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*167167* *000002* THERMALLY- CONDUCTI VE BI OLOQ CAL ASSAY TRAYS

CROSS- REFEREN ATEDAPPLI CATI ONS [ 01] The appl i biBRaedrAds® t he
benefit of UHJM’HMW@HI“" Provi sional Application No. 60/3hdaQh%obavi ng a

filing date 2002. BACKGROUND OF THE | NVENTI ON [ 02] The

present invention*relbHtes generally to biological assay trays.
Particularly, the Wresent invention relatks to thermally-conductive,

bi ol ogi cal assmm”mm mw met hods for making such trays. The trays are
made from pol

itions conprising a base polynmer matrix and a
thermal | y-conduct i*s@omat erial. [03] Bi ochem cal research and nedical .

"l aboratories use biol ogi eakrRMSER\CONDENTVE BToNRITEOLS ABEMYPESRS | Nl udi ng
anal yzing and testing genetic materials, cells, tissue cultures,

i mrunol ogi cal conpl exes, and the like. In general, biological assays are
~used to detect the presence or concentration of a substance (for exanple,

a protein) in a sanple nat&ROSF REFGATNCENER BERATER\APPAE@TIONGON| y per f or med

in receptacl eohﬂays containing nultiple wells arranged in rows and
col ums. The 4Way typi Tl |apPLifatapms chaims D4he genefit 96f islitsd wistdtesach
The wells can have various.

well holding fluidg in n‘iC{oAipher uantities. ] b
shapes. The upper portronof " RHANE P M- YA OFs BAVEYY & Bifdrgydate

squar e-shaped wel | g¢ aL£;12h$0 5poWn. The _

BACKGROUND OF THE INVENTION

[02] The present invention relates generally to biological
assay trays. Particularly, the present invéntion relates to
thermally-conductive, biological assay trays and methods fbr
making such trays. ' The t:rays. are made from polymer
compositions comprising a base polymer matrix and a
thernlally—conductive material.

[03] Biochemical research and medical 1laboratories use
biological assay trays - for various purposes including
analyzing and testing genetic materials, cells, tissue
cultures, immunological complexes, and the like. 1In general,
biological assays are wused to detect the presence or
concent;:ation of a substance (for example, a protein) in a

sample material.

[04] These assays are commonly performéd in receptacle trays
containing multiple wells arranged in rows and columns. The
tray typically contains 20, 24, 48, or 96 wells with each
well holding fluids in microliter quantities. The wells can
have various shapes. The upper portion of the well is round
usually, although sgquare-shaped wells are also known. The

bottom portion of the well can be flat, round, V-shaped, or



bottom portion of the well can be flat, round, V-shaped, or Specification

as at 22 March 2007 2 U shaped. Biological assays involve a sequence of

steps depending on the specific type of assaying techrigugichedd & at

performed. In general, these techniques involve placing astiachltod sanpl e

that will be analyzed into the wells in the tray, adding various |1quid

reagents, incubating and cooling the sanples, washing the reacted sanples

multiple times, and other steps. The add?tion of the liquid reagents and

washi ngs are usually conducted using nanual or automated pipettes. [05]

| mmunoassays are frequently used to anal yze biol ogical materials. Many

i munoassay proceddt-&bagadyol vRiologirhh(g aasaysaninvgBR- ant spdyeL ogpl £X.

Antigens are agents that stinulate the formation of a correspond?ﬁ&s

anti body. | munoas$59enPraceyuties seepifie twrsl dfo agedwimyi BecHnigudnirgggce of

antigens in bOdilﬁeI‘}ourimg such as V\%$| e bl ood, serum plasnma, and urine.

In general, antibofies refer 10 HAF HF theSHoRFroigrsandeydbel plasisdiad ar e

produced in respongguid i fic. i S ecjfic anti bodies react with

specific antigens to fo%?nlsgé b%l%cﬁi %gﬂaﬁ%qgaenr?- g"ﬁdl b3a) Ebmpredts Fmetkes

bi ndi ng reacti onstody,enadedidgs eafioas| Righdd | Q3 g Lpation.which can be

visible to the naked eye in the sanpl gFl I—b\A/e\E/’gllrifsqi %k%%/ngi A% écr?(%’srfg

speci al i nstrument Shanferpins, usahing rakyatedt HmpheLFRNES1Q ¢ SHEH and
f the

anti gen-anti body cor | exes. [06] In many inmmunoassays, one of t
conponents of the °*7€r steps.  'The addition of the liquid reagents ang

washings are wusually conducted using manual or automated

pipettes.
[05]) Immunoassays are frequently used to analyze biological
materials. Many immunoassay procedures involve forming an

antigen-antibody complex. Antigens are agents that stimulate
the formation of a corresponding antibody. Immunoassay
Procedures can be used to determine.the presence of antigens
in bodily fluids such as wholé blood, serum, plasma, and
urine. In general, antibodies refer to any of the body
immunoglobulins that are produced in response to specific
antigens. Specific antibodies react with spécific antigens
to form a binding antigen-antibody complex. These binding
reactions often cause pPrecipitation or agglutination which
can be visible to the naked eye in the sample. However, in
many instances, special instruments must be used to analyze

the presence of such antigen-antibody complexes.

[06] In many immunoassays, one of the components of the
complex (for example, antigen or antibody) is immobilized on
a solid support surface located inside the wells of the assay
tray. This results in the entire complex being immobilized
on the solid support surface. The immobilized, solid-phase

complexes in the tray wells can bpe washed, incubated



conpl ex (for exanple, antigen or antibody) is imobilized on a solid
support surface located inside the wells of.the assay tray. This results
in. the entire conplex being innmobilized on the solid Sy¢pimiehtiorsaydtace. The
i mobi | i zed, solid-phase conplexes in the tray wells cambganasined,

i ncubat ed, Specification as at- 22 March 2007 3 isolated, and treated with
|l iquid reagents. These.assays are comonly referred to as inmunosorbent or
solid phase assays. Conventional solid phase assays include, for exanple,
enzynme imunoassays (ElIAs), radio i nmunoassays (Rl As), and fl uorescent

i mmunoassays (FlAs) in which the i mmunosorbent material is sone type of
bead, disc, or othersodatddd sndpoedtedneitedr ijuid [Raherhs . di Reus SRLapPQYE.

