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gener al I y_to dl agnostic assays and mnet hodol ogy therefor. In particular, it

relates to diagnostic assay components configured on a conpact 5 optlcal

di sk and net hodol ogy for the use thereof. BACKGROUND There is an enornous

- need to make clinical assays fasters AM@P%(!N%HS& to perform

| deal |y patients should be able to test thensel ves, if so desired. One way

towards this goal has been through mniaturization and integration of

. various assay 10 operations. CurroFELE OF THEINVENTION, chip assays
(so-called because sone are built using silicon chip photollthography

" tech N | abl nder _devel o Al
aSSBB%S‘ﬁEi?rZ‘;E. " o it aph A .s%teerénﬁr%&emaejv %ﬁyﬁé’aﬁrx@mg@m fr?is
use or clini unct i on metry are also
commercially aﬁ f y§{9ll°’3° ?? stf\%assyg p%%gis&gggglﬁgggngc élp

trif t t ted fluid chanb
centri ugatsoroop al&ﬁé@@qg%ﬂbaﬁo se%%rte& erconnecte uid chanbers

connect ed a‘plura Cuve of is adapted to be utilized

. With a conventional |aboratory centrlfuge and is forned of materials that
i allom/photonetrlc detection of the reﬁxgﬁggﬁfﬁﬁﬁﬁays t hat have been carried
out in the reaction cuvettes. A larg otor configurations and
rel ated apparatus for the same or simlar types of 20 anal ysi s have been

50304, 348, 5. 516, oI B AeHORAHELIGuALE iyl dpecyy bty apg bl

5,409, 665; 5, Q%Jpe%ﬁn fue&ﬁﬁ?ﬁ%ts shotltbe’dtle totest4Rerhitivespifdo AadiRal @de'vﬁiyed
. therein. Lyophilized reagents for use in such systens are described in"U. S.

- Patent 5,413, 7@%ardEhkis oaltek beasthedugh miniitiriiation and itegragon Sfwagiohs ssRay
- adapt ed into a disk that can 25 be used in a CD-drive |ike instrunent

- (Man, et Hi .,opsRtidns.2CaRentlppmhumbet ofhio-chipassays (Vcslldigsale some are built
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using silicon chip photolithography techniques) are commercially available or under

development. All of these approaches require a reading machine and a computer. -

Disk-shaped cassettes used for clinical assays in conjunction with UV/Vis
spectrometry are also commercially available. U.S. Patent No. 5,122,284 describes a
15. centrifugal rotor that contains é number of interconnected fluid chambers connected to
a plurality of cuvettes. The rotor is adapted to be utilized with a conventional
.lab'oratory centrifuge, and is formed of materials that allow photometric detection of
the result_s_of assays that have been carrie.d out in the reaction cuvettes. A large
number of rotor configurations and related apparatus for the same or similar types of
20  analysis have been described. See for example U.S. Patents 5,472,603; 5,173,193;
5,061,381; 5,304,348; 5, 518,930; 5,457,053; 5,409,665; 5,160,702; 5,173,262;
-5,409,665; 5,591 ,643; 5,186,844; 5,122,284; 5,242,606; at;d patents listed therein.

Lyophilized reagents for use in such systems are described in U.S. Patent 5,413,732.

The principles of a centrifugal analyzer have been adapted into a disk that can
25  beused in a CD-drive like instrument (Mian, et al., WO 97/21090 Application). Mian
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2 teaches a nodified CD-drive with a dual function: 1. It is used to read’
i nformatiygpoghsyygd in the disk, and 2. It is used to rotatleci_ LS.
alﬁﬁs{aﬁf ‘a

