‘A rovi des "| oaded" product-sénsors t

unlabeled target product. Thus, the florescence of the spot or region W111 decrease as more

unlabeled target binds to the antibody, in a concentration-dependent manner. FIG. 10C

illustrates this relationship.

[0106] FIGs. 10D and 10E illustrate another variation of the sensor configured to
detect product. In FIG. 10D, a sensor patch region 1011 is shown with an antibody attached.
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incorporated into the well for optically detecting the

presence of product. These | oaded detectors may be
waleiogaomnd reconstituted within the well beforeCT/E82007/003401

some variations, the detectors may be equili brated.

[0105] In operation, the sensors detect the presence

of the target product based on the binding kinetics of

the target product to the antibody. As target product

s iSRG, o B et i it e Binafie Knecs ot the

produjut sqi:d moéwdlk)efot‘me@ &i thetbii@tacter, an@ isccdpabléed r@d)ithnd 8&ection and
sor.. Thus, the fluorescence wthin the well can
moni ‘Wé’ﬁg &40 SRBENATIAL OB DB MeBhbselif Semybegip preseravithin the

bloreﬁiﬁdﬁ ot dxtmple Isifee tﬂ@&nﬁéﬁmvﬁﬁmg@ bﬁﬁﬁlﬁﬁ’et{c@ '09 @Indlng of the
uct ip the bioreactor wll displace | orescent

prodcs, 56 e g Seasor Riseaii WEBinthe Biospraten allywsrmany of the other
propédrti®y GISAE BlorBRHSH dnRhitelthesdiRbi filn ?%ﬁ‘ A6t éﬁﬁple the bioreactor

Di spl acenment of the displ aceabl e fluorescen
envirgprgepfapay be femparaurscontiofed.tandithe seamétion (. glgsmﬁll vbleme) of the
bi m&a%k&ﬂ R
S pot or 645;’%%% g%\lnhw %g&gquggggygl ‘Ln%?lg th‘% 105 po& efl‘%%%eelngance the
functignedshis sensoe, andtmbpadlso allowaontmeestmatiiaringdependent
manner. FIG 10C illustrates this relationship. [0106]

[01 Oﬁ I Gs. IfQfy: I@qOﬂ-)C%e séﬁs%? {_ﬂe;a.gt%hqaﬁg%a&{ggayﬁ %H'z_::%t Isé)sn fnd%l% agent that is

sensor configure
immobdlirsdi(e gatlvied) sythebottomiofitee pznohmm bindimg aag‘etnt bo2lyis at least partly

ree e AR 0 e 5L TR

(1015) 7 2 firrdontt sharker thedis iattadted tha dowarttinity bidihd SolkePRDITBe marked

ne gdetection and nitoring, In sone .
ooy i T B0 EX e Tl e g Begepioes dfdescrbed
abovang})bn a redy bearerdeigtt mbReule X&@D lag, IEGI ﬁ@l@cﬁl@?f&ﬁ@ﬁ @4 the

i ndi ng_ of

biore ? es advaﬁt e of the %@net

BrYduETereeriet B%C‘bfflp?tﬁ% laﬁfbf Bding %P{eﬁ}lw Wbblnds to the
bindiy sfe@atOZ0), rallehQM% theaaporédr 1018 iRbRRE biFORES b:ﬁﬁalgefrm"ghtﬁe

bi or eact Pr t o_enhance the sensor function.

floresgencesignal fram e sprsee paich asgipR.Gismenll asiihg ﬂs’ée&cem@enéhmb@reactor
soluti6@NThidlh@flze RNfle tﬂ'&?es@@rg:@‘ﬂrfc}ﬁdgﬁg Qre disFBlio Of Hﬂ;%lce‘ﬁt;e) is

the bioreactor, as well as the ability to provi
detectgle; #ngl Gan bR Fpricieted m)ﬂw@efemnnmpn Ie& targethbased upbe this displacement.
function of this sensor, and may al so al |l ow conti nuous

[0108)DNi t O rArE}QapﬂrQﬁl@ﬁl: blrﬁln@ ent @d PRy BERSA ad Peﬁ{ &% sensor. For

pa npri ses a binding agent that

exmﬁ"%ﬁ ‘*i'é%l a%*’élt gmmorbiﬂs?éé)as Péﬁpﬁ a pamlm@foasm 3t edmprise an

IeG sﬂé&%shgﬁddrﬂﬁ)oéﬁ ed%h liggﬁ)alrﬁo@e Jraast hl{&%éﬁ ![%GQ%'[‘%OJM é@oﬂg variation,
e showmn In F

a target. In the exa
the bipdipg pEEH ifrd IPé‘étsmeA(S Bhocoesaborf xregombmnt (engy :kreIgG brecific binding

agen’c)| ST }ﬁtﬂlﬁﬁﬂg% BéN' LSl & Ye. 108 o PLSEW; S 1n Ih inding agent.
Bi J écu f

mar ked om#a f|n| es are pre
In onegyarigtipn.cthp bintling a&@é nompamcr Profgn deéGaqrpindgheilius or recombinant

that binds all human IgG subclasses. Thus, the binding agent need not be an antibody

directed against the specific target molecules produced in the bioreactor. As described, the
binding agent may be broadly directed against any antibody, or subtype of antibody (e.g.,

human or mouse IgG).

[0109] This patch immunoassay sensor technique thus allows for continuous

monitoring of product formation within a well of the bioreactor. Any appropriate detector
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above, when a newly secreted target nolecule (e.g., an

I gG nol ecule) formed in the bioreactor is secreted, it
wouiromspet es the | ow affinity bindi ng nol ecul BCT/@82007/003401

binds to the binding agent 1020, rel easing the

reporter 1015 into the bioreactor, and altering the

fl orescence signal fromthe sensor patch region, as

well as the florescence in the bioreactor solution.

may bglhlgg(} &h gﬁlr ) cP? nsjnpcﬁeeééﬁ %ZF IeESJr g&aﬂx@t aﬁQlutop&cent emitter and

or escence and can be
detectoP(daphisie of derctihg ttedhreescest markenon ﬂmc@mlacq@hbetargqpm‘?leculeﬂ

this dis 108
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boun {&H}Q&{iﬁangﬂgxém%uy@{a&atl on, the bi nd| ng agent is a
rotern A staphyl ococcal or reconmbinant (e.g., an 1gG

specific binding agent), The bindin ent may be a
[o1 10I1>r ot ei rAglgseriged apoveg g FW?@@M%% 45’&" 5%}?87 Tigy be used to
detecﬁﬂﬁ]ﬁdonldkr@ﬁﬁ t‘é@cbi‘e@hbﬁ NinchhgheMdiing dagetibn. CArﬁh‘wlﬁmnﬁnoassay

rom baci |1 us or reconbi nant that

may tzdl donfligread tpg@rymcmws@éfer%b%bﬂqu B‘ioﬁHFtﬁgmﬁ @3%'&01: limited
to) pr?%&ns%%cﬁ@.? l?&ﬁgsy i Hﬁﬁcé iRgakRst the speci f | C

es produced in the bioreactor.
descrlbed the bi ndi ng agent may be br oadl dlre
[0111gaj nstA PRiEhAensds SRy m@l“%é gBY §PeFoBF 13’5r¥f‘1"&‘6‘2/ﬁ?s or example the

detecSI R n{%%eoalsgcﬁm a[sgﬁ@ gilasyiyﬁe ahe M lidma Bﬁé’b"c\?{ﬂﬂdmg type assay,

sensor 1 ue thus for continuous nonitori ng
ora hybnpvma peadico Fat ¢Wm,tlh jarsolid mpse agpass RPrefust-dipding partner may

be bognéf 1$8 Q(}%@%’Feat%: i dtﬁﬁeﬁﬁ @ “&XPQ Saé?c?da Ve THEHiRAR ?%I-tner may be

ensor exanpl e uor €scent em
specifia (e. goh peddrct-spenphd butlbﬁﬂy&texrecgem@l prasiutt biafers chhdescribed above,

the axaggxgt of, ngg%%ﬁgmagzlaseoé 19&(??%@581%& Jlt% lgﬁéleMmB&mve binder.

ri a uct se
In onk Wﬁiiﬁmﬂﬁ aaypfee glemehh@raahlqt bnrdiu@})anrs:rbm me@l-l(tadeé with a

ent, su rate 0 tha .
Ao 2T b ERA e et e’ Y TBHRE g B ey iclude anon-
floreddRst aﬁiﬂib%ay abend @ethe patchne dduhdtde b@dcb(anqluang atflrgescent bead). This

e o e 55 BT bR R STt g o
prodt(o@-@{)&hfic RAGBWERL (S NE0Ant TR uIRE antftRNdly). OTHe ﬁESI-tla)h?j lantiblatyais pre-

product expression, including real-ti tecti
loaddavidh s 19hAAHLARTSRGH i PIBET LB PTG PEE 1 TS PTGy Thus. i the
ﬁrst-%&gxf lﬁﬁ&&t is A% R AREBinPAREY, She 1dbeledoRtbetitivué bit@er may be
mted to) proteins such as anti bodies, insuli
fluorespeoly IRBsIeddpIng OF ] S A ECHbORg oF By ﬁE?‘tF&égQr??“b"dy’ then
the 1@%&@%&&{@&%& RYRHRP A fldcRéscErdRbsledIhE. det ection
based On a solid phase type assay, a

| iquid hase bi ndi ng type assay
[0112] n this example, ags product is formed in the bioreactor it will bind to the

capture element on the solid phase and displace the florescent labeled product. The total
florescence of the patch will therefore decrease as more of the product binds. In general, pure
hybridoma product will displace the labeled competitor in a dose-responsive manner. The
bound florescent label may be displaced because it has a lower binding affinity. For

example, the labeled competitor may experience steric hindrance because of the marker, or it
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or a hybridoma product. For exanple, in a solid phase

assay, a product-binding partner may be bound to a
weaiwsnemre (e.g., the "patch" at the base of arP@EUB007/003401

The binding partner may be specific (e.g., a

product -speci fic anti body), or a general product

bi nder. As described above, the anpunt of product may

be deternined by di spl acenent of a Iabeled conpetitive

may Bh\réde?fowel‘ Bidd {ﬂfnll ﬂ)f)ﬁ:"e ﬁx%?élg{n%n Qéca\(_lzpe ﬁ% Increased size
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ca mlfe oro hgre i S broqqgi into C| Se proximt
P SUgHhag an anty Péé%rgﬁttl?lg} 8 HaTtash) i eléd é‘éﬁbﬁﬂuomphore

1207 ﬂiauhldml‘mﬁatldrf whii€le @B ioff &K Qiin REPhA El%lsfsﬁfn Jv@xeelé fgf&% bf«y” pm.

fl uor overlaps. wth the em ssion prof
In this,exagip g‘?}}f SEHbf‘\e‘S AU (A Solbiion) é@eled with a second

ﬂuormb@qabewmmhamémwﬁ WakBleh¥ih (0F <87 urh YRE Galehy
within |ess than 0.01 : ex0|¥:t|on ™ he “aecony ™ wavelength

of “Z7{ ¥l IR $9BF iR Ohse A SERONG cE AHTATF O Faptare Rismant stused as the free

(unboﬁﬁd)%ﬁﬁ?@él@mehi leurea®ly h b ﬁtﬁ‘l% e@éﬁéﬁt%ﬁcﬁﬂg oS 914l flfeq‘elflt%glon of the
second fl uorophore overlaps wth e~ em ssi

produ?)tr 6{1}1@1@1@9 proguctfip relgased into the well, where the product sensor may detect

and measure it. In operation, when the product 1211 is released into the well it may be bound

by both the free 1205 and the tethered 1201 capture agents, bringing the two different

fluorophores 1207, 1209 into proximity so that when the sensor is excited with a wavelength

of “X” um, the signal at wavelength “Z” pm indicates that the product is bound and FRET
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fl uorophore, then excitation of the first fluorophore
w Il cause excitation of the second fl uorophore when
wWo b@70957are in close proximty. The PCT/US2007/003401
proxi mty-dependent excitation of the one of the
fl uorophore is one variation of FRET. FRET may be used
to provide highly sensitive detection of binding (and
therefore concentration). [0114] FIG 12A and 12B show
. | e. g FRET as pari of .a product sensor
will o RS Lirla oD TheorESce o8 by Sisith e repertbpgo the
amoufiP@flpraductas eii¢ Wwell. above, because it can bind to the
product bei ng produced in t he mell/bioreactor The

ture_el enent ..na l,abel ed, di [
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1ncorjunatmg.ﬂﬁﬁ:scéiﬁ r&diond(e. S0GFR)AAP! Ang a@bﬁp@ﬁf&eﬂlﬁr&&hﬁl’ébel may be

used, 4 AR of HRE i abSie Hortseaao o fiiehis 4285 1209 maybe,

e.g., dykd olidsae RhbilarhaReFEL 38! syL el %%oéﬂﬁ@u%aﬁa@FP PE etc., latex

antlbody or target blndlﬁg partner) 'is |abeled Wt
beadsy gupntypisiotsohianyaveiiahle rigs and calesi goid naro particlesrrie. th¢ florescent

colors wiilized InANfhcRIEHItSSL A% li’l‘ﬁi‘f&d Ndihvidiet. XSlbmnﬂaQeJ hicSe infrared,

exanple, free Protein Ais al so present
etc. gsolution, and is |labeled with a second fluorophore
1209 whi ch has an excitation mavelength of "Y" nm and

[0o116pN emi 3§ loRB e¥aH e ?ieeﬁﬂﬁlbclgﬁal IgG rHFgé W@zeﬂérﬁ%&?ﬂﬁbma cells in

a secon or erent captu IS use
culture psiag @ FRBT rbeyedclapnmc@ss;% thiyrbridoprasdedis i yybeaculapedinesuspension at

37°C ﬁ{@mr@o mu%gegs&y%ﬁﬂl{rﬁ &t ﬁ?s%-x?;ﬁd g se'rvpere\%ﬁgﬁqlgcifﬁg

Unl abel ed product i's released 1 n
hybridomsiealls menpwdupaleGlatodesuleznin solationr Synthesik of IgG may be monitored
§t 121 1 is rel.eased jnto
it
as i 1301% agéd ﬂl?roa i:/ﬁ@k}g g%}ﬁ% E‘L ﬁg (ﬁ SF%sor de%(mbfﬂ 6goxéen d’l"l?vﬁeProtem A can
be cowaéftrﬁle/rMplb@GQ adap ur micgephiess that éms Aigresbent 1ight at ABC nm when

T C R R IO L —

that cdhXSe immrrdgagedshygmsdured oY e Iﬁﬁgigiht with thtlﬁ@tﬁ)ﬁt(ﬂ'%E@Qﬁn
as_sh

b nd Twi | |
N OL L WA O N R -

the Igﬁrmaemle @ﬁalbeu@bemm @EB Watpolfiony WHE Ghar thm! iifs &ﬁlﬂled to Protein A.