‘i mmunoassays and ot her biol ogical assays involve heating and cooling the

tray several tinmes SR ygrefazaed ditt ent rmyhogdrkenty 3y solddi plisbasstyand
The time required to heat and cool the

cooled to the proper t eratures.
i 9:°8‘é?netq§’i’% ﬁ@i’fﬁ)\ﬁhﬁ%fsﬁﬁ'aﬂ yPFEe. HRFasurwientenzane nade

tray is a factor in er
in a given period. j i.ng cool j tijre periods inpact the costs
and efficiencies ofl-l”ta‘%le(ﬂgiéggl yt ?dggf)'t esHsd.l%W t]’n'm““r'rllsE3 2P salf Prhy's, 2he
heating and cool i Bgusieepéntar SmBRSdsah e d(rabt €Kiy - wHIRNCYRL » 1 diRRSsTELA! S
interfere with the reactants in the tray wells or the detection Ret hods ,
used; therefore, nebedriatsay sbrajtypare bedd, CoOMENbY diwed. sJEY@ubo,a MEL al
tray (for exanple, a stainless steel or titaniumtray) does not Interfere
with the reactant&t99als costly to manufacture such trays. Further,

[07] . As discussed above, immunoassays and other biological
assays involve heating and cooling the tray several times so
that the contents of the tray are incubated and cooled to the
proper temperatures. The time required to heat and cool the
tray is a factor in determining how many anaiytical
measurements are made in a given period. The heating and
cooling time periods impact the costs and efficiencies of the
analytical tests. With metal assay trays, the heating and
cooling steps are performed quickly. However, wmost metals
interfere with the reactants in the tray wells or the
detection methods used; therefore, metal assay trays are not
commonly used. Eveh if a metal tray (for example, a
stainless steel or titanium tray) does not interfere with the
reactants, it is costly to manufacture such trays. FPurther,
many laboratories want to dispose of biological assay trays
after a single use. Fabricating metal assay trays for single

applications is very costly.

[08] Thus, biochemical research and medical laboratories
typically use plastic biological assay trays. These assay
trays are made from biologically inert materials and
relatively inexpensive to manufacture. For example, the tray

can be made from polyﬁers such as polystyrene, polyethylene,



many | aboratories want to di spose of biological assay trays after a single
use. Fabricating netal assay trays for single applications is very costly.
[08] Thus, biochenical research and nedical |aboratorieSpecifidati6bs ® use

pl astic bi ol ogi cal assay trays. These assay trays are magenkaiMoo7
biologically inert materials and relatively inexpensive to manufacture.
For exanple, the tray can be nade from pol yners such as pol ystyrene,

pol yet hyl ene, Specification as at 22 Masach 2007 4 pol ypropyl ene,
acrylates, nmethacryl ates, acrylics, polyacrylam des, and vinyl polyners
such as vinyl chloride and polyvinyl fluoride. [09] Many such plastic
assay trays are naslaypgségidekdlOWN  achyideks ON- NMidedhdt3yP4tRGES SeSacrgftd he
trays can have various configurations. [10] For exanple, Astle, US.
Patent 5,225, 164 dedohosgenidesyi endpyiad peiyrens t fudbpens- vopywelhlsciniavi ng a
rectilinear shape for. analyzing liquid reagents and other sanple
materials. The wel3§ ARV VEBY &1V°H4Ffl es to prompte nixing and increase

the rate of g@g?en transfer to the liquid in the wells. The Patent
di scl oses th he eI ertRY's SYFh ¢ ﬁﬁastti“éyasstf‘é(n 58y oSt r trtCe SR RN ded

polystyrene. [11] &l on- T\o]t%).np troc}asses299 (?g_tq'ﬁ ?gylsoses g‘avrgﬁgg to\?ég: F f_o_r'

celi cultures or b"lnafogl ca CSRETsi Y aseY5p8Pe;

menber joined in g.def ablg and liquid- tight manner to the base plate.
The Patent discloses that the base plates are flexible and can be made of

pol ystyrene, [10] For example, Astle, U.S. Patent 5,225,164 discloses a
microplate tray with open-top wells having a rectilinear
shape for analyzing 1liquid reagents and other sample
materials. The wells may contain baffles to promote mixing
and increase the rate of oxygen transfer to the liquid in the
wells. The Patent __discloses that the elements of the tray
can be constructed from molded polystyrene.

[11] Peters, U.S. Patent 4,299,920 discloses a receptacle
for cell cultures or biological tests comprising a base
plate, and a wall member joined in a detachable and liquid-
tight manner to the base plate. The Patent discloses that
the base plates are flexible and can be made of polystyrene,
polycarbonate, fluorinated polymerized hydrocarbons, or
glass. The Patent further discloses that the wall section can

“ be made from an elastomeric synthetic- midterial such as
polyvinylchloride,' “Polyurethane elastomers, polyvinylidene
chloride, methyl rubber, chlorinated rubber, or fluorocarbon
elastomers.