However, "M an does not teach utilizagion of the reading cap

CD-drive for "actual assay anal ysis. tw t hstandi ng recent advances, there
remains a need for a sinpler assay 5 configuration that perforns assays
qui ckly, efficiently, accurately and at | ow cost. The present invention

conbi nes di tagebesta modificd (D-drivéewithadwabfunctiont k dhis ased t@iread infrmatiomgy. In
its nost preferred enbodi ment, a conputer with a_conpact disk reader is the
only i nst r ufterd indbeidiak, and 2. Kiis usecitp yotate the disky HowevenMian doesansseach di sk
that may be referred to as an inptegrat Qi.oc act . disk (LBCD). The sane
compacr di < REAIoNS HTSAIAE AR ohe Si-AHa ST st SSSRERINE: ) cadabl o
instructional and control information, that provides instructions to a
conputer prior t |, [1Ch. an ter th S o VDs. represent the
nmost economi cal ﬁ?&gﬁé%%%ﬁ% g@}ceﬁﬁ%ﬁ%pgﬁggg@rgéggmﬁ S53%  nmust be -
not ed t hat r _ . r.Qj t ange in._
fhe fut iy e SRRl Rrfont Blblelaiias) dfcieny BB HR s W oS2T0° "
CD- or DVD gl chrt it o : RVETE ' focal
i cr oscope, TR PrsgR ifbaBN Sodbisf SRBROMaAUYY Sl Vorhucts Safinfile 420

centri f ugestechRslaps: Cniifs HOTPRETEirsd erflbodiftfent, A ofiphte with 4 éREPMRNGEYK teadbet ween
200- 12,000 rpm g%% can be adjusted within cer?%ihn limts. Conbining these

t hree feat ujsahe dhly ihstiundnbfectiede Adlnelextiistespis peyfoined inSidle lalcomipaét@idk thatt
sinplification as conpared with any other analytical technique. Yet, the

per f or mancemiay be vefprreditl as anrintegtatest bibbempact disk{IBCD)1pFhe samevoipacisdisk =
Al t hough this invention requires slightly nodified CO- or DVD- drives, it
i s possl®l eistadso encodgsiowith softwiars d.a;imaghine-readable instuctional antt ¢ontrol This wil |
enabl e Point-O -Patient-Care (POPC) and honme use of this invention. Use of
CD- or 25 infenmagion,that ppyidesinskyctions (@ a camguisr pEPr ondunng andaftepths sanpl e

wi t hout any sgeci fic analytical instrunentation.
assay. .

CDs or DVDs represent the most eéﬁnomical and in many ways best
iﬁfoxmation storage media. It must be noted that CD and DVD are currently used
15  acronyms that may change in the future even xf the underlying technology stays
basically the same. A CD- or DVD-drive is in se\}efa_i respects equivalent to a
scanning confocal microscope. At the same time these instruments are comparable to
good centrifuges, because in commercial drives the rotation frequency is between 200-:
1.2,000 rpm and can be adjusted within certain limits. Combining these three features .
20 into the same analytical system results into great simplification as compared with any
~ other analytical technique. Yet, the performance is comparable or better than in most
competing methods. Although this invention requires slightly modified CD- or DVD- .
drives, it is possible to incorporate these changes into commercial drives. This will
enable Point-Of-Patient-Care (POPC) and home use of this invention. Use of CD- or
25 DVD-drives will allow accurate digital analysis of any sample without any specific

analyticaI instrumentation.
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3 SUWVARY wh, od8510 NVENTI ON I n one aspect, the invention is dmmbgmv-p an
opti‘cal di'sk, adapted to be read by an3optical reader; conprising a first
sector having a substantially" sel f-cont ai ned assay means for binding an
anal yte suspected of being in _a sarrpl e to at |east one 5 predet er m ned
location in the first sector AkiMMg U HHEANNVBNAONect or cont ai ni ng
control means for conducting the assay and anal yte location information,
with respect to one or nore anal ytes suspected of being in a sanple,

l?éfﬁsf;?;_?. : s Jacer m%‘éﬁfré'x“gén%ﬁeﬁsr@mse“ °rfa%=af;&§1a°f & “ﬁféﬁm:%éﬁa the
| WZS?E lldd AP "caﬁmd?l F BoREHRgs Yt oBP hiRe R spbefuchty seftbBtinel e o ¢

cloctr e fi ofans it vliing REhirRe Shipeblolol BER n Ao ot ki, U7 CeS ©F
- metallic furs SRR O}Bfatﬁ% el deror AR obticHalIFRsebINPSRR oBiitaltl

sanpl e en por%s 1.0 Lver sanple the assay .sector. Such
_ports if pregg ol%é‘ane@s‘xf&ha@é g&ﬁé‘hﬁb} en&aaaﬁeuo@hbﬁanmaﬂhﬁ&ﬁwlmeﬂfecﬂ he

sanple to the: “the seal ed di sk i-ncludi ng the sanple conprises a
hermetical |y t§ saé Sxdmd&va.ﬁwsmspd&&u oT®eiipriy Qrvamipld, YicebsSiBIR6 G réddeB)wherein
conventional neans or other disposal nechanisnms for dealing with bi ol ogi cal
- waste. Al so, thdprescesyr sissehay ofithe adutytd atsaid focatiow isdeteridinable by thedteadei o