0 In one v fion, the product nmay be | abel ed as
The F[r? € JA.&L@B got (‘é)}a% g eg?yml sgggl,oﬁoy q:qqlgalso bind the Protein A

coupléd| Iafeﬁﬁzféﬁﬁli inf 8@ ipBftsus (patcl; as dds E’mb&i Sbove. AWVhESIUARY lé)@s%re bind
cent | abel may be used, wg;pro priate pairs

and arg bpg k’ E e clogh @F@ﬂmﬁ% rmgkfélﬁﬁméx b@ angshe ﬁuthorelthew contain,
blndm@HMhQ)e quabltified YRS BREM &&tﬁﬂ%ﬁﬁ% e]%ﬂOT&lS a%%%on%é:c%\gnce the

dye proteins such ; | at ex
Prow"&{ @a‘iﬁ%‘ﬁ#ﬂ 6‘95 1g§# camylex panding peensi Tae gitent of de FRIST event may be

propoﬂii@ﬁ@l t8ahd EGARAtra@difof the ?g(lfi #)%s‘éﬁ@%%hﬁ HUna, llt% | %68 10 directly

i ncl ude, but are not d to ultravi o
quantlfM gom ga 1brﬁq1¢prad@_£g, the sambeméfmpkedules of IgG present in ‘solution.
[0117] Sensors may be connected to a control unit which may use the sensor
information to regulate one or more operation of the smart plate. For example sensors may
monitor the level of media within the wells (e.g., an optical detector may detect the meniscus
of media within the well), and may output to a controller. The controller may include control
logic for regulating the amount of fluid within the well based on (at least) the output of the

optical sensor. Thus, if the level gets too low, the controller may cause the valves connecting
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[0116] In one exanple, nonoclonal 1gG may be
synt hesi zed from hybridoma cells in culture using a
wo-RWET/ofEsed | nmunoassay. Hybridoma cells nmay bRCT/US2007/003401
cultured in suspension at 37C and 5% CO with necessary
nutrient feed, as described el sewhere herein. The
hybri doma cells may produce |gG nol ecules in solution.
Synt hesi s of IgG rray be nonitored as it is rel eased
i.n t he 1 r :
the pogggg Yfﬁ e| n %qggéi ggggéla et g‘ﬁ%gll} b%g)mvmed Once
mediufn getmﬁontbm; d&rﬂmﬁrepxtohass reay tepeqd itnells cSemlaﬂy,glﬁ theawel\B@s too full,

nm when .exci ht at Z nm These Protein A
adfalle%P@éfh?éﬁ&é?‘?w%a'g 3?S&IP?1 "Whorous patch that can

be interrogated by a source of XYZ nmlight with
[0118}1uant i fihe abhtosl wdfit ABCalsoremird st HurtheAandlyte qlzga from the sensor. The

control PP R R YR S e B Pl g i
conne&t'ikﬁi L Ineni0VeiaBs, thd Wﬁhﬂﬁt@yﬂﬁl&b&% bmtRﬂ@I irality of

The 'Protein A quantum dot %lgg giﬁr‘g lex is fr '1
plates 1 GRORAIEISCRFHIN S e PPUdPRP R oﬁm ajitrol tnit may
comprAsS:ts% VJ%\?@%S I&la‘i)l;b@s DO RED] B&disibn 1gsc)escri bed above.

ese onpl exes are bind and are brought into close

ximty wwth the | atex _ beads and hefluoro .
[0119fhey c IHE SPROIHINAY 17O D FERETAITH ? i &F e\?ﬁaﬁlpi ntro} unit

may pEMERusdI@kerd® E@ﬁﬁé@&@&&t&m HIAH rtes KNS SAGRE endt&ifal through the
Protei n A quantum dot ﬁ%G conpl ex bi ndin 1%Hevent The

ports)ewasneyclss (egrn ERETOIEDS “fmf;/ﬂwé ip pRt g1t 9iFhe POTLS). AR
tempegﬁ%%gﬁlﬁ%&%&rﬁgm tH8ed, IELPESRAN unttInSOA1S0 1rdekrafetuith hhy other

irectly quantify, fromcalibration data,
portion fof the syistem, onclmbns@ml@ggmg Undicie g dBISFRSCPRR) s 191 GATIGHh the applied

light £al ]%llltesﬁgtﬁs UV E@%é %P@xﬁx% ot Ren@Bd FbrdiBg beriods.

may-u tlontoregulate one
or nore operation of the smart plate. For exanple
[0120k ens or Shewpniohinibmay mecei s eser FPubrebeTe¥Amphs. the prntrol unit may

1nterface|\l'1§h g Cod: utegg)rq{l%&l ?ﬁ*}&#@ tgﬁg EB&FP@ 'ﬂg:t&ﬁho} H&it may communicate

meNI ScUs o out put “to
with cannnmradibrlasmlabw softwarersoth es Latpyiew ¥ (Ndéomﬁ ritlm‘nmmi@ dn some
for ul at 9.4 he f |
variatipns. gﬂm(oqerl &ast ?ﬁ?g g@%a& tiie Hg{?ﬁ?rwéélg :T he t<j:?nserlfér may regulate,
for exdiniple, thef pH lo€ tHeobitionsk . thmmbnmormg@e(prbhdmzﬁt]ygmmgpondmg, or by

cont S8 e BRSO TRSE PP Bl st a,
the additdH ¢fatkw fade, medémmgeifSnédm, drake renivevabof saneplp(@gesspiration of
matergg %qo%e %g;:eglc ISeI Af')‘é%nul ar | 1{08{':? g}]%vy\%%e ree%}:ﬂt@i%r mgy be used to

contrdTQQxhdJBi‘ stBlQJalqa]anmﬂe)Ca]D&f aly efithé fommyreatisseribed hedigiseparate (e.g.,
urther analyze data fromthe sensor. The control unit
dedlc?fﬁ?) %’é‘“@gﬁh@&fséﬁaX@s? EUSF%hte by an electrical |ead

(e.g., awre) or by a wirel ess connection. In some
[0121yari at IMBSapﬂrhﬁlﬁaB@mﬁ:ﬂnirﬁnhaju bé bsatpyithenyiefthetplates described

SN ROV AYEN 2 SRR e S—"
one vatdtionBYontrol unit controls only the temperature of the plate. Thus, the control unit
may include one or more connectors (e.g., plugs) for connecting to the electrodes that heat the
plate (and/or the lid of the plate). The control unit may also connect to the temperature
sensor or sensors. In some variations, the control unit includes a display for indicating the

temperature (actual or relative temperature) of the plate or regions of the plate (e.g.,
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conprise software (e.g., analysis or control decision

logic). [0119] The control unit may al so be
w@ewgogsnabl e. For exanple, the control unit nRET/PEINAT/003401

user-entered tenperature control, flowrates (e.g.

flow of material through the ports), wash cycles

(again controlling flow of fluid in and out of the

ports), and tenperature/feeding/treatnment cycles. The

indivialgg]t sggl%eelmqsa)iﬁg{n% grlahg&%xg tﬁetngd |mr11% Hll?n ?i" ﬁl%rpl&g GAd14k separate
tempefatffeOSonPE) and eachavgionl(thellkl :a;(mihe base]) |ngﬂt1de( aasegparate temperature

wh l'igh - |
oot i i St i A037 ] agppperne

detecﬂ?ﬁoﬂiﬁﬁﬁﬁt‘iﬁto%ﬁ@ EontbRidr. AR bp&sfii i, mbhi€orcamidtadphst thel tbmperature
may I nterface with a conputer_(or may be part of a

using buitpus, dia)s, switeheso ater of thegontrel§r cormuni cate with
commercial |y available software such as LabView(tm

[01221 Nat i Oflﬁ lond QEdAHETE RicSdontloNle SEIRr oAb A thORSpekdtre and the
ntrol ler may i nél ude separate controll

r | o
application 08 p (283 mieire Eefiy %@&Oz)a? theplats dbug fg?l?etfﬁecewes input
! ! j ioTelsd ladlttcﬁﬂ @f the plate and/
from &gsd%ll tgrgd st gle t%%g%%gig [ Eg: t%ﬁ%e%glzr/gm m xture), ttehpeate anerer
the lid)idh Wb ns Bie rdte (g, MEXIS ey ApRliseia T Fateral pqrEsmixture may be

adjus%d axg ng Lﬁ@ @Qrﬁ%qfe} g ?1ftro¥1§ E%?ﬁé??det DireteR 'UPYlﬁipléS'f 1ndlcat1ng the

e reno . asplralono
curremgas lfioa}/prfessmm talné theust»er eyt agesy it whph@@ghalhy @henjiasing the effect

| w
o g B B 0 555000 el s
may beseidckduesy ﬁhe s and thearoatrelléremegy autdgdncdhedgjust the gas flow to be

RTINS LTI —

flow, rak &teﬂsas(ilﬂSﬁdle&ﬁﬂ TiRrtemperakie sy eHagGlgol it siﬁnllaﬂylclgtrald‘gd The
of the sensors e of. the s

nso
contzqercHBey i PR ORI GHIE T SREPTEBILS B8 g aemperature.
tenperature of the plate. Thus, the control unit may
[0123jncl ud Qn%eraﬁbnmcﬁ v@ﬂhﬁﬁ?ﬁmiﬁde( (megor mpﬂewg@oﬁ ay described. These
connecting to the el ectrq&es t hat

sensopSIaY GF UELoI el o Ele R TEY PARHBSEE (T ST oy e individually

activ@b® @.£0808eh), bAd thiesi bTRe képuhe d?e@élﬁéﬂ afd tiﬁmpcﬁse ahdiiyzed The
sSone varl ations, _t he cont

uni t cludes a.dis
steps DB AT YRIPE P H S RIS B ST B e BEIPSEP TG Syl for cach
senso'(i' eémﬁéﬁﬁmldfl (23} chfnb'irﬁﬁ %%2 Elef [ QNSNS s@&fsotI@apbateétivated by a

g.,individual wells or the |id) Inon? arlatergn all of th
single aetivafign.and HEDIs-eESYE nﬁé{éﬂegfleé?%eq PR S es‘!fﬁ%?fa% y orall ot the
senso%@&%hﬁ&&'ﬁ&eﬁ%&y‘ 8L Sncl @t R3E4Y bERCOHPotdtbEasd hatt 3NehchReell.

I ncl ude a 'separate tenperature sensor.” The

tenperature control_ (e.gqg. nnec

(0124)] o6 1 gBRSH)SCRIR TEEDS Siileds (PECI6L PR FRAYEL dppRgdenty. For

examgﬂat PsdriSr BANWEIP[drS] regl¥h ARBRALMayTBY adtBitdD(e. gﬂl’llﬁ{y em1tt1ng light of a
dj ust the tenperature using buttons, dials,

particsilar, wayelength) do axeitsis|acist optiedl SpnsoR (e 2 0&bi S&NQS}] lf‘efh@sponse of the
sensct 0k AbihtiGPMd/S Emidebh) fsfed 8FBAERDY hRetitbr! AR the detected

response from the sensor is analyzed. The response typically reflects the characteristic of the
system or a parameter of the culture conditions within the well (e.g., pH, pO2, pCOy, etc.). A
second round of activation/sensing/detection/analysis may then be performed on the same or

a different sensor.
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application of a gas mxture (e.g., 5% CQ2) to the
pl ate. Thus, the controller receives input fromthe
wais@r/09237adj ust the tenperature (e.g., the tenPEr/as20®003401

of the bottomof the plate and/or the lid), as well as

the rate that a gas mxture is applied. The rate of

the gas m xture may be adjusted using the controller.

A controller may incl ude a rret er or display indicating
101281 PR aE s R £ESNOPy SRR Bl S it anatyzea
in eaguweh lsclegtael}?,l sow)lltmeoasﬂlyc(mt Im: @hﬂa}/lel)&!:lumﬁimm 6f sotne combination

O T W TR NI A R R —

bloreadpu;s ndylte eg:ﬁSaﬁ‘eH Odété@ed) @.nwlahﬁllyﬁed- frehé sirB€tinled B&MBre another sensor
Il er j nclude a detectaor for

s, the. c
(.8 O SERIATIn Ao D a5 s Scitvaigs ficiadeaan ARRlizcorln syme variations,

multipRIRRAEGHS er%o‘ﬁ)/at@ﬁ%’seﬁls&) dbRcRu b AhhlYz&PRhE g%}ﬁg timE6 a single
controller typically includes controdl 1ogic for
well.control | ng the gas flow and/or tenperature. [0123] In

operation, each well may include one or nore sensor,

[01263S des thééﬁﬂtes HB&SRHrea SR &a@soﬁﬁcl‘&ﬁ@ thik&rs¢e xa%e’ gxtéagnetic mixers)

nul ti fferent paraneterS. Each sensor
for ang&PﬁF’éﬂ!i@]’ql)ﬁe S@W%W@bwe@l‘gthe veollsi t ed), and the signal
or response detected, and the response anal yzed. The
Mixefd eps of activation, sensing, detection, and anal ysis
may be perfornmed separately for each sensor, or they
Olzﬂay be Icorr‘m ned. For exanple, nmultiple _sensors may
[ ti vatiB@Eepsreh aujengrerate manbe gHxederpgiiatad i @%’é’ﬂéb? gntire plate. .

For emplb feadBtvadl @thr¥htide Stmad|pPaté ﬁia?yq;e%rxe&"wr &Qﬁcn@é ft Rfa rtc;cker or

%Bsensors descri bed herein may be incl dded or
shakef. P5Sratidnante gesitedde nagomlywame of theowlisparcte roisBaterial within

the wolYwhRe Bfelrbdairete pA! RS ﬁﬁ%n?.gsﬁ{a:ﬂ%%gé Oﬂﬁﬁg&qggt%t%( Thus,

For exanple a sensor in a wel on o
individygl igixingmay ke aghiexedywithisyeashivwall ofthe plite bpfinciuding one or more

integrRA sttt AP & L &M, &‘% (ﬁ)ﬁhlre%%tﬁe bl ?11 cltx(r:]alan ple, an integrated

sensor (e.g., a pg senso € response o
stirren mayj be am rdegrptedonagnetic (stlrrenhaszsmg)al mul-pohemagedtecioartelliat at least

pamaﬁg‘}&‘ﬁ&%{&gf,Wgﬁﬂrﬁf{ggqlsggggﬁ{ 61;; f))e;)nse fromthe sensor

anal'yzed e response y reflects the
characterlstlc of the systemor a paraneter of the
[0128%y t ur én @Dﬁ @amatmm nyiinlg of ligued within the wells (patticpl@d small wells,

& lgsg:all%/nat | on/ glume ngw? é%?ﬁgjn? Ko %mﬁ%]%/etlf:ﬂ’gﬁdsofé’r non-contact

mixinge fhesemikeonmap elsodwareforred tdia$ fstamrerei Thanthe p[aEEh?ﬁ} indhude one or
i Sensor. Qr _sensor

more BAehs PO b PRy o D BB HealTR S ot Gnnsrgtosy

resporssiiya stireengovishin th@ngcha to mgpatbahd: flejlia. Sﬂqﬂ&ﬁhﬁtﬁig ﬂhe nfdgnetic force

opi SO, 50 T 30 BT i e

beads m&:mobecbbz&ik@tndrﬁ)th veishih eheatll ¥ tidactid@toFehehaghdtd forces applied.
anal yzed at the same tine, before another sensor

01290, 9, SRS R0l b e e Y B htion, o

and this force F=ma force the bead to travel S, the well diameter. With initial velocﬂ:y, u,

being at rest at zero(0), S=(1/2)at’. For a 6-well plate, the well diameter S can be
approximately 35 mm (e.g., for a 96-, 384-, or 1532~ well plate, Snax 1s approximately 9.5

mm, 4.25 mm, or 2.125 mm, etc.).
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mul ti ple sensors are activated, sensed, detected and

anal yzed at the sane tine in a single well. [0126] The
w@bk@vexsdescri bed herein may al so i ncl ude m xePGT/82097/003401

magnetic mi xers) for agitating naterial (e.g., nedium

within the wells. Mxers [0127] In general, an entire

plate nmay be m xed or agitated by noving the entire

plate. For exanple, each vveII of an entire smart plate

150, 2E R s B 3 B S S

magnetR| stifrer 8¢ déseribek HHRIEY. 4, ﬂvm pllatmntlludes/\aehiusl;tppbld magredic ring

t of th | at t
cend s s L A0S SR AGATLON B9 v acemined

for a gl BYGAMNntthisinRasdmysl k. gO,fbabé’tEorpﬂﬁt\&sd@ylty,ﬁéxhpdﬂange etc. of the
one or nore |nt%ated stirrers oqperably, connect to

mediughe Ypingdienspcedirsation.| 8. crpbe derayrsh ot vaioyst ¥irss: ofpus, there
will b&h In%&ﬁﬁurﬁ%\}%%f ek S9F Hnkdh B GRS fe%cl%ts'tﬁé 8{: &@t‘é'rﬂzggr@tlc pole.

magneti ¢ 'Source that at |east partial
Any fame labmmj&umﬂmmauﬂy give hlgb@mc@lgtaltlgne%amﬂvﬁmeq

