WD 03/089139 PCT/ US03/ 10853 | THERMALLY- CONDUCTI VE BI OLOG CAL ASSAY TRAYS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 01] The application clains the
benefit oWoWgiogaey St ates Provisional Application No. 60/ 2¢3/UBdz1dssyi ng a
filing date of April 15, 2002. BACKGROUND OF THE | NVENTI ON [ 02] The
present invention relates generally to biological assay trays.
Particularly, the present invention relatles to thermally-conductive,

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

| aborat ori es use biol 0gi eRdrMAEER Y OlbRMSVE BTONGITICRLIS ABEXP@RREs | Ncl 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 éfRO8F; RYFBRFNCENEQ REGRERY APRITEAEH oNl y per f or ned
in receptacle trays containing multiple wells arranged in rows and

col ums. The [Xay typi & |apréarrtaPns cPOims2 £he ggengfiito@indinisedy $trteach
well holding fluids in mcroliter quantities, The ||'s can _.have vari ous
shapes. The upper PTEFHITAOT 2R Rt M8 r%?/ﬁa3'q}§\3§FYV‘,9 &l tthdtRgh date
squar e- shaped mellgfg$§iph§o:%@9mm. The bottom portion of the well can be
flat, round, V-shaped, or ' '

BACKGROUND OF THE INVENTION

[02] The present invention relates generally to 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 matrix and a

thermally-conductive material.

[03] Biochemical research and medical laboratories use
biological assay trays for wvarious purposes including
analyzing and testing genetic materials, <cells, 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 also known. The

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



WO 03/ 089139 PCT/ US03/ 10853 2 U shaped. Biol ogical assays involve a
sequence of steps depending on the specific type of assaying technique
bei ng pewbasnoed39 I n general, these techniques invol ve pl acirngsoz10863 ui d
sanple that will be analyzed into the wells in the tray, adding various
|l iquid reagents, incubating and cooling the sanples, washing the reacted
sanples multiple times, and other steps.2 The addition of the Iiquid
reagents and washings are usually conducted using manual or automated

pi pettes. [05] Inmunoassays are frequently used to anal yze bi ol ogi cal
materi al s. Many i ninshenssay Piolcoderlesadsavel vevdlyenmangeanenceentdigett-eant i body
conpl ex. Antigens are agents that stinulate the formation of a ,
correspondi ng ant i BREPIMIAIN A& sS/ECIHFOcRRSr & 8PP IR useT L BUYRLF R ne

the presence of antigens ,in hodily fl ui sych, as_whol. | 0o um
pl asma, and uri ne’fer%ﬁr%%drier a’]k%, gﬁrrl\%rlal%éditg%ere éﬂrn%tqéleanill?%o vtghgl%%gél °

i munogl obul i ns t haiy;ar g@aRsRAUGRE LT 8SPONREyE SPREI kheé wanlsi g8Nshe
Specific antibodies react with specific antigens to forma binding

anti gen-anti body cergy, exddibheseribundlingid resgbhons iofitenicausE cooling
precipitation or agglutination which can be visible to the naked eye in
t he sanpl e. Howevethe jsampkasnywasispantes reapedi armdlast Mivepis tHnst: Bedused
to anal yze the presence of such _antigen-anti body caonpl exes. [06] |n _many
i munoassays, one 9fhe*®8fponetits ?)‘gdltth%n ebnpéx Bt e%S?éﬁné, &Rt gen

or ‘antibody) i's i nmupbiilized, On. 39! g, GHRBET Lo BHY FAGRAL 0GRt edcliside the
y

wells of the assa

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 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,



tray. This results in the entire conplex being imobilized on the solid
support surface. The immobilized, solid-phase conplexes in the tray wells
can be wawbed/jsiisazubat ed, WO 03/ 089139 PCT/ US03/ 10853 3 irsalwmsbedissand
treated with Iiquid reagents. These assays are conmmonly referred to as

i mmunosor bent or solid phase assays. Conventional solid phase assays
include, for exanple, enzyme immunoassays (ElAs), radio inmmunoassays
(RIAs), and fluorescent imunoassays (FIAs) in which the i Mmunosor bent
material is sonme type of bead, disc, or other solid support material. [07]
As di scussed aboveésoiaradnoass dysateddvigtthéiqtidorergients- aBsey gs$avvobve
heating and cooling the tray several tines so_ that the contents of the

tray are incubat efBRPIYoSFEFED Thes pPUPer Rt e PPRAR 195/ -
required to heat ac%gwecck%nélhesoltéaﬁ}ﬁaagé %.s‘;gs?tﬂ{clwe deé?ﬁr 1 L0, Y ny
nt de e ek !

