Specification as at 07 02 2005 | THERMALLY- CONDUCTI VE Bl OLOG CAL ASSAY
TRAYS 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 THEg!gmélCM%)Ig%\ISJt%g]OZEBSS

present invention relates generally to biological

Particularly, the present invention relates to thermally-conductive,

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

| aborat ori es use [04] bottonlportion of the well can be flat, round,

- V-shaped, well holding fluids in mcroliter quantities. The wells can have
vari ous shapes. The uppermﬁwL?S COPUEHE= RIPEOGTEAT oafERY BRAYSI |y, al t hough
squar e-shaped wells are al so known. The biol ogi cal assay trays for various
purposes including analyzing and testing genetic materials, cells, tissue

cul tures, immunol ogical comphesetmesaiie B dotkiio Adh98ASEA . DI 0l 0gical
assays are used to detect the presence or concentration of a substance
(for exanpl e[0% protei fhe i SpAic30R! e1/BELE LRl 1 @§g s&xiegr connDnIy
performed in receptacle trays containing multip s arranggﬁ Pn rows
and columms. The Prpagitnadi eppliyacoint 3!bn5602/@73,344 He&lngr %198} S0 th each

of April 15, 2002.

BACKGROUND OF THE INVENTION

[02} The present invention relates generally to biological
assay trays. Particularly, the present invention relates to
thexrmally-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 wmedical laboratories use
biological assay trays for various 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 co.lumns_ 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 uppexr 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



or Specification as at 07 02 2005 2 U-shaped. Biological 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 tr .addi rd.QuUs
liquid reagents, incubating and cooling the sanp|eEPaﬁ%EﬂP%aSQﬂE%?é@@?ed
sanples nultiple times, and other steps. The addition of the liquid
reagents and washings are usually condu?ted usi ng manual or autonated

pi pettes. [05] Inmunoassays are frequently used to anal yze bi ol ogi cal
materials. Many i munoassay procedures involve formng an antigen-antibody

conpl ex. Antigens @g%ag ntsBLJ%th%&inulate ~the formation of a

correspondi ng anti body- |'nmunoassay procedur®s Eark beedueet a6 detes ni ne

the presence of anddpgfishg ol BRdidy f4;ui ds. su as_whol e bl ood, serum s

plasma, and urine- In general, arﬁ%fb&di egpre%;ras TRy PRt RE Beins

i munogl obul i ns t heerfaredpr 0dHCshelll | BSRONSEhRiSRECE LIS tigens.

Specific antibodies react with specific anti gecnslé]fpio foromv%aﬁollaﬁ%l‘%ga

anti gen-anti body coipfegamrlheskatbiwidl ne meagtédNStof LRN wAWUSCiy the

precipitation or %gglut%gation which can be visible to the naked eye in

the sanple. However,*i M hEhyFifaht®dd speentd. instatimentsd restidye used

to analyze the prgge such ant.i gen-anti body conpl exes. [06] in many

innunoassays,_onetbf %ﬁglg%nﬁgﬁgﬁ sﬂgTr?ﬁﬁmdc8WE¥%%"ggbﬁﬂex§W§befmaptigen

o antibody) i s | aumbi | bead.on nf shdidisHPRYT Ln2U51S] | 2caLed 1ngf de the
washings are wusually conducted using manual or automated

Pipettes.
[05] Immunoassays are frequently used to analyze biological
materials. Many immuncassay procedures invelve forming an

antigen-antibody complex. Antigens are agents that stimulate
the formation of a corresponding antibody. Inmuncassay
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
immunoglobuling 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 wvisible 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 wany immunoassays, one of the compeonents of the
E:omplex (for example, antigen or antibody) is immobilized on
a solid support surface located inside the wells of the assay s
tray. This resunlts in the entire complex being immobilized
on the solid support surface. The immobil'ized, solid-phase

complexes in the tray wells can be washed, incubated,




tray. This results in the entire conplex being i mmobilized
The i nmmobilized, solid-phase conplexes in the tray wells

support surface.