I
magne(t 63? $e 88? gx{;lariyh%n%x}qmnéetﬁ%l&fe thétchuﬁ%g\séga{%aﬁe H‘% \rv‘? { SThe polarity
on elev@biag)et imy thes peckamgae to Iqeapr@rqmlf constpmdt This bekds béask travel in

the op9851§s(({11§§q 1?)%;1 él?rgg()frllglxﬁtfs The gtelrga%(z %agm Vo 5&9 eg %regﬁ&%}; ﬁ% force F is

e
changB@ﬁﬁ ok Soﬁfﬁlﬁals@lmﬁdbshed rafmlles ﬂb‘mngrﬂgmneeded lﬁequnc(yo(ror a&ahbrated

' t her netlcall sponsi v irr i,n_.the
cycle figig ¥ P aricta dedtipmasmgiia Pogﬁ%magr a4 Eedoteally (e by
the cofBENGtit EorfRt@a ta iRl dotttetof tharmgagiefitld (bgadse miultivpale magnetic
the nedia of a well, the nedia can be m xed as the
ring shsyad BIG 4fbved back and forth within the wel | by the
action of the magnetic forces applied. [0129] Magnetic

[o131f orce me@rmﬂe@(ﬁrd@z@cﬁﬁg tHfe ORGS0 vvecthe beads) aniay be prov1ded in
accel eration, " &@;d tQ%§ force, E=wa force 5 b fth
any apsopialy @Psigonypicolly puigidghfithy well(e 8- it oPa3dE%) BE‘P‘PyO e

wells, l’Lhe: 8' &s. % aatndﬁﬁ %hy ﬁbpl%?h%%an%&llaﬁtz) Bi sofae V@fatidn§ thel |

dianeter S can be approxinately 35 nm
electrqlgagmetlcfc-@mmlsgesa mudgpole @pgrlesxgg1ng,\gppncbpa§péwelgnlé3(sqr%e variations,

-the mgigigﬁ?é Pﬁ%@ﬂﬂ s,:&m% B £8rn? 2 pBRondsf tRe Hll

I'G. 4A shows one variation of a snart
|nclud|ng a controll able naqnetlc stirrer

| at e
[01325escr | U6 4Brshaves wekbinglnding megnetivr PRERIaZOsiiF PPad5si03 that are

acted Bﬁ%keﬂy Eherrhﬂlﬁ $o1d RRGhEEE &lurt& as deftRibkll Wb&¥ed IFIGS. UkEshows different
as shown. The accel eration "a" can be determ

variaticgs of suTErbARS IRAIVIAE AR 40 AREREHEAOD: 01 GPLOn 46 b 15 shape of
the beéﬁ?m\é& 1'i1¥zecf BTREEAURE sBiffce Rba, RGP RicHIbingWh@dolume

accél eration, "a" can be deri'ved for various
which/Gh m:ggm) Prilldncrease meixing efficiency. For example, round beads may be used, or

beads having cavities, projections (e.g., “arms”) propeller-shapes, concave surfaces, or the
like. The shapes may be limited to fluidic height and may be small enough to minimize
blockage of the optical path when at rest, allowing imaging or image based cell counting
time. In some variations, during imaging, or image based cell counting, the beads may be
rested at any one of the poles. Shapes of different sizes and shapes may be used (e.g., 2 range
of shapes and sizes) at the same time. For example, multiple sized paramagnetic beads, of
various shapes may be used with an electromagnetic ring located outside of the optical path

of the plate. Thus, the beads may comprise a magnetic or paramagnetic material.
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will be a mninmmvalue of force, F, for which the
bead reaches the opposite magnetic pole. Any force
w@bwvmozshi s will certainly give higher accel er B€T/082007/003401
Thus, the activation of the magnet can be determn ned
by noting the tine that a bead may take to travel, t
The polarity on el ectromagnet may thus be changed to
keep force F constant. This nmakes bead travel in the
[0133E PPOSI gé &%g%s%%é%&lg Qr ULHZHIP lt(ﬁfn%v%hﬁ:rfe@?ég Qi bell
esire requ orce F 1s changed up or down
culturb asdaddimmente s]nrs@ahee\yariaelsns ¢ hepds may bw&ﬂ Wrtb guseiegtive layer

(e-g- égé%?QSﬁh}br %&5@ gb %%%bﬁ 2ﬁéﬁae rr]elcegtronlcally

(e.qg., by the contr ol unlt connected to the source of
[01341 he nmadnetie vhiiatichs( e sggle tdad (oustirferpisl usedmayrravltiplerstimgrs may b

used. tsﬂ'gz 5F161!reg 81'1:391630??‘8 ort tg%gné a%fg lti%%trr g%%ﬂ%?\%ﬁc é}pz{?gg 'bgécp gWhen a single
stirrerdP Iﬂé&p it ra& e bd Sisdpet] Q0 thdt Yipd élaéttqma:gﬂeac detatibn tdnfsesvallﬂstantxal

(e the top, .side ot t om
displagriadyt ot it R B0k JBFCHPBP Bt ? SHGEERPE G SofPropeller
shape¥ @k hatd SitSor hbR RkR6Ey WTEGIRI 16 pﬁ@llﬂ'ﬂ[lids eAnﬁapmbpnatp @h#pe may be

magnetic r|ng around eac wel | n at i
used. t'ﬁl@ sHgrer maydieecopdigHerd H}N&tgn}r‘g? ‘,ﬁ"ﬁf& G e ,norocfn top of the
well. THSoM Vhril@shs, tHeWidrks frla@onﬂ@n@ﬂ‘ \FestotVild botioeh bflihegvell. The

magnetic or paramgnetic beads 403 that, are acted. on

stirrensteasbige small and Hghtesouehagy et they sepstseended witwapestig of the well, so
as noﬁtgqgﬁrfe \ﬁth fhabavgnd! ffil§§ R elﬁékfdrﬁ%%&'i’ssa&fngﬁb infdvienBe stirrer

I'ng round 407, bar bel bl ong 4
may WelposTifraed bpxe B bpﬁenb@ﬂetbg vigHyelge sbshﬁlwm the bottorn of the well).
increase the surface area, thereby increasing drag

[0135!0I ume iR hdhPre &{tﬂf BperMibn of i‘ﬁf gﬁét?c ﬁ‘b&'rnﬂmxng w1th1n a well of
fficiency Eor exanpl e, round s may_ be used

the plpteauay hewrﬁgnwal\hyt plesing habesds v@ﬂ%n the el confpining fluid (e.g.
cultuz’sgkg&ggxhﬁaanﬁ W%?Ig g{(}(‘fﬁé@}eﬁu i ?&ﬁ)scaiugé tHer@ezltidﬁeof aTrﬁﬁgnetw pole

“A”)samhb oemwpammOMn |elﬂczrerrtagwwag@eoﬂ%ﬁh@ag§}§tlp oale “rzf’ai 1Ray be
mamt@wﬁﬁn A a{agfe n%osatfon or ﬁg)reﬂgrrqgedjﬁmb gﬁ‘ tf?x?egﬁad% C‘etl’ or a fractlon of

n so varitati ons urin
“t), iregae baseaibneahk nmgmlatlc pgle ‘Afembye asyenmp cbetlmgmsefdsmn. After the

e of th ol.es. aPgs of d fferant
o O B P A 0K B G5B g anew
magn8tic bR ‘wl’(ﬁyﬂid:dlﬁl loEared ex aﬂ'pbposmfldnﬂqu Itiee Wle]d)ank turned on for the

ar amagnet |.c Ll O e Use A
predeb NG b RER TECHIRGY | bl RECOTPS PTG el pfls «A” and
“B” rﬁ@} Be fipeitbe, d&hﬁhg thel ﬂiagnettd‘kﬁ” ﬂa&aﬁl@gmﬁy beﬁrlmblrs@veathhm the well.

trc or pararra tic.mater adS
Any GPE6T plotign 4e B BPdnE PRIPSE P Jn%ﬂ § The Welll Up or down, ete.)
may bE@REAET BNEStMILiRg 8R! dlecitdntdghetieshineh, @aﬂilﬁg tHerbeadseThe stirrer

vari ations, the beads may be coated wit{h a P&gctlye
beads mgi be resident inythsvlbsi Safey Maydeinslyged as BYERT the well prior to
adding@h&dia YanPidieEtcBl R%hdyChay be introduced thereafter. For example, beads may

be introduced through one or more ports of the well.

[0136] Thus, the mixing system described herein may be used as part of a smart plate
as described herein (e.g., as part of a micro-titer plates, microarray, micro-, mini- or large-

bioreactor built in plastic, glass, silicon or any non-magnetic materials).
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[0134] In sone variations, a single bead (or stirrer)
is used, or nmultiple stirrers may b used. The stirrer
worey7ogsrespond to a magnetic or paranagneti ¢ BORPSI07/003401
bead. Wien a single stirrer is used, it may be shaped
so that the el ectromagnetic rotation causes
substanti al displacenent of nedia wwthin a well. For
exanpl e, a single propeller nay be propel | ershaped or
ave o0
[0137 y ap%?gﬁ’rarea?rrlga Aaé[hg%ﬁgr%‘gge useg{ g%gﬁ‘ctaa srf‘?élé ﬁéeéséﬁggcorgrol the
stirring6ﬁfﬁegﬁﬁgiktxb&tlfrﬁxt@desmnbdrd n the nedi umof the well, or

on top of the well. In sone variations, the stirrers

are configured to rest on the bottomof the well. The
Systerls i rer s may be small and |ight enough so that they

are suspended within nedia of the well, so as not to

[0138] nterf @rs&leumlisedaabbee,dhc smatt|pdatesrioy §11dqsﬁ described herein may be used
gpets actin
as pa.rb%%l g q %ts{x/lg 1rﬁ%ucgg%g}eg$n¥l§ %Jéﬁ é)ﬂté{ ﬁie%%ng&yhé?ﬁn may include
systenss foi hﬁdzﬁtoallﬂ@yﬁnatgheg loolttndmg, dibefiing, evethk Jike[ 0135] I n one
exanpl e of the operatlon of a magnetic m xer, m xing
thin_a well Y,
[0139¥Vlh e be gg@ SEHPRISH 1{(% % &o@fs%ggﬁ%g?ﬁ?rggf 4 %ﬁ'@&q 5& cu‘?éu?i‘ﬁg 3Gd
monit6thg live calmiﬂnuhi)imgand)mnmﬂlabhg)lmn ag H@Smgﬁ betemn. fT]@fF plateqused with

cause the creatio neti.c
this syt A PEIogY A8l WE ePBagRec at ot ontdf, o contel,
etc.) dR8¢rEbedA Foreyalplelh FIG&QD&& plateds ase&lbivﬁh pm&ltlmlmagmgplatform
predet erm ned anpount o

basedb{Theiomyer B eSOMPTFALD ASTOHER G HatbigrobicE Plfy ierigh i jnotudes

tempetBURe ddhtdl ﬁ@mégﬁw@ﬂég off a8 ds@0ch Af ORICT NG, (ﬂhddeglﬂatmmeﬁbH) This
anmount of tinme has passed, the na

e
systerp ghlaey reseprohgrsdo saksdinsriiied 1eagss| ) 5%" ‘F‘t%‘iﬁ? gt %? Fextended |
peno4 %ﬁfeetﬂe &y &Pﬁ%b&ﬁe@ﬁ@cr@fcobb BBt red frihl ﬂfﬁe theqﬂate be taken
redetermned tinme " (or a fraction Hh
in andrmésém weubaspr bethin ﬁ@fﬁéﬁ‘ﬁ(’%ﬁ%ﬂ et puirieat How cgp thBs e plate is
conneg@ﬁ B8 JoSREPhae whﬁﬁ%?ﬂgtets e H@&%@%&h@ thPREPIRARRId Ghe plate,
Sads 4GS move Wt Any type of notion
and nfay.igterface withdhe trecrpeqommssqhozv}m tAy gOMmPHier mayhsdsed finteract with
wel |, y
o fbbipfe P AL 3 SO B GO e e
stirrer beads nmay be reS|dent inthe well (e.g

[0140jmy be ThrodystrerisheypiarklCGof ltlﬁedvvetheemmemtceﬁwapwa “d disposable
martrﬂige zc:e%lf §§hde§t & c&qn%rlletghe Y BBy dIRr L), 884 8R%ontrol software

may be i ntroduced
(e.g. t‘km@mﬂg’hreﬁmeﬁwrmngoﬂmtbe gfnagthgatgy The ?ng_c@@}ayq:ﬁ gEthe multi-well

plate gsih%gfn lh”;?ex%@{lgfy A& 8%1&?% %&Lﬁhoe ﬁﬁ%( i lé‘y?é?‘ée %5 I’P@‘) ko provide

e as ESC ri ereln
stablecheutiap of tell eulnple aemls Amcmtxmler agnnentsgp @-corrmutﬁr and rusmg control

| ar eblore or b [
softwgrﬁ:y gﬁi e o aF Sg @%t %)Ql\%f}l]l Qgé}bﬁz 'and nlu'tr?e(?l@ 8% at
programg it lecels td appraginesnthe olatirsidiost emvircimsmt béthﬁslemng eell. This
SySte%lgg%)F ?nlé%%'gtee 1rsltto erxrlst{r]l 1r%ag1tnréel)lg£?<%'rrle L % l‘getul' {)5 M]a%table to individual
system needs. For example, when using an inverted microscope with an oil immersion

objective, the system may include a simple but effective heater for the objective lens.

[0141] Thus, this system may make it possible to investigate, in real-time, biological
questions that are either temperature and/or time dependent by approximating an in-vivo

environment under the microscope.
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Systens 10138] As descri bed above, the smart plates
(or slides) described herein may be used as part of a
wa@yawems7Syst ens i ncl uding the nulti-well platR&T/US2007/003401
descri bed herein may include systens for nonitoring,
I magi ng, culturing, labeling, or the |like. [0139] For
exanple, FIG 2 shows one variation of a system for
culturing and nonitoring live cells including a
}%nmﬁ8¥t£°|lable pl ate as described herein. The plate used
Is system may include any of the features
(e.g., sensors, tenperature control,, flow control
[0144t c. ) dEkecosmdlableonultheaaibpiates desetibed khreinhee pbtatBiteéd for cell

B PRI WP -
whergitds lées:igabrﬂo%praﬂde apldtel ﬁ@ﬁng gzl’(/@ oF ﬁidﬁléz Qv(e!l@ gésfa@éiall@ﬁ f’mall wells or
requl ati ases sych as 2/ CO2 and tegulation
N ETIEICR e X
followingHeAtaREEnifiRat% RhirdlOLRAE 169 listoQ¥ %gt Bfkhe )Qe?lz d6Htrol;
cope,

period, while the plate is on an inhverted mcros
monitRring K- CREGRIY ProbX Mt othereanprenriaty sensaRed conditinus within the well

enviréimétiCanISHRAHAE of Rlalerial (PE! leﬁfdz Qi :Vgélg C nutrient

flow conditions. The plate I s cohnecte contro

unit which reqgul ates the flow of nedia, the .
[0143] e per dexparlsf pprliqgfigrewhishansapenefit Somtesaplates iriude, but are
not lifited %Gélp&iluﬁé Fﬁﬂwonﬂe‘?@g&ﬂ{ugé of BYctdi%a, %gﬂ:a,lt ég%?t)’ aﬁrowth or

interact wt e mcroscope (e.g., storin

culture ¢4 gabodies(¢)2.amaneslonsepalyelondl elgni purifivativhef snibadies, miniature
bioree{?:lﬁcﬁ% §e. %[, Qé%ntiﬁ% %%ﬁh@tmrrc' telifl gggépéﬁgﬁiogﬁogfwéater, testing for

reé primary conponents: a ‘di Spos
pathogens| (in giglor water} téstiag or acreeming off deugs((ncinding bivt¢aotivity and

. e 3 Qf t war e.g.,. "smartware"”
bioabitplidn o2 Bfhek A ALK on L B sty eoiE ot e
immuhdystocheimichleapplibationsgletc. pl ate (slide) in this exanple

Is coated with a conductive thin filmlayer (e.g.,

0144} T0) 1 T e, ShEPLRAD BRI s o i beistihts B the array
of weknthatorey a smgkgestrblied penpenpbaleked tdgathes! Iriencasaritibh, the

. (%3 a utrien | ow at ogrammed.l evel.s to .
multl“g%rl}r oxalrg‘g%agestcﬁg 1?10;?‘%? “uﬁ s&tg‘g\ﬁ PRRHERD ‘g‘#sefel‘?épﬂt\?inﬁ gf the
body @etiebtindlhvascalys tliver, meyronal, e@l)at Fhd ¢fteet eRidehiticdd cbi®@atBHons of a

aoe 1405 ST 28 GOS0l Lo LA AUEL S G

simultahédusn I dddithone tisd Frecobf A0t drvg bybRRIuSKShSMbERKayed by adding
drue £ nglgge aHS|ﬁ§he bﬁt.effectlve heater for the )

& T5p ' dPF W' liaredng o dysue it waud sexthe g ey WhaR dalion by an intact
subjecp @58, MeestbMatinitfssingBiBue), Bnd 8Rh tinBRrrikd Mle@Qif&h this well into

1 uestions that are _either tenperature and/or tine
wells %%B@HH@HSSB@ CUlTEPH PR IEA tisyesy § hismavebassenmay therefore

allow thed@vedtipation 6f ARePRE: HUYi65sbAtiddiThe drug in different tissue types, as
well as the effect of any potential metabolic byproducts of the drug which may result from

one or more tissue type.