anal ytical nmeasurenents are ma n-a given period. ting an

cooling tinme periogauhdiRads)s t heesst s andief f iaheRekes s0f tHifs) anakyd i cal
tests. Wth netal assay trays, the heating and cooling steps are perforned
qui ckly. However, fitostesvehal smminbtesafyer éFms h itnhevhieactiant Sumunoddrdett ay
wells or the detection nethods used; therefore, netal assay trays are not
commonl y used. Evemtpfiag getsdmet FeBe Cf oreadxandise, ar thar niddd ipeert or
titaniumtray) does not interfere with the reactants, it is costly to
manuf acture such tP&§8:%'Further, nany |aboratories want to di spose of

bi ol ogi cal a trays after a single use. Fabricating netal_assag trays
for si|1gle As discussed above, immunoassays and  other biologital

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 1is a factor in determining how many analytical
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, most metals
interfere with the reactants in the tray wells or the
detection methods used; therefore, metal assay trays are not
commonly used. Even 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. 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 are made from biologically inert materials and
relatively inexpensive to manufacture. For example, the tray

can be made from polymers such as polystyrene, polyethylene,



applications is very costly. [08] Thus, biochem cal research and nedi cal

| aboratories typically use plastic biological assay trays. These assay
trays ar ewowdesdisom bi ol ogically inert materials and rel ®CTaEsy/10853

i nexpensi ve to manufacture. For exanple, the tray can be nade from

pol ymers such as pol ystyrene, polyethylene, WO 03/089139 PCT/ US03/ 10853 4
pol ypropyl ene, acryl ates, nethacryl ates, 4acrylics, polyacrylam des, and

vi nyl polyners such as vinyl chloride and polyvinyl fluoride. [09] Mny
such plastic assay trays are nmade using known injection-nolding processes,
and the trays can prversarleoels cowkytareat i onsretha@jylebes exanprkeylisst | e,

U S. Patent 5,225,164 discloses a mcroplate tray with open-top wells
having a rectilineealyaghdgmifss andl yi‘PYrJrg POLELAE PREY et s"‘é’ﬁ’&l GeHRE g anpl e
materials. The mells coniqh g{fles to pronote m xing and increase
the rate of oxygen™1F BREFePrYtJ'PR&Fiquid in the wells. The Patent

di scloses th ihe el enents of ! h Lray  can ge constructed from m)l ded

pol ystyr ene. 61{019. ] Pet er'$™U. 8 pRe & lc4 255% o5 YEi SEP0dBE% 2T 8eptatle for

cell cultures or bi@&&&%&ﬁ%%@@ﬁ%@ rsgldatp@stefaypl 81:£11300v 2 Ak |
menber joined in a detachable and Iiquid- tight mannér to the base plate.

The Pat ent di scl osemstibatatible base plates are flexible and can be nmade of
pol ystyrene, polycarbonate, fluorinated polynerized hydrocarbons, or
gl ass. The Papiet furt hesr dixagpesesasthgt vt be maleht SechisOsCa@Iscloses 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 material 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 1is a disposable,

transparent structure made from a molded plastic. The Patent



be nmade froman el astoneric synthetic material such as polyvinyl chloride,
pol yur et hane el astoners, polyvinylidene chloride, nmethyl rubber,

chl ori natwo osughey , or fluorocarbon elastonmers. [12] Stuaemr/usds/10853). S.
Pat ent 4, 090,920 discloses a biological culture test plate having a

pl urallty of test wells or chanbers. The test plate is a disposabl e,
transparent structure made froma nol ded’pl astic. The Patent WD 03/089139
PCT/ US03/ 10853 5 discloses that the nol ded plate can be nade from net hyl
met hacryl ate, vinyl resin, or any biologically inert polynmer. [13] Katoh
et al., U S. Paterdisgl3t9, 418t dicbe| BIkdeda rdaht aFsier P ofadfol Eiomg me&RY e
materials in which the container _is subjected to a tg rmal heating and
cool i ng process. THEMFYRRE n&FFan®he uSed ¥ P18 f ST ReM T, and
bi ot echnol ogy, éi el ds. The container conprises three |ayers _including a

