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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 01] The application clains the
benefit of United States Provisional Application No. 60/373,014 having a
filing date of April 15, 2002. BACKGROUND OF THE | NVENTI ON [ 02] The
present iWO&HPE8H rel ates generally to biological assay pcraKssiosss
Particularly, the present invention relates to thermally-conductive,

bi ol ogi cal assay trays and nethods for naking such trays- 'The trays are
made from pol ymer conpositions conprisihg a base polynmer matrix and a
thermal | y-conductive material. [03] Biochem cal research and nedica

| aborat ori es use biol ogical assay trays for various purposes including
anal yzing and testing genetic materials, cells, tissue cultures,

i mrunol ogi cal conpl exes, TaRMALDe-dokecTIVE geRtaAr, 284 9 ogHygal assays are
used to detect the presence or concentration of a substance (for exanple,
a protein) in a sanple material. [04] These assays are commonly perforned

in receptacle trays containing nultéple wel ls arranged in rows and
columms. The tray typical | §CoMArRg 20T0 BELATER APBEIQGIONS | s with each

wel | holdingrdfuids in mcroliter quantities- The wells can have various
shapes. The Lpder por t T6n BPLTFE LRI F19i8s 1 simdbengEifal ¢, Undkedosigives

squar e- shaped wel S n ._The tom portion of the well can be
fﬂat, roung, V-Shg%gg,g&grgi Qprhlgmon po. &9573,0140 having a filing date
of April 15, 2002.

BACKGROUND OF THE INVENTION

[02] The present invention relates generally te biological
assay trays. Particularly, the present invention relates to
thermally-conductive, biological assay trays and methods for
making such trays. ~The trays are made from polymer
compositions comprising a base polymer wmatrix and a

thermally-conductive material.

[03] Biochemical vresearch and medical laboratories use
biclogical assay trays for various purposes including
analyzing and testing genetic materials, ecells, tissue
cultures, immunological complexes, and the like. In general,
biological assays are used to detect the presence or
concentration of a substance (for example, a protein) in a

sample material.

{04} These assays are commonly performed 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 square-shaped wells are alsoc known. The

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



WO 03/089139 2 PCT/ USQ3/ 10853 U shaped. Biol ogical assays involve a
sequence of steps depending on the specific type of assaying technique
being performed. In general, these techniques involve placing a fluid
sanple that will be analyzed into the wells in the tray, adding various
li qui d r e8§eit08913p ncubat i ng and cooling the sanples, vvasln%]t}gsoﬁsp _reacted
sanples nultiple tinmes, and other steps. The addition of tThe |]§q3?d
reagents and washings are usually conducted using manual or automated
pi pettes. [05J I nmunoassays are frequentRy used to anal yze bi ol ogi cal
materials. Many i munoassay procedures involve formng an antigen-antibody
conpl ex. Antigens are agents that stinmulate the formation of a
correspondi ng ant itbslgred. mmcassiayl prooedunesiwan beused tg determ ne
the presence of antigens in bodily fluids such as whole bl ood, sefum
pl asma, and uri né°PFIEner athe SRETIFSEI b¥re efferstayiapytedmi e gy,
i nmunogl obul i ns t@ggfglrmgdpro uced i reggonse to specific antigens.
Specific antibodi s react with SPeciti ¢"aht i GEHeiey inicAva Wianthang
antigen-anti body e¢oamd exampide bi ag ctions often cause.
precipitation or aggl utinati oﬁl%\t/ih:wgﬁi n%ané('%gw\:ﬁdgilﬁfzoe Y 11 ihakedtheye in
the sanpl e- Howeveray. nddimnyainshancesd spechal i nts. nust. be used.
to anal yze the presence of such anti gen-ant%i bodykﬁ%ﬁglgeé?d [°68§”’|9n many
i mrunoassays, one®®f faelesonpeséng sthef rédrecaomupess (hofi RXaMRLE, ARt gen or
antibody) is inmobilized on '

other steps. The addition of the liquid reagents and

washings are wusually conducted using manual or automated

pipettes.
[G5] Immmoassays 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. Immuncassay
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 specific antigens
to form a binding antigen-antibody complex. These binding
reactions often cause precipitation 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 be washed, incubated