[0145] In another example, multi-well smart plates may be used as part of a small-
scale multi-fermentor system. Thus, each well of the multi-well plate may individually
regulate a micro-environment for the growth of cells (e.g., bacteria). Since the wells may be

isolated from each other, many parallel fermentation processes can be run simultaneously,
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[0142] The controllable multi-well plates described
herein are not limted for cell culture or inmaging
WQIs®3/092531 descri bed above, the smart plates napChes28B03401
in any situation where it is desirable to provide a
pl ate having one or nore wells (especially small wells
or wells having small volune), where the plates
|nclude on-board control of any of the foll owi ng
. e rat u
with 1P 8F oo GRS AL BRo T ERIhRG, wher (bt R BIAGE, BE srown,
samplo$ obﬂ‘le aﬁyteﬁh]l'rﬁiltu&pmlap rbelraﬂneverb(m)r i‘jromfoncmf dine p@\ﬁ% lncludlng a

ceng o o A ] SRRy PO 38 bl

Exanpl e of applications mhlch may benefit fromthese
akirtl & PEnifclukde MilutWallePlaes |inmted to cell culture
applications (e.g., culture of bacteria, tissues,

[0146Bt C. ), Ifligemérhl, @multitwell plaoef asadeistblodi leseipenay, be produced or

nonocl onal , pol ycl onal ,. urifi ca
a6 @ PR P Y e P P BN G P facring
In sorRé Q%Ie?tfdng Nthe imuMi G2l Mates AeSorjbed ﬂhufduﬁ hﬁijttbeonamffacmatedrhy injection
testing f or pat hogens (in air or 1?1 S b tion
moldiggr Eene¥ampe, lﬂfl gcg.laé p%p%ﬁrﬁ &3 8 - \yge} 31.?&% may be injecti
moldePi %ﬁ%&%@@& 2RI EuAAY 88d hsefibide NBfYctibh afl€ing is BPidally inexpensive

el1ng or staining (including imunihistochem cal
and a@qmtracm o be allew a Wige aecrymERaMp(eS- BARTIEIPHETgR) 1o
mart plates described herein is that the array of
Choosteqﬁnz that forma single controlled plate rmy be
| i nked together. In one variation, the

[0147mart TGk d§ shews amexampleafiap grploded VRS A ?iﬁ%@@aﬂﬁ ghp single
multxgul/e(l{ gf(fen hs @&Eﬁ*}&f‘ﬁﬁ@i% t"ﬁﬁ: 199@3'{&{&\1 BL:8 ?igﬂéﬁiﬂ may %% GeAibled

fheur ona fect o denti cal
(manmail}{:(mtt)fat awersatefl paoagssig In ﬂFI@I 18,ghe tifl dncdudpstarremoyable RTD

(tempgmsfurueeset %/o[) Fssoab ybfﬂ ﬁ(%g%%?ﬂgly toacﬂge ?éﬁb@vﬁ @ e 7), that

neous 1 on ect of any
engaghs tige mppredm;ﬂcmnm m asstay bdatbyglasidl &ﬂé ig] ﬂt!i@CHeFlrtS thetolded lid -

inclu he tis
1507488 ik SEREN R i R 4 Bl B8R B e 1T
coate&tgwﬁ(lfﬂﬁi n’[‘li!f] Lid na:lyl dnigagethe, omckhellhé&w phiefpdate usigg snap clips
rom-t e I nt C nt al,n e-
oy et POt e B4, TeS R PRl AL GG apsembted o
attacﬁtx)ﬁg bﬁf)%rﬁmto@dhhg\héfﬂ Pﬁw agmsgmgags ?]?pmfn herief feer fommed from a
1 0apsor 1on, o e ru 1N | SS

ety R s e T Y i sl 7. RS YBSS orings) 1811
in coYe WHK eeSinRér shBE 191 Thndhthehmsbitife tiel lbwer heataries 101(a glass plate

ot 3 el 1 ST SRR S, 523 e s

clam;ﬁ :ﬁE L36Rh @ox‘i‘é’épbhdlfng HERPERIe St I ProVidds foreaeh cyhp irothe outer
mul ti - e may individually regulate a
shell.mi cro- environment for the growth of cells (e.g.,
bacteria). Since the wells may be

[0148] Manufacture of a multi-well slide as described in FIG. 18 may include the

following steps: forming individual parts; overmolding the inner shell 1817 with the left and
right sides 1813, 1815 to form a septum; inserting the inner shell 1817 with attached seals
1811 into the outer shell 1809 to form the plate assembly; installing the heater assembly
(coated plate 1819, attéched electrodes 1821 and RTD assembly) into the plate assembly. The

lid is a separate assembly which consists of heater assembly (coated glass 1805 and attached
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i sol ated fromeach other, many parallel fernentation
processes can be run sinultaneously,with little risk
w@bBooc09253t cont ami nati on. For exanpl e, when engP@EEs®d7/003401
bacteria are grown, sanples of the bacterial culture
may be renoved (e.g., fromone of the ports, including
a filtered port) and tested. Bacterial growh nay be
optim zed and controlled. Making or Manufacturing
t | ir .
electr Jést féiOé\gJnges i Itagsséghﬁ%r gxlonhmr@}é Sﬁ@rl g%ﬁcﬁgé %iguswgél ild assembly may
be insmtudﬂzazdhel cestoiner afigr thp bive pclilmr@i xwagna arqizisendédhignto the plate.
bl owi ng, nol di ng, and CNC nanufacturing In sone

[0149&2\lr Irrgtn {}ggﬁ?cllj}rag g%h‘x}ak %?‘éf %S)?S 1&%8 gne@ﬁ&f %nq@i(arts may

be injectibnandidetl. Forpoareple, tharomsar(shelt h&OS‘rmmnarslmn lle’l Aidefsame 1805, and

id an TS e Pl SRarP Ryt FO N pin PP “eian el o

well) @ed cacaiy hﬂtbee cﬁiﬁ@trﬁiﬁyd hekmdviioit the artd For@R@@pf the flex circuit may

erjals rlc erital s), to choose from
be fofTerrier IRYsredt REVERR SR SH R I o (& 2
positi®t kn®h nbERiRP1Ase) Qxfiayabesla?éﬂe@ s&adt icoM@bts cah ibe %xp@s‘éd to connect to
descri bed herein. The individual conponents na

the conduetig larer @ndIQy 4o ptifignes may Regrssel &el sipifen thediex qniffmt and
conndctdrs (@? c&gﬁachhg tﬂenﬁéxyg?c?nﬂo NEFDNMRPIGs Bhwet ﬁfﬁﬁ%ﬁhh‘i Be soldered

sensor) assenbly 18 (e.g., simlar to the noun
on. shown in FIG 17) that engages the nol ded Hd 1807. An
| TO coated heater glass 1805 is attached to the nol ded

[0150]1 d 18Q7.soffed aRiatiblk, ihewel hisbh 4ssdB0R i%%i&nlﬁ&i by first cleaning the
el ectrical contact mnth the el ectrodes on the Ty

ITO costedstpsg) thew siligeareening the deqipges H@@g@rlflh@wmp@w and rﬂ|ash curing
1
them. Sokr Bpole g BT b AL e oyt WRIHENAFLIcRR, and the entire
assemuhxenpb'dae@ur@i atsiS¥B land bbkedaflatakil n'gredr Thespok cgengal prbtess may
| f d f
be usP A | eSS O00 BN ELLBlaclrd, 1 or e from

sheII 1817, placing the seals (o-rings) 181 1 in )
{01513 ont actA winatt slide plate or w¢iblassendily maynbe builirbymsessingie inner shell

o) t 1 I -

1517 I VL N 0158 e Sha S5 s BBl B Ly e
mechaﬁiza enﬁgermr&ptcﬂwnwstha teo trgethea. Imsqsras pamationg, an adhesive may be
used {o ec t gﬁeﬁn.er %E)dlgléﬁep %;g\fls?ed tt%er?; Agsfrggntln:jll%?%rew?lllslglthe inner shell
and tlasomdasshbll ey ¢reatelo@e of Saarayirigaps betevebh eha‘rml witivh hglp thermally
) st.eps;:,,fornmn di vj,dual over nol t he,i nner
isolacg i el Bibet ROt g ReaRiing pordohdiet, Y ihytityg BREY eap may
separitoitin ?otgﬁmbﬂ the welb ¢s g g glzbsﬁ bottosy) fsine ke shffhde wh twhich the plate

ched seals 18 nto the outer t
rests B 131 E0WORE SRHDN TG HEEEY AR S ke BBl or one or

more separate air gap(s) may be formed around them. After connecting the inner and outer

shells, the heater assembly (the plate heater assembly) may be connected. For example, the
plate heater assembly may be glued to the well assembly using silicone adhesive. A
connectors (e.g., a flex cable) providing power the flex circuit to heat the plate may be
positioned within the inner shell before installing the coated heater assembly. The lid

assembly (including a lid heating assembly) may be assembled in the same fashion.
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(coated plate 1819, attached el ectrodes 1821 and RTD
assenbly) into the plate assenbly. The lid is a

WG epangasel assenbl y whi ch consi sts of heater asBenbb3007/003401
(coated gl ass 1805 and attachedel ectrodes 1803 and RTD
assenbly) into the lid frame 1807. The finished lid
assenbly may be installed by the custoner after the
live cells and nedi a are inserted into the plate.

0149] .l ndi vi dua
(0152 pr o AP NEALEI 37 T PEeo Gy e folp S between the fid
and théﬁi'élﬁﬁbseﬂﬁbty eRiausdither (o ®oth) e 1id bete dE08ssembiemag iedlhde a seat
1817, frame H%H an lid and plate RTD assenblies
or conig f%reh‘? g yeah Fryiccram ﬁnga%?%n (§t8-gHBbery Hlcqieaple-) o-ring

seal n{agrbeVYﬁééﬂedfdr%@éﬁ bt pdi‘ﬁx){et@xeoictﬁ@ ikl @ﬁaﬂopéack %Mbﬂ epplate
e art. For exanple, the flex circuit may formed

Whenghe ligyeelosed om%ma@ea sowercsisp of thedid prgages tmd: ring, forming a
negati ve contact |layers (e.g. a positive and a
negative plane) may be | ayered so that contacts can be

exposed to connect to the conductive |ayer (e
[0153] TO) . Alshquehersémpleapetbed g making and; dspanblingea fnluét;cwell plate is

descng%:(; gﬂ?\{e’ %tgﬂgmul‘rae gﬁ'\gﬁsﬁgu Sd(tga&nan}pQM ?1‘5 ag tﬁegceg{a.hﬁfécturmg and

OWEr supp
assemblyl @wehriduesmare po3HblE, mludmmotharnnaﬂmdn gf mtahmg\mldlassembhng the

1nd1v1ﬁ§£%p%%ﬁ ass Lx%'l#n?lg ol 1'3’851%83/ %;mgljee?o%@%s&%\%}f s;t; %s may be

screeeni ng e electro
includednswbtais \ceamng)bhp Iﬁﬁdof bthehtrensparant chednctiSe materiad)peity a protective

I|ed to the of . the flex
coatinfy Yod AL AR Rk e e feaSol b SRyt \8Bpes“he 1250C
and baked flat until cured. The same general process
[0154hay Dbe Deserbe¢dbélowrare h?Gamlnips hfaditfﬁremnaﬂtihzlqul (e.g., “smart™) plates as

r 0- heat e a slide plate (or
descn{) rr(} ﬁffreg's &8 F?@ﬁ ‘f‘ Sr?ﬁﬁfer% ?lﬁ’ﬁlf:%h%%f 0@ t %Sg [ ? he i nner
shell 1817 into the outer shell 1809. The i nner and
Examplgser shell may be friction fit, or may include

nmechani cal engagenents to secure the two together. In
[0155kone v&Ineataription ofia nadtiessllenampldie (arstide) is desribed belosv. In this

nner l.ls toge . one
examﬁl ous?ve?l tli%g clgmﬁélFesS 6 etll sefl e at 1%5# rcogﬂjellapt rli;gvmg
dlmensroaaalsa)"mﬁé 3t This platd is cgmmtdaielb\mﬁmidtcbﬁm)ll@m&rah hlmedhmensions

¢ P of the plate. fromthe "
200l PP LN LS SLep Lo donRl Bl PS5 5 wx
12.0092 pat ﬁﬂe'f'Hh eT Himlblh&mlsflf intlhdey\® iﬂmr(oeheﬁtter ak Hescgibad @bove, capable of
ot t romthe sur e te
regulsfBe 4 lepneruie e gy S SPiC gt Mg eXBERte includes a
heatedlidUTHe hged tidiaVdoddghlatee kérﬁper@ﬂhr@l?&w@én BBG W 398D arsaee +/- 0.10°C.
air %ﬁﬁfﬁg naxﬁ@e f or med around them After connecting
The sysian Fe Sy G ISIRSPPE ODIEFEVe-iSat beatsrBa AGProf the temperature
of the RbicHvE Bk € bil 3 RNk werrma/sabﬁe ﬁﬁfg@ %@E&ﬂpergﬂaesqgmj— 80°C +/-

the plate heater assenbl | ued to

0. 10°%§sérﬂﬂvyﬁrl§§lﬂn1g (& .gr,.laé{ﬁ@\{m rﬁerga%y ama%hlﬁée thsrRlatede g, base and
lid, or%bféc@@e %@&le@)fopﬁ&)ééx@é‘@le REURF(s]. MendilySXvhetd Gadids lh@: é@?{wﬂl be

supphed to the plate the system may include a CO, humidifier bottle heater that regulates the

seal.

temperature of the supplied gas over the temperature range of 30°C — 50°C +/- 0.10°C.