| ayer made of[1 corrposiKﬁtBIh c?&nt atni n§-% r@éF?Pt afd? ndf yai & ¥ Per

sel ected from the QLoup 6onS SLiAG.OLaner AllERy 8 Ahs 2 SaKAIMS, [14]
p trays

However, conventiona as |c assa ave sone awbacks.

Particul arly, conventi,gnakepl @std Ghassay nti@hs a@enRbaldy pha¥dssP00rhe

t hermal - conductive properties. The thermal heating and cooling efficiency
of assays usi ng sushtakrewncgl aski cutgdaysncarhehbembdiwall n dreatcalmanyngl asti c
trays are designed for the purpose of having good thermal- insulation
properties. HoweverioteHmologie Petdnd e REMIIAGT ONBTETS ithes uéwept asti c

trays can be rel atlvelX | ong, and
ncluding a 1ayer 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-uniform 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



this increases the costs of the assaying process. In addition, plastic
trays having poor thernmal-conductive properties may not transfer heat

uni f or m ywomswgwessnel |s in the tray. This non-uniform heatcmgiso$/iashe tray
may cause tenperature gradients to occur between the wells and i npact
anal ysis of the contents in the wells. [15] In view of the foregoing

di sadvantages with conventional biologi ®al assay trays, there is a need
for an inproved assay tray having good thermal -conductive properties. It
woul d be desirable to have an assay tray which could be heated and cool ed
rapi dly to inproveetfieisqgy0sf 089139s4PET/ TISOBY B85 I Vel Br®ieys ogfuckhe
assays. The present invention provides such biological assay trays and
met hods for maki ng®¥UeR* 13 a§esay E’EN@APW?C‘)%'CWE ‘(f)‘ﬁv WT%G]YJW'S
invention relates to relates to thermally- conductive biol ogi cal assay
trays and nethods for making such trays. [17] In general, the

thermal | y-conducti ve pol ynmer conp@sihky @ eghpivaasona) 20% to 80% by
wei ght of a polynmer matrix, and b) 20%to 80% by wei ght of a non-netallic,

thernal | y-conpi@}ti ve metigld alinveki@opOl JTREdTAlLI X rERtebE 8o tdieERDNastic
or thernosetting polyner. For exanple, polyphenylene sulfide can be used
to formthe pol ynecomattive bidlhgingn-amgedaltksys ahdevevhbds -foondldhg vich
material is preferably selected fromceram cs, oxides, and carbon
materials. For exBffyfe, the thermally-conductive material can be boron

[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 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 c¢an 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, thermally-

conductive, biological assay 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.



nitride, silicon nitride, alumna, silicon oxide, magnesium oxide, or
carbon graphite. [18] A nolten polyner conposition is provided, and the
conposi t iwo 0389189 ected into a nold. The conposition is tirem/usSoemssed from
the nold to forma net-shape nol ded, thermally- conductive, biol ogical
assay tray. [19] Preferably, the biological assay tray has a thernal -
conductivity of greater than 3 WnK., and nore preferably greater than 22
W nK. BRI EF DESCRI PTI ON OF THE DRAW NGS [20] The novel features that are
characteristic of the present invention are set forth in the appended
claims. WD 03/ 089139 ePER/ UBE FrEG8HFA Fniqolimentrs, of Héwepiwfeariad eadrtdierent s
of the invention, together wth further objects and attendant advantages,
are best under st ot oyt ERer eAREEE (08 fHIPBWNg WRERTI%ES d&SEr iNsEFon

taken in connection w Lh otdhﬁ aceonpany| ng dr aw,ng, | ”g‘é‘@éiﬁ@é deatlifeiG 175
a perspective view O ‘a Dlological assay tray nade from a

thermal | y- conduct i ¥&cR0l.y Bhnd R 1 &€ GREHaNEeCaMohPanylile as@NtiniwMent i on; and
[22] FIG 2 is a perspective view of a single test well disposed within

the assay tr apm?f FI G dyq DETA LERLESCRIETL N OF Al Heo RRREEERRED. ENBERDI MENTS