[12] Studer, Jr., U.S. Patent 4,090,920 discloses a
biological culture test plate having a plurality of test
wells or chambers. The test plate is a disposable,

transparent structure made from a molded plastic. The Patent



pol ycarbonate, fluorinated pol ynerized hydrocarbons, or glass. The Patent
further discloses that the wall section can be made from an el astoneric
synthetic- material such as polyvinyl chloride, -polyrgeifRigochsit oners,
pol yvinyl i dene chloride, nmethyl rubber, chlorinated rubbgrymaRh 2007
fluorocarbon elastoners. [12] Studer, Jr., U S. Patent 4,090,920 discloses
a biological culture test plate having a plurality of test wells or
chanmbers. The test plate is a disposable,s; transparent structure made from
a nol ded plastic. The Patent Specification as at 22 March 2007 5

di scl oses that the nol ded plate can be made from nethyl nmethacrylate,
vinyl resin, or any;tl I Gahl Ynkn I . 1 oh.et al. 6 US.
Pat ent 6, 319, 475 di)ils%lgggésj gﬁgontthgi %?d%rl%%%dicﬁ% g%’;mp e nater mgFaYhn

whi ch the cont ai nekethagridby £atiaf tresm,t BEra®l riashiaAd1ARde£08bi AR, P OCESS.
The container can be used in the nedical,- chem cal, and bi otechnol ogy
fields. The cpi®jai ner caitphi s&s Lbreeul ayenstedtCkUlioNghad haydb.rmdg of a
conposition containing a resin and inorganic filler selected fromthe
group consi sting ofontgéreanies hohingl sampdndnag@kbaliss in [wbd¢h MavEEainer
conventional plastic assay trays have sone drawbacks. Particularly, _
conventional plasti% SABiefFefrey s themedabedringvend soplimgeprrmess combect i ve |
properties. The thernmal heating and cooling efficjency of assays using
such known pl astiCUrEYE 5 bg’el ot nit a(%th,e nBFficptaschemicaby s angr e

designed for the QULPOSROgNFYLIME 909 LOG TRGr comprises three layers
including a layer made of a composition containing a resin
and inorganic filler selected from the group consisting of

ceramics, metals, and carbons.

[14] However, conventional plastic assay trays have some
" drawbacks. Particularly, conventional plastic assay trays
generally have poor thermal- conductive properties. The

thermal heating and cooling efficiency of assays using such
’ known plastic trays can be low. In fact, many plastic trays
are designed for the purpose of having good thermal-
insulation properties. However, the time period for heating
and cooling such plastic trays can be relatively'long, and
this increases the costs of the assaying process. In
addition, plastic trays having poor thermal-conductive
properties may not transfer heat uniformly to the wells in
the tray. This non-ur<corm heating of the tray may cause
tempecature gradients to occur between the wells and impact

analysis of the contents in the wells.

[15] In view of the foregoing disadvantages with
conventional biological assay trays, there is a need for an
improved assay tray having good thermal-conductive
pProperties. It would be desirable to have an assay tray

which could be heated and cooled rapidly to improve the



insulation properties. However, the tine period for heating and cooling
such plastic trays can be relatively long, and this increases the costs of
the assaying process. In addition, plastic trays havi n§pepifization as at

t her mal - conductive properties may not transfer heat uniforaycitmothe wel |'s
in the tray. This non-uniformheating of the tray nay cause tenperature
gradients to occur between the wells and inpact analysis of the contents
inthe wells. [15] In view of the foregoi gg di sadvantages with
conventional biological assay trays, there is a need for an inproved assay
tray having good thermal -conductive properties. It would be desirable to
have an assay tray epitfdhcgObd Gnbesdigat e I pidly to inprove the
Specification as at 22 l\/ac?ch 2007 G%ef ?P%:Feiﬁg%&o?&%e as§7¥°’§1 e?h%”ﬁﬁ‘r esent
i nvention -provi des lsietbgidall 4By Clay 8 SHaymdthays f@f‘dnaﬁ?xk{'gdéh ch£ Jreki ng such

trays. SUMVARY OF THE I NVENTION [16] This invention relates forelates to
conducti ve bi ol ogi cal assay trays and nethods for making such

thermal ly. .
trays. [17] In general, the thernmally-conductive polynmer conposition
conprises: a) 20%to 80% by wei ghtS PoMYRENVENFEON | x, and b) 20%to 80%
by wei ght of 1 é‘f’” metallic,  thermally-conductive material. The pol yner
Matrix can be L& t her mopl f‘h%tl’d“’ﬁ’l‘t’i"ﬁerﬁﬁsaé?%l rf@ pmmﬁ for wexamihe,
pol yphenyl ene sul fi, gﬂ? can b oed Ip formthe polynmer matrix. The
non-metal lic, therrmally-con FEMEFERY AFaYs a’b‘? é‘\eéF%ﬂﬂ §or making such
trays.
[1 7] In general, the thermally-conductive polymer

composition comprises: a) 20% to 80% by weight of a polymer
matrix, and b) 20% to 80% by weight of a non-metallic,
thermally-conductive material. The polymer matrix can be a
thermoplastic or thermosetting polymer. For example,
polyphenylene sulfide can be used to form the polymer matrix.
The non.-metallic, thermally-conductive material is preferably
selected from ceramics, oxides, and carbon materials. For
example, the thermally-conductive material can be boron
nitride, silicon nitride, alumina, silicon oxide, magnesium
oxide, or carbon graphite.

[18] A molten polymer composition is provided, and the
composition is injected into a mold. The composition is then

removed from the mold to form a- net-shape molded. ewcxmally-

conductive, biolcogicai 9se. tray.
[19] Preferably, the biological assay tray has a thermal-
conductivity of greater than 3 W/m°K., and more preferably

greater than 22 W/m°K.