O-a solid support surface located inside the wells of the assay tray. This

.results in the entire conplex being imobilized on the solid support
surface. The inmobilized, solid-phase conplexes in the tray wells can be

washed, incubated, WO 03/039139 3 PCT/ US03/105-53 isol ated, and treated

w th |iquwD exmgent s- These assays are commonly referreq%ﬁgUgﬁnos_
i munosor bent or solid phase assays. Conventional solid phase as§§ys

i ncl ude, for exanple, enzyme inmmunoassays (ElAs), radi o i nmunoassays
(RIAs), and fluorescent imunoassays (H As) in which the i munosor bent
material is sonme type of bead, disc, or other solid support material. [07]
As di scussed above, immunoassays and ot her biol ogical assays involve
heating and cool i Agotdted; ray sewserdlvith MEguSD rebdtatst haneantent,s of. the

tray are incubated and cooled to the proper tenperatures. The tine
required to heat &RHFTIH| refisared tayas simgufogetionnti ar detfléd haba gshoys .many

anal yti cal measurgnent s are qp%e Ln a %iven_ eriod. The heating and
cooling tine periods 1npact fhe c88tE ArPYEf H1Tiencifes Hramplre eamweyt i cal
tests. Wth netal jassR¥sidays, heatjng a oling s are perforned
qui ckly. However, nost neggls ”%ﬁ%érfg%gggﬁtEgFﬁ%Q?%ﬁﬁtan%ggén t H&% r ay

wel I's or the det ettdrencerrt hagsmdisetis t(ReABT Oe uniBY &) HASSAYLILAYS 2l € not
commonly used. Even if a netal tray (for exanple, a stainless steel or
titaniumtray) doBateydel iist epeeitgpariofhbddde de@ct@anicShed ol 6O idY tO

manuf acture such trays-_ Further,
material.

[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 analytical
measurements are wade 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 axe performed quickly. However, most metals
interfere with the reactants in the tray wells or the
detection methods used; therefore, metal assay trays are not
commonly wused. Even 1if a metal tray (for example, a
stainless steel or titanium tray) does not interfere with the
reactants, it is costly to manufacture such trays. Further,
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 axe made from biologically inert materials and
relatively inexpensive to manufacture. For example, the tray

can be made from polymers 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.
ail Thus, biochem cal research and nedical |aboratories typically use

pl astic biol ogical assay trays. These assay trays are nmade from

bi ol ogi ceologronest nmaterials and relatively inexpensivepdgudigmskact ure.

For exanple, the tray can be nade from pol yners such as pol ystyrene,

pol yet hyl ene, WD 031089139 PCT/ US03/ 10853 4 pol ypropyl ene, acryl ates,

nmet hacryl ates, acrylics, polyacrylam de$, and vinyl polynmers such as vinyl
chl oride and polyvinyl fluoride. [09] Many such plastic assay trays are
made using known injection-nolding processes, and the trays can have

vari ous confi guraiivensylédld] Forcemangl.e, AstilecridaBes Pat entr, 225, 164
discloses a mcroplate tray with open-top wells having a rectilinear .
shape for anal yziasgvedydpreideeaget sviant eriherrsavgheas matel | abloridhe well's
may contain baffles t YQrom)te m xi ng and increase the rate of oxygen
transfer to the IF¢uF % FEhée' %t s. The Patent discloses that the '

el enents of [QQE tra can be constructed from nol ded pol ystyrene [ Peters,
U S Patent 99, 920 "ﬁf’%cf”"&%sp]é‘spe"ceﬁsﬁ?fl EXTGT acfél made)] Pergs kgpvn

bi ol ogi cal tests ;G si Late oi.ned in a .
det achabl e and I i qgg%mt |rgbﬁfiﬁlr‘£ sI(&r:lc"s"?ogt he dggg% pﬁag? ecanTngv?’a AT i scl oses
that the base plahespakeidkexi ble and can be nade of pol ystyrene,

pol ycarbonate, fluorinated pol ynerized hydrocarbons, or

[10] For example, Astle, U.S. Patent 5,225,164 discloses a
microplate tray with open-top wells having a rectilinear
shape for analyzing liquid xeagents and other sample
materials. The wells may contain baffles to promote mixing
and increase the rate of oxygen transfer to the ligquid 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 c¢ell cultures or biological tests comprising a base
plate, and a wall member Jjoined in a detachable and liguid-
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 symthetic. wdterial such as
polyvinylchloride, ~Polyurethane elastomers, polyvinylidene
chloride, wmethyl rxubber, 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 1is a disposable,

transparent structure made from a molded plastic. The Patent



glass. The Patent further discloses that the wall section can be made from
an el astoneric synthetic material such as pol yvinylchloride, -'polyurethane
el astoners, polyvinylidene chloride, nethyl rubber, chlorinated rubber, or
fluorocarbon elastoners. [12] Studer, Jr_, U S.. Patent 4,090, 920