can be washed,

(RIAs), and

anal yti cal

cooling tine peri acbavenfiasdl sbeid @phse aBshef fheiRBCI % Q:fcan&;i‘c? ANAl
assay trays, the heating and coollng steps are perforned

wostoaeswd s (BIAsEr f er®lini t hoh@®abeact antsas)n t hawat ray
detectlon met hods used; therefore, netal assay trays are not
commonl y used. Eveq;}“P‘Fesée‘i*Fet’a{‘Im“{‘?a&?al(sf ofFIgxdanin ewhigh sltwal Winegssoshepe| or

titaniumtray) does not . interfere with the reactants is costly to
manuf act ure such traysPthrtﬁgrtypﬁa bF%%orgf%?lgﬁ‘ﬁﬁﬁTEF%“Hﬁgﬁﬁgé of

tests. Wth netal
qui ckly. However,
wells or the

bi ol ogi cal

i ncubat ed,

18 i CERPETaL uTB8Se ThvAYE| ane

measurenents are nmade in a given period-

assay %ﬁ@%ﬁal.

[07]

[0g]

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 cocled to the
proper temperatures. The time required to heat and cool the
tray is a factor in dektermining how many anaiytical
measurements are made in a given period. The heating and
cocling time periods impact the costs and efficiencies of the
analytical tests. With metal assay trays, the heating and
cooling steps are performed gquickly. 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 bioclogical assay trays
after a single use. Fabricating metal assay trays for single

applications is very costly.

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

can be made from polymers such as polystyrene, polyethylene,

s s Specification as at 07 02 2005 3 isol ated,

and treated with liquid reagents. These assays are g 0 as
i munosor bent or solid phase assays. Conventi onal ?ﬁ%g%ﬂ%§¥ﬁg§§2? 05

i nclude, for exanple, enzynme inmmunoassays (ElAs), radlo I Nmunoassays
fl uorescent i munoassays (Fl|As) in which the inmmnosorbent
material is sone type of bead, disc, or other solid support nmaterial.
As di scussed above, imunoassays and ot her biol ogical assays involve

heating and coolin he fray seve tines so
. tray are incubat ed%a% t'c"dcjo‘T’ tfeatteﬁew

required to heat LS red MY 2LS; oo Ddeterm ning how man
q &) LG 5 & ab Sinfhn L AGEBLL i Bhase ﬁﬁa%ﬁ‘td y

Jtical

that the contents of the

on the solid

[07]



after a single use. Fabricating netal assay trays for single applications

is very costly. 108] Thus, biochem cal research and nedi cal |aboratories
typically use plastic biological assay trays- These assay trays are nade

frombiologically inert materials and relatively igexpensive t
For exanple, the tray can be made froﬁP%%$Vﬁ8?§S§3Eﬁ25905

manuf act ur e.

pol ystyrene,
acryl ates,
such as vinyl

pol yet hyl ene,
nmet hacryl ates, acrylics,

trays can have various configurations. [10] For exanple, Astle, U S.

Patent 5,225, 164 BYSEFOREE™ Y ni GFOPIPEER t r ay*WARY BFER: t op A%EYY¥€Shavi ng a
sha f Qr Lyzing_Ligui nts d_ot her .sanpl e
pg?lgrgﬁ:é @1@(1&/@%,_ gn%agjﬁygsgtgggn%ré SL%IH ag Vinyl CHP ride

pronote m xin and | ncrease

rectilinear
mat eri al s.

The we

contaln

the rate of oxygegnhd Lansfigt: tf@udh@el iquid in the wells. The Patent
Fz v

di scl oses that the e

enents of the tray can be constructed from nol ded

pol ystyrene. [(9}J Pet erganyU sSch PRigitic 42298 939,81 $&J 0588 AsLBcakbac! e
cell cultures or biological tests conprising a base plate, and a wall

Specification as at 07 02 2005 4 pol ypropyl ene,
pol.yacryl am des, and vinyl polyners

chl oride and pol yvinyl f fuori de. [09] Many such plastic

assay trays are made using known injection-nolding processes, and the

for

nmenber joi ned in fnidetaehabla@nangrdcegdsd- atd ghie mByREEak halvhevdases pl at e.

