
W097/10056 PCT/US96/14681 -

DEVICE AND METHOD FOR DNA AMPimCA110N AND ASSAY 

Field of the Inyention 

11ae present bmntlo.a relates generally to dftlces and methocll for eanyiDg 

out biological processes on liquid b1ologlcal IBIDples, ud is partic:alarly 

concerned with a unltal)' DNA ampliftcation ad homogenoas DNA probe assay 
derice which is salted for lluoresmace polarlzadoll auays and Is capahle or 

aeeommodating a plmallty of Uqllid biological samples in discrete, sealed sample 

cells. 

BackglODJld of the Inyention 

1he procenes of nadeic acid (DNA) amplification and sabseqaent nucleic 

add probe assay are well known and have hem implemented in a ariety of 

formats. Whlle these formats are highly elfecthe, they are somewhat dlfticalt to 

perform in the diDlcal laboratory. Generally, DNA ampUfication ud usay 
rmctio.as are performed sequendally on the sample to be assayed; that Is, the 

DNA ampll&catlon nadion is first canied out io completion, and the DNA probe 

assay is then performed on the tally ampWled sample. 1bls Is referred to as an 
end point assay. 

One problem with end point assays Is tbat the amplified DNA (amp)leons) 
fmm the DNA ampUftcation reaction must be pbysladly transferred to the 

subsequent DNA probe assay. Because of the transfer, the potential exists for 

contam.inating the laboratory environment with the DNA amplimns. In addition, 
the general risk or misidentifying a given sample or confusing it with other 

samples lnc:nases each time that a physical transfer of the sample takes place. 

1here have been prwious proposals for self-contained test units that are 

eapable of carrying out an integrated nucleic acid amplification and nudeic acid 

assay on a liquid biological sample while the sample remains confined within the 
test unit. For example, U.S. Patent No. S,229,297, to Paul N. Schnipelsky et al, 
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describes a cuvette for DNA ampliJication and detection which comprises a 

plurality or Oexlble compartments for eoatainillg a sample, ampllfyiag reagents 

and detection reagents, together with passageways amnecdng the sample and 

reagent eompartments witb a detec:tioa site and waste compartment. A roller is 

used to squeeze or eompress die sample and reagent comparameats iD a desired 

sequeaee, thereby fordag the sample and detection reageats tluougb the 

passageways to the detedioa site and wute mmpartmeat. Tempora17 seals are 

ued to Isolate the sample and reagent mmparlmeats from the .-uaaeways aatil 

salllcient presllll'e Is gmaated by the roler. Altllougla this ammgemmt is 

ad'Vlllltqeous In tbat tile sample remains within the cuvette darbag amplification 

and detedlon, the neecl for a roller to break tbe tempol'BIY seals and cause die 

'¥11riom fluids to Dow between c:ompartmeats introduces mulesirable complaity 

and makes it dlfliadt to antom•te the •mplillcatioa and 811111 procedare. 

In COJJelMting U.S. Patent Appllcatkm Serial No.18/277,553, med by Bugh 

V. Odflnp•m oa Jaly U, 1"4, an impnnecl test mdt for C8Jl7iDg out iatepated 

audeic add ampUficatloas and Dlldeie acid assays is disclosed. la the lmpl'Oftd 

test unit, the Dow of sample and reagent liquids is controlled by ceJdrifugal foiu 

applied by a relatively simple rotating apparatus, thereby aYOiding the need for 

rollers aad other complex mechanisms. Wblle tbis represeats a substandal 

improvement over the arrangement disclosed in U.S. Patent No. ~2fJ;,'J7, the 

aeed to provide for controlled Buid movement within the test unit still exists ud 

renders the test unit somewhat more complex than might be desired. 

ID addition to the end point usays discussed preriouly, homogeaous 

metllods or nudeic add assay also exist. Homogeneous methods do not require 

the physical tramfer of the amplified material 10 a separate assay site, but rather 

function simultaneously with the amplillcatioa reaction. Examples or known 

homogenous assay methods include fluorescence polarization, ftuorescence energy 

transfer and light absorbance. While nuorescence polarimtioa, in particular, 

functions very well in a raeareh laboratory, it has a sipificant drawback in that 
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it requires glass sample tubes or cells. This is a result of the fact that most 

plastic processing methods, such as iJUedion molding or thermoforming, create 

stresses in the material of the ftnished part. 11aese stresses have random 
polarization effects, and interfere with tbe transmission of polariad Ught that is 

required for a Duoraeence polariation assay. 

As is well known, DNA ampU8eadcm ftllc:ticms mast ocarwitbin a cedain 

temperatare range In order to produce the desired number of ampliams. If the 

18111Ple an4 the DNA •mplUieatioD reagents are allowed to read before the 

18111ple rmdlel tbe ncpdnd tempemtare, a pheaomenon known as "mis-prlmill&" · 

am oemr. This an all'ect the 't'811ditr of the assay results, both in the ease of an 

end point assay and a llomogeneous assay. 

In view or the foregoing, a need exists for a derice or a test mlit which is 

capable of canyiag out an iatepated DNA amp66cation and DNA probe assay 

with minimal mmplaHy, and preferably without requiring ftaid mOftlllelltl to 

occur within the test nit Itself. There Is aJao a need for a test allit wldch am be 

med to carry out a homogenous DNA probe assay 1ISiq Ouorescence polarization 

methods, bat wldch does not require the use of glass to properly transmit 

polarbecl light. Finally, there exists a need for a test unit which can be used to 

cany out an intepated DNA ampllftcation and DNA probe assay in a simple and 

eft'ective manner, wbile preventing inadvertent mis-primin1 of the amplification 

reaction. The present invention is dinctecl to fgJllJHng these objectives. 

It is an object oftbe present Invention to provide a DNA amplification ud 

bomogenous DNA probe assay device in a "card" format that can be conveniently 

luuadled by c:linleal laboratory personnel, and accommodated bl a suitable test 

apparatus. 

It is another object of the invention to provide a unitary DNA 

amplification and DNA probe assay elev.ice which includes a multiplici1;y of 

sample cells, with each sample cell-comprising the elements and reagents needed 

for a DNA amplification reaction and a homogeneous DNA probe assay.; 
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It is a farther object of the invention to pl'O\lide a unital)' DNA 

ampUDcatlon and DNA probe assay de\rice in wllich all reagents needed for both 

DNA amplifialtion and DNA probe assay are c:o.ntainecl, in dried form, wit11in the 

device, so tbat the addidoa of a liquid biolopad sample is all tbat is needed to 

cany om the amplilJeatioa and assa;r procedure. 

It is a farther obJect of the bmmtloa to pronde a test 1111it and metllod 

that performs a "hot start" Of the DNA ampll&cation raetiou, thereby aYOicli.Dg 

aa ia'81icl auay nsalt due to mis-priming or the ampliflcatioa nactim. 

It is a fardaer object of the iawm.tioa to pruride a test unit wJaidl has die 

be made of ines1w:asive plastic materials rather than glass. 

It is a further oldect of the invention to praricle a test ult ud method 

that ylelds iumataaeous DNA pmbe .... , data by means of a kiaeticor dpamic 

measarement of DNA ampliClom, rather duua a eonventional end point 

measanmeat. 