di scl osesyg g3hdopi00i cal culture test plate having a plurgli of test
wel | s or cha#@g?g. The test plate is a disposable, tran 55&%ﬁ¥“§¥%ucture

made from a nol ded plastic. The Patent r WO 03/039139 5 PCT/ US03/ 10853
di scl oses that the nol ded plate can be made from nethyl nmethacrylate,

vinyl resin, or any biologically inert polyner. [13] Katoh et al., U S
Pat ent 6, 319,475 di scl oses a container for holding sanple materials in

whi ch t he cont ai ne{sclbgessughjaectt@g @1 et r}graggl cggaa,g(; n,g,ad@nqfr_grgo[mi~J r}g(lpr ocess.
The container can be used in the nedical, chem cal, and bi ot ech ol ogy

fields. The cont anemvacconpei sesyl reei,| ayens bioheditdl 1] idedtaySlymgpde of a
conposition containing a resin and inorganic filler selected fromthe
group consis{idlg of certani o, aetal 5,5 andacarbonsio[dd] Howeyeds a
conventional plastic assay trays have sonme drawbacks. Particularly,
conventional pl asfi¢aa@Fayon haydinogeredaldapehiale poohittheheradontcimaduct i ve
properties. The therpal heating and cooling efficiency of assays using
such known plastt® St“ggifé:egarrf’ e POWRLi PEFT4RY , e 9P draskioccets-ayShe ar e

desi gned for the (9:‘1’1';:9%?‘ OLarba\f)iengu&QOdir; h%@lgal n_uadical, chemical, and
bictechnology fields. The container comprises three layers
including a layer made of a composition containing a resin
and inorganic filler selected from the group consisting of

ceramicg, 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 te the wells in
the tray. This pop-ur<coxm heating of the tray may cause
temperature 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
Properties. 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

t he assaying process. In addition, plastic trays having poor
t her mal - conductive properties may not transfer heat uniformy to the wells

in the twayesnddi; non-unicorm heating of the tray may cause tenperature
gradients to occur between the wells and inpact analysi SOYVI%HE%ant ent s

inthe wells. [15] In view of the foregoing di sadvantages wi th conventi onal
bi ol ogi cal assay trays, there is a need sor an inproved assay tray having
good thermal -conductive properties. It would be desirable to have an assay
tray which could be heated and cooled rapidly to i nprove the WO 03/089139

6 PCT/US03/1 0873 eitfitrdrenCor @he ti@aps s als prdif PLRSEN L DYEALLON provi des
such biol ogical assay trays and methods for neking such trays. § RY OF
THE | NVENTI ON [ 16]PiPhesicrheesney omayelaat esthals ebanesingOsddhet Rl y-
conductive biological assay trays and nethods for making such trays. [171
In general, the thermally-conductive pol ynmer conposition conprises: a) 20%
to 80% by wei ght of a pol yner [ nd b) 20%to 80% by wei ght of a ’
non-netal lic, thernalIy-conduc??@gh%%f%r?giFNW%@I%BIyner matrix can be a

thernnplastiqﬂgr thermyset ti.n ‘Rﬁg nmer. For exanpl e, polyphenylene sulfide

can be used to formthe pol yier ri%e2 She *RontsieEet | ite, thermally-

t her mal | y- conduct ¥t & ib@(lalciﬁcﬂr %EQJ@QLXYS and methods for making such

trays.

[17} 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 orx 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 boren
nitride, silicon nitride, alumina, silicon oxide, magneasium
oxide, or carbon graphite.

[18} A molten polymer composition is provided, and the
composition is injected into a mold. The composition is then
Temoved from the mold to form a net-shaps moldeg, wuciwally-
conductive, biologicai #Ssaw ryray.

[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

. thermal l y-conductive material can be boron nitride, silicon nitride,

al um na, silicon oxide, magnesium oxide, or carbon graphite. [181 A nolten
pol ynmer conposition is provided, and the conposition is injected into a
mol d. Thevoosmmosisti on is then renoved fromthe nold to feefugsngissshape

nol ded. conductive, biologica assay tray. [19] [201 Preferably, the

bi ol ogi cal assay tray has a thermal - conductivity of greater than 3 WnK.,
and nore preferably greater than 22 WrK. BRI EF DESCRI PTI ON OF THE

DRAW NGS The novel features that are characteristic of the present
invention are set forth in the appended clainms. WO 03/089139 PCT/ US03/ 10853