. various subsections for sanple 20 preparation and anal yte separation. A
wast e recept asing the barol meansiand the lavation infermationp Mepeddingan the hatureifdsheissay
- sector may be divided into a multiplicity of subsectors that each receives
~ a sanpl el0Ea@ssayuth dmkbn@cmmdnﬂpwgsmagz menns, fbwétrensfmnear&nwoptaégne or

- depending on the particul ar applicatjon_ at hand. not her aspect t he

invention is mpfﬁééklgafﬁ@c&nv%lﬁ?ﬁaf?’%ﬁ%s'f@? YEﬂ'ﬁc&?&‘l“Pﬂ@ ters; sourcessaf glectric

L conprising a tical K r and an,infor rocessor,
drsk compr si']i?gcﬁawm oF OB 767 SPRRECYE SIS PUB 3 TOERT °éBFﬁa§ﬁ%a

nmeans for &ﬁ?h@ ng an anal yte’ suspect ed of being in a sanple to at Ieast
one, predete % location in the

" The disk may have one or more sample entry ports to deliver sample fluid to
15 ‘the assay sector. Such ports if present are preferably sealable so that after application
.- of the sample to the disk, the sealed disk _inclﬁding the sample comprises a |
-'hermeticauy sealed device that may .be conveniently disposed of by conventional
means or other disposal mechanisms for dealing with biological waste. Also, the
‘assay sector of the disk is conveniently divided into various subsections for sample
20  preparation and analyte separation. A waste receptacle subsection may be
conveniently provided as well. The assay sector may be divided into a multiplicity of
subsectors that each receives a sample. Each such subsector may analyze for one or

more analytes depending on the particular application at hand.

In another aspect the invention is directed to an apparatus for conducting an
25  assay comprising an optical disk, a disk reader and an information processor, the disk
comprising a first sector having substantially self-contained assay means for localizing

an analyte suspected of being in a sample to at least one, predetermined location in the
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WD 98/ 38510 _
PCT/. US98/ Wi®B9s/askio st sector and optionally a second sector L Nj

control information for conducting thegassay and anal yte |3§2W“39’g
information, with respect to one or nore anal ytes suspected of being in the
sanpl e, accessible to the reader and processabl e by the information

. processor, wherein the disk is -adapted to be read by the reader and the 5

“ i nf or mat i on HEbicstos apd pptienallyacsgoons seelos contriingrronpobinforomtion fabsence of
the anal yte at ,s ‘ocati on, using,the c%q,trol_ i nformati on and the | ocation

i nf or mat | on.°°'i*ﬂ‘é°%§% ¥ a158% awh?,nqlgﬁ: fofation,: eration  ith FRSPECt COOROW mOreD\VD.
ot her - asp e SR 3REIR 3 sampLs e Ssifle 5 ehcinader i prosessbledyt o be
sl - cont a) ATy HaSAMoR proReds P Bk hdigheR g 3ol e and the
he. di sk and™ o aador froges o B sl 8 gcutfihe B presth i Redieg Sl pecgine "

- presence of ai bid fdtativh ﬂsihiy[ tid Gontrbt Aok i %ﬁdﬂﬁ@ﬁﬁbﬁﬁgﬁ%ﬁ? r | PTON OF