It is a further oldect otthe invention to pnw.lde a Buoresamce polarization 

DNA probe 8Sl8J daice which includes an integral polarizer, allowing for the use 

of a CODfoea1 polarization method. 

It is a farther object of the iaveation to pnwide an lntepal DNA 
amplification and homogeDo1IS DNA pl'Obe assay device tlaat am he permanently 

sealed after die Introduction of a liqulcl biological sample, thereby preventing 

amplic:on CQDtamjnatioD of the laboratOJy enYirollmeDt. 

It is a sdll fllrtber object of the invention to pnwide an integrated DNA 

amplification and DNA probe assay device which am aecommodate a plurality 

of liquid biolopeal samples iD discrete sample eells, and which can provide DNA 

probe assay data in a matter of minutes. 
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Summaa of the Invention 

In aceonlaace with a preferred embodiment of the pracnt invention, the 

disadvantages and UmitatiollS of the prior art are substantially avoided by 

providiag a DNA amplification aad homogeneous DNA probe assay derice which 

includes a muldplichr or discrete sample cells in a dat "card" format, with each 

sample cell coataining the reageats nece1sary for both DNA ampllfieatlon and 

bomoemeous DNA probe auay. 1be device is particuJarly suitable for 

tluoreseenee polarization DNA probe ....,., and Is preferablJ prmiclecl with aa 

Integral polarizer to avoid the aeed for polarillDg elements in tile related 

measuring apparatus. Tbe ·-and geometry of tile sample cells allows for a "hot 

start" of the DNA amplifieation reaction ad thereby avoids iDaclverteat mis­

primiag of the amplilieaticm reactimL 

ID one aspect, tile present Invention is directed to an apparatus for 

canying out a nadeic acid amplilicadcm ad a homogeneous audeic acid assay 

oa a liquid biological l8Dlple. The appuams illdudes a sample cell for recemng 

the liquid biologiad sample. '11ae sample all indmles a sample chamber and a 

sample port for admitting the liquid biological sample into the sample chamber. 

A dried nucleic add amplificadon reageat and a dried bomogeneous nudeic acid 

assay reagent are adhered to the interior of the sample ehamber for nading with 

the liquid blologlcal S11111ple. A seaHng member may be auadaed to the sample 

cell for sealing the Slllllple port after the liquid biological sample bas been 

admitted to the sample chamber. The llomogeaeoas nudeic acid assay reagent 

may comprise a Baorescenee polarization assay reagent, ad in that event a 

portion or the sample eell 111&3 be made transparent to permit atemal detec:don 

of the Duorescence polarization reac:don iD the liquid biological sample. The 

sealing member may be attachable over the transparent portion of the sample 

chamber and may be made of a transparent, Dgbt-polarizing material to avoid the 

need for polarizbag elements in the related measuring apparatus. 
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In another aspect, the present invention is directed to an apparatus for 

canyiag out a biological process on a liquid biologic:al sample. The apparatus 

comprises a substantially Bat, aud·like member lumq at least one sample eell 

therein for recei\'iag the liquid biological sample. The sample cell includes a 

sample chamber, a sample port for admiUing the liquid biolCJllcal sample into 

the 1&111ple chamber, an air wat for allowiDg air to be displaced from the sample 

cllamlJer duriag admi11ion or tbe liquid biologk:al sample into the sample 

chamber, and a dried reagent adhered to an batemal nrface of the sample 

chamber for reeding with the Uqaid biological sample. A -.Ung member, 

prefenbly in the form or a layer of Dedble material eara,iDg a pressure-sensitive 

adhesive, Is attachable to the card-like member for sellng the sample port and 

tbe air vent after a lhluld biological sample bas been admitted to the sample 

cll•mher. 

In another aspect, the present laftlldcm Is directed to an apparatus for 

c:arrybag out a nadelc add Oaoraceace polarizatiml aaay oa a llflaid biological 

sample. 'lbe apparatus indades a sample cell for reee1Yiq a liquid biological 

sample. The sample cell bas a sample chamber and a sample port for admitting 

tbe liquid biological sample Into 1he 181Dple chamber. The apparatus also 

comprises a dried aucleie add fluoreseeac:e poJarlzation reagent that is adhered 

to an internal surface of the sample chamber for reacting with the liquid 

biologieal sample. At least a portion of the sample eell is made or a light­

tnuumissive, light-polarizing material IO fadlitate external detec:tioa of the 

ftuoracmce polarization ractioa in the liquid biological sample without the need 

for sepante polarization elemeats in the nlatecl measurillg apparatus. 

In a further aspect, the present laYeDtiOD is directed to a metbod for 

earrying out an integrated nucleic add ampDftcation and homogeneous nucleic 

add fluorescence polarizadon assay on a liquid biologiQJ sample. The method 

comprises the steps of introducing a liquid biologieal sample into a sample well 

having a light-transmissive portion; bringing the liquid biological sample into 
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contact with a dried nucleic acid amplilication reagent and a dried homogeneous 

nucleic acid Ouoreseeace polarbation assay reagent within the sample cell; 

sealing tbe sample cell; Incubating the sample cell to allow the liquicl blological 

S81Dple to react with the nucleic add amplification reagent and with the 

homogeneous nucleic add Ouorescence polarization assay reagent; and detecting 

Ouonsceace polarization in the liquid biological sample througla the opt. 
tnmsmluive portioa of tJae llllllple cell. 'Ille cleteetion step may CIODlprile 

directing polarized ligllt throaah die llght-transmissiw portion of the sample cell 

or, If the light-tnmsmissive portion of the sample eell is made of a light­

polarizing mat.erial, direcllq unpolarbecl Ugbt through die light-tnmsmissive 

portion of die sample eell. 

In a still further aspect, the present inwntion is directecl to a method for 

anying oat a lllldeic add ampllftcation nacdoa on a liquid bJologieal sample. 

'11le method mmprises die steps of preheadng a sample cell amufning aa dried 

nucleic acid ampllfication ragent to a temperature suitable for :audeic add 

ampUBcation; introclacing a liquid biological sample into the preheated sample 

eeU to bring the liquid biological sample into contact with the dried nucleic add 

ampllfication reagent; equilibrating the temperature of the liqllid biolopcal 

sample to the temperature or the preheated sample cell; and, after the 

equOibration is substantially c:omplete, commencing the . nucleic acid 

ampli6cation reaction ID the sample cell. Preferably, the step of eqalh1>rating the 

temperature or the liQDid biological sample to the temperature or the preheated 

sample cell comprises formin1 a tbia layer of the liquid biological sample in the 

sample eell to enhance heat transfer between the sample cell and the liquid 

blolOlfcal sample. 
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Brief Description of the Drawings 

The various objects, advantages and novel features of the invention will be 

more nadily appredated flom the following detailed description when read in 

colQunction with the appeacled drawbag llpres, in which: 

Fig. 1 is a top 'rif:w or a DNA amplification and homogeneous DNA probe 

assay card constracted ill acmnlance witb a preferred embodiment of the present 

invention, mustratillg separate sealing strips wllich are used to seal the iad1l'iclual 

sample eells of the cant after liquid biolopeaJ samples have been introdsced into 

the sample cells; 

Fig. 2 is a Bide 'riew of the DNA amplillcadoa and DNA pmbe assay card 

of Fig. 1, mustratia& its relatively small thickness; 