7 However, the prebereed wahodifrerdds egfodinenrtisnye mhe omyedtdgel hetbesdet-h
further objects and attendant advantages, are best understood by reference
to the fol |l owi ng déthi FEFPERsCPITRForf™dt AEEFPIaRt c AREEISN witeh hese

acconpanying drawi ng in ich: [21] FIG, . | is.a _perspective view of a
bi ol ogi cal assay Prr’%fsur’ro\alggsé’yﬁeg%eé‘]cfeh‘éor ﬁﬁ?l{fi%%wﬁgﬁc%tﬁ’eleﬂo ViRt

accordance with {he.PEesente d-DNeDE LONhe Aoh 2 id Frawdnd %nawxﬂ%f.:specti ve
view of a single test well disposed within the assay tray of FIG 1.

[21] FIG. 1 is a perspective view of a biological assay tray
made from a thermally-conductive polymer in accordance with

the present invention; and

[22] FIG. 2 is a perspective 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,
bioclogical assay trays and methods for making such trays. The
trays are made using polymer compositions having high
therﬁal—conductivity. The polymexr composition comprises a
polymer matrix and thermally-conductive material dispersed

therein.

[24] In one standaxd fluorescent “sandwich” immunoassay
technigue, the bioassay tray well contains an immunosorbent
support surface {for example an agarose-cocated 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 sclution 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-



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 23] The present
_invention relates to thermally-conductive, biological assay trays and

nmet hods for making such trays. The trays are nade using pol yner
conposi tions having high thermal-conductivity, The polymer conposition
conpri sesweaospahyrer matrix and thermal |l y-conductive nat @cralsodiosjer sed
therein. [24] In one standard fluorescent "sandw ch" i mrunoassay
techni que, the bioassay tray well contains an inmunosorbent support
surface (for exanple an agarose-coated of ass disc or beads). An unl abel |l ed
antibody that will' react with the antigens to be analyzed is imobilized
on the porous glass disc. Afluid containing the antigens is fed through
the disc so that fakersint $tgenturs] e®ul &k r 8a8%- and™5i ntPYESH=E hetxvchwisbi | | zed

ant i bodi es- Next, a solution contajning.antibody nplecules that have been
| abel ed with a det®EPaGra T"F]L?S’?Qe%écen?“gcllg%eﬁes(fo?ntelﬁﬁlrlml ey fﬁ%‘fﬁeé’scei n

mol ecule) is fed aﬁlgh%ag&.t he eg%%fﬂlo%,ﬁetqafsci-s Theal ahel gd.ant i hody

nol ecul es bind to the antigen nolecules to forma sandwi ch " NO 03/ 089139

PCT/ US03/ 10353 8 |p@ayedrd Slar sisicdheradilod B¢ €leSCabelbe dnaymicgtnaatemekur e
conprises unl abel ed anti bodi es, antigen, ' and | abeled antibodies. A
spectrofl uorgpgter is ugednbheFLagdlie EhEoREESANCAmARchseaNCaRAld=ation of the
| abel ed anti body nol ecules. [25] In another known fluorescent i mrunoassay
procedure, anti genrstigfenthef sane sanmunohogicekal ypeeobfanttiigem im tHee | uid
to be anal yzed, are adsorbed on the support disc. The support disc

cont ai ni ng the adgérbededitt pppgivget s aFemasesErfd pn the support disc. The

support disc containing the adsorbed antigens is immersed in
a solution containing labeled antibodies and the antigens to
be analyzed. The labeled antibeodies 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 cowplexes using a fluorcmeter or otherxr

appropriate instrument.

[26] In such fluorescent immunoassay techniques, it is
important 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 disguise
actual fluorescence levels making it difficult to obt:éin
accurate readings. In other words, the fluorescence level of
the base polymer is sufficiently low such that it does not
interfere with the fluorescent iwmunoassay process. A
thermoplastic polymer selected from the group comsisting of

polycarbonates, polyethylene, polypropylene, acrylics,



a solution containing | abel ed anti bodies and the antigens to be analyzed.

. The | abel ed anti bodi es react and bind rapidly

to the antigens in solution

so that this reaction goes to conpletion. Excess | abel ed anti bodi es which
the antigens in the solution will react with the antigens

ke support surface. Next, the support an be
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other appropriate instrunment E26] In spch fluorescent imunoassay
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[27]

[28]

ow fl uorescence so as
preferred. Alternatively, thermosetting polymers such as

elastomers, epoxies, 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

B0% by weight of the composition.

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

for the reasons discussed above.