THE DRAW NGS 15 . Figure I's a schematic representation 0O 'Sk of ‘this

i nvention. Rpgarats gy include S Radeditivaid £ODSROMBE DVD RRESSHRALAY ﬁﬂn&fiona

sanpl e preparation and assay. sector of the disk, illustrating e overall
| ayout of aprogessoalsuah asy pesotalicompuggrire 2 B is a schematic representation
of an ubi quitous assay sector that.is:capable of perform ng immunoassays,
DNA testing, cell counting, spectrophotonetric assays 20 and el ectrol yte
anal ysi s. Fi gur e Isstilt anothesrasneat the inventionds dizedtetondn aptidakdisiqfadigtedto be
invention illustrating a multiplicity of assay sectors, each having an
i ndi vi dé  Eeaddya Clé?rg@vbe? PVDE-wgmrecomnm@g aenhstantially selficanthinedassay

representation of one, of, the assay sectors illustrated in Fig. 3.
P ~ means In e?hsﬁ for__lrt])callzxng_é\;l analyte suspected of being in a sampl:‘aJ to at least

one, predetermined location on the disk and means at said location for detection of the

absence or presence of the analyte by the CD-ROM or DVD reader.

BRIEF DESCRIPTON OF THE DRAWINGS

15 __Figui'g lisa SChemat_ic representation of a disk of this invention.

‘Figure 2 A is 2 more detailed schematic representation of a sample preparation and -

" 'assay sector of the disk, -illustrating-. the overall léyout of a typical asSay sector.

Figure 2 B is a schematic representation of an ubiquitous assay sector that is capable
of performing immunoassays, DNA testing, cell counting, spectrophotometric assays

20  and electrolyte analysis.

Figure 3 is a schematic representation of a disk of this invention illustrating a

muttiplicity of assay sectors, each having an individual sample inlet port.

Figure 4 is a more detailed schematic representation of one of the assay sectors

illustrated in Fig. 3.
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. PCT/ US98/ 04%008Besyere 5 is a schematic representati on of a cherusesbisr?
~actuated battery.useful in the present in8ention. Figure 6 is a schematic

s representation of a structure to provide a dialysis function in the disk of
~this invention. 5 Figure 7 is a schematic representation of a colum that
; may be includ in.the disk..of this |nve lon. .Fi.qure 8 .S _a sc%ﬁgat'c
representati oR'GFC 34 F SPRIGSDEIORA aecgaerpéqaygaﬁglgt'embat[tﬂytuﬁ 'r“e‘bﬁht

: i nvent.i on. schematic representation of a reagent train

. configured mg’p%sg'r\“ab%n%ﬁlary 10 ducts that is useful in the present
~invention: Figure 10 is a schenmatic representation of an array of |inear

assay sites t urf b G & LHERIMT Ingzé,&rxsén%&&.ed%a's&uemié grsmeaeh liwéib ﬁﬂ&x&i?ﬁlay

~.sector of the ntion. Figure 11 A-Cis a sc

. represent ati oghOdisiRof@id Mvbibndf an assay elenment that is partlcul arly

- useful for the detection of viral and bacterial particles and cells usi.ng

i the 15 general nethodol ogy of site specific localization of the substance
- to be det eSt eFigire Jis @ schtnatiC representationrofla coluntip thas iay de invluded in theadislabd on
. of the detection. nethodol ogy in which opaque particles are utilized in the
- pl ace of the taiflimentiole particles and bound to a reflective surface.

. Zi g-zag |ines represent ol i gonucl eotides, but can be any recognition

- mol ecul es, such antibodies. Particles are in this exanple 20 pl astic

" spheres, but &agnro8 is a pehemntic represengationtaf anrlegtrically gonteoliedswivgruseful in the.

i representation of an assay el enment of the invention illustrating the spacer
"~ nol ecul e, V\ntli’f@shﬁiﬂmlony dearns and cl eavage site, bound to a disk

. surface at one end and to a reporter. el enment (gold or |atex sphere) at its

gtc-rll-/e [JSSQ?O 4 37 -fl@xrg 8 isa sélhoematlc representauon ofa reagent train conﬁgured in joined capillary

10 ducts that is useful in the present mventlon

Figure 10 is a schematic representation of an array of linear assay sites that are

conveniently located in a flow channel in the assay sector of the disk of this invention.

Figure 11A-Cisa schematic representation of a variation of an assay element that is
partlcularly useful for the detection of viral and bactenal particles and cells usmg the

15 general methodology of site SpCClﬁC locahzatlon of the substance to be detected.