[23] The present invention relates to thermally-conductive, biological
assay trays and necdRdSréora nElerngl 1I5Uebnducaiis: pbhgmert riay scair@amderitisi ng
pol ymer conpositions having high thermal-conductivity. The pol yner
conposi tion conpri tes pgesent 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,
biological assay trays and methods for making such trays. The
trays are made wusing 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 biocassay 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 1labeled with a detectable
fluorescent label (for example, a fluorescein molecule) is
fed through the porous glass disc. The 1labeled antibody

molecules bind to the antigen molecules to form a sandwich-



pol ymer matrix and thermally-conductive material dispersed therein.
In one standard fluorescent "sandw ch" inmunoassay technique, the b
tray wel Iwoosbsiiss an i nmunosor bent support surface (for pexarsps/essn
agar ose-coated gl ass disc or beads). An unl abelled antibody that w |
react with the

antigen nol ecul es react and bind to the imobilized antibodies. Next
sol ution containing anti body nolecules that have been | abeled with a
f | uor ebwvened | gbelctofor a@xarhdl edise-f | uditescEiveradl eemdyres fed
t hrough the porous glass disc. The | abel ed anti body ., nol ecul es binde%

antigen mol ecul es fFPFOTHH a ‘TAACh \RB 0% BEB139°PCPFUS03710853% %
structure on the dér&(ibo}'ll%.l "%%/ e%ﬁe‘%t%f]%%k&ﬁe%ercqurds%ﬁs | aheled the
abel e odi es.

det ect abl e

anti bodi es,

antigen, an

to neasure the

nol ecul es.

[ 25]

ant A’spectrofluoroneter 1s

Preseace: angd CARSARLERD eh vl 1lr1kahekesbanibhedyes.
I n anot her known fl uorescent inmunoassay procedure,

[ 24]
oassay

antigens to be analyzed is imobilized on the porous gl ass

disc. Afluid containing the antigens is%ed through the disc so that the

, a

o the
ayer ed

used

antigens of tfpg]sane i nfUNGhRGLEaAlknb¥Pe £ OfordBLdre N drlinbdtayf Ig#odedi@ehe
anal yzed, are adsorbed on the support disc. The support disc contain

t he adsorbed anti gendsgess i sATBhee@dand imnusolagicen cart aifniangideabehedhe
anti bodi es and the antigens to be analyzed. The | abel ed anti bodies r
and bind rapidly fbifghee ®atingenzed nasoladEperdsen tthat SHHPCEE r dAE¢i oAhgoes to
Excess | abel ed anti bodi es whi ch. are not bound, to

conpl eti on.

[26]

support disc containing the adsorbed antigens is 1mmersed 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.

In such fluorescent immunocassay 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 obtain
accurate readings. In other words, the fluorescence level of
the base polymer is sufficiently low such that it does not
interfere with the fluorescent immunocassay process. A
thermoplastic polymer selected from the group consisting of

polycarbonates, polyethylene, polypropylene, acrylics,

i ng

eact



the antigens in the solution will react with the antigens inmmobilized on
the support surface. Next, the support surface can be washed in a buffer
sol ut i on.wolwngiBhe support surface can be anal yzed for the/ysogsmaze of

| abel ed anti body-antigen conpl exes using a fluoroneter or other
appropriate instrument. [26] In such fluorescent immunoassay techniques, it
is inmportant that the base polyner conpPising the tray have a relatively
| ow | evel of fluorescence so that the background fluorescence can be kept
to a mnimmand not interfere with the test readings. The background

fl uorescence can dvsglsseflwebemibohs umodzoedes, | Bigkstargki nglyrhenlfehecul t
to obtain accurate readings. In other words, the fluorescence |evel of

the base pol ymer i%uddafe cangntiiguibvFgsed tBPAF™F%S FOEE ABt TRYTTPRIFEE with
the fluorescent innmunoassa rocess. A. theryopl asti ol ymer se] ect.ed from
the group consisti g 8Fc %Ilgﬁ%tre%n%efnesb,e ‘ﬁsé?d;gtoh%f’re"hgt,hgp?) ty”iﬁ?‘bpy+leqT11lé,g