BRIEF DESCRIPTION OF THE DRAWINGS

[20] The novel features that are characteristic of the

present invention are set forth in the appended claims.



sel ected fromceram cs, oxides, and carbon materials. For exanple, the
t hermal | y-conductive material can be boron nitride, silicon nitride,
alum na, silicon oxide, magnesium oxide, or carbon gr&pecifeatignl®]atA nol t en
pol ymer conposition is provided, and the conposition is idyaehedornto a
nmol d. The conposition is then renoved romthe nold to forma net-shape
nol ded. thermal conductive, biological tray. [19] Preferably, the
bi ol ogi cal assay tray has a thermal - conductivity of greater than 3 WnK.,
and nore preferably greater than 22 WnK. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 2diowteerndbel pedatrad esmbpditmere ehabadnsenidenc togethpe Wish esent
invention are set forth in the appended clains. Specification as at 22
March 2007 forthsheliccts mndoradtaydaad adtdraent §7of bete UnAGERP9bNbY t 0get her
with further objects and attendant advantages, are best understood by
reference tdeteiengole S A lowing fedigdsdsscpition t&RB AN GPIE6AHERtYWIBh Wit h
t he acconpanying drawi ng i n whi ch: [2_1% FIG | is atop view of a
bi ol ogi cal 4Bsagcemaynyraderprong an weknal | y- conductive pol yner in
accordance with the present invention; and [22] FIG 2 is a side
crossiZHction vi dWCof! asst nigiPe Vievstofnal Picdpgisasetsaxite#y inadfe fa@®8ay tray of
FIG 1. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 23] The present
i nvention réheftead x-goptestigg PoLBedUTeFsRrdantoMal] Ef Preggshin temalps; and
nmet hods for mca}ki ng such trays. The trays are nade

an

[22] FIG. 2 is a side cross-section view of a single test well disposed

within the assay tray of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[23] The present invention relates to thermally-conductive, biological
assay trays and methods for making such trays. The trays are made
using polymer compositions having high thermal-conductivity. The
polymer composition comprises a polymer matrix and thermally-
conductive material dispersed therein.

[24] In one standard fluorescent “sandwich” immunoassay technique,
the bioassay tray well contains an immunosorbent support surface (for
example an agarose-coated glass disc or beads). An unlabelled antibody
that will react with the antigens to be analyzed is immobilized on the
porous glass disc. A fluid containing the antigens is fed through the
disc so that the antigen molecules react and bind to the immobilized
antibodies. Next, a solution containing antibody molecules that have
been labeled with a detectable fluorescent label (for example, a
fluorescein molecule) is fed through the porous glass disc. The labeled

antibody molecules bind to the antigen molecules to form a sandwich-



usi ng pol ymer conpositions having high thermal-conductivity. The polyner
conposition conprises a polynmer matrix and thermally- conductive nmateri al
di spersed therein. [241 In one standard fluorescent "sagjdeificiion aFanoassay
techni que, the bioassay tray well contains an i nmunosor ben{iasuppon t
surface (for exanple an agarose-coated glass disc or beads). An unl abelled
antibody that will react with the antigens to be analyzed is immobilized
on the porous glass disc. A fluid contaifing the antigens is fed through
the disc so that the antigen nolecules react and bind to the inmobilized
anti bodi es. Next, a solution containing anti body nol ecul es that have been
| abel ed with a det avatide siryokwzscept [thdeldigfor ektplayerad fstuwnteseein
nol ecule) is fed through the porous. glass_disc. The ] abeled _antibod

mol ecul es bind to tIPEPEITEF geNIASFARUI ¥ HEF 5 m a 3BT/ ch*¥pectTietsdi on as
at 22 March 2007 8 layered ﬁtrsgggwoghp&opn&ee di sc. ;I;ge goayg%ggrestrtgcture
“"3nd |abel'e 0 A

: ti .
conpri ses unl abel ed ant1bodi 5, “ant i gen, ant | I es.

spectrof | uoronmet er gr8sdte8thraOcdiRantH £ ibLNSEPERS @RLA caNhesORELRSIaL1QN of the
| abel ed anti body nol ecul es. [ 25] In anot her known fl uorescent inmunoassay

procedure, angwpns of the S8Ry MHeRR! QLA schibe i Rfunddddageprbébabe, fluid
to be anal yzed, are adsorbed on the support disc. The support disc -
cont ai ni ng t he adsambggbnanstt gaRs dasei ARMSECHicAl BypROloft la@Rigaantiai fheng

| abel ed anti bodi es and the antigens to be analyzed. The | abel ed anti bodi es
react and bind rapifdhid tpdeet Aralared ge@as ddsoskrdupi dghreserpphat this remcti on
goes to conpletion. Excess | abel ed. anti bodi es which are not bound to the

antigens in the solSYPRY Hh3°| CPUZIPIRG {the t }FORPRY GBhigens is immersed in

a solution containing labeled antibodies and the antigens to
be analyzed. The labeled antibodies react and bind rapidly
to the antigens in solution so that this reaction goes to
completion. Excess labeled antibodies which are not bound to
the antigens in -the solution will react with the antigens
immobilized on the support surface. Next, the support
surface can be washed in a buffer solution. Then, the
support surface can be analyzed for the presence of labeled
antibody-antigen complexes using a fluorometer or other

appropriate instrument.

[26] ' In such fluorescent immunoassay techniques, it is
import:ant' that the base polymer comprising the tray have a
relatively low level of fluorescence so that the background
fluorescence can be kept to a minimum and not interfere with
the test readings. The background fluorescence can disgquise
actual fluorescénce levels making it difficult to obtéin
accurate readings. In other words, the fluorescence level of
the base polymer is sufficiently low such that it does not
interfere with the fluorescent immunoassay process. A
thermoplastic polymer selected from the group consisting of

polycarbonates, polyethylene, polypropylene, acrylics,



i mobilized on the support surface. Next, the support surface can be
washed in a buffer solution. Then, the support surface can be anal yzed for
the presence of |abeled antibody-antigen conpl exes usuﬁgcﬁhﬁﬁ¢ﬂﬁ§yreter or
other appropriate instrunent. [26] In such fluorescent iyUIRASHAY
techniques, it is inportant that the base polymer conprising the tray have
a relatively low level of fluorescence so that the background

fluorescence can be kept to a mininumand not interfere with the test

readi ngs. The background fl uorescence can di sguise actual fluorescence

| evels making it difficult to obtain accurate readings. in other words,

the fluorescence |ewghsOffiubhecdinsss, pebyymiads poifdsebant |;)61§.ﬁ,\éln§fg0h t hat
it does not interfere with the fluorescent imrunoassay process.