Figure 12 A-C is a schematic representation of a variation of the detection.
methodology in which opaque particle's are utilized in the place of the reflective
particles and bound to a reflective surface. - Zig-zag lines represent oligonucleotides,
but can be any recognition molecules, such antibodies. Particles are in this example

20 plastic spheres, but can be liposomes, cells, etc.

Figure 13 is a schematic representation of an assay element of the invention
illustrating the spacer molecule, with component sidearms and cleavage site, bound to
a disk surface at one end and to a reporter element (gold or latex sphere) at its other

end.
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Figure 14 A is schematic representation of a first assay elenent of this

i nvent i oo gii3gsds €arly stage during the assay procedure. m%w S
schemati ¢ representation of a secondgassay el enment of this e -()n, at an

early stage during the assay procedure. 5 Figure 14 Cis a schematic
representation of the assay elenent in Figure 14 A wherein anal yte

mol ecul es have bound the sidearns form ng a connective | oop between the
si des of t hHaguled4/A schematic representation of § firshassay, elementof thisrinwentiontaten of
t he assay el enent i,n Fi &tére 14 B wherein anal yte nol ecul es have not bound

to the sideEdFiystagnduring hsassaypr op has formed 10 between the sides of -
the cleavage site. Figure 14 Eis a schematic representation of the assay

Ceporter erliRit @A repdfer AT Rr G oy RS s RSt (o
Figure 14 Fanleér@sg‘gggg?ﬁ%g?é?&ﬁ,ggg%&%[ on of the assay elenent in Figure 14

D after the'1 ave been cl eaved. The reporter el-enent-
is detached fromthe disk surface and free to be washed away fromits

discret s siigureT4Qish sbherhiticreplebdititiditof R haag UoflenPih Mkud 194 Ghbfin

assenbly. FolUr cuvettes and their associ ated reagent and-sanple preparation

chanber s asndijtd mekcileghivebound tie sideants foifhingla boirociveIvB) Betwien the™| Jur e 16
is a schematic representation of a capillary array that can be used to

per f or m i safdesof thexldavagessiteg. Fi gure 17 is a schenatic representation of an
apparatus for neasuring exact volunes. = W098/38510 _
PCT/ US98/ 04377 7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A schematic overall
r epr esent atHigure d# Dhis ai schespatict reprebentatiomngfithe assay klefieBOin)Figmre 441B wherein i n
Fig. 1. The disk (Bi o-Conpact Di sk, BCD) may be virtually of any
analyte molecules have not bound to the sidearms and no connective loop has formed

10  between the sides of the cleévage_ site.

Figure 14 E is a schematic representation of the assay element in Figure 14 C after the
spacer molecules have been cleaved. The reporter element remains attached to the

disk surface at a discrete site.

Fighre 14 F is a schematic représénfation of the assay element in Figure 14 D after the -
15  spacer molecules have been cleaved. The reporter element is detached from the disk -

surface and free to be washed away from its discrete site.

Figure 15 is a schematic representation of a cuvette assembly. Four cuvettes and their
associated reagent and sample preparation chambers as well as light sources are

shown in this example.

20  Figure 16 is a schematic representation of a capillary array that can be used to perform

isoelectric focusing.

Figure 17 is a schematic representation of an apparatus for measuring exact volumes.
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: shape and size. For nost practical applications it is circular having a

© di anet er, ofw@d0s3810 1000 nm nost advantageously 20-200 nm apOTASHENBINESS

- of 0.1-20 mm pust advantageously 0.5-3 nm The disk 10 contains two

- sectors: an assay sector 11 and a software sector 12, A central hole 13 is
provi ded for location in | gﬁsiT%ﬁghﬁggggiﬁébcontrolIing

. the assay nay be on a seper B d to have the

- software on the disk aSSOCIated with an assay for a particular 10 anal yte

- or analytes to minimze the opportunity for human error when performng the

assay. The possi bl § CRORGRCRIGY Qﬁt&ué}ﬁﬁ@f%i' LN bidﬂs?,hgafeggﬁ@mu%q ]