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, bhoron nitride, boron carbide, and carbon



not to interfere with théTteadi ng of the fluorescenee-l-evels of the
. | abel ed anti body-antigen conplexes is particularly preferred.
Al ternatively, thernosetting polynmers such as el astoners, epoxies,
pol yi m des, and acrylonitriles can be wused. Suitable elastoners include,

for exanp®esggbisoene- butadi ene copol ynmer, pol ychl or opr epermsisiigssze rubber,
butyl rubber, polysulfide rubber, ethylene-propylene terpolyners,
pol ysi | oxanes (silicones), and pol yurethanes. Generally, the polyner
matri x conprises about 20 to about 80O by weight of the total conposition
and nore particularly about 40 to about 80s by weight of the conposition.
[27] in the present invention, non-netallic, thermally conductive nmaterials
are added and di spetsedinisibh mst Berbopoblamr omadrhpixiteTheiseunst efi alcg | npart
t hermal conductivity to the non-conductive polyneric matrix. It is
i mportant that néhllgetal dic maser i wli§able-usEaneBébaus éhfret HeraEval
contanm nates can react and bind with the reactants in the ,/%blryaéewel S

Cctrv

causi ng anal yti cafoBrebEms 1 Fdft FEPT THh &P Phet’ mif | $R¥6ndl ferial s
shoul d have | ow fLPOEheeS;:c%@gle conPodiB80n ba%gkqepyrmrueﬁes%]%ﬁ%g& lalt%V%S are

kept to a mninum for e reasons discussed above. [2 Sui tabl e

non-netal lic, thegwRll Yosc8pdishht e neidnmbsiticacl ude, nmetal oxides such as
al um na, magnesi um oxi de, zinc oxide, and titanium oxide; ceram cs such as

silicon ni trgziag, al UM Sl 1 W @ondRE OV Riat&dide, caROFONNCEHDIEGE oaNd
carbon WO 03/ 089139 PCT/ US03/ 10853 to materials such as carbon bl ack or
graphite. M xtur egaaficsasgh grindiber sovalee, avisizksts,t abbess, Genenay | yrhethe

t hermal | y-
suitable form. The particles or granules can have a wvariety
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 wmwicrons.
Preferably, the particle size is small (e.g., < 1 micron},
because such particles tend not to reflect the beam of light
from the fluorometer or other instrument reading the samples
as discussed 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. Alternmatively, the thermally
conductive material cam have a relatively low aspect ratio of
about 5:1 or less. For example, boron nitride grains having
an aspect ratio of about 4:1 can be used. Both low aspect
and high aspect ratio waterials 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,



conductive fillers conprise about 20 to about 80% by wei ght of the total
conposition and nore particularly about 30 to about 60% by wei ght of the
conposition [29] The thermally conductive material can be in the form of
particles, granular powder, whiskers, fibers, or any other suitable form
The partwe @@saBe gr anul es can have a variety of struct weEsossseosas br oad
particle size distribution. For exanple, the particles or granules can
have fl ake, plate, rice, strand, hexagonal, or spherical-like shapes with
a particle size in the range of 0.5 tdi300 microns. Preferably, the
particle size is small (e-g., < 1 mcron), because such particles tend not
to reflect the beamof light fromthe fluoroneter or other instrunent
readi ng the sanplaed atagtdioseasaodt i3psf bir tegghtdef & [thaldly chnduso e
instances, the thermally conductive material can have a relatively high
aspect (length t@2ERTCRNEYEPT PalPd 3GPeHUbotti°10t £PB1T greaFet=ss- For exanpl e,
Pl TCH- based S]rbon fiber having an aspect ratio of about 50:1 can be used.
Al t ernati veI[y%, t he thé‘PnﬁPtﬁP“agoﬁiﬁE?’fc\}@gn’ﬁ%t@F?‘%ﬂ PAnPhat¥ed Fel 9 vel y | ow

aspect ratio of g?o%tr 5.1 or Ies_t,gé For_cexanple, . borgon nit rbiedelgrsai ns
having an aspect°ratio 6f about 471°Can be used. Both 1Tow aspect ~ and high
aspect ratio matepbalsifamiRe-addedyt o eher PehYFBie MRkl¥aas desgribed in
McCul | ough, U. S. Patent 6,048,919, the disclosure of which is hereby '

i ncorporated by refeiceane, mdaridicWraedgthedhetleormatshdri oRsrof. t s
invention can contain about 25 to about 60% by weight of a thermally
conductive nateremfchairiongateriphh idspliet, ransolitofenbbott 38:tb abouwgr eat er,

WO 03/ 089139 PCT/ USQ3/ 10853 | | .
25% by weight of the composition.