The Patent discl oses that
pol ystyrene,

gl ass.

pol yedipensatens.-f | uori nat ed pol yneri zed hydrocarbons,

The Pﬁ%ﬁnt further discloses that the wall section can

[t1}

[12]

For example, Astle, U.S. Patent 5,225,164 discloses a
microplate tray with open-top wells having a rectilinear
shape for analyzing liquid 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 melded polystyrene.

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 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- miterial such as

polyvinylchloride, polyurethane elastomers, polyvinylidene
chloride, methy} rubber, chlorinated rubber, or fluorocarbon

elastomers.

Studer, Jr., U.s. Patent 4,090,920 discloses a
bioleogical 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

or

the base plates are flexible and can be nmade of



chl oride, golyuretiiane elastoners, polyvinylidene chloride, nethyl
rubber, chlorinated rubber, or fluorocarbon elastoners. [12] Studer, Jr_,
U-S. Patent 4,090,920 discloses a biological cultuge test. plat i a
plurality of test wells or chanbers. The test p|at§P?310h8$§ﬁg§g®?é989
transparent structure nmade from a nol ded plastic. The Patent d
Specification as at 07 02 2005 5 di scloses that the nolded plate can be
made from methyl nethacrylate, vinyl resin, or any biologically inert
polymer. [13] Katoh et al., U S. Patent 6,319,475 discloses a container
for holding sanple materials in which the container is subjected to a
thermal heating arfiSEBBEF n§iHr otes S™litk PIadAt arhebe catdchefrgnedetylt he
msdical,_chem'cal,me ébrfgégechn?hggy fields.. The container conprises three
layers including & laysr made 8t & conpdstti BirieatrathiAg aPPE&rR: and

i norgani c fingT selec&ggﬁfron1%ﬁe gr,oup consisting of ceramcs, netals,
and carbons. [T14] Howevers  cBhveétritt onal plBstit 4sTay*ty afésHa9es séne

drawbacks. _Parti cubader GARVERLEANALLPLARII G, 8500 HEAY SnOGRELALLY have
poor thermal - conductive properties. e thermal heating and codl% ng
ef ficiency of assayssuwSiBgasdeha Kiaow RBkasingCatd AKs1GANpRELOW. 4o fact,
many plastic trays are designed for the purpose of having good thernal--
i nsul ati on proper cpegingowewar ,bd hes¢d nenpetrheod médicaheatchagicand ag@ol i ng

such plastic trays can be relatively |ong, and
biotechnology fields. The container comprises three layers
including a layer made of a composition containing a resin

and inoxganic filler selected from the group consisting of

ceramics, metals, and carbons.

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

thexrmal 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 teo the wells in
the tray. This pop-uyrscorm 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 biolegical 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
uniformy to the wells in the tray. This non-uniform heating of the tray

may cause tenperature gradients to occur between the | |.s anag i
anal ysis of the contents in the wells [15] In view gPecﬁcélll?%?se 8:7??8%65

di sadvantages with conventional biological 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 tray6 whi ch coul d be heated and cool ed
rapidly to inprove the Specification as at 07 02 2005 6 efficiency of the
assays. The present _jnvention provides such biological assay trays and

met hods for maki ng®SUEHSIFas . FPSUMMARY: (he TRIRS¢VINRINOM Y D63viliné Ssucgvent i on

relates to relatesyig r.mal | y-_conductiv i ol ogi cal assay trays and
met hods for making SUS%D%I?%§/S§¥ TR N rﬁeetg‘(??%llf?rt“ﬁﬁ“’t%éﬁ‘ﬁhlt’r”%b’ﬁeonducti ve

pol ymer conposition conprises. a) 20%to 80% by wei ght of a polyner
matrix, and b) 20%to 80% by wei ght of a non-netallic,

t hermal | y-conductive material . ThemadyyoRrraiabhdiaciean be a thernopl astic
or thernosetting polyner. For exanple, polyphenylene sulfide can be used
to formthe pBfrmer matmiix. iffkeecnan- getakki Cuo t herdmal! YE&OQQQ,?,%ﬂe_
material is preferably selected fromceranm cs, oxides, and car oi
materials. For exeiphesive Helof bwicail dspag ondus tand enctBb®Y Eak rRRMMPSLHPT ON

trays.