Fig. 3 Is a top Yiew or dae DNA ampWicatioa and DNA probe assay canl 

and seellng strips or Fig.1, with 10D1e or die ample eells sJlowD tilled with licJald 
biological 111111ples ad sealecl using the senling strips; 

Big. 4 is an ealaqed auswecdonal Yiew of a pordon of die DNA 

amplification and DNA pmbe assay cnnl of Figs.1 • 3, with IOllle of the discrete 

sample eel.ls shown flDed ud others left empty to WUStlate the locations or tlae 

dried ampUficatloa and assay reagents; 

Fig. 5 is a plan 'riew of tile top layer of the DNA amplification and DNA 

probe assay cant of Figs. 1 • 4, Wastrating the DWU1er in which IDIDple ports ud 

air vents are prorided for the discrete sample cells; 

Fig. ' is a plan ~-- or the mlcldle layer of die DNA amplification and 

DNA probe assay cant ot :Figs. 1 • 4, Wustrating the keyhole-suped apertures 

which dellne the side walls of the disc:rete 18111ple cells; 

Fig. 7 ls a plan Yin' of the bottom layer of the DNA amplification and 

DNA probe assay amt of Figs. 1 • 4; 

Fig. 8 is an exploded penpective view Wustrating the relationship of the 

top, middle and bottom layers of the DNA amplification and DNA probe assay 

card of Figs. 1 • 4; 
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Figs. 'A and 9B are top 'View of two dUferent embodiments of the sealing 

strips that are used to seal the sample poits and air vents of the DNA 

amplification and DNA pmbe assay card or Figs. 1 • 4; 

Fig. lG is an enlaqed sectloDal .iew through one or the discrete sample 

cells in the DNA ampUBc:atlon and DNA probe assay card of Figs 1 - 4, 

mustrating the llUllUler in wlaich the use of a ligbt-polarizing material for the 

sealing strips allows a amfocal detectioD metllod to be used; 

Ftp. 11 and 12 are gnphs depleting the cluuage in fluorescence inteasity 

with time daring a DNA amplUicaticm and homogeneous DNA aucnscmce 
polarization assay; ad 

Pils. 13 • 15 illustrate an exemplary meuurillg apparatus whldl can be 

ucd to meume fluoreseence iateasity in the sample eells or the DNA 

ampJUicadoa and DNA probe assay anl of Figs. 1 • 4. 

'Duvupout the d.rawiDp, like reference nllllUftls will be undentoocl to 

refer to like parts and componeatS. 

Def.ailed Desqjpdop of tile Pre(ened. Embndimepts 

A DNA ampWieation and homogeneous DNA probe assay clerice 20 

(hereinafter :refernd to as a "DNA card") constractecl in aecordance with a 

prefernd embodiment or the present invention is illustratccl in Fig. L Although 

the specltlc climeulons aad geometl)' or the DNA eard may be \llll'led in 

accordance with the requirements of particular applieations, the card 20 of the 

preferred emhncHment is rectangular with a length of apprmimately 5.025 inches 

and a width of approximately 3.362 inches. The card contains a rec:IUgular array 

of discrete sample ceDs 22, spaced evenly across the length and width of the canL 

Each sample cell 22 indudes a dosed sample chamber 24 (the top wall of which 

is transparent) for .receiriDg a liquid biological sample, an open sample port 26 

which communk:ates with the sample duunber 24, and an air vent 28 which also 
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mmmuuicates with the sample chamber 24. Dried DNA amplification and assay 

reagents are adhered to the upper interior wall of each sample cell 22 in the form 

or a single, diserete spot 30. 1be sample ports 26 pnmdes the means by which 

liquid blolopcal samples (not shown ID Flg.1) can be introduced into each of the 

sample chamhen 24 (preferably b.Y pipetting), ad the air vents 28 allows air to 

be displaced from tile sample dlamben 24 as the liquid biological samples are 

being in1l'Odueed. As wDI be described hereinafter, tbe liquicl biological sample 

that is introduced into the sample chamber 24 of acb sample cell 22 makes 

mataet with, and dissolves, the dried reqent spot 30 ID the sample cell, daereby 

initiating the desired DNA ampllftc:adon ad assay reactions. Measanment of 

tbe assay results 1akes place while the liquid biological samples nmain sealed 

wftllln the sample eells 22, also in a manner to be described hereiaafter. la tbe 

illustrated embodiment, the DNA card 20 eontaias *'l·four ('4) ldentieal 

sample cells 22. 8l'l'Bllged in a rectaaplar 8IT8Y of eJabt rows by eiglat eolamns, 

on ftl'tical ...eat.en or appnalmately 0.354 inches and horizolltal een1en of 

apprmimately 0.'28 Inches. 

With eontiDaed referenee tO Fig. 1, sealing strips 32 (one for each eolumn 

or sample eells 22 in the eanl 20) are provided for sealing tbe sample ports 2' 

ud air vents 28 of the sample ehamben 24 after liquid biological samples have 

been introduced into the sample eells 22. Pftferably, the strips 32 an segmented 

along score lines 34 to define segments which can be used indiftdually, If desired, 

to seaJ some or the sample cells 22 aad not others. In the filustrated 

embodiment, the sealing strips 32 are approximately 0.628 inches in width ud 

approximately 3.362 inches in length. F.ach sealing strip 32 seals a column or 
eight sample eeUs 22, with eight strips 32 beiac used to seal all sixty-four sample 

cells 22. The individual segments or seals 36 of each sealing strip 32 are on tile 

same vertical centers (i.e., approximately 0.354 inches apart) as the sample cells 

22 themselves. 1he sealing strips 32 are preferably about 0.015 inches thick and 

are pnrrided with a layer of pressure sensitive adhesive on their lower surfaces 
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(not visible iD Fig. 1). In practice, the sealin1 strips 32 are applied in a manner 

slmUar to adhesive tape, and serve to permanently seal the sample cells 22 by 

covering the sample ports 26 and air vents 28. 'lbe sealing strips 32 are generally 

used whole for convenience, and are only subdiviclecl as necessary along the score 

lines 34. 

The seeJiq of the sample cells 22 by means or the paling strips 31 

prorides several adftlltages. First, tbe sepling strips 32 preveat ewaporatioa or 
the Uquld biological samples flVm the sample cells 22 d1lrlDg 11le DNA 

amplUication aacl laomopneous DNA probe assay. GiWD that tile wlame of the 

Uqaicl biological 111111ple wlD tJ.picaDy be wrt small (about 20 pL)- and that tbe 

ampliftc:ation and usay reactions will usaally take plaee at an elnated 

temperamre (up to about 75° C), such naporation may otlaerwise result in 

significant loss or the liquid biological sample. The HmDd alhalltage of the 

seeling strips 32 is dlat they prewmt the release of DNA amplicms from the 

sample cells 22, thereby prneadq contamination of the laboratmy eDYiromnent. 

Finally, in ac:conlace with a pardcalarly prefelnd embodblleat of the present 

invention, the seallag strips 3l may be made of a traupareDt, light-polarizing 

material so as to serve as polarization elements daring tbe detection or 

measurement step. 'Ibis avoids the need to provide separate polarbadon 

elements in the related measuring apparatus. 