[0156] This system (e.g. the sensors on the plate, or the controller) may also include
one or more alarms for signaling when any of the environmental parameters are outside of a

preset range. For example, when the CO2, temperature, well volume flow rates, etc. exceeds
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positioned within the inner shell before installing
the coated heater assenbly. The |id assenbly

w@rovclogasing a |id heating assenbly) may be assPebDUSIOT/003401
the sane fashion.[0152] In sonme variations, a sea
such as an o-ring seal is included between the Iid and
the well assenbly. Thus either (or both) the lid or
the well assenbly may include a seat or contact for

some :ﬂ? ‘%abrfgra%gg ?&l 0 tﬁ%[l rﬁﬁ)%rﬁ% Eell gﬂmthsf I‘EHTESWQ:OQQQ

‘e:1g., though the
0-ring sea i nsert ed
port nms otl ndt afithé meﬁs) xpey bermwﬂatcxl att deate Wmvmr@hmatelnof) 0é5% mL/sec.

ver the
Flow %\Elgttge d‘éi“ﬁ‘ Eerr%‘beV\g g?plfrﬂ’émi‘ aq%lyz)n(gﬁazg%g the o-ring, .
. formng a seal. [0153] Al t hough a sinple nethod of
[0157]mk| n g mmemmml pmvgded tuiltuistrate sbmgloftize ¢asnpreestsi (ped their

shoul der st ood, t r
praci S Sesenk s AE Ve SIS HERERE ke PRI B i R, o
descriB&E SO e vati ftednd Gif (g lhiee andireydnﬁds’m@frpasrakng]gleanake possible.
assenbling the individual parts, or of conbining

i dual. parts. Furthernore, some assenbly steps may
0 as coating the | TO (or other

[0158£Lgtn Isﬁ S}%{g&%gggxg%};# %)gpe{r'ﬁ%eer{tl )don %I& %a@xﬁé&? %xc'uggtor using a

Exam

erature-se
stand=28@é.EJ, @H@weg emngaseell platS4ith Beacut teldi-vell phtesras described herein, in

exanpl es of rent nult
whichrapeiE 8 7 Geb i Er plege-platy stayefa pLRpiversity of
South@nqméltﬁ%?ﬂa& ﬂ?th@ﬁ(écﬁ&ﬁoﬂl (lﬁtMSdlcﬁ)éail%B Ltl%dév@lk@ﬁienfbéchmken skin
variation of a nmulti-we a e
appengegssiasigenodid ifonprepnpaehpys é%?ﬁﬁiftr”@%c%s € 2 Pl kin explants
are mgﬂm}éﬂ $5r3héla éé?z{nlce %k‘ Hgﬁnél RehddrtatiRbhi oY daRlcircltd\onMBe skin.

I mensi ons 5 . This plate is connected tg a
Thesefresfagchsonstndy t}@rmgrxahmocn%ssbeawm@ie slEmipand ghq eptthphiugyshat leads

to the ncégﬁrgefng%ls F%ax@qu\ﬁ%f %%ﬁg%&%’%&&n%%fo& %:i _lghcfgb@%g?%ng I st}oa recent
expermmitmiesvalatmn bz beatlbsmar sHde wab bé?ﬁ igagrtor @&ffaﬁﬂl q@ngensations

equl atl the tenperature between about 300C - 500C
mcmci}f& ‘8%" The plate includes a heated lid. The

heat ed l'id al so regul ates tenperature between about
[0159B00C - M@t@@a}s/and@flqb@ds Embryguie day fedyskin seplppis Mg SEpwn in
HEPE A3 ER SN O NG OOMER S bl el OB spplemence
with 109@ faahbomwgeeumfplmgqmmaym ééxhets@@cwﬂos (isuey wee placrd into the

bottoxgto(f'%teﬂlgéelgmg ggs{)eﬁté V\éﬁ\a(? ! &&%ﬂagb%gggn{sgﬁﬁdﬁ%o%%% and placed into

eitherGiggriatd Gﬁvdile}éetlmr) tifsae cm]@me lpllatgs oththe [oewitld sxpjgl)t sligs. @lnyes were
CO.

s B RSl P RSRRFH 4T A E BpaR i o e

standinBaimaregideaTRAe-1dpee Viclep émagey ¢ thé explents ip fiei sethrysiiles were taken

over the tenperature ran 0C- 500
at 15- minute ﬂltervalrsnl)n order to assessqge geve?opment an overall%eaﬁh ogthe tissues.

[0160] Explants in the Falcon plates were imaged at the start and at the end of the 17-
hour experiment. The smart slide 6-well culture well plate was programmed through a
controller unit and a laptop running software to provide the following conditions for the
experiment: smart slide temperature 37.0 deg C; smart slide cover 37.5 deg C. (to eliminate
condensation on the top cover); gas flow rate 10.0 sccm; nutrient flow to each well 2.0

mL/well; drain well volume 3.0 mL/well; well drain-fill cycle every 300 minutes.
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[0156] This system (e.g. the sensors on the plate, or
the controller) may al so i nclude one or nore alarns

wo e00789Fnal | ng when any of the environnmental pBCEDE1087/603401
are outside of a preset range. For exanple, when the
Cx2, tenperature, well volune flow rates, etc.
exceedssone al |l owabl e range (or optimal range for cell
growt h). The flow control (e.g., though the port into

or out t he S e requl.ate r.at e
[0161hppr oxiFgéf'e{‘Ay m\éggééo m%y\;% gec?f‘hefgl 8&???%%%%%% Oéﬁ}é‘f ﬂﬁ%ras)'?* )andat 17
hours PFi@3Edn @he BAPSIPOMlatRIFIGS. 6AGDd 6B dhweca side-by7dideltomparison on
exanple is provi de&to [ lgSStrﬁEe SO .cpf égg
explants growein the dapdaior 5antiol 449 ped %%?Fg’g‘é) $Bhne
variation of a systemincluding a nulti-well smart
[0162p! at e, rasule Tevelpehenfdl pesgrydiorasf feahenbud frewth loasexplants
and system incorporating them are possible, l%f(ang)l ?hz 4
grown inffla¢sm platesinak preupaenand in the é@fld@?"-‘%ﬁ%ﬁh ¢ were then compate

after the RPHOUE B petierl AR E; 6RMRATGH)ITR rdsOkr bRkt Statddhi) “Burvival and

standard (e.qg., pasSive) nulti-well plate with a sgnart )
growthnappeargs i bepsiailes inexpdrns Cplteea SFvRithour ipcyhsiqripnd the smart slide
Chaml%gnper ature and CO2/ 2 were regul ated on-pl ate.

esearchers at University of Southern California in

t he Keck School of Medicine use the devel opﬂent of
[0163Lhi ckerlhstei the apseitidy issanislenl tRplior longrtegpgah dagag; gnd cell
culturé%?&v{he\irg&ffaﬁg% rin gﬁﬂ:a.l?)n‘ mERBLYO Ridnitelihp i€reRhREd. ExdeBmental

nitore or -t he ppearance of dermal condensations

condiSewymay be anferasi ints] @anpiten saftvaiee for cpRrsBingdswperahupsgas and

i 5 PR B AR BEIBRE, N30 oG B i e

selected bpehd watt or pat intr thie rwelisdn afceatimerusdeads). dlvireernt ang gaginto each
recent e riment i al.] . - e s

et B SRSB4 B Aol e 30 i s exampi

allow€ BbtiK&sht akd Auctestamnt esicrop@ibOimagingrAmbbjeative Matdread:sensor may

ryoni c day 6.5 skin explants.were growm in HEPES. .
be ussgl o oRd B MR FerBaPEOR EBPe TS PrEd bt S g fiqyig fow
rates tBYEMrecoridd Rran Adatéd 6f the ¥xpaimbntiaihmes sedays) phdiprovide a
entanycin (dilufed 1:1000),. Tigsues were placed .int b
complefrPRRIEE ofioBt FRSOCBET EHPE THUS I0WE- MG ere P REHBFRAnaY be

perfoRdd B dREAEBRdSMAnAREdR] aced into either standard
6-wel |l Falcon tissue culture plates or the 6-well

smart slide, Cultures re own for 17 hqurs in
016431 { her " ibieIBu AR R G apes s g i phfyp adherent cell
for loR¢ Br@SimaYing; 6-WBie fdrated | Mg Mgcudbatitin-Shictititer-wells; adherent cells,
t.he explants in the sma

) I me-| apse video images f mart .. .

tissucs, PEECAEIS FaicER “LOCISRURATEERD AP SRt RGP G -Hige nutrient

flow, S aurd COL RLPPRIR kA WHEiAVdrtddaalchdbcopestiify be used to
tissues. [0160] Explants in the Falcon plates were .

monitofggedopenthe start and at the end of the 17- hour
experinment. The smart slide 6-well culture well plate

[0163]@S Pr oGtereMdRekst N(IQUBAgAT-X., et al. Self-organization of periodic patterns by
dissociated feather mesenchymal cells and the regulation of size, number and spacing of
primordia. Development 128:4997-5009 (1999). (2) Yu, M., et al. The developmental
biology of feather follicles. Int. J. Dev. Biol. 48:181-191 (2004).
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controller unit and a laptop running software to
provide the follow ng conditions for the experinent:

W@ 09257i de tenperature 37.0 deg C, smart sl i PET/T82007/003401
37.5 deg C. (to elimnate condensation on the top
cover); gas flowrate 10.0 seenm nutrient flow to each
well 2.0 nmb/well; drain well volunme 3.0 ni/well; well
drain-fill cycle every 300 minutes.[0161] FIGs. 5A and

h;qx\é eat her bud formation at O time (Fig 5A)
Exam%%3§ f}?p%o%rs (F| g 5B) in the Falcon plate. FIGs. 6A

[0166"&m d 6 B Fi&o sBowk éd(r&ﬁoﬁ% %Ha?tq{luﬁpw@ﬁ PR tn?whlch a number
rown in e I ncu control 6A) and the smart
of sensbnsdm; 1r(cﬁﬂ)ed [[@FBR] 3, F?bs platss] IWMMKﬁelmle@r whetedmeach well
f her rowt h, f S
2 s af e Qe s AT SRR Pt o 2 St i R schematically
in crosd-betfiongindidatedlbyctheparosd2 ) f Tids V\tehendlﬂd&tmcm@x pad fforerports passing
(Fig 6A and 6B). The, researchers state
througlk iy for SHED e WU AR AR (G- SR SRR, Lygy 4fpr from the
well. G elifpledh SIHNOH [L-flhip (Wisidh ata3topRidle bhBSChibpllss) ﬁﬁ? be connected
chanber.. ?0163] hus, the smart sli d

is an. ide t ool
to ong pert,| Whigh iiontioled by Rafl YRy - AREAS é‘FIi’P ¥ (§-8u E’é S{:}P?M ppay be
conntiinto! aos'égo R BPMIERS nB b BIpHRe tirou P Rifé et Porti7Sand samples of

required erinmental conditions may be entered into
mediz@mentess medinwanebs mmasdthoneh thy wemlepatidre, gas and
nutrient flow during the duration of the experinent.

[0167:{\“ I's @ééh%lf bt thedxaR 1&%%@6% 8 hf@ﬁalﬁein@ﬁtd@@eﬁ&brs for

he user run into t s in a continuous
detecting ehasnstensiiss gathe amroBmeR! Wetmn the &velln digs eriampia. ;t}le well includes a

pH Se{h%Q{ OAndeaddlss 'ifaf@?ﬁﬂsl@f Ly 's&?onchdhllﬁ?sre MEdhitRPhdPHetector

'S exanpl e ows both ht and fl uorescent
that pmssdugiﬁ ¢impirgh theayelh(pinstrthe bp‘é@mlam toraneat leastiparéally fransparent),

and d@ﬁ%@% of ﬁ%goﬁfg dz_Pasé)c{]I)rQ e at a{?ggﬂ %1? ﬁmgﬁla%llthm the well.

on Wor e era wrates may
Non-ttae cansoetsuchias ﬂhaese drer qinro eyt emallelxlp dramgmg., Fluorometrix™).

O8R5, AR % B

experinments may be perforned-in an operator
[0168]ndepertientelirof] EIG{ 3)alsd]mc‘l‘m a delliousips i é fomnegtically gaunting cells

w1th1p grﬁag IZ? O ﬁ%ﬁ&?ﬁa opélc ?&%ﬁ !?%ra rati ?m%%e&&&lxmﬁ%&?of & density).

The sehtr¢dnd it hatmpeiaturaiconodl, a:ew«amak ittse coawkbé oétﬁe wadtds gpd ports

i §sues, |nf ed cel e
descrﬂ’ﬁa@lg%@ 2Ot gh‘? g?tfcg}f% éfm’P ﬁ P | e r:jédv‘\’/s1t1 ith blly be
connéc%m@raﬂidiﬂ}ﬁxtexco%smvmsl@rche&ﬁikdkxysngﬁis|mcludmgrmmd -well plates may
m CrQsco to nonitor evel o
inclugg.addii W@E gompggenﬁ 5‘1‘{% as-rfmkgmg(_ﬁystgfns BIGTOS é)Pa%tr?u I{QJdSHl]CCS
(printefs, BRN)| dtdpeRRVices (g Dinefliosp,alislal RAM eat . hjontrol software, analysis

nmesenchymal cells and the regul ation of Si ze, number
softwarfg o5 igdikeg of

[0169] This invention has been described and specific examples of the invention have

been portrayed. While the invention has been described in terms of particular variations and
illustrative figures, those of ordinary skill in the art will recognize that the invention is not

" limited to the variations or figures described. In addition, where methods and steps described

above indicate certain events occurring in certain order, those of ordinary skill in the art will

recognize that the ordering of certain steps may be modified and that such modifications are

in accordance with the variations of the invention. Additionally, certain of the steps may be
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prinordi a. Devel opnent 128:4997-5009 (1999). (2) VYu,
M, et al. The devel opnental biol ogy of feather
wo edoiogdses. Int. J . Dev. Biol. 48:181-191 PCT/US2007/003401
(2004) . Exanple 3: Smart Plate [0166] FIG 3 shows
anot her variation of a smart nmulti-well plate in which
a nunber of sensors are included. In FIG 3, the plate
1 is shown as a six-well plate, wherein each well 2is

. . 5
T T MR LIRS —
as de§é¢nttidedowel  Bhertfoze,ao thae2pnt thdeirsveriations lod dfesmaerﬁﬁiﬁe twhich are

t t h th I I [

thhﬂncge g?lHéPP %r ﬁ%s ?cr%afseg?g hrga9 ﬁ%g}egmvr\%gl gégr I nll%'gns it is the
1nten0thaf thm’rpitbﬁ il doveFQfos@XﬂEaﬁdﬁs a8 WNAOHRRIBY AR ﬁlﬁﬁé:ﬁﬂms and patent

lmaa/ per{i\ at 160_nlL/pul se) may be connect eg to one
app 16 s Uhthisspegidication are ng 19%gr9<glra1§d bme&dgnq@up@g}r entirety as
if eac(lﬁn@xv,ldlﬁl WSIRaYibn BRYalft NS EFetedpReities

di,a ny Ee applllled)é?hr ough a feeger pp?)lrt @?gﬂ@g{d‘iwgumypm

forthdereines” of nedia (or ‘excess media) may be renoved

through the sanple port 8. [0167] Each well of the

Exan@enpMicsBidteddlod| G 3 may al so include sensors for

detecting characteristics of the environnent within

[017 G]he wel The f8ficeREH R He'i‘éin\f@c{yl alécnsé belE R Re PEE W&Qrbloreactor (or

and a dissolved 2 sensor. These sensors conpr

mlcr%fFfB’ﬁPIef%?r Ao¥inels vl o m’rltlplﬁa’felbag@uﬁmgwnyﬁw @Dgif thch&atures
descrildlabo$é B9 beRenRShlaToARn I—ISlg{r% ﬁméziﬁ i Iggg{a)céé% Hé:ludmg

transparent), and detect p I SSO

produgiien o el of Rfogugiion Ecatelnmoduathfromt d¢lals w8hith “micro” bioreactors
o ercial |
may avgkl'elggg Ihgt% nrl%r%n'?ﬁ g?:ﬁnﬁyé:':grggvﬁ}é%rﬂeg él?lh?%% x;f(gﬁ & ogr %' be used to
gulded}gﬁmgplzgt@;;%@f@,remyh@umm argm(al gjleQg) Isen gmater)/\bdthh Bize, beginning
I
with il G Batentd 38 e ptaRabuog Wt Palinf bed prymibafi ffp e 1000 mL
flasks; dqadingfotveste artdecxpense. (e. g. | based on opti cal denS| ty,
a rationetric determ nation of cell densi ty) The
01713€nsor LENR L @
Ot rol ar a8 bEIREA Ak HibcIGa Borey B85t A o
compgn¢ntsgmagy @ﬁtln@rp@dtedndtormﬂnalbsadd b;atalm@mbbmﬂptﬂrenﬂve design
sys'cer}‘l’h iFop e@ﬁéplg Ghé ﬂﬂgscx’hﬁ? 11%:? %P of {empebe}tgxteegglﬁgvn (stiffing)

descri b syst ns I'nc
additipp of gaksesiatdl gdsonixtures (pgn @@,t @Oﬁ,l}ﬂ‘d‘l e®s), dermddigoSrsliaitbdetection of
pH %‘u croscopes, output devices (printers, etc.), storage
> “devices (e.g. menory, di sks, RAM etc.), contr ol
sof t war e, anal ysis software, or the like. [0169] This
[0172] hyent i%mitrashibreastod e@ofnntiede amndoﬁqhe (fotﬂawlng)featpfes smattiple wells,

b r ention
cell mt:zrﬁn% géélﬁf;%ﬂas T %’ﬁ‘cﬁ)l Sl%?leafc%g{rg 6Sa ?)fc\ﬁhgﬁg %P{:I? ?&%Ft&}?&ﬂ
disposahility) teactor well vrgxfrlgg mlbﬁmthnﬁﬁg @H hdatgrifk ahdl/of Bdjustment,

pCO; mﬁhhg\%wor ag’ a9 62hI%E)nl gr?ngl a?n (I)’]rta{d?gstﬂqgnt gxtld product
monitoring.
[0173] Multiple micro-wells may be used as part of a micro bioreactor. For example,