[ 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 matlrix can be a
thermoplastic or thermosetting polymer. For example,
pelyphenylene sulfide can be used to Form the polymer matrix.
The non-metallic, thexrmally-conductive material is preferably
selected from ceramics, oxides, and carbon materials. For
example, the thermally-conductive material can ke 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
rfmoved from the mold to form a- net-shape molded. smcimally-
conductive, biolegicai =ese. trgy.

[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 molten polymer conposition is provided, and the
conposition is injected into a nold- The conposition is then renoved from
the nold to forma. netscape nolded. normally conductiyve,. b| ol a,
tray. [191 Preferably, the biological assay tray !ag t}/ %90562005
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
clainms. Specification as at 07 02 2005 7 However, the preferred enbodi nents
of the invention, together wt fur& he ects and at t endant advant ages,

are best under st od%* N r eF %t Eﬁ%f@rf% DCP Il”f‘ttf'vv%gt 8t YPrEF udS8FHSET on _
taken in connecti Qﬂt%"' tftlBEﬁ&? A 9 anyﬂd‘ga&%f’ﬁ!n@gc?gﬂ? %]QJ‘ IRLELG 105

a perspective view o I ol ogi assay tray m
t her mal | y- conduct iw8eRRbydrasy k&e&@xﬁ&l’ dange wWihbwinkh@tRt RseBtsdryE&RLI on; and
[22] FIG 2 is a perspective view of a single test well disposed within

the assay tray of thk& ith. cdDbdAlibk[riDESER Rido@Phr@Endl dEawRRERBRREDRENVBODI VENTS
[23] The present invention relates to thermally-conductive, biological
assay trays d@d] met hodsiéon mmki pgrpechiver ays. offhebidlbglsl ai@apadayusi ng.

pol ymer conpositions having high thermal-conductivity. The pol yner

conposi tion corrprlff@é% Erom 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,
biological assay trays and methods for making such trays. The
trays are made using polymer compositions having high
theﬁnal—conductivity. The polymer composition comprises a
polymer matrix and thermally-conductive material dispersed

therein.

[24] In one standard fluorescent “sandwich” immunocassay
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 ryeact and bind to the
immobilized antibodies. Next, a solution containing antibody
molecules that have been labeled with a detectable
fluorescent lahel (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-




polymer matrix and thermally-conductive material dispersed therein. [24]
In one standard fluorescent "sandw ch" imrunoassay technique, the bioassay
tray well contains an i munosorbent support surface (for exanple an

agarose-coated gl ass disc or beads). An unlabel | eds@%‘ﬁ‘&%ﬁ?ﬁé%@?%‘@% ass

react wth the antigens to be analyzed is imobiliz

disc. Afluid containing the antigens is fed through the disc so that the
antigen nol ecul es react and bind to the gimuobilized antibodi es- Next, a
sol ution containing anti body nolecules that have been | abeled with a
detectable fluorescent |abel (for exanple, a fluorescein nolecule) is fed

through the porous,glass diScrudhechahgledisgnti bogye Bleecyl e6ifd to the
antigen nolecules to forma sandwi ch Specification as at 07 02 2005 8

| ayered structure edspkhasdi a6iabEhed| ayeri®ddsds, uctadt Breepnprid estapalabel ed
anti bodi es, antigen, and | abeled antibodies. A spectrofluoroneter is used
to measure the pragaehedeandacopeekorardmonetsf tie Paadel &l wEitrodiyhe

nol ecul es. [251 I n anot her known fl uqrescent |m'runoassa% dbrocedure,
antigens of the safESPRTfUAY] GERERFTIYHR Bt “BhePhErTdi HEREY FIGFY o be
anal yzed, are sorbed on the supf()ort diisc. The support disc containing
t he adsor bed i gens i | IWRERSRA TN LILBYSFCPYN EBHPERTI*N g PFATFErEY

anti bodi es and t he ant il%en§ _ttge be anal z§g.ic'|;tl1etl abel eqm@l teinb%gli & react

( ! £ !
and bind rapidly ToPHE dntigens in SOTULION so that this reacti on goes to

conpl etion- Excessg]ahel£de aRkiPRAI 65 MUhna 6nn@le BQiRd: t @isd.hepant i gens
in the solution wll react wth the antigens

support disc containing the adsorbed antigens 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 onr 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 wusing a fluorometer or other