ID the desc:rlption which follows, it will be assmned that all of tile sample 

cells 22 aad seals 36 are identical, and tbat the description of any one sample cell 

22 or seal 3' will apply 10 all. Although this is true in the p1eferncl embodiment, 

the invention should not be reprded as being limited to tills arrangement. It is 

within the scope of the invention to pnwide sample eells 22 and/or seals 36 that 

are diffenat fmm oae to the next, iDduding (but not limited to) clillereat 

reagents, clift'eren.t dimeuions, dift'erent volumes and different optical properties. 

1be reagents may clifl'er for either tbe DNA ampllfication or the DNA probe 

assay, or both, with exemplaey homogeaeous DNA probe assay methods inducting 
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fluorescence polarization reactions, 8uoresceace energy transfer reactions and 

light absorbance reactions. Any or all of the foregoing dUJerences may exist 

within a single eard 20 aad/or from one card 20 to the next. 1bus, for example, 

different types of DNA cards 20 could be provided for canyln1 out dlflerent types 

of assayst with such cards retaining only a generic or functional :similarity (e.g., 

to the euent necessary to 6t into the. same type of measuring Instrument). 

Fig. 2 la a side or edge-on ~of the DNA ard 20, which in the preferred 

embodiment bas a paerally Dat or planar amfipration. Id will be apparent 

fmm Pig. 2, the DNA card 20 am be made atnmely thin if clelJrecL In the 

prefened embodiment, the thickness of the DNA eanl 20 is approximately 0.047 

inch. 

Fig 3. Wuslrll1es the DNA card 20 as it milbt appear during adD8I use, 

with fomtee& or the 11111ple cells 22 filled with Uqaid biological samples 38. Jn 

these lllled sample eeUs 22, the liflaid blololical samples 38 have dissolved the 

dried reagent spots 30 or Jig. L The aued 111111ple cells 22 are covend by the 

respective segmeatl or seals 36 of tile sealing strips 32. One mmplete seaHng 

strip 32 has been applied to the left.band eol1111111 of sample cells 22, and a second 

sealing strip 32 has been subdi\llded along one or the score liBes 34 into a fint 

portion 32A wbleh has been applied to the upper six: sample cells 22 orthe second 

column, and a second portion 33B which llas beea retained for future use. ne 
unused portion 328 an be used to seal the two lowermost sample eells 22 of the 

second column during a subsequent use or the DNA aid 20. 

1)'pically, the Wll'ious liquid biologiad samples 38 shown In Fig. 3 will 

consist or blood samples or other body Ouid samples from d.Ul'eren.t .-tients, all 

of which an being tested for tb.e same pathogen by identical amplification and 

assay reagents 30. However, it will be understood that embocliments are possible 

in which more tban one of the liquid biological samples 38 are drawn from the 

same patient, and in which the reagents 30 dill'er from one sample eeU 22 to the 

next. 
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Fig. 4 is a partial CJ'OSHedional \liew of the DNA card 20, taken along the 
line 4-4 in Fig. 3. In this view, the laminated eonstruction of the DNA card 20 
in the preferred embocQment am he readily appreciated. 1be DNA card 20 is 
made ap of a bottom layer 40, a middle layer 42 and a top layer 44. 'lbe seals 
36 of the seallag strip 32 are adhered to the upper surface 46 of the top layer 44. 
Pach or the layers 40, 42 and 44 is preferably made of a plastic film llavlng a 
tlaickaess or appmlilllat.ely 0.015 inches, and the seals 3' an or a similar 
material and thickness. '11ae layers 40, 42 and 44 (together with the seals 36) are 
held together by a pnuan-senshiw adhesive (not shown) tbat is tnleally about 
0.001 inch thick. Referring for eonftllience to the empt;)' IBIDple cell 22A In Fig. 
4, the sample port 26 Is preferably about O.W inch in diameter and 
commllllicates witb a narrow section 48 of the sample dwnber 24 that is 

preferably about o.J25 inch wide. 'lbe mmow section 48, in turn, CODUDDDicates 
with a largert nbstlmtially clrc:u.lar portion or the sample dumaber 24 which is 
appnmmately o.250 Inch in diameter. 'Ille dried reagent spot 30 is adllered t.o 
the upper wall of the dreuJar pn1ion of the sample cell 24 (mnapoacliq to the 
lower l1ll'faee of the top layer 44 of the DNA card) and Is shua1ed approximately 
at the center oftlds circular portion. 1be circular portion of the SBJDple chamber 

24 eommaalcates with aDOther 1UU1UW section 52 of the sample chamber which 
is approximately G.125 inch in diameter. The section 52, in tum, eommua.icates 
with the air vent 28 locatecl at the opposite end of the sample cell 22A fmm the 
sample port 26. 1be air vent 28 is preferably about 0.040 inch in diameter. 'Dae 
height of the interior of the sample clumlber 24 is defined by the thickness or the 
midclle layer 42 of tile DNA card 20, and by the thldmess of the adhesive on 
either side of this layer. 'Ibis results in an overall height or about 0.017 inch for 
the iaterior or the sample chamber 24. 

With continued reference t.o Fig. 4, the sample cell 22B is shown as it 
would appear dnriag use. 'lbus, the sample eell llB is 6Uecl with a liquid 
biological sample 38 and sealed with a seal 36 which covers the sample· port 26 
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ud air vent 28. The dried reagent spot 30 of Fig. 1 has been dissolved by the 

liquid biological sample 38. 

In order to use the DNA card 20, a suitable measuring lns1rament is 

required. DependiDg upon whether tile DNA card 20 contains assay reagents for 

nuoreseence polarization nacUons, llumescence energy transfer reactions or light 

absorbance readioa.s, aud whether (ID tbe case or a naoresceaee poJarizadon 
assay) the DNA card 20 has bdepal polarizing elements, the IDstrament may be 

either a conventioDal iastnmaellt, such as a microplate flUOJUllleter or a 

microplate reader, or a 1pedalized lllstrumem of the tJpe to be delcrlbed shortlJ 
in connection Figs. l3 • 15. In eltlaer cue, nitable temperature mntrols must 

be pl'O\'lded, together witll means for optically acldressing the Individual sample 

eells 22. 

In order to perform ma Integrated DNA ampli&catioa and homogeneous 

DNA fluoreseence poJamatloa assay, tbe DNA card 20 Is placed on tlle heated 

carrier of the iDstnunent. 1be carrier is a heated tray wbich can be ateacled 

outside tbe iDstrameat to nceive the card, aad whlcb then w1thclnnrs lato the 

instrument in order to perform the deslrecl nadtngs Of ftuoresceac:e polarizatlOD, 

fluorescence intensity or Uglat absorbuce. 'l)pically, the instrument is pnnided 

with means for mOYiag the card ill both the z and y cUnc:ticms so tbat each 

sample cell 22 am be read individually. During the entire operation, the heated 

carrier maintains the DNA card 20 at aa optim11m temperature, typically between 

2S° C and 15° C. 