: presented in the f OW ng description at es

+ 16, OOOrpmln t; 1 %ﬁ

- readers the sp g ?@ g%stgﬁ l?n c ?dq)ltﬂ“b 55@% 0 rprr)
- Hovever, for ?@g@ af@ Szt FeFmoktt rﬁﬁ%ﬁéaﬁﬁ) ma{saeﬁmuraph%hgha%&éﬁmns at
i differing spee for exanple 1000-10,000 rpm and nost preferably

* 2000- 5000 5 pm otPind yosP advan Edﬁbé\fsl)amwm:h@nﬁﬁlmlbﬁhdskBﬂoiloi(lfﬁﬂ{ ,encit Ct at es.
- the rotation reginmen during the analysis. This reginmen, the speeds and

» timng, inclugdvagtdgeomsy 0.5-3xnnt HTheedibia pe comtaind twb isectorsc anassay Sectdr! 1Q\ind @r

- incubation, 20 el ectrophoresis, isoelectric focusing, etc., is controlled
- to deliver resafewdre seostor K2andicentrad helepk3ois praxidedsfor docation triha cormpant diskct or  as
- dictated by the assay protocols. Available rotational speeds do allow for a
- significant creatlen fSog‘ewm forcontrolling theyassey mey bie 0B arsopasateidigk. d&owmuhsr

. energy source that be eaS|Iy used in_ the IBCD i s chem cal energy. A

' nmost sui t abl epnre&xmddp ve thesaftwaregmthe ﬂsskraéma@e@vaaaagwfempm form
; 25 of eI ectri ener.g Mechani cal and che er | I ow, t he

- operat i ont®f ﬁ%?iXﬁeIQF Y% & OPPIFBIRIYY. H’E v e"d?erg’“F‘BGjh?ray

sl v e Chay fngfod ?@g%wp@%dw ] B b W
: PCT/ US98/ 0437 ectrophoretic gels, valves, any m cronechani cal
. or electroni cgéﬁ’ﬁé%g%épngﬁ _ _ , o

The disk rotates typically up to 16,000 rpm in conventional CD-ROM or DVD
reéders. Inall CD-ROM and DVD reﬁders the speed is adjustable .within certain

15  limits (200-16,000 rpm). However, for some operations it may be advantageous to
utilize rotations at differing speeds, for example 1000-1 0,000 rpm, and most
preferably 2000-5000 rpm. For any particular assay, the controlling software dictates
the rotation regimén during the analysis. This regimen, the speeds and timing,
including times in Which perhaps no rotation occurs to allow for incubation,

20 electrophoresis, isoelectric focusing, etc., is controlled to deliver reagents and sample
to appropriate sites on the assay sector as dictated by the assay protocols. Available
rotational speeds do allow for a significant centrifugal force that may be used to move
liquids. Another energy-source that may be easily used in the IBCD is chemical
energy. A most suitable form of chemical energy is released by a battery in the form

25  of electrical energy. Mechanical and chemical energy allow the operation of many
kinds of components. Important components of a IBCD may include one or more of

the following: capillaries, containers, filters, dialysis membranes, chromatographic
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I ncl udi ng m croprocessors, electrodes, especially enzyne el ectrodes, .
cuvettesw@pgssg ay el ements. The possible unit operati ON$cqfiso hlﬁ% 2pUL - by

t he conponents | ncI ude the follow ngg centrifugation, filtering, transfer
of liquids, m'xing of liquids, dialysis, 5 col um separations, heating,
cool i ng, electroconvection electrophoresis and anal yte detectlon and
signaling thereof. The IBCD is convenient]y made fromtwo pjieces conpri si ng
upper and |esliemnns glegtrephorptic gels.aialves, any migromsachanisal or glestronic |c0mnenents

conmponents, while the u half be a. {.l at cov cont ai ni n y a few
conponent s, mgl!léwgé%‘cé?@gg nﬁ%ﬁ F@f‘“ 5enzyﬁ1@ﬁﬁ % Ve y in this

modul es. | méabéw”%ﬂtge %ﬂﬁ%@ﬁ f qBREof BRGAL By i Phlhep B ™

%322@3233&?3 e figadr#sgﬁltaé e Al AERRI TR, &5‘?5% onto
W curi R, S aeﬁﬁ&gé%%ﬁﬂg%%%gﬁéap‘ﬁ‘ﬁ%% F%E%"r#‘f‘{’ﬁﬁ%ééﬂ