acrylics, WO 03/089139.PCTAURAY 10833 a LutkWichie1§ [14Qr PLRRALDANSce PY YaNi des,
pol yesters, pol yphenylene Sulfide, and liquid crystal polymers such as

t hernopl astic arop®d ite pler@stenbtiathebecatiag 60 dher mddresemicei Xevdlsqui d
crystal polyners having a sufficiently |low fluorescence so as not to
interfere with theof etk niplsflet henf ihgdr emicéaee tenrdexes ofs t partiabeddd

anti body-antigen conplexes is particularly preferred. Aternatively,
t her mosetting pol yREttersttbh Akterapbidedfer SPeVIRSRIESI PRIV ifHe§ < ands

2§;¥|eggl triles CanePaestorlﬁlésresq eSng{eaét,)l %o )Lianlslgggerésnd na%lrygc?rfit];ﬁrese)gggplb%’

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 non-conductive polymeric matrix. It is important that
non-metallic' materials Dbe 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.

[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



but adi ene copol yner, polychloroprene, nitrile rubber, butyl rubber,

pol ysul fide rubber, ethylene-propylene terpolyners, polysiloxanes
(siliconesd,o3asid3pol yuret hanes. Cenerally, the polymer nRCTIUSORTISHI | Ses
about 20 to about 80% by weight of the total conposition and nore
particularly about 40 to about 80% by wei ght of the conposition. [27] In
the present invention, non-netallic, thettmlly- conductive materials are
added and di spersed within the polyner matri x. These nmaterials inpart

t hermal conductivity to the non-conductive polyneric matrix. It is

i nportant that norteeials sech@seridios beadksed, Jisebhitse Mirgtuakrs efetsarh
contam nates can react and bind with the reactants _in the traé wel |'s

causi ng anal yti cal Fir8ET enEe FEtEherSUiEAR e t hEFREIANYY contitfct iNVE* THEET i al s
shoul d have |ow fluorescence.  sQ.th r@gg@g;ggngfuo %% ?gqgceblgmg g are

duc
kept to a nlnlnun1(¥br % e reasons SCUSSE above. Sui t

non-metal lic, thergaldnpé- ¢8PLUCIhYEs iNBERT 4 Snork NFdAtdEu1d7BY akpsuxi destsuch as
al um na, magnesi um oxi de, zinc oxide, and titanium oxide; ceram cs such as

silicon nitride, alauri ensnbnivteripte of bidreonompcdsittte. boron car bi de, and
carbon WO 03/089139 PCT/ US03/ 10853 10 materials such as carbon bl ack or
graphite. M xj29} es of sughthédndall bf scatetavsomasuriailbken veemertakl forat he
thermal | y- conductive fillers conprise about 20 to about 80% by wei ght of
the total conpositpamiaked morerpart pevdedr | yhadoas. 361h56S abour B 0% By

wei ght of the corrp05| tion. L29] The therpall y COI’ldl:,[ICtI ve mat erial can be in
the form of uitable fo 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 microns.
Preferably, the particle size is small (e.g., < 1 wmicron)},
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. 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 ratio of about 4:1 can be used. Both low aspect
and high aspect ratio materials 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,



particles, granular powder, whiskers, fibers, or any other suitable form
The particles or granules can have a variety of structures and a broad
particl e woas/oskd134 ri buti on. For exanple, the particles orPcgriaas/ims3 can
have fl ake, plate, rice, strand, hexagonal, or spherical-like shapes with
a particle size in the range of 0.5 to 300 mcrons. Preferably, the
particle size is small (e.g., < 1 micron), because such particles tend not
to reflect the beamof light fromthe fluoronmeter or other instrunent
readi ng the sanples as discussed in further detail below. In sone

i nstances, the tHadnehduyp tdriduabdure2ntaper vellghef Raveeraat Bl gerdusttyvai gh
aspect (length to thi c_kness%],] rati o of about J,O:Jf o] ‘g_{)eater. For exanpl e,
Pl TCH based car boMfPH& RA(IPHg? dFVadPFEet AP St 8F°%Hodit %B0*FScan be used.
Al ternatively, he t hermal | g?o conductive material .can have a relatively | ow