Initially, an empty DNA card 20 is plac:ed on the extended, heated carrier 

of the instnunent and is allowed to equilibrate to the carrier temperature. 'Illis 

equilibration may take approximately one minute. Once the DNA card 20 is 

equilibrated to the carrier temperature, liquid biological samples 38 are pipetted 

into the sample ports 26 or one or more of the sample cells 22. Tbe liquid 

biological samples 38 instantly fill the sample chambers 24 due to a combination 
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of hydrostatic and capillary force. In the preferred embodiment; the pipetted 

volume of each liquid biological SBD1ple is apprmbnately 20 pL 

As soon as liquid biological samples 38 have been pipetted into all or the 

sample chamben 24, tile sample cells 22 may be sealed using the seals 36, and 

the measuring instrument may he startecl. 'lbe carrier is then drawn into the 

instrument for fluorescence polarimtion, Duorescenee lntens1!1 or Ught 

absorbanee reacHng.. Due to the extaeme thinness of the sample chambers 24, and 

the large surface area of the sample cbamben 24 with which the liquid biologieal 

samples 38 come into c:ontact, tile llqalcl biologiC'al samples 38 beat up w1tlain 

seconcls or being pipetted Into the sample cells 22 to the optim.11111 temperature 

desired for DNA ampllfication. 'lbas, by the time the c1riec1 reagent spots 30 

dissolve and dlffase throughout the liquid biological samples 38 to begin 

"priming" of the DNA amplllkation, the reagents are already up to dae optimum 

temperature. It is in this way tbat the DNA card 20 elfeets a "bot start" or the 

DNA amplUlcadon reacdoa. 

Figs. S - 7 depict tJae inclMdaal layers of plastic Dim tbat the DNA card 

20 is composed o1 ID the preferred emb•x1iment, each layer is appnmimately 

0.015 inc:h thick. Tile top layer 44, shown In Fig. S, contains the holes tbat form 

the sample ports 26 and air ftllts 28. 'lbe lower surface of the top layer 44 forms 

the upper walls or the sample chambers 24. 1be middle layer 42, shown in Fig. 

" contains keyhole-shaped apertures 54 that form the side walls or the sample 

chambers 24. The middle layer 42 is coated on both sides with a pnssure­

sensidve adhesive (not shown). The bottom layer 40, shown in Fig. 7, is a solid 

rectangular sheet that forms the bottom or the DNA card 20. The upper surface 

or the bottom layer 40 forms the lower wall of each of the sample chambers 24. 

The exploded \flew or Fig. 8 clep1cts the relative alignment of the top layer 

44, middle layer 42 and bottom layer 40 during assembly of the DNA card 20. 

In practice, the mp layer 44 and middle layer 42 are laminated together with a 

suitable adhesive, and the partial assembly is then inverted so that the 
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amplification and assay reagents can be pipetted and dried onto the underside of 

the top layer 44 to cnate the dried ragent spots 30. With reference to Fig. 4, tbe 

sectioned edge of the DNA c:anl 20 am be seen to indude a dried reagent spot 30 

that is adhered to the underside or the top layer 44 or the card 20. After the 

dried :ragent spot 30 is formed, the bottom layer 40 is laminated to the middle 

layer 42, as shown :in Fig. 8, to eomplete the assembly 20. 

1be dried rcaaeat apot 30 mataias both DNA ampliftcation and 

homogeneous DNA auay nagents, the Ja&ter preferably couisdq oftlaoresceace 

polarbation assay rageats. Enmples of suitable DNA amplUicatioa and DNA 

fluorescence polarization assay reagents are dlsdosecl in copmdiq U.S. Patmt 

Application Serial No. 08/311,474, IUecl by G. Temmce Walker et al on September 

23, 1995 and entitled "Flaorescence PoJamation. Detection of NllCleic Acid 

AmplUicadon", said application being apieuly lneorporated herein by reference. 

1be chemical mgeats in the dried spot30 areamlecl ID a readDy soluble matdx, 

nch a trebalose or aaother earbolaydrat.e.. 11aese reageats will spoataneouly re­

suspend when aposed to an aqueous sample .batrodaeed into the sample chamber 

24. It will be 1Uldentoocl that more thlUl one dried reagent spot 30 may he 

pnwidecl iD each sample eell 22 if' cleslred, as for example by providing the 

amplification reagents in one spot and the assay reagents in a differmt spot. In 

the ease of a DNA amplification and homogeneous DNA assay, however, tlae 

reagent spots (if separated) shoald be positioned in sach a way that they are 

dissolved bJ tile liquid biological sample 38 at essentially the same time. 

If the homogeneous DNA assay that is to be used in the DNA card 20 is 

a ftuorescenc:e polarization assay, the top layer 44 or the cant 20 must be made 

of a material that does not interfere with the tnmsmission of polari7.ed light. Two 

examples of materials tbat satistY this requirement are cellulose acetate butyrate 

(CAB) and triacetate c:ellulose (TAC). 

Two alternative embodiments of the sealing strip 32 are illustrated in Figs. 

!>A and ,B, respectively. In Fig. 9.A, the sealing strip 32 is made either or a 
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1raDSparent CAB baYiag a thickness of about 0.015 inch, with aa optically dear 

pressure-sensitive adhesive (such as Adhesives Research r,pe 8154) applied to its 

back surface, or of a transparent light-polarizing film with an optically dear 

pressure-sensitive adhesive applied to its back surface. A suiCable adhesive­

backed polarizing 6bn is available from Nitto Denko as product number 1220 

DU. As previously mentiolled, score lines 34 are p.ro\lidecl to allow the sealing 

strip 32 to be separated into incliYldaal seals or segments 36 and shown in Fig. 

3. ID Fig 'B, a modified waling strip 32' is shon iD wldda each of the segments 

or seals 36 lull a cmll'81 llole or apercare 56. Tile lloles 56 allp wltll tile ceatnl 

circalar areas or the 1BD1ple chambers 24 when the seals 36 me applied to the 

18111ple cells 22 as Wustratcd in Figs. 3 ucl 4. The seaJing strip 32' of Fig. 9B is 

similar to tbe '""DI strip 32 of Fig. 9A in that it carries a layer of pressare­

sensitive adhesive OD Its back Slll'faee, but the sealing strip 32' or Fig. 9B may be 

made of aa opaCJlle material (sucll as black PVC or CAB) since the holes 56 allow 

for light tnmsmllslon to ad fmm the sample dunnbers 24 through the top layer 

44 of the DNA carcl 20. 'Die seaUng strip 32' of Fig. 'B is aclftlltageous in tbat 

the light endued by the liqllkl biological samples 38 darJag tbe Baonsceuee 

polarization assay is reqairecl to travel only through the top layer 44 of the DNA 

card 20, rather than tbnlugh the top layer 44 and the sealing strip 32 as in the 

embodiment of Fig. gA. 

In Duoresc:ence polarization assays, a polarized cxcitatioa beam of a given 

wavelength of light is used to excite the Duoresceat DNA probes. 'Die intellli~, 

at a given wavelength, of Duonscen& emiuion from these adted probes is 

measuncl iD the plane polarized parallel to the excitation polarization, and also 

in tbe plane polarized perpendicular to the excitation polarizadon. When a 

ftuorescent DNA probe hybridizes to a DNA amplicoa, the intensity offluoresceat 

emission in the plane parallel to the excitatioa plane increases. 1)pically, both 

parallel and perpendicular intensities are measured. The changes in total 

intensi~ are then compensated for by applying the formula: 
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where: 

P = (lpARA • IPER) I (lpARA + lpER), 

lpARA = Fluoresceat intensity in the plane polari7.ecl in the plane 

polarized parallel to the plane of excitation poJarizadon; and 

IPER. = Oaonsceat IDtenslt.y in the plane polariml in tile 

plane polamed pspendleular to the exdtatlcm 

polariatioD. 