[31] The thermally-conductive material and optional
‘reinforcing material are intimately mixed with the non-
conductive polymer wmatrix to form the polymer composition.
If desired, the mixture may contain additives such as, for
example, flame retardants, anticxidants , plasticizers,
dispersing aids, and mold-releasing agents. Preferably, such
additives are biologically inert. The mixture can be

prepared using technigues known in the art.

[32] Also, as discussed above, in some types of assays such
as fluorcimmunoassays and enzyme imminoassays, the reading
step of the assay involves passing a beam of light through
the wells in the tray and “reading” the contents of the
wells. The polymexr compositions of the present invention
used@ to make the bio-assay trays tend not to interfere with
the incident light heams, particularxly 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.



and about 10 to about 25% by wei ght of a thermally conductive nmaterial
. having a | ow aspect ratio of about 5:1 or less. [30] An optional
reinforcing material can be added to the polynmer matrix. The reinforcing

material can be glass,. inorganic mnerals, or other suitable material. The
rei nf or civag osredogsd al strengthens the polymer matrix. Thepckgishl ks NY
material, if added, constitutes about 30 to about 25% by weight of the

conposition. [31] The thermally-conductive material and optional
reinforcing material are intimately m xéd with the non- conductive pol yner
matrix to formthe polyner conposition. |If desired, the m xture may -
contain additives such as, for exanple, flane retardants, antioxidants,

pl asti ci zer s[33}di Sper SbAgahsks, aRd BBl fckelBasidd; dgentSe E”&fhg{—maa*i'y’ such
additives are biologically inert. The m xture can be prepared using

t echni ques known Etsnduheivcitly. of32feflesothas di sguXksedaaheve, pidiesig types
of assays such as fluoroi nmunoassays and enzyne i nmunoassays, the reading
step of the assayd¥enfer vésnpas Si/ne-a Beaen ofod| hefist cendpouigh pidpervielsl s i n
the tray and "readjng" the contents of the_ wells. The pol ymer conpositions

of the present in i §R° 8RB 5 el eh&thigeathayeeref) Lrde ittt to
interfere with t Lagci dent I ight , 'ililarlllet eopr%l ne
Re.chibei dent ! ight he B, Rkl bRTLded NG PONITRE,

conp_ositi'ons tend not to reflect the ans. us, nore
readi ngs and neaspiREELY stragflrmatg;ega&giechemlsmuctmtﬂ&%?eréi@ QL er
conposition can be col ored black using carbon black so that the
conposi tion acts ¢y de efrfiéotnlyet yanaserrad tdl bIBWrotie! wéld¥) ih itghteapsor ber
and reduces reflection of the |ight beam
Thus, there is less likely 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 bicassay tray using any suitable molding process such as
melt-extrusion, casting, 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 (ligquid 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”
biocassay tray. The final shape of the biocassay tray is
determined by the shape of the mold cavity. No further
processing, die-cutting, wmachining, or other tooling is r

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



WO 03/089139 PCT/ US03/10853 12 [33] Preferably, the polynmer conpositions
have a thermal conductivity of greater than 3 Wr K and nore preferably

greater than 22 WnK_ These good heat-conduction properties allowthe
assay tray to be efficiently heated and cool ed- Further, since the polyner

conposi ti wo amesksé 0 make the bioassay tray has good theqqghﬁﬁgﬂﬁgftivity
properties, heat can be uniformy transferred to all of the wellTs in the

tray. Thus, there is less likely to be significant tenperature

di fferences between the wells, and nore &ccurate readi ngs can be obtained.
[ 34] The resulting polynmer conposition can be shaped into the bioassay
tray using any suitable nolding process such as nelt-extrusion, casting,
or injection-nol ditegt ¥3%% dimpgerderbdreinnj ebt iy kehulg ifweFsuesatde steps
of: a) feeding the_composition into the heating chanmber of a nolding
machi ne and heat i nfltHe 1€otpdaregrared ¢of G sErapturenmadeo ipos i ticdpmdd | qui d

plastic); b) injecting.the nolten .co sition into a nold cavity; c)
onbbatitn T AT 4R ot Gy preeshie 4986 ot t

mai ntai ning the conpositionin
cool s; and d) remyingetde ;oplded ALLLGhgen [:36).alhe J10L ding, process
produces a "net-shaﬁ% mol ded” [ 37] bFoasgaylf%a%¥£T:%m??ﬁ%rggﬁﬁgﬁmﬁT t he