aspect ratio [BP]t about ™5 PPbioNgs SSIESr MG * YorBR RF t F1ME JParhs
having an aspect rprOQ%ninegr Ortlat%QQlflt 4 C&QRPc?rc‘iflSdmaﬁé’}i 1| Qy,aspect .,gnd high
I3 i

aspect ratio mate S can bé added to the polymer mairix as described in

McCul | ough, U.S. Rabesdni6, Oft8:319:, the gl osui@nelt Whictehidis her ehy
incorporated by reference. Particularly, the conpositions of this

i nvention can contm@iinforabogt m25rtial aboitng6@msbytheeipghtmaaf wttiver malrhy
conductive nmaterial having a high aspect ratio of about 10:1 or greater,
WO 03/ 089139 PCT/ Usd3f¥883 materiid abddeed.0 cepstEtistes 2594 by Swed @%Pu‘bf a
thermal |y conductive material having a | ow aspect ratio of about 5:1 or
| ess. [30] An optiriaf? Mei#itorti My FEFSFtHI°can be added to the

[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 fluorocimmunoassays and enzyme immuncassays, 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.



polymer matrix. The reinforcing material can be glass, inorganic mnerals,
or other suitable material. The reinforcing material strengthens the

pol ynmer maDrodxs913he reinforcing material, if added, constcrusesi@bout 3%
to about 25% by wei ght of the conposition. [31] The thermally-conductive
material and optional reinforcing material are intimately m xed with the
non- conductive polymer matrix to formthe polymer conposition. |If

desired, the m xture may contain additives such as, for exanple, flane
retardants, antioxidants, plasticizers, dispersing aids, and

mol d-r el easi M@3pgent s. #reeéedabl y theugblymaddicoiny@s cases bhale0d Caldrpal nert .
The m xture can be prepared using techniques known in the art. [32] Al so,
as di scussed abovesondnctsioneyt yhesredfteasshys Judmkasard uerei wrefroabdays and
enzyme i mrunoassays, the readin step of the assay involves passing a beam
of 1ight through ﬂrﬁét%\‘éltlhénl?r??’H‘éKtra"i}“eéﬁdgﬁ’qdeaﬁ?%gﬁ’n‘i%él%rﬂr%‘?rstl‘é? t he
wel |l s. The pol yner_ g ?gl t| ons (gfathe res Clen ntf1e Ne usec? 0,1gke the
bi 0- assay trays ten erfere Wih |nc ent FI gﬁ JEANs,

particularly the pﬂJrXHEJ §£HEQOS:'hE| %§y‘$c§ndccmr@t3sitgoﬁefuls@§t ebN&aké glte beans.
Thus, nore accurate readings and neasurenents can be made. |n sone

i nst ances, the polyisaEsgonpagi idsOo6dnhbemnLiolconidd bl agk puspargiecamben bl ack
so that the conposition acts nore effectively as an ultraviolet (W I|ight
absorber and reduces pefurdépign bfansférred| ghtalheamthp\<33£080189 tray.
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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 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 (liquid plastic); b) injecting the molten
composition into a mold cavity; c) 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 biocassay 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



[33] Preferably, the polynmer conpositions have a thermal conductivity of
greater than 3 WnK and nore preferably greater than 22 WnK.  These good
heat - condwotoB/osp1py operties allow the assay tray to be ef Prriusnt/iogsheat ed
and cooled. Further, since the polyner conposition used to nmake the
bi oassay tray has good thernmal -conductivity properties, heat can be
uniformy transferred to all of the well&in the tray. Thus, there is |ess
likely to be significant tenperature differences between the wells, and
nore accurate readings can be obtained. [34] The resulting pol yner
conposi ti on can beteshapedsi aiposedhgroissajhe LY %leangp@ﬁrf?%‘blaéd
nol di ng process such_as . nelt-extrusion, casti ng, or i n(iee%ti on- nol di ng.
B[S B