'Ibis form.ala yields the dlmellllcmless quantity refund to as the polarization 

ratio (P). 

Sine it is the polarilation intensity in the plane parallel to tile excitation 

polarization whldl iacreaseswith increased hJbridiatloa, measarin& the intensity 

of the polarizatioa in the plane parallel to the excitation polariza1ioa over time 

will show the iDcnue la bybridintion over time. 'Ibis is a kinetic or dynamic 

approach 10 the meuarcmeat or ftuorescence polarization, wbich is also suitable 

for use with Daonseeace eneqy transfer and light absorbace assays. By usiDg 

such a kinetic or dynamic approach, eompeasadon for absolute Intensity becomes 

somewhat less important because each sample is measured apiast itself and is 

thus a relative measurement. ID. the cue of a nuonscenee polarizaUoa assay, 

therefore, it beamles necessary to measure Ouorescence iDteDSi1J only in the 

plane polarbed parallel to the plane of the acitation polarbation.. 

'l'he ldaedc or clpamic approach clelcribecl above allows for the use of a 

confocal polarbation method, where the polarl7.er fOr the acltation beam is also 

used as the poJam.er for the tluoreseence emiUcd by the sample, thereby reducing 

the number or required polarizing elements to one. 'Ibis dUfers from the 

conventional approach, in which separate polarization elements are needed in the 

measuring instrument for ltoth the excitation beam and the sensor used to detect 

the Duorescent emissions from the samples. With only a single polarizing 

element being required in the eonfocal method, this element can be pnmded in 
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the DNA card 20 itself (i.e., in the form of a polaaV.ed sealing strip 32 or top 

layer 44) and need not be provided in the measuring instrument as in the prior 

art. 1bus, standard microplate Ouorometers containing no polarization elements 

am be used in the Duorescence polariation assay of the present invention. In 

the case of fluorescence energy traasfer assays, standard microplate Ouoromet.ers 

can also be used, and in the case of light absorption assays, standard microplate 

readers can be used. 

1be enluled croswec:Cloaal 'riew ofl'ig.10 illustrates the sample cbamber 

24 of one sample cell 22 llUed witb a liqllid bloloclcal sample 38 clurial a 

011CftSCence polarization usay. ID this example, the seal 36 ls made of a plastic 

polarizing film, aad senes as the confocal polarber dmillg the assay. 1be top 

layer 44 of the DNA card 20 is made of traaspuat, non-polarizlll1 CAB. In 

operation, an unpolarbed light beam 58 is directed toward the sample cell 22 

containing the liq1licl biological sample 38. When the upolarbecl light beam 

passes thnmgh the polarbina seal 36, tbe traasmittecl light beam 60 ls of single 

polarization. 'lhe Ouorescent DNA probes ID the liquid biological sample 38 are 

excited by the polarized beam 60 and emit light (indicated by the arrow '2) of 

ftl'ious polari7.ations. However, the same polarizlng seal 3' polarias these 

emissions in a plane parallel to tbat of the excitation beam 60, resulting in a 

polarbed beam 64 being detected by the Duorometer. ID this way, a confocal 

polarbation method is implemented without requiring any p01arization elements 

ID the Ouorometer itselt 

Fig. 11 is a graph of the typieal relationship that homogeneous DNA 

amplification and assay reactions exhibit with respect to time. 1bis relationship 

is similar whether assay reagents for Ouorescence polariatlon, Duorescence 

energy transfer (tluonscence intensity} or light absorbance are used. The graph 

shows that the reactions exhibit an initial exponential portion '6, and a final 

linear portion 68. Fig. ll depicts a graph similar to that of Fig. 11, but includes 

curves for three dill'erent concentrations of genomes. ·The concentratioas used are 
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10 genomes, 100 genomes and 1000 genomes per unit volume. Typical DNA 

probe assays are performed on fully amplified samples, in which case they are 

end point reactions. DNA ampliftcation reactions typicall;y producie a maximum 

number of amplicons that is independent of the starting number or genomes. In 

Fig. U, it can be seen that the 1000-genome curve exhibits its exponential phase 

70 at a time befon the 100-genome CUl'\'e exhibits its aponential phase 72. 

Similarly, the 100-geaome curve aldbits its exponential phase 72 at a time before 

the lOcmome Cll1'Ye ab.ibits its exponendal phase 74. BOftftr, by the time 

labelled ... poiDt' the magnitudes of all tine CU1'YeS are very sjmilar and there 

is only a small dUrerenee between the 1000..geuome, 100-pnome and IQ.genome 

eurves, as shown by die poilUs a, b and c on the 'ftltical uis. By accumulating 

8.uorescence intensity data during the entire time iDtenal represented by any 

given one or the cunes in Fig. 11 (i.e., between to aad 1ead point), rather than 

simply taking tbe final reading at tm polat• information about the Duorescence 

polarization assay is aYBilable earlier and with better resol11tion. In addition, 

Yarious dilreJeat protocols may be used. For instance, by measuriag the time to 

a elven amplltucle (point 4 ia Fla. 12), it can be seen that the 1GOO-genome curve 

at time ti will be detected first and that its resolution from the 100-genome curve 

(at time '2) is increased, as is the resolution or the 100-genome cane frum that 

of the 10-geaome cunre at time ~ Alternatively, enmining the amplitudes of the 

three CDrYes over time indicates that there an many places better than teac1 potat 

to make measurements to nsolve the dilrenmces iB the three Clln'eS. II time t 1 

ls taken, for example, there is much better resolution between the 1000-genome 

curve and the 100-geaome curve than at '-point' and a similar increase in 

resolution exists between the 100.genome curve and the 10-genome curve at time 

ii· 
As noted previously, the nature of the measuring instrument with which 

the DNA card 20 is used will var,y .depending upon the construction of the DNA 

card 20 itself. For embodiments of the DNA eard 20 containing polarizing 
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elements, a typical microplate Ouorometer wilh suitable thermal control can be 

used. For embodiments of the DNA card 20 that do not contain polarizing 

elements, a measuring instrument eontaining such elements in required. Au 

example of such an instrument is shown ID Figs. l3 • 15. 

Refening first to Fig. 13, the measuring instnunent 80 is shown in a 

perspective Yiew with a pardon eat away to illustrate the 11UUU1er in wllich the 

DNA aud 20 is received In the Instrument. The DNA eanl 20 is initially plaeed 

on a heated canier 81 which extends oat mer tile ftont portion 82 of tile 

instrument, and ls then clrawa automa1ically into the Interior or the instrument 

at tile position shown. In this position, shown In more detaB In the enlarged view 

of Fig. 14, the DNA card 20 is loc:atecl below three polarizecl laser diode SOUfteS 

84 er different wavelengths such as '30 ma, '60 nm and ''° am. A motor 86 

seleedvely rotates a six-position poJamecl litter wlleel 88 to position potam.ecl 

wavelength fUters 90, 92, M and '6 (and two additional IJlters wlllch are not 

T.isi~e) above the sample ceD 22 of intenst. 11aese ftlten match the emissions 

or the wrious ftuorescent DNA probes and allow for the clet.ection and 

measurement or these wawlengths by a photomultiplier tube (PMT) detector 98 

in planes both parallel and perpenclleular to the polarization plane of the input 

or source beam. 1.lle heated canier 81 is Indexed in the z and y clirections (by 

means not shown) to address different ones of the sample eells 22. 