thernopl asti ¢ pol ysfide| exdediquidmetheradr opupyneonskedt ng Qmemoplasuc
pol ycar bonat.es, pol yet hyl ene, pol ypr opgll ene, acrylics, Specification as at
22 March 2007 9 \ﬁrﬁw"sw PPLESEEES 53RsPe e ath desm Wi peStier s, Liquid

pol yphenyl ene sul id.cryst ners such as thernoplastic
aromati ¢ pol yest ergsrygan be yﬁ"seégqfa“'f%rarﬁ‘?gr%gﬁ{ Y - O“LFHATASCE P stoaps

pol ymers having a naMf £d CingBidete! QW LIOESEEIC B STl not to interfere
with the reading of the fluorescence | evel sﬁ@ ?f rfcwhe ?hborleéﬁence fevels

anti body-anti gen e@nphexasbéteddadtivddyaddthgeRdr ebiphbos Al tggljgggdl\égw
thernosetting polymers such as elastoners, epoxies, polyimdes,
acrylonitril es camrpterrgdedAlSennagiledyel astzmésumgclpuieme:fsors@hanm e,

styrene- butadiene_copol ynmer, polychloroprene, nitrile rubber, butyl
elastomers, epox1es, polyimides, and acrylonitriles can be
used. Suitable elastomers include, for example, styrene-
butadiene copolymer, polychloroprene, nitrile rubber, butyl
rubber, polysulfide rubber, ethylene-propylene terpolymers,
polysiloxanes (silicones), and polyurethanes. Generally, the
polymer matrix comprises about 20 to about 80% by weight of

the total composition and more particularly about 40 to about
80% by weight of the composition.

[27] In the present invention, non-metallic, thermally-
conductive materials are added and dispersed within the
polymer matrix. These materials impart thermal conductivity
to the nén_—-conductive polymeric matrix. It is important that
non-metallic materials be used, because metals metal
contaminates can react and bind with the reactahts in the
tray wells causing analytical problems. Further, the
themally-conductive materials should have low fluorescence
so that background fluorescence levels are kept to a minimum

for the reasons discussed above.

[28] Suitable non-metallic, thermally-conductive materials
include, metal oxides such as alumina, magnesium oxide, zinc
oxide, and . titanium oxide; ceramics such as silicon nitride,

aluminum nitride, boron nitride, boron carbide, and carbon



rubber, polysul fide rubber, ethylene-propylene terpolyners, polysiloxanes
(silicones), and pol yurethanes. Cenerally, the polyner matrix conprises
about 20 to about 8096 by weight of the total conposi t$pesifixRtonnay #
particularly about 40 to about 80% by wei ght of the conpgsyhid®oof27] In
t he present invention, non-netallic, thermally- conductive materials are
added and di spersed within the polynmer matrix. These materials inpart
thermal conductivity to the non-conducti®e polyneric matrix. It is
inmportant that non-netallic materials be used, because netal s netal
contam nates can react and bind with the reactants in the tray wells
causi ng anal yti cal mpteahbhBBuckdd Rerhont hbackt her gbhitec onthorey efmauar i al s
shoul d have | ow fluorescence so that background fl uorescence |evels are
kept to a mini num filrersheareasdns déwicakked 5966%11{"28]t18ui thermelly-

non-netallic, thernally-conductive materials include oxi des such as
al um na, magnesi un?%ﬂ“ﬁé“ez|f|’lﬁler6xf%l‘2?“%"nci’bf’f‘f afil f! 89‘?"(% 8(’EetP’ar‘f"let‘:%h"such as

silicon nitride, a trid n Qp hi,de

‘carbon Specificati o%n 'érgse alttm:niz 3 F?séﬁgg%oé}’d T%L d%erl a 1s }sfjg% as %:%r

bl lack or graphite. Mt §§£8yfeiSHCBe dHel L&ipds@ERnal SO sui table. Gener al ly, .
the thermally- conductive fillers conprise about 20 to about 80% by wei ght

of the total &@ZDOS' ti Oﬂ,ea@ﬂem&%]raaﬁ&dc@w,@r..laxeﬁtawaégetﬁ RO Gl 6% Dy

wei ght of the nposi tion e thermally conductive material can be in

t he form of partlleelﬁsclai,a@uhﬁnapom r, Wahi9kers, ffibbes,S, or0mnanycigirher
suitable form. The particles or granules can have a variety
of structures and a broad particle size distribution. For
example, the particles or granules can have flake, plate,
rice, strand, hexagonal, or spherical-like shapes with a
particle size in the range of 0.5 to 300 wmicrons.
Preferably, the particle size is small (e.g., < 1 micron},
because such particles tend not tolreflect the beam of light
from the fluorometer or other instrument reading the samples
as disc#ssed in further detail below. In some instances, the
thermally conductive material can have a relatively high
aspect (length to thickness) ratio of about 10:1 or greater.
For example, PITCH-based carbon.fiber having an aspect ratio
of about 50:1 can be used. Alternatively, the thermally
conductive material can have a relatively low aspect ratio of
about 5:1 or less. For example, boron nitride grains having
an aspect ratié of about 4:1 can be used. Both low aspect
and high aspect ratio wmaterials can be added to the polymer
matrix as described in McCullough, U.S. Patent 6,048,919, the
disclosure of which is hereby incorporated by reference.
Particularly, the compositions of this invention can contain
about 25 to about 60% by weight of a thermally conductive