- a six-well slide described above may be used (or 12-well, 24-well, etc. sizes). The multi-well
plate may eliminate the problems and waste associated with performing cell growth

optimization in individual 500 mL or 1000 mL flasks.
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limted to the variations or figures described. In
addi tion, where nethods and steps descri bed above

WO p@i7o925e1 certai n events occurring in certai n PCT®52007/003401
those of ordinary skill in the art will recognize that
the ordering of certain steps nmay be nodified and that
such nodifications are in accordance with the
vari ations of the invention Addi tionally, certain of

he ste e f.or med currently -in ara
[01 7‘Ip]r oces sii}ﬁ gﬁgrﬁgo § CAYIEr MRy a\%é’q? cé’?? e‘>F/‘otf’ ﬁ‘Ha magmg Cof cells from
any of elmpmmrt bdlidrgacter wels r]FdI&ﬁkt afiphy e}taehﬂ'dt&frﬁf)ﬁc{eﬁ wéll rhﬁ‘}ebe configured
Xt e re are varia e.invention,
of 173 f‘ﬁ Efsy. ﬁ@dg‘ﬂﬁ Gt g 8'(%3[1%“@8 plso e ecoaﬁgwémf &llaéﬁpf a
sufﬁdlﬂltlmanspmﬁf matesial RUNRBW Hl&ﬁiﬁaﬁéxﬁéﬂ&mdgﬁn &f thBells thhout having
i nt ent Ihat t?ls patent will cover those varlatlons

to remayq a cedf sample | asalmre%wri.w Bayingeelisin 8asks). For example the
micr@Bidréetdr RS bE hide@Ayitiar Hvarte®8F hﬁﬁ&g%?{bg@feé?‘bxgvfba

incorporated by reference in thelr
describgdi vi dual publication or patent application were
specifically and individually put forth herein.

[0175Fxanpl eTHs teMpeffRnlBio? rtl?@ﬁl‘é%’é B el RE: del‘ﬂquéls (individually or as

escri hed herein may al'so be configure
2 growR)Qf ¢ Mt merichbienrsFatwiecqontrledimwithis) 0. 1%2 mrngq the weelllls at user-

deﬁn&f temﬂe}dt&leg ‘Q?rhtér 0); @%lt% {%y@géeés)(&r gue}ls gIafytarl]seo be regulated.

features descri con Igure
Regulatiapoé the tops phihzavdllsmayf also bélpprocas sondensdtlmil onghe top, enhancing

imagiBE A PR 0L b e B S et MBEG ) Biminac
the negdtfer incnkators andtheatizemgnidest, bs Brrdqaivdd witk flasiadi ti ons,
and may be used to guide optinization before scaling

to ter tch,size, ...
[0176E2 i max%a{é:ﬁ V&Qe?lh&fﬁ xglultl—'&%g%atck’%g p?a% %té’l’ﬁ:§§¥ 1nc|llécgé$m1dlc channels
that aﬁ@Wumrcz@tcmgn Oﬁmdmeﬂ-defdmddrequbhcléﬂm%lmﬁeﬁf J:a@?‘d@ .g., uL/min),
en,the at es

etc. de?@qﬁ%grg aaén i %1? 6’veb S 6exg§s{q&nsadllﬁﬁ > Ploray be pr ented drom leaving

by ﬁltcairqm aentSnathyelia voﬂlnﬁésp(@rg,t lﬁiﬂwbéﬁ 0 -8 @lBéd wsll)Zf8ly be used. The
em For exa

t into onpr e |ve desi | e
wells g pﬁ a}fe %alﬁﬁé c?ﬁ) ecaé)m(ps{na Sléﬁ‘ﬁe J%ﬁqg,lgon to Hgldlc channels,
each gl b afuiltirbi¢rehdtdf inag hlsadadibdOm/aft lgﬁ§ g&&h@ Hﬂrdﬂl@&fwn of pre-mixed
etc.), detection o

gassesp?tdg%(?gf r%gtrgtgf %%ﬁsguﬁgﬂlese{l:er e:[cqmglg upto three different gasses (e.g.,

N2, OG0 chh BE GAREDA ﬁBﬂdéﬁi&Jdliﬁﬁoﬁ Md Abplidierol 1Rt LM B8 reactor.
features: nmultiple wells, cell inmaging, tenperature

ont r ol medi a ¢

as exchan
01775 ¢ ROT TP g@bﬂo‘]“h‘%‘ges HEA Bt P e Emipraghiotsaptor may be
conﬁg&m‘d)tbrmﬁ'@dmiel Mgdia @Jiju@iﬁ[&nftsp(fe' I ERGE Ot A@k er@%ellspcﬁ example,
ri gnd/or ustment, pCb nonitoring and/o
dilute 5%? Qlﬁgﬂ'?m gwymec?@‘beql t‘h’t‘fﬁP%‘d%H nMedla adjustment may be user
determined as to rate of flow, frequency, etc. In some variations, the media adjustment may
be automatically regulated. For example, the rate of flow and frequency of adjustment may

be determined based on feedback control (e.g., from the controller).

[0178] A plate configured as a mini-bioreactor may also be disposable, or configured
for single-use. Thus, the mini-bioreactor may be used for a predetermined time period (e.g.,
hours, days, weeks, months) before being disposed (or recycled). In some variations, the

micro-bioreactor may be reused (e.g., by sterilizing it, and/or reconditioning it).
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[0173] Multiple mcro-wells may be used as part of a

m cro bioreactor. For exanple, a six-well slide
waleacdised above nmay be used (or 12-well, 24-wedT/U82007/003401

sizes). The nmulti-well plate may elimnate the

probl ens and waste associated with performng cell

growm h optimzation in individual 500 nmL or 1000 niL

fl asks.[0174] The micro-bioreactor may al so be

onfigyred t alowma f :
017907 0r o B BresiGeg re) eRndbaf B ARIPRNRL R ggrioed
above\WEatls wEHYme ceaaini xgagrﬁ:dc adixdré fe. gmlllehmagnq;icassgm@h@hdsh elhis

cover .of the_ wel e. confi of I 85 I
magn GG e FIOTAE DRt an PSR aPYSH et R spaueheyEr fmd) be
autom'ajcﬂ:élm Rfdck), AndinafiBg thittheed fé@ckes los separdro ulixagy Miging can be

to remove a cell sanple (as is required when grow ng
haltedcan degnand, {§-gs MWD IRBEINGY anpl e, the mi cro- bi or eact or

may be used with an inverted or upright m croscope, as

[0180PT €Vi OUHe¥nRESBIor&Rebr rh}lalbd inbhelel Legibccrintire ThE riiibm-bioreactor
pl ates may be regul ated. The wells (i d|V|duaII%§§ aasb
may inclydeens) OOTOES iBferEedAYUIKES (FRATHEPY PR B ToRT CRfetiped above), of

it ma)y\fnUﬁdQ aQvihdowae Séfaﬁsto Eﬁ@w%il lesutindSehd efdeARd cell counter. For

nper at ur es. m | arl he tops (or covers) of the
examplej the nua:;o ~biosenctns masyost @dampd tREGURERL tof Coll coyrer hatscgps each

well qu%, mécﬁﬂ Sm&%Xct@l* ﬁg% h&luﬁl—Weﬁ\f)%{E% &P@Q@ﬁﬁﬁhh&&u@g cto‘ilﬁts cells from

ing an signal detection thr
all (o1 mbesg oil'h.leﬂs bé ﬁwanaxa»bmrmgqr@t iGehl qoapting nmyﬁcm@rmed in real

time. :]%ﬁﬂ Iwei n%ﬁ kgl?r%ng So'geda Po[r 5%_]]3 al I\’E.g éﬁﬁ%(:ﬂfrsex?ﬁ%ﬂé)sthe turbometric cell

count8itddstribddodteael @ell(e@ugting piaaﬁae)prd:ﬁame@l%h@houh«zd%@g (e.g., without

fluidic els that all trodu0|on of
removiog s Segpfeiaa e Dgiraner el sapseinay b dliofiandE 6 Rample, he
contrcb”ﬂe!r Mdy) aut&hsticdlsl (ba o8y dléﬁﬁai intérmal) beuntetht suhibergof, cells.
when adherent), or nmay be prevent ed from |l eaving by

R L S

appro@ﬁb‘ﬁcelkﬁéﬂ%(ﬁﬁ 1hﬁudﬂ1@:tﬁ@de&ie@¢rﬂfed)dbﬁaé eFvnéxample |apldesor oray monitor
to fluyidi annel s,. eac

the pi i gaqPriee il S7 RO EEBFF R4 PREFBRTEL LGl GE™ Fetch sensor

for pl! Thle¥EEotRAFESorBal B0 b@eﬁmﬁﬂed ,dh€ladmgdhe pCO, and pO,. Non-
freguenci es. For exanple

ff
contagien(gOz anppOgpfiorasesny pe Shrsth 5084 PEOUSGLAPT GG Readings from any

of thersélgérg&s r§19§i bé‘ Reld t%%&&lf}t R YidBhctbt &eashemt. Folekimpl¥ighe pCO,
nore of"the inlet lines into the wells of the

and pRdevsipmey dadeast baglyo pegulaia fheanpbigd €8s MxPEG % hedp §O0Z/0/N:

S Binb & sk Halk 9o Fppiaet Yelel chamber b
rnlxrllﬁégr exan‘p? th%?}gﬁ%ng sod?um ha1 om%Ql eblgqudgd frg o
addingdicidbasp Ehixires or @h?mﬁ‘?r@ﬁ@%@g tb@PHsQ-frt BE M ned as

to rate of flow, frequency, etc. In sonme variations,
[018i|_1h e mdﬂn%dﬁﬂid%ﬁ&ﬂﬁ&‘iﬁd}ﬁ% 2@ regill iHeadnhitohmehtl @fttBelmicro-
or exanple, the rate ow an requency df
bioreagip1y 9neron MO FENSOrs (or product monltors) may be mclude for monitoring the
expression of a product, particularly products that are released into the media by the cells
growing in the micro-bioreactor. The product monitor may be a patch immunoassay detector, '

as described above.

[0183} The micro-bioreactor may be controlled by one or more controllers that can

regulate and coordinate the activity of the sensors and active control features (e.g.,
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be determ ned based on feedback control (e.g., from

the controller). [0178] A plate configured as a
WOorRewAs50r eact or may al so be di sposabl e, or coP€T/ys200Td003401

for single-use. Thus, the mni-bioreactor may be used

for a predetermned tine period (e.g., hours, days,

weeks, nonths) before being disposed (or recycled). In

some variations, the mcro-bioreactor may be reused

rempfi sy i bRl A Rap g e s Lonotting logic for

controthicipmdivatualig f¢atutex (01g., temfpet@t, se1B0rsabvcers, &39 hoerBf ¢oordinating
nag neti c m Xi ng,

TN SO RO T -

informefi@céon pHX bﬂg cORRethsadcdntREbRNGHCOD, rp(DZ ef®), pp@duct concentration,
aut ormtl C L% sel ect ed), elimnat] ng t he need for
tempgrapiRe 2ad the ke, and far ‘ﬁﬁl&%ﬂ’és infprmnatignda adivet thelenigomnent of the

micrdIBiRdior (8 gJ temPbiGhurd, r}ﬁ&hé‘g«) uf,tb%ﬂ-&o]gas Ixture added, sawle

m Ccr o- bi or eact or may al so | e a ce counter’.
extragiosy gtchilhesantroHenmgy plse inphedeiser inputs ped nmyqgovitie dutput. Output

from %%h%ﬁel( Iﬁ5¥ Bna%/ﬁthﬁ? dg; 1& &%“ n%ﬁfv)\f nfRidE %?féﬁ% '%8\%7 an alarm (e.g.,

above) regr on
a bellc@hlmecbglhﬁ Bleg, dnemorgXe.gr, digitat plemarpunemory fedia, etc.), or an

ddit cro-bioreactor may be adapted to
& “gé%ggl&ﬁtetropsge@ell counter that scans each well of the

m cro-bi oreactor (e.g., multi-well plate) or that
(01844 ul t Mnybllebm thecetirelldriogic ahdy ioluda b@t}baﬁtvyarefmd

I Y.
a1 By D L AR R4} ) PR A i e
mcluct@debd@cb\thtrulsnhnga@h@lecmmmdee)md bkgohﬂirhﬁmhidh May Bdglulate the
n crlb d QVe. N untin
frequd A R SRR Rer Ry R i R ARy Tor
examplamhb &ontfréllérhﬁa)bhlﬁlbﬁﬁﬂt:ﬂfy sefek hnd Q&jﬂfsﬂ 1ﬁ61vﬁﬁi)é1 RRIls. The controller
omat d Fo It exanghge the control]er
may o5 gy SPRGO] el g @+ gy HPsnG Gudenglyging images
of celBWibertainfloc@ds ia .thé Qféﬁ Mt MG RuehSis e $ TRY ciltNePRray regulate
h m)ntor((ab ﬁ%@dﬁ gted based on any appropriate
the tempgragre (bgth dy d%g as<of threplats pravelip odsevelkas thesmgdia eontrol (e.g.,
addin@néW 8RS rTHEB(Sbn%'ﬂbF Rhy b6 sREpldthedal AR aJdJuslc {heg%g exchange and
variation, sensor is a non-contact fl uoresc

mlxmf?gt(aﬁlog)ehasssé OPdFe'Eﬂ valyrs, efesednae sensoaphipnt.nSimikdryothsenedia
may b%gjds%e(@ f% ped eil’éhg" B%d&ﬁ%@e@@a@d?ﬁmp Gfﬁrag%’ %&? ta?]?lled@c%med or

nt patch sensors may
automat deterrpined gervilsorhhg gpllodnd media m@)nbc)rrsxenh@sutred) continuously

orat sHﬁx%quEsQ:t EIPﬂﬁt&ﬁah@%hb&%&%ﬁﬁ%@fm%(% n‘ég e Jﬁng g ¢ magpetjc stirrers
descanbmrg{né flhe cgl‘bpwﬂtém zga/gll mayth;r@u@mdga,t set dsreau%matlcally determined

1nterv%f92 é@% ée}e%eh séﬁpﬂb& ﬁgl{l% ’the rcL,e n(%ré Ia’? g{%ﬁg%lgln&%}ermmed time

pointsget @H@a@@ arntoanamwlycaanmdde(bmbsm) nhdgér;erﬂgtﬂeiwnﬁbilats) may

tinh F‘{l] nadd to rmntorlng and
contn g‘&sj)‘f'l ng giliﬁe B oaﬁpfé)ﬁta 16’?@1?63'?8 PRA%GH or eact or
[0185] In operation, the micro-bioreactor may be used for any appropriate types of
cells, particularly for adherent and non-adherent mammalian cells, bacteria, and yeast. The
micro-bioreactor may also be used to optimize processes such as cell growth and production

of a desired product. Thus, them micro-bioreactor may be used to optimize conditions for

growth and/or product production before scaling up (e.g., to 1000 L or more) production.
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one or nore sensors (or product nonitors) may be

i ncluded for nonitoring the expression of a product,
w@arwiogasiar |y products that are rel eased i nto POBEUA®AT/G03401

by the cells growing in the mcro-bioreactor. The

product nonitor may be a patch i mmunoassay detector,

as described above. [0183] The m cro-bioreactor may be

controlled by one or nore controllers that can’