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 tc a minimum and not interfere with
the test readings. The background fluorescence can disguise
actual fluorescence 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 immunocassay process. A
thermoplastic polymer selected from the group consisting of

polycarbonates, polyethylene, polypropylene, acxylics,




i mmobi i zed 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 conplexes using a fluoroneter or

ot her appropriate instrunent. [26] In such fluores be no
techniques, it is inportant that the base pol yner gg%%@#??%asﬁﬁg%¥€§95have

a relatively low level of fluorescence so that the background

fl uorescence can be kept to a mninmumand not interfere with the test
readi ngs. .-The background fl uorescence can di sqgui se actual fluorescence

| evels making it difficult to obtain accurate readings. In other words,
the fluorescence |level of the base polyner is sufficiently |ow such that

it does not interfBHE WP PRE PIRIoPESFBHEST mPRRYeisesy mobodsaylepe
t her nopl asti c pol 1agel ect ed frem.the or |§pnchting f ]
¥gﬁ¥d§ £K¥QPSBFP SHe gt syr°'|Sh ﬁE?WPPEEFFBn as at

pol ycar bonat es, pol yet hyl ene, ypr opylene, “acryfres,*®s

07 02 2005 9 Wi nYbgomclch s 3cG8# 200 can B Vit S, £ch0! UESWEL S DOL RNyl ene
sulfide, and liquid crystal polyners such as thernoplastic aro tic

pol yesters can becuosedltmliesrm hiangbd BuREickbsplydlow EYSdrakeddod WEEES havi ng
a sufficiently low fluorescence so as not to interfere with the readi ng of
the fluorescence Pevdiesintggriermp viklbdhedreadindbedytimnittlgerscowpl Bvess i S :

particularly preferred. Alternatively, thernosetting polyners such as -
el ast omers, epoxi 85, TJol JiHaes 2 HRINAEPYI9ERI CPRISkeT ake bRartieddrlBui t abl e

el astoners i ncl udgreffegfeda.x Iegna%;,%/lr ‘?”et'heb“},s%‘étﬁ?ﬁe é%%?nl ner%b )
pol ychl oroprene, nitrile rubber, bu 91 rubber, pol y8ulffde T efs
et hyl ene- propyl eng1ds@6Ralsy MepSnies, polyimides, and acrylonitriles can be
used. Suitable elastomeré include, for example, styrene-
butadiene copolymer, polychloroprene, nitrile rubber, butyl
rubber, polysulfide rubber, ethylene-propylene texpolymers,
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 waterials 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 reacténts in the
tray wells causing analytical problems. Further, the
thermally-conductive materials should have low finorescence
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



pol ysi | oxanes (silicones), and pol yurethanes. Generally, the polyner
matri x conprises about 20 to about 80% by wei ght of the total conposition
and nore particularly about 40 to about 801 by weight of the conposition.

[27] Ih the present invention, non-netallic, therma nduct
materials are added and di spersed within the pol yngpgcﬁ%(fa 1onasaﬁ92%§ 2005

materials inpart thermal conductivity to the non-conductive polyneric-
matrix. It is inportant that non- rretall c materials be used, because
metal s netal contam nates can react and bind with the reactants in the
tray wells causing anal ytical problens- Further, the thermally-conductive
mat eri al s shoul d have | ow fl uorescence that b ckground fl u%rescence

level s are kept t&2ESTHATF i POroERE Pé%'%or% %IragcutSQSeﬁl B6Ve of 281 sui t abl e
non-netallic, ther mﬂ'edé, copgductyye g@h%u@' S cehBiGhygle, uptal,Qxiggs such as”
e,

al um na, magnesi um oXI zinc oxide, and-titani um oxide; ceram cs such as

silicon nitride, c3hsEcaN NhliéidRonpaEeNatutr bdlao BB6RN s6ArtY aeigmnd
carbon Specification as at 07 02 2005 10 materials such as carbon bl ack or

graphite. M xturesfothsughalf iérpersianeaml swrsupdrabtdaxrBerrdeat |30, tbhe
thermal | y- conductive fillers conprise about 20 to about 80% by wei ght of
the total conposi BPewt &8 Grorelgharal e &PMRPsABY® 30 to about 601 by R
wei ght of the conposition [29] The thernmally conductive material can be in
the formof [B3kticlesIhgrdmuhaldyprsndestivaiasreiad, cd perip thy faﬁy %6t her

suitable form The particles or_granules can have Ava rletly tructures
and a broad parti ®PESAGIEE FEPMBuECEIET  Fgpiskers, tibers, an" ofiid:

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 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 cam 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 materials can be added to the polymer
matrix as described in McCullough, UB.S. Patent 6,048,919, the
disclosure of which 1is hereby incorporated by reference.
Particularly, the compogitions 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,
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[32]

ect ratio of about 5:1 or |ess [30] An optional reinforcing
material can be afdBERANY hBAtgIoRY B eRATIEPR. tihePt ol of Tl naf® i al can
or. opper suitable material. The breinforcing

ST THAD S R Lt PSS e ST RES TP RY Mol GPPaT
eﬁi%ap]p %ig&% EQ t%goégmposition.

The thermally-conductive material and optional
-reinforcing material are intimately mixed with the non-
conductive polymer matrix to Fform 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 wmixture can be

prepared using techniques known in the art.

Alge, as discussed above, in some types of assays such
as fluoroimmunoassays and enzyme immuncassays, 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 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.

i f



25% by wei ght of the conposition. [31] The thermally-conductive materi al
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 exanpleg fl retar

antioxi dants, plasticizers, dispersing aids, and n%P?f-ﬁ?cgﬁglégﬁ 538@8?@?%
Preferably, such additives are biologically inert. The m xture can be
prepared using techniques known in the g t. [32] Also, as discussed above,
in sone types of assays such as fluoroi noassays and enzyne '

i mmunoassays, the reading step of the assay involves passing a beam of
light through_ the wells in the tray and "readi ng" the contents of the

vel |'s. The pdByher compastarabhs ofbet [relpress erpmpegirarns dmveusedteonatake t he

bi o-assay trays tend _not fo interfere with the jncident |ight beans,
particul arly the FEPSHEr"*'YorffosTErOHs T8Ad 3ndt ™tfo %8 I"eCt PHEFeFRfAt beans.

Thus, more  accur ghg.l Sagiios, apfloeaskl STENLS .can b, e, Lo sore
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i nstances, the polymer conpositi'on can ore ack Usi hg > carBon bl ack -
so that the conpositéwnraClagssiPr&a9f LeChd VelsYc AS i1 fMuddkbd ALl BE MY i ght
absorber and reduces reflection of the |ight beam Specification as at 07
02 2005 12 [33] Prefereabl intdetipol yulpkerc 0bmD6E1HioNS ubal ec@ hier g ‘
conductivity of greater than 3 Wm K and nore preferably greater than 22

W nK. These good Réeassepntifgt hem qorépdicrinel conddchivithepmapsatiesr ayeato be

efficiently heated and cool ed- Further, since_the EOl ynmer conposition used
to nmake the can be uniformly txansferred to all of the wells in the tray.

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 .bioassay 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 inte 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”
bicassay tray. The f£inal shape of the bioassay tray is
determined by the shape of the mold cavity. No further
processing, die-cutting, machining, or othexr 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



bi oassay tray has good thernmal -conductivity properties, heat can be
uniformy transferred to all of the wells 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 r L ol
conposition can be shaped into the bioassay tray ugﬁ%éécgﬁgngsu?t%ﬁg@P«goos
nol di ng process such as nelt-extrusion, casting, or injection-nolding [351
In general, injection-nolding involves t steps of- a) feeding the
conposition into the heating chanber of a nolding machine and heating the
conposition to forma nolten conposition (liquid plastic); b) injecting
the nolten conposition.it Q. cavity; .c) maintaining the conposition
in the nold under h%%hu%irl%sgbr&eog%%%hﬁrﬁn'co%lfas’frayaans e'atjnlyr fg M nol ded
article [36] The nmpéidsnG: PLACRSSRHRFUGES . rSha | ded" [.37
bi oassay tray. The final shape o? t he bi og%sgfl&q{crtg% 'iggde ]é%megn?ohgﬂl’by t he
shape of the nold cawpbtitiohload Welsheibedpsalaeessi Mg, tedyeaebddbhPUacBBgHi Ni Ny,
or other tooling is required to produce the final shape of the bioassay
tray. |t should be“TBELBINPRedtehetr Laerbrivabsesy mhdeaysomph thet pnesant
i nvention have a single-layered construction. The thermally conductive
pol ymer conposi ti of %S%F% VIR §PF HEEIFEh 8 e 6™ h eordugyivis s.embfl yan
conprising a flat i ecification as at 07 02 2005 13 test -
wel I's di sposed the%eti@;fgoq{r%%r? ta}?é%gggnﬁbﬁ v pl%af ?%rmﬁ{ dipgpesition having