bi oassay tray is cdeiennidedatingt be: sbape of thbenI0ksacavity,, Nos further .
processing, die-cutting, machining, or other tooling is required to )
produce the final estraper ofayehemdsieofssmy be@yd pdlyshoubspdier iRCaghinged t hat

t he bi oassay trays of the
a different degree of thermal conductivity,

[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. In 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 wells 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 bioassay 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 than 22 W/m°K. The heating and coocling



present invention have a single-layered construction. The thermally

. conductive polynmer conposition is nolded into the shape of the tray
assenbly conprising a flat platformw th WD 03/089139 PCT/US03/10853 13
test wells disposed therein- The tray assenbly (platformand wells) is an
i nt egr at 8¥O 0FigsvER9y structure nade froma pol yner conposPcromsassxdescri bed
above. The tray assenbly does not conprise an interior |ayer which is mde
froma first polyner conposition haV|n% one degree of thermnal

conductivity, and an exterior |ayer e froma second pol yner conposition
having a different degree of thermal conductivity. [38] The bioassay trays
can have various shapes and structures depending on the type of bioassay
tray desired. Fofts®gamfl &, Wéd%h@?ﬁﬁf?yoﬁoﬁﬂﬁ%?TV@Yﬁl6§S§§yEFF§VWHQV|ng t he
desi gn shown in FI nqge i n accorda cgh this invention. In =

FIG 1, the biol off é‘ﬁfe’hggaﬂf‘? ayelassaﬁn erat Iy, desegfe St°'fB: The tray

conprises a platform 12 contal in ti S | s (recessed
portions) 14‘£glsposednih€réFﬁra?ﬁ %f QEF Egﬁéegr?ﬁnéga ?% 8% and
colums. [39] In Ear%uz c@anaggglasdtes,tnoawkéat&én&oem Bgn%ﬁ@metﬂ%u' d 16
is showmn. The test. well 14 has a rounded upper portion 18 and a V-shaped

| ower portion 20. 1ﬂ1hst1$athld3]dﬁlb8&lﬁ@dts thaholth@epAgtinyeirdos ditk epi-ibaye
structures other than the designs shown in FIG 2. There is a w de varlety
of suitabl e strugteurssehoiont he pHEst syl | modlidicdEgpnexanpl| ehanbbe apper
portion of the well can have a square shape and the |lower portion of the
wel | can have a rigisaded Fate erverrdhypdp appended claims.



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

t hermal - conductivity of greater than 3 WnK and nore preferably greater
than 22 WnK. The heating and cooling WO 03/089139 14 PCT/ US03/ 10853 st eps
of a w deviedreseisy of i nMmunoassays can be perforned effigdeotdsyosssi ng the
assay trays of the present invention. [41] It is appreciated by those
skilled in the art that various changes and nodifications can be nmade to
the illustrated embodi nents without departing fromthe spirit of the
invention- Al such nodifications and changes are intended to be covered
by the appended clainms. 6 s WD 03/089139 PCT/ US03/10853 E5 WHAT | S CLAI MED
IS: 1. A thernmally-conductive, biological assay tray conprising a platform

~having multiple teg&ﬂme&J% di sposed therein, said platform conprising a
pol ymer conp§%$¥$%ﬁ7—%gidw%pnpositipp conprising: i) about 205to about 80%
by weight of 2 pol iRk, 18} ldaudide| | JiABOML1 20385 0uAROULBAY by yei ght of
a non-netallic, thermally-conductive natéerial. 2.” The assay tray of claim
1, wherein tpeadebay HadmgamiltaprdlceORAUCS iavkboseaf c1@heat ebaidhanaFo i m K. 3.
The assay tray of claiml1, wherein the . polyner matrix
comprising a polymexr composition, said composition comprising: i)
about 20% to about 80% by weight of a polymer matrix, and ii) abont

20% to about 80% by weight of a non-metallic, thermally-conductive

material.

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 polymer matrix

comprises a thermoplastic polymer.

4. The assay tray of claim 3, wherein the thermoplastic polymer
is selected from the group consisting of polycarbonates,
polyethylene, polypropylene, acxylics, winyls, fluorocarbons,
polyamides, polyesters, polyphenylene sulfide, and liquid crystal

polymers.

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

comprises a thermosetting polymer.