Fig. lS is a front or edge.on ~ew of the DNA card 20 of Figs. 13 and 14, 

showing a single source 84 which provides a specular input beam 100 directed to 

a particular sample cell 22 of the DNA card 20. 1bis beam is monochromatic 

and polarbed as a consequence of ha'Ying been generated by a laser diode soarc:e. 

If other types of sources are used, a poJarber and wavelength mter are required. 

When excited by tbe input beam 100, the Duorescent DNA probes in the sample 

cell 21 of the DNA card 20 emit light 102. Tbe light 102 passes through the 

polarir.er and wavelength filter of the filter wheel 88, to the PMT photod.etector 

98 for detection and measurement. 
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Examples or several different ways in which the DNA card 20 may be 

COD&tructed are pl'O\'ided below. It should be undentoocl that these examples are 

merely illastntiye and are not intended to Omit the scope of the present 

invention. 

EDmplel 

'lbe DNA eard 20 comprises a top layer 44 made of transparent, non­

polarizbag CAB, a mlcldle layer 42 made of black PVC, and a bottom layer 40 

made or traupaNllt, llOD•poJarlzing CAB. 1'he sealing strips 32 llave the 

amllgmation slacnna In Fig. fAt and are made of a plastic polarizing mm coated 

oa one side with an optiadly dear pressure-sensitive adhesive. 'Die resulting 

DNA card 20 can be asecl in a standard mleroplate Oaorometer bal'ing no 

polarizing elements. 

Epmple2 

The DNA card 28 comprises a top layer 44 is made of a plastic polarizing 

mm, a middle layer 42 made or black PVC, and a bottom layer 40 made or 
transparent, non-polarizing C\B• The sealing strips 32' are made of black PVC 

and have the codpraticm mustratec1 ID Fig. fB. The resulting DNA eard 20 can 

be used in a standard microplate tluorometer hal'ing no polarizing elements. 

EpmpJe3 

The top layer 44, middle layer 42 and boUom layer 40 of the DNA card 20 

are all made of transparent, non-polarizing CAB. The sealing strips 32 have the 

configuration shown in Fig. 9A, and are made or a transparent, non-polarizing 

CAB with an applied pressure-sensitive adhesive. When c:onstruct.ed with 

fluorescence polarbation assay reagents, the resulting DNA card 20 is used in a 

measuring instrument ClODtaining polarizing elements as Wustratect, for example, 

in Figs. 13 - 15. Alternatively, this embodiment, when constructed with 
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ftuorescence energy transfer assay reagents, results in a DNA card 20 that is 

measured on a typical microplate Ouorometer. This embodiment is also suitable 

for construction with light absorbance assay reagents, which can be measured on 

a typical microplate reader. 

EuJllole4 

The DNA card 20 comprises a top layer 44 made or transparent, aon­

polarizing CAB, and a micldle layer 42 and bottom layer 40 both made or black 

CAB.. The sealing strips 32 have dae amfiguration shown in Fig. 9A, and are 

made of a plastic polarizing mm with an applied pressure-sensitive adhesive. Tbe 

Rsalting DNA C8ld 20 may be used with a eonventional micmplate ftuorometer. 

Enmple5 

1he top, middle ud bottom layers 44, 42 and 40 of the DNA card 20 are 

as set forth in Example 4. However, the sealing strips 32' have the eonllguration 

shown in Fig. ,B, and are made of transparent, non-polariziag CAB with an 

applied pressure-sensltiYe adhesive. The resulting DNA card 20 is used in a 

measuring instrument of the type illustrated in Figs. 13 - lS. 

Example' 

1be top layer 44, middle layer 42 and bottom layer 40 of the DNA card 20 

are as set forth in Example 3, and the sealing strips 32 have the con&guratioo 

shown in Fig. '8. BORTer, the sealing strips 32 are made or a plastic polarizing 

6lm with an applied pressun-sensltive adhesive. 1be resulting DNA card 20 may 

be used with a conventional microplate Ouorometer. 

'lbe foregoing is illustrative of the present invention, and is not lo be 

construed as limiting thereof, as. numerous alternatives to the devices and 

methods described which incorporate the present invention will be apparent to 
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those skilled in the arc. The Jnventlon is accordingly defined by the following 

claims with equivalence of the claims to be inciuded therein. 
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TUAI WHICH IS CWMED IS: 

1. An apparatas ror canyiag out a homogeneous nucleic acid amplification 

and audeic add assay on a liquid biological sample, comprising: 

a sample eeU for receiving a liquid biological sample, said sample cell 

having a sample ebamber and.a sample port for admitting said liquid biological 

sample into said sample chamber; and 

a dried IUldele add am.pllftea1ioa nqeat and a dried homogeneous 

nucleic acid assay reagent, said reagents being adhemt to the Interior of said 

sample chamber ror reacting with said liquid biological sample. 

2. AD apparatus as d•imecl in claim 1, whenin said dried aucleie acid 

amplification reageat and said homogeneous nucleic acid assay reageut are 

provided ID the form of a single spot adhered to an internal surface of said 

sample chamber. 

3. An apparatus as claimed in claim 1, farther comprisiaga paling member 

attac:llable to said sample cell for sealing said sample port after said liquid 

biological sample has been admitted to said sample chamber. 

4. An apparatus as claimed in daim 1, wherein said homogeneous nucleic 

acid assay nagent comprises a Ouoreseence polarization assay reagent, and 

wherein at least a portion or said sample cell is su8idently light-transmissive to 

permit external detection of a BaoreK'ellce polarization reaction occarring in a 

liquid biologiad sample contained in said sample chamber. 

5. An apparatus as claimed in claim 1, wherein: 

said homogeneous nucleic acid assay reagent comprises a O.uoresc:ence 

polarization assay reagent; 
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at least a portion of said sample cell is suDiclentJy Ught-transmissh'e to 

permit external detection or a Duoreseence polariation reaction occurring in a 

liquid biolopcal 88111ple CODtained in said sample chamber; and 

said sealing member is made or a light-transmissive material and is 

attachable over said light-transmissive portion of said sample chamber. 

6. An apparatus as claimed in daim 5, wlaenln at least one or said sealing 

member and said upt-transmissi"e pn1ioD of said sample ebamber is made or 
a llglat-polarlziq material. 

7. An apparatas as claimed in claim 1, wherein said sample cell fllrtber 

comprises an air ftllt for allowbag air to be displaced from said sample chamber 

daring admission or said llqaid blologieal sample into said sample cell. 

8. An apparatus as daimecl in 1, wlaeftin: 

said sample cell is formed in a s•bstaJldally Oat, laminated amt-like 

member having a bottom layer forming a bottom wall or said sample chamber, 

an apertu.red middle layer forming side walls or said sample chamber, and a top 

layer forming an upper wall of said sample chamber, said sample port being 

formed in said top layer; and 

said sample eeU is one of a plurality of substantially identical sample cells 

cllsposecl in a &wo-dimcDslonal array across the length and wlclda of said card-like 

member. 