material having a high aspect ratio of about 10:1 or greater,



suitable form The particles or granules can have a variety of structures
and a broad particle size distribution. For exanple, the particles or
granul es can have flake, plate, rice, strand, hexagonadpec@icatidthgrdical -1ike
shapes with a particle size in the range of 0.5 to 300 @201(4%&%-2007
Preferably, the particle size is small (e.g., < 1 mcron), ecause such
particles tend not to reflect the beamof light fromthe fluoroneter or
other instrument reading the sanples adldiscussed in further detail bel ow.
In sonme instances, the thermally conductive material can have a relatively
hi gh aspect (length to thickness) ratio of about 10:1 or greater. For
exanpl e, Pl TCH bassd abenban téldruhassnty yaighipetta theimgllypfcoadstive0: 1 can
be used. Alternatively, the thermally conductive material can have a
rel atively | ow aspeesriphthaying a Appo@ePeet1rHiol @5 8Po¥o P byPAnHi%E; boron
nitride grains having an aspect ratio of about 4:1 can be used. Both | ow
aspect and HBQYh aspectnrertionwhteainfprripgnmderitidednt 8ot A¥eHoFynEh® matri x
as described in McCull ough, U. S. Patent. g, 048, 91%,t ;hq C(gins%leos%ses of which
i s hereby incor poPab@g by FEPer endB® TBHFPF &Iy e EOmpesit roHs of
this invention cag Cr%ﬁkf‘é ”mﬂ?%tifs 25,4 0 RRQUt Q94K Weie@bia10f a ffermal ly.
[

conductive material havi ng a gh aspect ratio of about 10:1 or greater,-

Specification as atinfé2cMRr GRt2PRl sthedjtdedbotie Hdi{merabauti25% e wei ght
of a thermally conductive naterial having a | ow aspect ratio of about 5:1
or less. [3U An ogirifonaingr @aterdali ng aiedr i@hscigntye ahodedste abeut pol yner

matri x. The reinforcing material can be gl ass,
25% by weight of the composition.

31} The thermally-conductive material and optional
feinforcing material are intimately mixed with the non-
conductive polymer matrix to form the polymer composition.
If desired, the mixture may contain additives such as, for
example, flame retardants, antioxidants, plasticizers,
dispersing aids, and mold-releasing agents. Preferably, such
additives are biologically inert. The mixture can be
prepared using techniques known in the art.

[32) Also, as discussed above, in some types of assays such
as fluoroimmunoassays and enzyme immunoassays, the reading
step of the assay involves passing a beam of 1light through
the wells in the tray and *‘reading” the contents of the
wells. The polymer compositions of the present invention
used to make the bio-assay trays tend not to interfere with
the incident light beams, particularly the  polymer
compositions tend not to reflect the light beams. Thus, more
accurate readings and measurements can be made. In some
instances, the polymer composition can be colored black using
carbon black so that the composition acts more effectively as

an ultraviolet (UV) light absorber and reduces reflection of

the light beam.



inorganic mnerals, or other suitable material. The reinforcing materi al
strengt hens the polyner, matrix. The reinforcing material, if added,
constitutes about 3%to about 25% by weight of the cormfesifichdh aJatl] The

t hermal | y-conductive nmaterial and optional reinforcing nmet®eaidl20are
intimately m xed with the non- conductive polynmer matrix to formthe

pol ymer conposition. |If desired, the m xture may contain additives such
as, for exanple, flane retardants, antieXidants, plasticizers, dispersing
ai ds, and nol d-rel easing agents. Preferably, such additives are :
biologically inert. The m xture can be prepared using techni ques known in

the art. [32](4§1s0, as PLSQUISEA aARBY o1 fndrS UMRpdHRESH O hAZSAY %%ﬁa'l as
fl uor oi munoassays and enzynme I'mmunoassays, the reading step of the assay .
i nvol ves passing achemotdithi @it debiighthahhe Wehtks dna tddeet padre2Rshy

"readi ng" the contents of the wells. The polynmer conpositions of the

present invention gxssdrtthamake WhEK-bi Thegs sanpdt hegts comsludt it ptaperntear f er e

with the incident |ight beans, particularly the polymer conpositions tend
not to reflect theHi%YhtPpeditdy g%, thdice thtcisnabe heased ntpd £rated.

nmeasur enents can b de. Ln so i nstances, the .polyner co sition can
be col ored bl ack u%r%ger’ca? 5T biPSc OB T hat PR i ?rp}cgi?‘{i B%HE s Whre

effectively as amwaggéglialagthés%oéi&@hﬁbémﬁgzi@@g 5&%uf&%frgﬁéa ction
of the light beam Specification™as at 22 March 200 12 [ 33 referably,
the pol ymer conposidn pasufi@vfniy th@sf@lred to all of the wells in the tray.
Thus, there is less 1likely to be significant ‘temperature
differences between the wells, and more accurate readings can
be obtained.
[34] The resulting polymer composition can be shaped into
the bioassay tray using any suitable molding process such as
melt-extrusion, castiﬂg, or injection-molding.
[35] . In general, injection-molding involves the steps of:
a) feeding the composition into the heating chamber of a
molding machine and heating the composition to form a molten
composition (liquid plastic); b) injecting the molten
composition into a mold cavity; «¢) maintaining the

composition in the mold under high pressure until it cools;

and d)} removing the molded article.

[36] The molding process produces a ™net-shape molded”
bioassay tray. The final shape of the biocassay tray is
determined by the shape of the mold cavity. No further
processing, die-cutting, machining, or other tooling is ¢

required to produce the final shape of the bioassay tray.