&, The assay tray of claim 1, wherein the thexmally-conductive
material is selected from the group consisting of ceramics, metal

oxides, and carbon materials.



conprises a thernoplastic polyner. 4. The assay tray of claim3, wherein
. the thernoplastic polynmer is selected fromthe group consisting of

pol ycar bonat es, pol yet hyl ene, pol ypropyl ene, acrylics, vinyls,

fl uorocarhbons, polyam des, polyesters, polyphenylene sulfide, and liquid
crystal péPJH432 5. The assay tray of claim 1, wherein tpheaselwsey Mmtrix
conprises a thernosetting polyner 6. The assay tray of claiml1l, wherein the
thermal | y-conductive material is selectq fromthe group consisting of
ceram cs, netal oxides, and carbon matertals. WD 03/089139 16 PCT/ US03/

10853 7. The assay tray of claim®6, wherein the thermally-conductive

material is sel ectr%g fagspm t he group consisting of silicon nitride, boron
nitride, alumina, maghesrumd%ide, dn8 Sarb6reyr dphi teermgliyFhenduesaye t ray

of claiml, whgt&l;nithe Lol yngr ifion further conprises: (iii) a
reinforcing material. 9. The et og{jmg LPH FOB AT &FnstHeor etit i ng

material is gbassnitldeAarehiiRd RgmBBKINNG:ReNelSNARS, R ded,
t hermal | y-conductive biol ogical assay tray, conprising The sfe'eps of : a)
providing a nolten conposition conprising: i) about 20%to about 80% by
wei ght of a pgl ymer matrix, and ii) about 20%to about 80% by weight of a
non-netal | ic, °t h&thel ISy cSRRuCceT velaidit v aherehh ithg epdliymer t BenpsB]l digh

conposi tion igg | d.. c) renoving the conposition fromthe nmold to form
a net -shape mﬁg{l‘gﬁ@?‘%relrsrer%l I‘)}fé)or?dg%’f“ifi?EClBﬁd‘faG@P@éI- assay tray conprising

a

9. The method of claim 8, wherein the reinforecing material is

glass.

10. A method of making a net-shape molded, thermally-conductive
biological assay tray, comprising the steps of:

a) providing a molten composition comprising: i} about 20% to
about 80% by weight of a polymer matrix, and ii) about 20% to about
80% by weight of a non-metallic, thermally-~conductive material;

b} injecting the molten composition into a mold;

¢) removing the composition from the mold to form a net-shape
molded, thermally-conductive bioclogical assay tray comprising a

platform having multiple test wells disposed therein.

11. The method of claim 10, wherein the assay tray has a thermal

conductivity of greater than 3 W/m°K.

12. The method of claim 10, wherein the polymer matrix comprises

a thermoplastic polymer.

13. The method of claim 11, wherein the thermoplastic polymer is
selected from the group consisting of pelycarbonates, polyethylene,
polypropylene, acrylics, vinyls, fluorocarbons, polyamides,

polyesters, polyphenylene sulfide, and liquid crystal polymers.



pl atform having nultiple test wells disposed therein. 11. The nethod of
. claim10, wherein the assay tray has a thermal conductivity of greater
than 3 WnK. 12. The nethod of claim 10, wherein the polymer matrix
conprises a thernoplastic polymer. 13. The nethod of claim 11, wherein the
t her nopl a$%Q &/8vi39ymer is selected fromthe group consi sted1g™b/108s3
pol ycar bonat es, pol yethyl ene, polypropylene, acrylics, vinyls,
fl uorocarbons, pol yam des, polyesters, polyphenylene sulfide, and liquid
crystal polyners. I Wc) 03/089139 PCT/US303/10853 17 14. The net hod of
claim 10, wherein the polynmer matrix conprises a thernosetting polyner 15.
The nmethod of claim 10, wherein the thermally--conductive naterial is
~selected fromthe group consisting of ceram cs, nmetal oxides, and carbon
materials. 16, Thghnet od o% ¢laim15, wherein the thermally-conductive
material is séfect ¥ FrEh thE ytbdp BRETS Fhg PBEY™SF I93¢HH: APER%ies 2 bor on
nitride, alumga, . JRYNESLUM.Qxi de, and carbon graphite 17. The method of
claim 10, wherein the conposition further conprises reinforcing materi al

15. The method of claim 10, wherein the thermally-conductive
matexial is selected from the group consisting of ceramics, metal

oxides, and carbon materials.

16. The method of claim 15, wherein the thermally-conductive
material is selected from the group consisting of silicon mnitride,

boron nitride, alumina, magnesium oxide, and carbon graphite.

17. The method of claim 10, wherein the composition further

comprises reinforcing material .