9. An apparatus as claimed ia claim 8, further comprising a sealing member 

for sealing the sample ports of said sample cells after liquid biological samples 

have been admitted to said sample chamber, said sealing member comprising a 

layer or flexible material which is attachable to the top layer of said laminate by 
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means or a pressure-sensitive adhesive canied on the underside of said layer of 

flexible material. 

10. An apparatus for ean:ving out a biological process on a liqW.d biological 

sample, eomprislllg: 

a substantially Oat, card-like member having at least one sample cell 

therein for receMag a liquid bioJoP:ai sample, said sample cell haYing a sample 

chamber, sample port for admitting said liquid biological sample into said 

S8111ple chamber, an air vent for allowing air to be displaeecl flOm said sample 

chamber during admission of said liquid biological sample Into said sample 

chamber and a dried reagent adhered to an internal smfaee of said sample 

chamber for reacting with &aid liquid biological sample; and 

a seaHna member auacllable to said mnl-like member for sealing said 

118111ple port and. said air WDt after said liquid biological sample has been 

admitted to said sample dlamber. 

11. An apparatus as daimed in claim 10, wherein said card-like member has 

opposed top and bottom smfaees, and wbenln said sample port and said air vent 

are both formed in the top surface of said card-like membe~. 

12. An apJmrlltuS as claimed in claim 10, wherein said card-like member 
mmprises a laminate lulYing a bottom layer forming a bottom well of said sample 

chamber, an apertured middle )iQ'er forming side walls of said sample chamber, 

and a top layer forming an upper wall of said sample chamber, said sample pon 

and said air vent being formed in said top layer. 

13. An apparatus as claimed in claim 12, wherein said sealing member 

comprises a layer or Dexible material which is attachable to the top layer of said 
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laminate by means of a pressare-sensiti"Ve adhesi"Ve carried on the underside of 

said layer of Oexible materiaL 

14. An apparatus as daimecl in claim 13, wherein said dried reagent reacts 

with said liquid bioloefeal sample to produce an optical indication, and wherein 

said sealing member and said top layer are 1afftda.dy llght-traumissive in the 

region above said sample duunber to permit external detection of said opdc:al 

indicadoa. 

15. An apparatus as claimed in 14, wherein said dried reagent comprises a 

nucleic acid Duonseenee polarbation assay reqent. 

1,. An appaatus as claimed in claim 10, wherein said 1811lple c:ell has a 

generally eloDpted shape ID a direcdoD parallel to the plane or said eard-like 

member, with sa1cl sample port located at one end of said sample cell and .said 

air vent located at the opposite end thereat 

17. An apparatus as claim.eel in claim 10, whaein said sample cell is one or 

a plurality of substanUally identical sample cells disposed in a two-dimensional 

array across the length and width of said card-like member. 

18. An apparatus for t:al'l')'iag out a nudelc acid Duorescence polarimtion 

assay on a liquid biological sample, comprising: 

a sample cell for rec:eil'ing a liquid biological sample, said sample cell 

ha'Ying a sample chamber and a sample port for admitting said liquid biological 

sample into said sample cllamber; and 

a dried nucleic acid Ouorescence polarization assay reagent adhered to an 

internal surface of said sample chamber for reacting with said liquid biological 

sample; 
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wherein at least a portion of said sample eell is made of a light­

transmissiw, light-polarizing material to facilitate external detection of a 

Duoresceuce polarization reaction occurring in a liquid biological sample 

contained in said sample cbamber. 

U. An apparatus as daimecl iD claim 18, wherein said portion of said sample 

eell comprises a RAiiing member auacbable ta said sample cell for sealing said 

sample port after llfcl liqald biologieal sample bas been admitted to said sample 

chamber. 

20. An apparatu as claimed in dabn 18, wllereia: 

said sample cell is formed in a substandally Oat, laminated eanl..Jike 

member ha'fin& a bottom layer formi111 a bottom wall of said sample chamber, 

an apertured middle layer forming sicle walls of said 111111ple chamber, and a top 

layer forming an upper wall of said sample chamber, said sample port being 

formed in said top layer; ad 

said portion or said sample cell mmprises the top layer of said JamiDated 

card-like member. 

21. An apparatu as claimed in claim 2t, wherein said sample cell is one of 

a plurali~ of substantially lclmtleal sample eells disposed in a two-dimensional 

array across the length and width of said cant-like memlJer. 

22. An apparatus as claimed in claim 18, further comprising a dried nucleic 

acid amplification reagent adhered to an internal sarfaee of said sample chamber 

fOr reacting with said liquid biological sample. 
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23. A method for carrying out an integrated nucleic acid amplification and 

homogeneous nudeic acid Duoresceace polarimtion assay on a liquid biological 

sample, comprlsi.ag the steps or: 

introducbag a liquid biological sample into a sample cell having a ligbt­

t:ransmissive portion; 

bringin1 aid liquid biological sample into mntaet wltla a dried nucleic 

acid ampllftcation reagent ad a clried homogeneous nucleic acid Ouorescence 

poJarbatioa assay reap.at wlt1liD said sample cell; 

sealing said sample cell; 

iambating said ample all to allow said liquid biological sample to react 

wltb said nucleic acid amplilieadon reagent ud said homogeneous nucleic acid 

8uoresceac:e polarization assay reagent; and 

detecting8llOl'eSClellCe polarizatioa in said liquid biolopeal sample thn>ugb 

said light-transmissive portion or said sample cell. 

24. A method as daimed in dal.m 23, wherein the step of detectiag 

Duoreseeace polarization in salcl Uqaid biologieal sample comprises dincting 

polamed light through said light-traasmissive portion of said sample cell. 

25. A method as claimed in claim 23, wherein the light-transmissive portion 

or said sample cell is made of a lipt-polarizblg material, and wherein the step 

or det.ec:tiag Ouo:resamee poJamatioD bl said liquJcl biological sample mmprises 

clirecting unpolari7.ed light through said light-transmiHive portioa. 

2'. A method for c:an:ying out carrying oat a nucleic acid amplilicadon 

reaction on the liquid biological sample, comprising the steps of: 

preheating a sample cell containing a dried nucleic acid amplification 

reagent to a temperature suitable for nucleic acid ampliftcation; 
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introducing a Uquld biological sample into said preheated sample cell to 

bring said liquid biological sample into contact with said dried nucleic acid 
amplification reagent; 

equilibrating the temperature or said liquid biological sample to the 
temperature or said preheated sample cell; and 

after said temperature equilibration is substantially complet.e, commencing 
said nucleic add ampUDcation reaction in said sample cell. 

27. A metJaocl as clabaecl ba dalm 26, ~ the step of equilibrating tile 
temperature of said liquid biologieal sample to the temperature of said preheated 

sample cell comprises forming a thin. layer or said liquid biological 18D1ple in 

said sample cell to eniuuK.'e heat transfer betlween said sample cell and said liquid 
biological sample. 

28. A method as daimed in claim 26, wherein tile time required for said 

temperature equilibration to occur is substantially the same u the time nquind 

for said liquid biologieal sample to dissolve said dried nudeic acid amplification 
reagent. 
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