[37] It should be recognized that the bioassay trays of the
present invention have a single-layered construction. The
thermally conductive polymer composition is molded into the

shape of the tray assembly comprising a flat platform with



conductivity of greater than 3 WnK and nore preferably greater than 22

W nK. These good heat-conduction properties allow the assay tray to be
efficiently heated and cooled. Further, since the pol WhREifie@POaii on used
to nake the bioassay tray has good thermal -conductivity propeibpgs. heat
can be uniformy transferred to all of the wells in the tray. '%hus t here
is less likely to be significant tenperature differences between the
wel I's, and nore accurate readi ngs can be3obtained. [34] The resulting
pol ymer conposition can be shaped into the bioassay tray using any
sui tabl e nol di ng process such as nelt-extrusion, casting, or
i njection-nolding [t85d wedlgeliepaded ringredd | Omherndrdy nGsenbagl vasctda sieps of:
a) feeding the conposition into the heating chanber of a nolding machine
and heating the copbsi)t idrin dnfesrated npitaey stcoapwsi nddentidn guicdypémst i c) ;
b) injecting the nolten. conposition into a nold cavity; e(é:rz) mai nt ai ni ng the
composition in the “RBF bHTePEhAGIF PPt ShPE untPe FH2YCBBteEPly Hegs dyot
renovi ng the nol ded, aiLig! 6 1538k .ING gpl"ggl1 Rrocess produces a_"net-shape
nol ded"” bi oassay trrg%/. The fli nalmshab'e o] %‘ﬁel b'f'%assléoyt';“ r%ﬁsf sp°1?ﬁ'§€trerrri ned
by the shape of theoipakal aVhidingNohel WESRRT of RhOARRS SEdHIucivie £ ULLA NG :
machi ning, or other tooling is required to produce the final shape of the
bi oassay tray. [37pxterigholsydr beadeetogniazeetohlapolyher Rompss 8yord hayihgof the
present invention have a single-layered construction. The thermally
conductive pol yner 2 CB#peOEi rorps qfoFe@al rropdudtévityhape of the tray
assenbly conprising a flat platformw th Specification as at
38] The bioassay trays can have various shapes and
structures depending on the type of bioassay tray desired.
For example, a thermally-conductive bioassay tray having the
design shown in FIG. 1 can be made in accordance with this
‘invention. 1In FIG. 1, the biological assay tray is generally .
indicated at 10. The tray comprises a flat platform 12
containing multiple test wells (recessed portions) 14
disposed therein. The test wélls are arranged in rows and
columns.
[39] In FIG. 2, a single test well 14 containing sample
fluid 16 is shown. The test well 14 has a rounded upper
portion 18 and a V-shaped lower portion 20. It is understood
that the test wells 14 can have structures other than the
designs shown in FIG. 2. There is a wide variety of suitable
structures for the test wells 14. For example, the upper

portion of the well can have a square shape and the lower

portion of the well can have a round, flat, or U-shaped

Structure.
[40] The biocassay trays of the present invention have good
thermal conductive properties. Preferably, the tray has a

thermal-conductivity of greater than 3 W/m°K and more

preferably greater tham 22 W/m°K. The heating and cooling



22 March 2007 13 test wells disposed therein. The tray assenbly (platform
and wells) is an integrated unitary structure nade froma pol yner

conposi tion as described above. The tray assenbly does Syetificauipdsiste an
interior layer which is nmade froma first polyner conposiziarh@agyng one
degree of thermal conductivity, and an exterior |ayer nmade from a second
pol ymer conposition having a different degree of thermal conductivity.

[ 38] The bi oassay trays can have vari ous'4shapes and structures dependi ng
on the type of bioassay tray desired. For exanple, a thernmally-conductive
bi oassay tray having the design showmn in FIG 1 can be made in accordance
with this inventi®epsl REFRGYide YafdehY oPhgl WHPOZESHY FrayPe sPejéorared] | y.

i ndicated at 10. The tray_.conprises a flaét 9I atf%em 12 ('::ontaipj ng multiple -«
test wells (recess&F*pY tilﬁﬁ‘rs;?"gizf € AEPBSERT HeEr 6T PETHE L BEE" WP s are

arranged inr and colums. [39] Inp FIG, 2, a sjngle test well 14

cont aigni ng saﬁ'g’ie fluit 16 iaé’pg‘?fd\]ﬂh?cp% these. Sﬁk#lleglinhége a?*Todlded upper

portion 18 and a \; %@&Pﬁdcﬁa%%é R4 LT O, A icalc'étoim§ ‘é&geﬁﬁt de & atthghe test
esi g .

wel |'s 14 can have StTUCtures-ot her than the ns shown i1n FIG There
is a wide variety ghusthlad! @bodineted WiRkkoltOlaebhtd ih@StroebhesS spihitFOE
exanpl e, the upper portion of the well can have a square shape and the

| ower portion of dnee wwekhtican hany aswdumehdificdtions bhghapedes stakelct ure.
[ 40] The bi oassay trays of the present invention have good thernal

conduct i ve proper tingsndedy 69 deatsivgred ¥ theagprprided claims. '



t hermal - conductivity of greater than 3 WmK and nore preferably greater
than 22 WnK. The heating and cooling Specification as at 22 March 2007

14 steps of a wide variety of inmmnoassays can be perf gpgmiicagdd acatent |y
using the assay trays of the present invention. [41] It 3sveRNRO7ated by
those skilled in the art that various gkanges and nodifications can be nmade
to the illustrated enbodi nents without departing fromthe spirit of the
invention. Al such nodifications and changes are intended to be covered
by the appended clains. Specification as at 22 March 2007 15 Wat is
claimed i s What ishelapmedys conductive, biological assay tray conprising a
platformhaving nultiple test wells disposed therein, said platformand
test wells being lan i m éhermaldy-sepdettive ol vdak roaydray Agmerivo g Aer
conposition, said composition conprising: about 20%to about 80% by weight
of a pol ynerpladerinxhavapgueul2gds ttestapelic Bepstsy thergiht safd alatfermsand

t hermal | y-conductive material having a length to width aspect ratio of
about 10: 1 test yrdatesingaard intserated 09 udutsbatldeddy oy wsingle pilyaesecond
thermally conductive material have a length to width aspect ratio of about
5:1 or | essonposiienasaidycampgsibpnciomnmiilingwidest d0¥heo ppayt §8% Ayt her nal
conductivity of greater than 3 Wm K. 3. The assay tray of claim1l, wherein
t he assay tr#gighhefaa polymer matrix; about 25% to about 60% by weight of a

first thermally-conductive material having a length to width aspect ratio
of about 10:1 or greater; and

about 10% to about 25% by weight of a second thermally
conductive material have a length to width aspect ratio of about 5:1 or

less.