, . g
[35] In general, iYf'e&tidn2Rotl™drAtSeAvETirasy 358 *F) 3 RYATRY t he
composition i nto t NG, BEALIAT.E NAUTRELL aBovd™D) %qurg@c*aga%magdd&%awg t he
conposition to forma molten conposition (liquid plastic); D) 1njecting
the nolten CcoNPOSidup@iisd RhOirdeMDbH 16o¥H tihickC )i sMBddat abdi RYfiNe pEGMpoSi tion
in the nold under high pressure until it cools; and d) renoving the nol ded
article. [36] The empdsitgopricoess preodenes of thetmahapeiurbidied’ argi eassay
tray. The final shape of the bioassay tray is determ ned by the shape of
the nold cavity. NextRaiehépYehrisdesEiqiya AperduPelivigr FATERFHIIAY, MOt her
tooling is required %ger[prodélce thef final lshaBe to.f .1 he bioassay tray. [37]
It shoul d be recoghiZ&t1Rat “IHE° BT 0a2TAV 178V e G the present invention

have a singl eglggver ed const Luction. The, thermLLY conduct i vg pol v

structures depending on the type of bioassay tray desired.
For example, a thermally-conductive biocassay 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
pertion 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°Kk and more

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



shape of the tray assenbly conprising a flat platformw th W 03/089139
PCT/ US03/ 10853 13 test wells disposed therein. The tray assenbly (platform
and wel lwposssaEsy i ntegrated unitary structure nmade from &CpalSysrersss3
conposition as descri bed above. The tray assenbly does not conprise an
interior layer which is made froma first polyner conposition having one
degree of thermal conductivity, and an WFxterior |ayer nmade froma second
pol ymer conposition having a different degree of thermal conductivity.

[ 38] The bi oassay trays can have various shapes and structures depending
on the type of bicaspaycfrayvidsivadety Fof éwam%saya cher ﬁ‘al Pyrioairilict i ve
bi oassay tray having.the _design shown in FIG can be nmade i n accordance
with this invent ie(f%m’ler?t#‘( @sify tthﬁeas'ﬁlaﬁl'br@P’Ea?f égiéi’fels?réty 1P‘ée“(’jé?féral ly

i ndi cated at ég The tray corrprl ses a_ flat platform 12 . containi ng, r rruI t| pl e
test wells (rdbssed pdrit |1(§ns"’)ppﬁ°1a8‘i§‘§p8%e PerE A CITHE (6t ARGl F83%

arranged in rows and. col u 1Ses [ 32k InTE&@lcgtloglssu;gl etht estaeld 14

cont ai ni ng sanpl e a'frlmus %S shown e test well as a rounded upper
portion 18 and a \élabm%qeamedpwntgom%gm | dephsr imdderst aad spihat éhe test
wel l's 14 can have structures other than the designs shown in FIG 2. There
is a wde variety wk sinvkablie. strurt gnels fmodiflikette@st amel | shahdes Fare
exanpl e, the upper portion of the well can have a square shape and the

| ower portion of iMtendgs ko deenceieared Py shmdprended, cHlmek shaped structure.



[ 40] The bi oassay trays of the present invention have good thernal
conductive properties. Preferably, the tray has a thernmal-conductivity of
greater twan38sdMaK and nore preferably greater than 22 WmKiSo¥mssheati ng
and cooling WD 03/089139 PCT/ US03/ 10853 14 steps of a wide variety of

i mmunoassays can be perforned efficientg% usi ng the assay trays of the
present invention. [41] It is appreciat by those skilled in the art that
vari ous changes and nodifications can be nade to the illustrated

enbodi ments wi thout departing fromthe spirit of the invention. Al such
nodi fications and changes are intended to be covered by the appended
clainms. WD 03/089139 PCT/US03/10853 15 WHAT IS CLAIMED IS: 1. A

t her mal | y- coﬁﬂﬁ@%ﬁ%él—ﬂﬁgkgﬁ+cal assay tray comprising a platforn1haV|ng

ultiple test, vel hs HeaRasesdislialg, SabRbA ALY, GOOP! L5idld et 0 Y ITEr

conposi tion, sald conp05|t|on conprising: ) about 20% out % by

wei ght of a polay s Ifna&fﬂgxmumglélt)esabmns &Q%;a ab@wmso%llaypmjfgm of a
non-netallic, thermally-conductive material. 2. The assay tray of claiml1,
wherein the teayprisisgaat helymek courdicionvi byidfcogpesattéen tdramr 8sibnKi) 3. The
assay tray of claim1, wherein the polymer matrix conprises a

t her nopl ast i ca%Fy%ﬁ?r to éPbOTﬁesoasééy"etlﬁ%Fy offa FCAYMTIma iy et Rk about

:32?;22?132?];![; (Pﬁo'tx about 80% %lyevcvéleg t OPFQ tnro]g-tl%tayplc,Ogl§érsrn%.'lp)9—conduct1ve

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, acrylics, vinyls, fluorocarbons,
polyamides, polyesters, polyphenylene sulfide, and liquid crystal

polymers.