This ﬁﬁglﬂe? \1/%&% C};? ﬁﬂ §Bgmtgaecsu§lcal ég Ig%, gl}ﬁgf tél?lg ragtex g’(? , etc.)

produgtiony omighe pmxtixcaondf uﬁieh”bmﬂogleﬁ or. therapewtivat IFok bﬁimﬁl&ym the

T
cells Q’Ionf-@z[ns!ﬁ@ﬁdjarﬂﬂlhl ﬁglsﬂbtlc Hi pUrb@adrda@srs s al8 B%E&ul in any

the ¢ ller |ncIu e | ogic, configured to receive
Process, jy Slq&)ﬁp eﬁ a 5@1?(35(9;] qgcp%rélaﬁlgts og genditions is required for

optinsiSmMg gt athle M@ﬁ%mgo Qor Khfple, rrHEl%dMﬁfeacto Stors may be useful in

concentration, tenperature, and the IiKke,
Wast%'a‘slpff’gn%atsoq Hedentaricanirermeriplelean-hp anmqm@vmtmab@ement
IIafhe,mcro bi oreactor (e.g., tenperature, nedia
adJustnents gas m xture added sanpl e extraction,
tc. The controller may al so |nclude user inputs, and
[018%y pr oYnhke Bosinreviously gyeilahle hior¢rstararthe mlﬁlgrblnwcwes described

hereiR % Bedmaldiven ls?éfe § rrﬁludlﬁggnamglﬁg (“nﬁ&lo) sfrells a6l g Sl)ngle plate

an alarm (e.qg.
(e.., & wel Dplatelj i) aThmDmF maqyeh@fe,ss ﬂmﬁl 1a3 ndiwel) on amr@ha plate which

may el E:écl)frl: ragfg) 'r{at S}égéhe\%lll Lrg}rgo§ %\rﬁsﬁgogﬁa{tﬁ?lgregﬁg)r including

blosehsqrsi ferrd], 0GOS p@e praduﬁtfbmnat;ort l’e&nmatﬁzfeo ktce errth@t Ghe cells may be

non_l#lv%d‘%g}? Eo co n(? og gt rdﬁma%‘é I}]g) ‘ga%a‘?ﬁ}“h well may be

individugldy cottnalledhi ch may regul ate the frequency, and
manner in which the mcro-bioreactor is nonitored and

| &l le, the controller may
Exan 45didor t and adjust individual wells. The
ontrol LU0 tlcaII control c
0180 gt eseoths BERbba Rref b iR nidd FUB e fshion.
Howeotr, (SBiCb@aeh W@H mhag mcd)npoaite multliplta heans1veasten§cﬁ*§ {&i ddmbinations of
yenci es

e te the
sensof U SRR T bE repdr ot b A e b rfre® iy ach her. For
example] the)sensss wal lbeasrahf&l 1afiodd €:08s-f0k (4.8, Eetwe@ﬂ @iﬂf’&ex‘i\eﬂﬁorescent

The, controll al so sanpl e the
Sens"%rggq ?Is‘%Pt‘Fﬁle‘nb‘%i THCE H‘&ﬁg%tga DEPIR ©0F MEE! qefllpoug 51g Bagdhm@gmg FIG.
11 sh@dvﬁaﬁebot\éﬂﬂlalﬁysadv@ﬁtaéécﬁﬂmg&ﬂgﬁtCHf SRHERY tin whidH Ledisbié for

di d , PpH
dlssolggg Fﬁ O%illasl r‘{'a%ﬁ%q al‘-éjtagls gpﬁoddugg w@%})@pgﬁ?ﬁ @@pecggtricl;ﬁ; iroun)c{l the
penmatéi‘ Gﬂ"ﬂiel Weéll.| Yhél@tR i4RAIBE Shdwid 8¢ ¥&hs s &ﬁ]&ﬁ lUPFSd ﬁﬂﬂl-ﬁele

may be m xed (stirred) continuously o
elec“%‘i“é%‘e‘itWWWﬁé&PﬁlVﬂ@é@‘eWﬁlned intervals (e.g.,

.- using the magnetic stirrers described herein). The
[01 ssp el |'s whbberatian Vi bitiYdIBb BUBERAVA cSilen@ically arranged fibers

ticall et erm ned
may be usegr?mtlh tge d}/sso ved Oz (DO) sensor, dissolved CO2 (dCO2), ph sensor, and

product-specific sensor (antibody-coated optical sensor). The concentrically arranged sensor

patches permit attachment to the detectors/sensor telemetry (e.g., a fiber-optic cable bundle)
without requiring alignment of the cable bundle. In one variation, the outer diameter of the
cable bundle matches the outer diameter of the attachment to the well (e.g., the bottom of the

well) for monitoring the sensors. In the arrangement of the sensors shown in FIG. 1 1, the
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intervals. pg and pCO may be sanpl ed using the sensors

at manually determned tine points, or it may be
waoedogoeasical |y sanpl ed (or both). In general, PEEUS2007/003401

controller(s) may continuously nonitor and integrate

any or all of these paraneters. [0185] In operation,

the m cro-bioreactor may be used for any appropriate

types of cells, particularly for adherent and

oot S BT T 58 e SO B e P s

imagif)WrREAWBuMtid) Bét ekinbley b diMeh-optic bpyeddubidinntypk call counter may
esi red product. Thus,({hen1nicro-%iorea%%9r H&&gbe G. 11

be usedspernizglly gligmng an opHerlidetrior ey tog,ob fpeh Wil A sPRYEdR ELC- 1.

production before scaling up (e.g., to 1000 L or nore)
(0189 0dUCH IR, i SorlEBrib @rRAgdment isbnsous @btital isignals may be
pharmaceutical (e.g., therapeutic anii

b , etc,
simulignemist measurest at yser-pReGHIR (08 ﬁufefﬂa&ﬁhwerg% "org'PéQ?eoanS"fs may
simultta.ﬁg&ﬁﬁftﬁtr!sgéaratj: g) aRla8y ofNht & P bPpiéaLEBrRbti Gl dr Fate of

or ce i nes F ’g.

, Standard cultures of difficult to
produgt fonmesdi)s celb cmints Hs D A0, snixingrrates tHRGIeEIEy Citn i Mghough FIG.
cel | tC..) - r I [
11 sh oy sy YRl RAGAShEI BpIR (R (A Eatig] Hay b used

experinments or conditions is required for optim zing
| ar ge- scal e manufacturing. For exanple,
m cro- bi oreactors nmay be useful in waste b
oremedi ation studies for environnental clean-up and
toxi c waste abatenent progranms. [0186] Unli ke nost
previ ously avail abl e bioreactors, the
m cr o- bi oreactors descri bed herein may be nulti-well
systens including small volunme ("mcro") wells in a
single plate (e.., 6-well plate, etc.). The vol une may
be less than 1-3 m/well on a single plate, which may
have a single ABS format. Each well may be a fully
I ntegrated bioreactor, including biosensors for pH
PCO, PO, product formation, tenperature, etc.
Further, the cells may be non-invasively counted and
i mged, and nedia flowinto and out of each well may
be individually controlled. Exanple 5 : Sensor
Arrangenment [0187] The sensors descri bed herein may be
arranged in any appropriate fashi on. However, since
each well may incorporate nmultiple non-invasive
sensors (or conbinations of sensors), the sensors may
be arranged so that they do not interfere with each
ot her. For exanple, the sensors may be arranged to
avoid cross-talk (e.g., between different fluorescent
sensors), or optical interference with other sensors
or wwth cell counting or cell imaging. FIG 11 shows
one potentially advantageous arrangenent of sensors,
in which sensors for
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di ssolved CO, dissolved O, pH, and product are
arranged as concentrically around the perineter of the

wowdo7/0938he wel | is al so shown as bei ng surrounPerUB3002003401
mul ti-pole el ectromagnet that may be used in stirring
the well. [0188] In operation, a nultinode fiber

bundle with concentrically arranged fibers my be used
with the dissolved @2 (DO sensor, dissolved CO2
(dC®2), ph sensor, and preﬁgﬁﬁd peci fic sensor
(anti body-coated optical sensor). The concentrically
We claihi:anged sensor patches permt attachnment to the
det ect ors/sensor telenetry (e.g., a fiber-optic cable
bundl e) w thout requiring alignment of the cable
1. bupdi®irohmeaR@y\adlhaRl tigsue dultareddvice clinaprisigg: of the
cabl e bundl e matches the outer dianeter of the
att achAsRutershelle wel | (e.g., the bottom of the well)

for nmoghioidrRfel @ﬁcléﬁﬂ%@ffeast loRe W81, 8 WOIY BRRAE aRoptibaly
sensors shown in FIG 11, thecenter of the concentric

sensor ri taespatent base, wherein Petiansparar hase stubgigntiglly thermally

vi ewi ng (guﬁtedb{g@gh@ g)nﬁpghéﬂeéyl arf Qi %%,%d FBhg %ﬁaafmﬁ%geh thermal

a fiber-optic tur Ity-type cell countéer
used y ceresistdnicy ldtivgen thg base ofthe éurter ghelbandthedinse efpthe outer
of each mg&hp as shown in FIG 11. [0189] Using this._
concentriC arrangenent of sensors, optical signals nay
be si malmhinebastkeyconfisnedn @nirabie-tepperafire df thgrone or more wells,
autonaticﬁﬁintepﬁa&§f(;q%ﬁﬁthe sensors may
si mul t ane éPVx? ¥ §e%aT% e?%) nmeasure any of: the
| evel of pragugitichlly mmahsparent electratally ebngmaiecbating on the optically
formation), cell counts, pH .DO dCOQ2, mxing rate,
t enper at ur e, eP@Pﬂﬁf?ﬁjﬁﬁgaﬁFG. 11 shows only a
handf ul of s@Rs&Boreatiébtiodenial elaerisalicontaot withwks electrically
sensors) may be used. CLAIMS W claim 1. An
envi ronment al | POPLWtYeSRa4R8E 808 cul ture device
conpri sj AipeftuRUkRior eBfifured b proRele fob@dck @5 6biaisdl Mgk micro-
at least one well, the well having an optically
transpar eR¢at®ase, wherein the transparent base is-
substantially thermally isolated fromthe outer shel
by an air gap, and a long path of high thernal .
2. r Giesisancenlbee vene pfielalyad ewbereithdicitenperaifie pensghis copgigured to
. ' = haured to
detecfB8 FerBperbiifc BEhberliirhon Br B PSS Rhp AL DL, e
m cro-heater conprising: an optically transparent
3. el %ttlrsls&ea (lnlfl%ég 89\%8 'i)k LGkt Q,a%&%irpﬁlett&%pgﬁ%g %ﬁs\ér is mounted to a
t ranspar en ase, and
gimbaled mount.

4. The tissue culture device of claim 1, wherein the optically transparent electrically

conductive coating comprises 1TO.

5. The tissue culture device of claim 1, wherein the optically transparent electrically
conductive ;:oating is selected from the group consisting of: indium tin oxide (ITO), antimony
tin oxide (ATO), fluorine-doped tin oxide (FTO), Cadmium oxide (CdO), or combinations
thereof.
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one or nore electrodes in electrical contact wth the

el ectrically conductive coating; and a tenperature
wa@emwsoe2seonfi gured to provide feedback to contP@I/US1967/003401

m croheater. 2. The tissue culture device of claiml,

wherein the tenperature sensor is configured to detect

the tenperature of at lest a portion of the optically

t ransparent base 3. The tissue culture devi ce of

R T

protectiv@layed ovettthe opticd lyaransparerat] dlgctxtmmlysqmdemve coatmg
el ectrically conductive coating conprises ITO 5. The
tissue culture device of claim1l, wherein the
7. OPhé Gsdueleulthdy Evadeadticlatnes; twheréihltie opiidillyttianspareatprogctive layer
is selected fromthe group consisting of: indiumtin
comprisgs §8O( | TO) 5anti mony tin oxi de (ATO), fluorine-doped
tin oxide (FTO, Cadm um oxide (CdO, or conbinations
thereof. 6. The tissue culture device of claim1l
8.  f The Hesuecwipra daviey efrelaipy |.cdrarsinithe s phatk cqmrryised prujple wells.
| ayer over the optically transparent electrically
conductive coating. 7. The tissue culture device of
9. clThe tisSie avftmredevicenef daim bavigreinsthe iper shall gnrppreses pixevells.
| ayer conprises SiO 8. The tissue culture device of
claiml wherein the inner shell conprises nultiple
10.  W&ht siss. culiuee ddvdsuef daibt Lnehatein the opficallydransparent base comprises
in the inner shell conprises six wells. 10. The
agkmfséhﬂﬂy ulture device of claim1, wherein the
optically transparent base conprises a glass
substrate. 11. The t]ssue ture, devj.c alm.1
1 e eemma i Aae PLIERS hophrrEin h souenl P RerRer i
sufficieBi19 thid t8 e vidusliatiod 3yl sanbttaimicivebbed
m croscope. 12. The tissue culture device of claiml,
further conpr|5|ng alid. 13. The tissue culture
12. de¥E ‘%ﬁ% clth@d Bk of\I8kel Nrutther EdfpsanPhilides a
m cr o- heat er confi gured to control the t enper ature of
the lid. 14. The tissue culture device of claim12,
13. Ft‘fsguet aﬁtfu!ré R0 L3S 1 APWRREINGRE hid cbﬁﬁﬁﬁs@@é Bfiéro-heater
ace configured to sit oppose the optically
conﬁgn@mSpngmﬂﬂbaseu@ﬁmnh@fﬂﬁﬂéf shell when the lid is
engaged with the rest of the tissue culture device.
15. The tissue culture device of claim 14, wherein_the
14. offhiedabue/culhmndpdrent claim il 2cwhgrsin the lid comprises an optically

transparent surface configured to sit oppose the optically transparent base of the inner shell

when the lid is engaged with the rest of the tissue culture device.

15. The tissue culture device of claim 14, wherein the optically transparent surface is

temperature-controlled.

16. The tissue culture device of claim 12, further comprising a seal between the lid and
the well.
17. The tissue culture device of claim 16, wherein the seal comprise an o-ring.
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tenperature-controlled. 16. The tissue culture device

of claim12, further conprising a seal between the lid
wapa7oes7ivel | . 17. The tissue cul ture devi ce oPCT/USINT/003401

16, wherein the seal conprise an o-ring.18. The tissue

culture device of claim1, further conprising a

plurality of ports into each of the one or nore wells.