2. The assay tray of claim 1, wherein the tray has a thermal

conductivity of greater than 3 W/m° K.

3. The assay tray of claim 1, wherein the assay tray has a

thermal conductivity of greater than 22 W/m®° K.

4. The assay tray of claim 1, wherein the polymer matrix

comprises a thermoplastic polymer.

5. The assay tray of claim 4, wherein the thermoplastic
polymer is selected from the group consisting of polycarbonates,
polyethylene, polypropylene, acrylics, vinyls, fluorocarbons,
polyamides, polyesters, polyphenylene sulfide, and liquid crystal

polymers.



thermal conductivity of greater than 22 Wm K. 4. The assay tray of claim
1, wherein the polymer matrix conprises a thernmoplastic polymer. 5. The
assay tray of claim4, wherein the thernmoplastic polymyecificatsé #cted from
the group consisting of polycarbonates, polyethylene, palypaRRY0ENE,
acrylics, vinyls, fluorocarbons, pol ya}gi des, polyesters, polyphenylene
sulfide, and liquid crystal polyners. Specification as at 22 March 2007
16 6. The assay tray of claim1l, wherein the polynmer matrix conprises a
thernosetting polyner. 7. The assay tray of claim1, wherein the first and
second thermal | Y- condiet iagsrymataer 04l slagpel setlesed the omly Rer gmatpx
consisting of ceramcs, netal oxides, and carbon materials. 8. The assay
tray of cl aicamprisgher Bienmppetting gelyared- second thernmal | y-conductive
materials are selected fromthe group consisting of silicon nitride, boron
nitride, alum na, magnesium oxide, and carbon graphite. 9. A nethod of

maki ng a net-shape nol ded, thermally- conductive biological assay tray,
conprising the stleps dthe: agayptayi G?W@)ai@ nol veareadonghesiirstoand geppindi ng -
about 20% to about 80% by wei ght of a polyner matrix; about 20%to about
80% by wei ghermfllycppdectiyheratalipls aohdakecited frum ehicagrovpavdmygsantength to
w dth aspect ratio of about 10:1 or greater; and; about 10%to about 25%
by wei ght ofofgesamintd naiek puidey, ephdadioinveategiadsi al have a length to width
aspect ratio of about 5:1 or less; b) injecting a nolten conposition into a
nmol d;

8. The assay tray of claim 1, wherein the first and second
thermally-conductive materials are selected from the group consisting
of silicon nitride, boron nitride, alumina, magnesium oxide, and carbon

graphite.

9. A method of making a net-shape molded, thermally-

conductive biological assay tray, comprising the steps of :

a) providing a molten composition comprising about 20%
to about 80% by weight of a polymer matrix; about 20% to about 80%
by weight of a first thermally-conductive material; having a length to
width aspect ratio of about 10:1 or greater; and; about 10% to about
25% by weight of a second thermally conductive material have a length
to width aspect ratio of about 5:1 or less;

b) injecting a molten composition into a mold;

c) removing the composition from the mold to form a net-
shape molded, thermally-conductive biological assay tray comprising an
integrally molded platform structure having multiple test wells disposed

therein.



c) renoving the conposition fromthe nold to forma net- shape nol ded,

t her mal | y- conductive biol ogi cal assay tray conprising an integrally nol ded
platform structure having multiple test wells di sposed Sgebi€ic&tich as at
Specification as at 22 March 2007 17 10. The net hod of Xl @k D00Mherein
the assay tray has a thermal conductiyhty of greater than 3 WmK . 11

The nmethod of claim9, wherein the assay tray has a thermal conductivity
of greater than 22 WmK . 12. The nmethod of claim9, wherein the polyner
matrix conprises a thernoplastic polyner. 13. The nethod of claim 12,

wher ei n the therfpl adthiecc mesbpdnet dlaimedecthadef ghet hxsayr bigy hemsisting of
pol ycar bonat es, pol yethyl ene, pol ypropyl ene, acrylics, vinyls,

f | uor ocar boftsermydglopdr ety Qogrpatareghgn 3p¥/yP¥Henyl ene sul fide, and 1iquid
crystal polyners. 14. The nethod of claim9, wherein the polynmer matrix
conprises a thernosetting polyner. 15. The nethod of claim9, wherein the
first and second thermally-conductive material is selected fromthe group
consisting of cédanm ddie mathpd okt ddaim afd Warbon that aysayl srayidas The net hod
of claim9, wherein the first and second thernally-conductive material is
sel ected fréhstid emduptivgnstfstrieaterahani2 Weéen ki-tri de, boron nitride,

al um na, magnesi um oxi de, and carbon graphite.

12. The method of claim 9, wherein the polymer matrix

comprises a thermoplastic polymer.

13. The method of claim 12, wherein the thermoplastic
polymer is selected from the group consisting of polycarbonates,
polyethylene, polypropylene, acrylics, vinyls, fluorocarbons,
polyamides, polyesters, polyphenylene sulfide, and liquid crystal

polymers.

14. The method of claim 9, wherein the polymer matrix

comprises a thermosetting polymer.

15. The method of claim 9, wherein the first and second
thermally-conductive material is selected from the group consisting of

ceramics, metal oxides, and carbon materials.

16. The method of claim 9, wherein the first and second
thermally-conductive material is selected from the group consisting of
silicon nitride, boron nitride, alumina, magnesium oxide, and carbon

graphite.