a different degree of thermal conductivity.

[38] The Dbiocassay trays can have various shapes and
structures depending on the type of bioassay tray desired.
For example, a thermally-conductive bicassay 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
poxtion 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-sghaped

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

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

preferably greater than 22 W/o'K. The heating and cooling




wells) is an integrated unitary structure made froma polyner conposition
as descri bed above. The tray assenbly does not conprise an interior |ayer
which is made froma first polyner conposition having one degree of

thermal conductivity, and an exterior |ayer nade fg econ §%¥ﬁﬁ%
conposition having a different degree of thernal |vr 0? e

bi oassay trays can have various shapes and structures dependrng on the
type of bioassay tray desired- For exanpje, a thermally-conductive bioassay
tray having the design showmn in FIG 1 can be nmade in accordance with this
invention. In FIG 1, the biological assay tray is generally. indicated at
10. The tray compidges & fJ aliap! S0 b2 1GABLALALDYINI 4 Bl ash vells
(recessed portions) 14 disposed therein. e test 'wells are arranged in
rows and col uMms.eefR9éntly WiGg the AsSiyNPH st €5tnaglcksadd GamRhaicnl ng sanpl e
fluid 16 is shown. The test well 14 has a rounded upper portion 18 and a
V-shaped | owggiporti onz204s | bpdrecittd@r si 0esbset hatiridae iheshe Weld Stndd can
have structures other than the designs shown in FIG 2. There is a w de
vari ety of suitablerigbr uthbogegs dndr t inedifdsttimpk| $ais beForadexanpltee t he
upper portion of the well can have a square shape and the [ower portion
of the well can h&?fb*s&rf*‘%ﬂﬁ‘nGmbOFiF‘aﬁtntsonq?}Osha‘t?@art@ﬂrﬁ‘iﬂ“ﬂrtbe P10t The

bi oassay trays of the resent i nvention hav ood thermal conductive
properties. Prefer8bly, V?ﬁémtrayﬂﬁg S5 R H%Fa%%ﬂﬁu@P?vFvaﬁf great er

than 3 Wm K and npf& s.R"&f £ %{5&/8 lgﬁrtﬁé oP8MeA2 WK The heating and

cooling Specification as at O



14 steps of a wde variety of inmmunoassays can be performed efficiently
using the assay trays of the present invention [41] It is appreciated by
those skilled in the art that various changes and nodifications can be

made to the illustrated enbodi nents w thout departigpg. h b [k < OF
the invention. Al such nodifications and changes a?g&:ﬁ%ﬁ@\%ﬁoﬁ@bggbs

covered by the appended clains. d a Speé?fi cation as at 07 02 2005 15 WHAT
IS CLAIMED IS: 1. A thernmally-conductive, biological assay tray conprising
a platformhaving multiple test wells disposed therein, said platform and
test wells being an integrated structure nolded froma single polyner
conposition, sari (ilscco osDiti on conprising: i) about 20%to about 8096 by

wei ght of a %ﬁf—hﬁﬁﬁ—l—){&‘(—:and ii) about 20%to about 80% by weight of a
non-netallic, ther = GON i mat.eri al....2. y . Qf claiml1,
wherein the tl'ray%hg@%ﬁ%&?%&%ﬁ%cﬁ%%%}cg% ag%gt 2%% hé’%ﬁlgyj\ﬁlqﬁ?(. #3. The
assay tray oprrabinnbvid@netipithesROokRr afokbX GRIPIH,S8S: @ phhedomp! asti c
polymer. 4. The assay tray of claim 3, wherein the thernopl astic pol yner