19. The tissue cul ture device of claim18, wherein at

I t o se a valve tqg regulate

8. ¢ PR RO E e A6 R LR RS BmBsirg o plel i ets into cact
ofth@bn@brammelwsellsz\her e| n at | east sone of the ports

conprise septum ports. 21. The tissue culture device

of claiml1, further conprising a port configured to
19. C O'D’tmeﬁ:tisué Quldurg e picy o8 tlagia s 80 wheites &Sled R koRe lof tlﬁs%drtér&)mpnse a

1 %ﬂet ssg]e culture device of claim1, wherein th

Vavecfﬂée tﬁﬁt"e“ e Be@ertconpri se el ectrodes that are

patterned into a tapered shape in contact with the

el ectrically conductive coating. 23. The tissue

c uthe tissug evliwe dgvice Phrlsim lfnwhevein atleash seme of therports comprise
septuﬁt?&{§ odes conprise multiple pairs of el ectrodes of

ernating or like polarity positioned about the
perlphery of the optically transparent base 24 The
wher ein

21, | RRREU LA ot B8 Bl B, Aler Fombigpe ot Spfigured to connect
tOasmaﬂvyf@ﬁseuga$aﬂbraﬂlmﬂhheshaped" el ectrodes. 25. The

tissue culture device of claim11 further conprising a

non-tenperature sensor configured to detect a

22 ndlfhettesspecmtute elemae affelaih 1, Rberelithetdnd e endibl kledfrBdes comprise
25, wher t he non-tenperature

cccr 565 8 LG B ol h T St STRE e ey condutive

coatingd, di ssol ved O2, dissolved CO dissolved N2, nedia
| evel , product level, cell count, and conbinations
thereof. 27. The tissue culture device of claim 25,

23. V\hEHthisBué Q80RO Bevdi8EBLEIRY 1 EwBERRPhe CAERE hRES R tro?es comprise
tical sensor.28. The tissue culture device o

multllile PRiFs Pheleceifsif slteigating entike polarinepasitimed iabowt the penphery of

theo;ftggnst;ﬂaﬁ lanchtadeerial within the well. 29. The tissue
culture device of claim?28, wherein the controll abl e

magnetic stirrer conprises a nulti-pole magnetic

24, 2 EI‘I%IQ s ?hﬁﬁ@&@\qce%t%igl% 3%, L kS fe B&lttif)lg r1]3a1(1)‘£ oF Bctrode
comprise at least two pairs of substantially “L-shaped” electrodes.

25. The tissue culture device of claim 1 further comprising a non-temperature sensor

configured to detect a non-temperature parameter.
26. The tissue culture device of claim 25, wherein the non-temperature parameter is
selected from the group consisting of: pH, dissolved Og, dissolved CO,, dissolved N>, media

level, product level, cell count, and combinations thereof.

27. The tissue culture device of claim 25, wherein the non-temperature sensor comprises

an optical sensor.
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the well. 30. The tissue culture device of claim 29,
wherein the nulti-pole nagnetic source conprises an
web@cnosmagnet . 31. The tissue culture devi ce PET/TEENTV03401
28, further conprising beads configured to be acted on
by the nulti-pole magnetic source. 32. An
environnental ly isolated tissue culture device
conprising: an outer shell; an inner shell enclosing
28. atr giﬁgﬂsgsﬁlg %Pﬁgéggdgbtcﬁ;qdﬁéé’fﬁlllt Méﬁ%gr %2 s?r%t I gontro\flable magnetic stirrer
for smimgtmatemell\vlylunhhe wellly i solated fromthe out er shell;
a first mcro-heater configured to control the
tenperature of the one or nore wells, a tenperature
29. seTlsotissae ﬁﬁitmrdedm‘emfmmmzﬁe“ﬁlemﬂxb&fé@dn&oﬂﬁmmi nehi€ stirrer
first mcroheater;, and a seal abI e lid confi gurec?
COMRPLSEY @ FHRP-PP ftic SRHERedoRtioRed Hoamé@ﬁtﬁaptsaegoraog@émutsxde of
the walICr 0- heat er confi gured to control the tenperature of
the Hd. 33. The device of claim32, wherein the
m cro- heater conprises an electrically conductive
30. COPid i3y @ﬁl@&r{e dvice O cidih 297 %@reﬁ?ﬂl%' | b 0018 thagh B #lirce
tin oxide (1 TO, antinony tin oxid
compriaTOyGeleeiphagnetoped tin oxi de (FTO) Cadm um oxi de
(CdO, or conbinations thereof. 34. The device of
claim 32, further conprising a second tenperature
31. seﬁ@dﬁssuenmliuga rdev.lice of chim$8nfetheheormpripiep deadseconfighftd to be acted
device of claim 32, further
Onb)itg%pln?tmsll r?gél‘ijla u?er configured to control the
t enperat ure- of the first and second m cro- heaters 36.
vice rth r .conprising a plurality
32. A¢gn6%rr e eg&ag%’slg?lﬁge@ttﬁéu%q Jure devicerfoMBESinEe of clai m
32, furatntmrtemn[l sing a gasket between the |id and
the well . e devj ce cI aim 32, further

conpri sqnﬁa"%r ﬁli’ﬁﬁ epﬁlr?ﬁ’éllga"tt t anerel] the ielldigving anpptically

sense a naaniER batd) MheR3h EHREr sh%ﬁ is Ilh%tagﬁ\él& ﬁle‘?lfnally isolated
clai m 32, wherein the t enperature of the

confi gur e&%thﬁ@mﬁr@h@fl than the tenperature of t he
wel | tmsﬁﬁﬂcrﬁftﬁ:\éfemcbﬂﬁgtﬁ-g@%{ @&ﬁfo@lthecfgg&% | 3 Phe or more

t he I|d 40. An environnentally 1solated tissue
cul ture d&¢llee conprising:

a temperature sensor configured to provide feedback to control the first micro-
heater; and
a sealable lid configured to seal over the well, wherein the lid comprises a

second micro-heater configured to control the temperature of the lid.

33. The device of claim 32, wherein the micro-heater comprises an electrically conductive
coating selected from the group consisting of: indium tin oxide (ITO), antimony tin oxide

(ATO), fluorine-doped tin oxide (FTO), Cadmium oxide (CdO), or combinations thereof,

34. The device of claim 32, further comprising a second temperature sensor configured to

the sense the temperature of the sealable lid.

35. The device of claim 32, further comprising a controller configured to control the

temperature of the first and second micro-heaters.
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an outer shell; an inner shell enclosing at |east one

well, the well having an optically transparent base,
wob@re9as7t he i nner shell is substantially therpel/U§2007/003401
isolated fromthe outer shell; a mcro-heater

configured to control the tenperature of the one or
nore wells, a tenperature sensor configured to provide
feedback to control the m croheater; an integrated
magnetic stirrer, wherein the integrated magnetic
stirrer includes a nulti-pole magnetic source .
36. pddetdevive@f olaimiddefwther pampeping aiwrality piPtsaceesinghe well.
to cover the well. 4 1. The device of claim 40,
wherein the nulti-pole magnetic source conprises an
37. elBetdesitagfietaim42, fukter demipusingfa geskgtibengeentthe tidand the well.
conprising one or nore stirrers configured to be acted
upon by the nmulti-pole magnetic source. 43. The device
38. OfTHel Rivive 4T clalacy2e furtlich @osiprising rasnomsteppe sdunesgnstr iconfigured to
par amagneti ¢ beads. 44. An environnental controller
sense OGP ATa 8 hvi r onment al |y i sol ated ti ssue
cul ture device, conprising:a punp configured to supply
and/or withdraw material in a tissue_culture devic .
39. 1 RRhsLisics QSRS VPerEID i PRRETeReE o6 Th B/ Serisyted a e igher
than hE3fdratufe SEMB AL tHeLeLhe téntindubstamitl icghd&Bafién on the lid.
receive information froma tenperature sensor of the
tissue culture device, a tenperature control output
40. APBIHESAD SRRlH RAELuie deiEstShp@inghe i ssue
culture devicCe;, a processing unit operably connected
to t he ancopershellr e sensor and the tenperature contro
out put , aﬁ'\@ﬁ&e%h@llteg@logirng%‘? ?%'sp%eu\%ﬁ, thé well Hab iy 2 btRally
regul ate e tenperature of the tissue culture device; .
a second smnsmoweritipse, vdendin gl wder shellds sybstantially thermally isolated
infornatiq? f om a nenntenperature sensor of the
tissue cul'tFEFATEE wherein the second sensor input
i s operafligtodrare configired tdeonrod testempgraure tof dingoneher more wells,
processy tne%xp%?g.txtlrel s%néol'rlrctoplgrgur%g rg(f) Ip%l’\llri(?edfetec(i)back to control the micro-

heater;
an integrated magnetic stirrer, wherein the integrated magnetic stirrer includes
a multi-pole magnetic source positioned outside of the well; and

a lid configured to cover the well.

41. The device of claim 40, wherein the multi-pole magnetic source comprises an
electromagnet.
42. The device of claim 40, further comprising one or more stirrers configured to be acted

upon by the multi-pole magnetic source.

43, The device of claim 42, wherein the stirrers comprise magnetic or paramagnetic

beads.

44. An environmental controller for controlling an environmentally isolated tissue culture

device, comprising:
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regul ate the non-tenperature paraneter sensed by the

non-tenperature sensor of the tissue culture device.
wda207as7control | er of claim 44, wherein the PCT/US2007/003401

non-tenperature paraneter is selected fromthe group

consi sting of: pH, dissolved O, dissolved CQO2,

di ssol ved N2, nedia |evel, product |evel, cell count,

and conbi nati ons thereof. 46. The controller of claim

44, wherei.n t onf . Sl VA Y .
s BIPEEPSP P BYIF Iatqﬂ 13@8&% Sons .*‘g’ﬁ‘ﬁgﬂ%ﬁ‘:ﬁ rrwég:hés o, Slevice
CcQoe, ﬁﬁou@@cmﬁélpre 47. The controller of claim44,
further caonpri n al arm coupl ed to the processing
udi‘elvefreplaiing ﬂ‘é( é’lg‘ﬁ1 %@P@@t ed fromthe group
CQNShptiaie Qéznso@kh%hb&cﬁmﬁ k& ol receiv@biiforineatioarflbm a temperature
conbi hati ons t hereof . The controller of claimA47,
\AheriﬁnﬁOIthéh%ﬂlﬁumcé‘BHﬁfrqeé’é'@a light. 49. The
¢ %%x'h?!exjaﬁfre Qbntfd1 DuPut LonMOGES kdagh ? pBWeERSShdierbTithe tissue
conprfses a conputer processor. The controll er of
cl ai cnltite devies;ei n t he processing un| t is

rﬁlo o&mg lugit%l)era-gpﬁc&&%{ea kd Ble @ g@éaﬁhg‘séxﬁm WHE BRI tBmperature

proceSsing unit” conprises a us interface. 52

The catal (olutp&lt vdﬁeramahnpmesmw@t s configpied de segulge the
unit_ incl u Lc configured to manage
t he ta? f% o0 Cgﬁﬂ {l%lsf"gr%ﬂvw hd b’g(%él of |iquids and/or
gasseesnd ﬁbntsdﬁanpmmnﬁ gmddttu receiievinfrmatign fidmea non-temperature

| | | f h |
L ERbrr AP it SR IR B APl 5 ertty

f r om:gaRRctegn® ﬁfe%irdé@sﬁ@ﬁﬁ@tfz&xd&he pi‘t&:eisnmumt sUluttherconfigured to
device. 54. The controller of claim wher

 erpeErel inedunSGMPFIGHE PAFP e SSE O e dRE P PRt Sonsor of
COMPiHeSifysid £Qbes devieeept ors. 55. The control ler of

claimd44, further conprising a nmenory configured to

store information fromthe tenperature sensor and/or

45. P, %ﬁrgﬁgip&{ Ml @4 SPRSEh theRon-1Ep &Rt @Jrhﬁéte@ﬁs selected from

claim wherel n tHe tenperature control outp
the gmoppphsstingofs pHl élS@Qiﬁ¢41 Bar @dSOﬂY)edc@Qmélé%S"iV@dé‘ﬂ@ gx}e.de?dlggel product

level, ﬁelltc%%ﬂ{ 'aﬁ%gmﬁfﬁlaﬁg{% ﬁe\(ﬂ'ce 57. The controller of

ereirn annel conprises tubing. 58.
The controller of claim44, where the punps conprise

46. f l 1 oglgrgﬁgr 3%1aith ffl %}%}}:&Hﬁe 'bﬁl%}l i8bbiigfed *ossifﬁﬁly material

evi ce conp i ronnent al i sol at ed
selecteldsfm tloeugroup eomhwmgeafcuwpm g2, Nz, gas mlxture

47. The controller of claim 44, further comprising an alarm coupled to the processing

unit, wherein the alarm is selected from the group consisting of: audible, visible, tactile, and

combinations thereof.

48. The controller of claim 47, wherein the alarm comprises a light.

49, The controller of claim 44, wherein the processing unit comprises a computer
Processor.

50. The controller of claim 44, wherein the processing unit is programmable.
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an outer shell; an inner shell enclosing at |east one

well, the well having an optically transparent base,
wob@re9as7t he i nner shell is substantially therpel/U§2007/003401

isolated fromthe outer shell; a mcro-heater

configured to control the tenperature of the well, a

tenperature sensor configured sense the tenperature of

the well; a plurality of ports accessing the well; and

and a

a able lid configqured.to cover .the well; . .
5L ohié %‘?‘}q‘e"ﬁl% Bﬂ?lf“& 44 herein e PETCSF RS BRY FPBHER %Ygej interface.
i solated tissue culture device, the controller
c rising:a np confjgured to supply and/or w thdraw
52, rad B SO GRFIPIR A ohACR Bh BFRFSFSIng unis fnrdudes dliid eonizpl logic
confiflRd td R b tHeMBpREAYICINd/G WHIRESWSI SHidhM sl argPSH 42940559 the tissue
to,receive information fromthe tenperature sensor an
cultupedevies. v connected to the micro-heater to regul ate the
tenperature of the well; further wherein the

processing unit is configured to control the valve and
53.  puble eantroligr of cleim #éirfuthereaampriding a ptuhalityelf lsense® inphits configured
t SR Ratibg LN LCro-envi:onaent within a
o re R e bR AP o LS RO RS st e

devi ce includes at |east one closed well having an

opfi cal tr arent base coated with an apticall
s4. OPHC Ol SRIRH LRGSR s et Rbtid the second
sensomiiwo domprips wirelegs regepdrslg the tenperature of at | east

a portion of the well w thout opening the well;

applying power to at | east one pair of electrodes in

55. el Heidonaellecauldat 44)ithifhdli@ni:Reld 4 fRhoYy EMEMELH Yestore
sensi ng a non- t enper ature

i coat i 8 ttg heat the base;
! O“B%?‘th Bring [IRRCRRIIES enePreaniér thonepripmpasplars sapsehe
well. 6 1. The nethod of claim@®60 further conprising

reﬁ}%ondi nﬁ to the non-tenperature paraneter by adding
36 ol heseptrrier ofeslaim 44 vhearin thetomacratwietdootrol ogtent ergnprives a cable

confi?¥ibd to EmediB JIREDBAL &F the R EfrrdBEiGL N Sensing the

non-tenperature paraneter conprises sensing one or
nore of: pH, dissolved 2, dissolved CO2, dissolved N

57. Ma#e@ohf¥Rdr onzf'ﬂxg%, wherein the channel comprises tubing.

58. The controller of claim 44, where the pumps comprise fluid pumps

59. A system for regulating a tissue culture device comprising:
an environmentally isolated tissue culture device comprising:
an outer shell;
an inner shell enclosing at least one well, the well baving an optically
transparent base, wherein the inner shell is substantially thermally
isolated from the outer shell;
a micro-heater configured to control the temperature of the well,
a temperature sensor configured sense the temperature of the well;
a plurality of ports accessing the well; and
a sealable lid configured to cover the well; and
a controller configured to control the environmentally isolated tissue culture

device, the controller comprising:
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| evel, cell count, and conbi nati ons thereof.

WO 2007/092571 PCT/US2007/003401

a pump configured to supply and/or withdraw material in well through a
channel;

a valve regulating flow through the channel;

a processing unit configured to receive information from the temperature
sensor and operably connected to the micro-heater to regulate the
temperature of the well; further wherein the processing unit is
configured to control the valve and pump to add or withdraw material

in the well.

60. A method of regulating the micro-environment within a tissue culture device, wherein
the tissue culture device includes at least one closed well having an optically transparent base
coated with an optically transparent electrically conductive coating, the method comprising:
sensing the temperature of at least a portion of the well without opening the well;
applying power to at least one pair of electrodes in electrical contact with the
electrically conductive coating to heat the base;
sensing a non-temperature parameter from within the well without opening the

well.

61. The method of claim 60 further comprising responding to the non-temperature parameter

by adding or removing material from the well without opening the well.
62. The method of claim 60, wherein sensing the non-temperature parameter comprises

sensing one or more of: pH, dissolved Oa, dissolved CO,, dissolved N,, media level, product

level, cell count, and combinations thereof.
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