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

comprises a thermosetting polymer.

6. The assay tray of claim 1, wherein the thermally-conductive
material is selected from the group consisting of ceramics, metal

oxides, and carbon materials.



pol yet hyl ene, pol ypropyl ene, acrylics, vinyls, fluorocarbons, polyam des,
pol yesters, polyphenylene sulfide, and liquid crystal polyners. 5. The
assay trayoaB/ogdiad m 1, wherein the polyner matri x conpri PEIT/H03/10853
thernosetting polymer. 6. The assay tray of claim1, wherein the

t hermal | y-conductive material is selected fromthe group consisting of
ceranics, netal oxides, and carbon materfals. WD 03/089139 PCT/US03/ 10853
16 7. The assay tray of claim®6, wherein the thermally-conductive nmaterial
is selected fromthe group consisting of silicon nitride, boron nitride,

al umi na, magnési ufhoxdstey &MY fr IF3AlYr %fph"ihleéel% thﬁhéha@saég‘fﬁqoaglu@fwel aim

1, wherein the osi.t further rise a rei orC|ng
mmterial. 9. %erﬁ%ﬁﬁd SIEERR B cUhcrerh THACHERRToF Gk Farer:

glass. 10. A BRLAOH i alRKL 0, "RlGSDARE FRdCthy Egﬁgaaaé%hqegduct've

bi ol ogi cal assay tray, conpri sing the steps of: a) providing a nolten
conposition conprising: i) about 20%to about 80@6by wei ght of a pol yner
matrix, and ii) about 20%to about 80% by weight of a non-netallic,

t her mal | y- conductheseasmaterticay ; ob) ciajrect.i ndretrhisn ndilet erplgoemosimppoitiont 0 a
nmol d; c) renoving the conposition fromthe nold to forma net-shape

mol ded, ther mBMYPEE GrPARELSSFe bitdl oyitearfogssng "afeiatonprising a platform
having nultiple test wells disposed therein. 11. The nethod of claim 10,
wherein the assay tray has a thermal conductivity of greater than 3 WnK

9. The method of c¢laim 8, wherein the reinforcing 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;

c) removing the composition from the mold to form a net-shape
molded, thermally-conductive biological 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 polycarbonates, polyethylene,
polypropylene, acrylics, vinyls, fluorocarbons, polyamides,

polyesters, polyphenylene sulfide, and liquid crystal polymers.



12. The method of claim 10, wherein the polyner matrix conprises a

t hernopl astic polyner. 13. The nethod of claim 11, wherein the

t her mopl awoios/opaBymer is selected fromthe group consi stiPag/usb3/10853

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

fl uorocarbons, pol yam des, polyesters, polyphenylene sulfide, and liquid
crystal polynmers. WO 03/089139 PCT/US03/ 10853 17 14. The method of claim
10, wherein the polyner matrix conprises a thernosetting polyner. 15. The
met hod of claim 10, wherein the thermally-conductive material is selected
fromthe group consisting of ceramcs, nmetal oxides, and carbon materials.
16. The nethod of claim 15, wherein the thernmally-conductive material is
sel ected fronttheTdt FpPUbASI SR AGof YETHELE o e M8, ™2t bt SA™RH EPF de,

al um na, nagnggiunloﬁydemmqnd carbon graphite. 17. The nethod of claim 10,

. ermosettin er . . . . .
wherein the conp05|?|ongfur¥%er conprises reinforcing nmateri al

15. The method of <c¢laim 10, wherein the thermally-conductive
material is selected from the group consisting of ceramics, metal

oxides, and carbon materials.

16. The method of c¢laim 15, wherein the thermally-conductive
material is selected from the group consisting of silicon nitride,

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

17. The method of c¢laim 10, wherein the composition further

comprises reinforcing material.