i s sel ected frdmeshewgleupeiggnshsintegrafedpetypecanbonatiesd fxpal yesinghene,

pol ypropyl ene, acrylics, vinyls, fluorocarbons, polyam des, polyesters,

pol yphenyl ene lSBET | eRmPeaHdor qttid EPyRAsdFiompserppRisings 1)TRecrs A tray of

claim1l, wherein the olél,rrgr matri x ) .
about 80% by weight of a polymer matrix, and ii) about 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, acrylics, vinyls, fluorocarbons,
pelyamides, 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.



conprises a thernosetting polyner. 6. The assay tray of claiml1, wherein
the thermal | y-conductive material is selected from t¥neciicetion asmt §i7 HRi2085 of
ceram cs, netal oxides, and carbon matesials. Specification as at 07 02
2005 16 7. The assay tray of claim®6, wherein the thermally-conductive
material is selected fromthe group consisting of silicon nitride, boron
nitride, al um namTRGBLST LBy 6edera NG, CaMBANi I @Phti8maBry-IBRaRSSRY tray
of claim1, wherein the polynmer conposition further conprises: (iii) a

rei nforci ng wmakefdialis Selethed nebhotheOhrolmidansistwhere ritivenr igiaeci ng
material is glass. 10. A nethod of naking a net-shape nol ded,

t her mal | y- corrdaetiifeiddhi alwugiineal magsssiymt eide, corpridbonggrapbiet.eps of 1 a)
providing a nolten conposition conprising. i) about 20%to about 80% by
wei ght of a polynmer matrix, and ii) about 20%to about 80% by weight of a

non-netal lic, thermal ly-conductive material: b) .inj ec#i ng the molten
conposi tion ?‘nt'ghea Niio] %; %](::3Y r%gm?/%aﬁ&' bhewggﬁ%l(%ﬁhieoﬁo Wﬁ%ﬂ (HEPDT a0 form

a net-shape fmhgle@oﬁm%@gﬁl di¥3 cQnduGtve: R phagiigal assay tray conprising
an integrally nolded platformstructure having nultiple test wells

di sposed therein. 11. The nethod of claim 10, wherein the assay tray has a
thermal conductivity of greater than 3 WnX. 12. The nethod of claim 10,
wherei n the pol yTher wethed xoftorfuinses whdrdeén mbie astinfoyydhy nezterid]l Tdhe

met hod of claim 11, wherein the thernoplastic polymer is selected fromthe
group consi s¥43i§- of pol ycar bonat es, pol yet hyl ene,

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

a) providing a wmolten 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,-thermallywconductive material;

b) injecting the molten composition into a mold;

¢) removing the composition from the mold to form a net-éhape
molded, thermally-conductive biological assay tray comprising an
integrally molded platform structure 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.

12. The method of claim 11, wherein the thermoplastic polymer is

selected from the group consisting of polycarbonates, polyethylene,

polypropylene, acrylics, vinyis, ‘fluorocarbons, polyamides,

polyesters, polyphenylene sulfide, and liquid crystal polymexs.




pol ypropyl ene, acrylics, vinyls, fluorocarbons, polyam des, polyesters,
pol yphenyl ene sulfide, and liquid crystal polyners: Specification as at 07
02 2005 17 14. The nethod of claim 10, wherein the polymer matrix conprises

a thernosetting polyner. 15. The nethod of claiml 2]
t hermal | y-conductive material is selected fron1the§8$%%%£§%%¥%gﬁp%&og?

ceram cs, netal oxides, and carbon materials. 16. The nmethod of claim 15,
wherein the thermally-conductive materig} is selected fromthe group
consisting of silicon nitride, boron nitride, alum na, nagnesium oxide,
and carbon graphite. 17. The nmethod of claim 10, wherein the conposition
further conprises reinforcing materi al

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

thermosetting polymer.

15. The method of claim 10, wherein the thermally-conductive
material 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 nitride,

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

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

comprises reinforcing material.