- features, ’%ﬁéﬁl&h%ﬁ&' @%rmopr simply encl osed inside a Iarger o
~conponent. Sone areas nmay be treated, for instance, with ammonia plasma to
render these areas hydrophilic. The surface may be further treated by

various nol ecul ephé IBCDiSsivenichty middé from W:écwmmbhmgapﬁmn lowsre it
specific adsorption properties. Silylation is a general od for the

treatment Cialvd. Thedowerciesf kY containnaimdst All thdcomponents, While the upper half o, A,
Organ05| | anes and their hydrolytic polynmers as surface treatnent agents

for use in mhaybeatflatcayen gontaining anly a fsw componssts, suchss elezurpde .

attachnment of detergents will reduce the adsorption of protei ns ‘such as

al buni 0 ariBhewumbesiof dayersdndhis itention Biay bF spre thapdwaisnd ANy COmpOnente al

el ectrodes and wires may ,be evagpo ed onto desired, areas. Masks qr 25

resi sts naynpralsebg p{q;maeeat l“?g‘%F tnealéﬁmﬂse%&%ﬁtn% cngtQas 1. on.

Capi |l l ary ducts andfl@fg lg%“gb?nt on ¢ artrre ts be

machi ned i ifASMPA: YR 'one W e lcr?fgg?legsodf h injection

nol di ng op or may
Sa{adtyslu%gé ﬁﬁs@%ﬁélﬂlﬁgﬁé &l@gﬁet SURHGR fetufesthaybe fritfieSRBhARE

contain a.
plastlc Various components may be glued, elther by thermal or UV—cunng, melted

15  together, connected by complementary mechanical features, mechamcally clamped or
snnply enclosed inside a larger component 'Some areas may ‘be treated, for mstance, -
W1th ammonia plasma to render these areas hydrophthc The surface may be further
treated by various molecules that render the surface inert or alternatively give it
speciﬁc adsorptton propertles Silylation is a general method for the treatment of

20  surfaces (Virtanen, J.A., Kinnunen, P.K.J. and Kulo, A, “Organosilanes and their
hydrolytic polymers as surface treatment agents for use in clxromatography and
electronics,” USP 4,756,97 l.). Covalent attachment of detergents will reduce the
adsorption of proteins, such as albumin, .and will also reduce the adsorption of soluble:
proteins. Metal electroc;es and wires may be elraporated onto desired areas. Masks or

25  resists may be used to localize the plasma treatment or metal deposition. Capillary
ducts and fluid storage and retention compartments may be machined into the optical .
disks or formed by chemical means or in injection molding operations. As shown

with reference to Fig. 2, the assay sector may contain a sampie inlet port 14. The
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; sanple port is preferably sealable so that the disk is effectively seal ed,
Cexcept forwomssssary venting to allow for fluid flow, to precrasssoasry any
bi ol 06gi cal. hazards. By various nmeans, e.9. centrifugal force and |ike neans
: that are well known in the art, a portion of the sanple is nmetered to a

- sanple preparation site 15, that may contain 5 reagents and the

LLESeLP_sZragféa%‘yjleii}%rr‘ﬁﬁﬁ@%r%ﬁ\v%ﬁé%a’ﬁdﬁéﬂ%éﬁsﬁ%%ieﬁgéﬁ‘%e@a%%md??’?%%ﬁ%z? my
ordbr 1ot ne gy VgD APBRBE Quld Mo RS e AT Biclodfhl . DBY
: h ' 12 o 9. nenbr ' - : f
the Samplo, SPipiimparc 8 ooniifiB RgARATS Ridint fhaf BRYA| upAfpREL £ PT

- separation s tdﬂﬁééﬂi&fl&%@@fﬂt@'a‘s‘ﬁnﬁfe PréparuiSRite3] tHed phay dohew ded i f

~electrical energy 1s required for the separation process. Additional

details of thgdlaislafill Yhelile: ifbRd¢ th Boduet the 2384y daamthe%behpwnjﬂ&aon

resultant sanple is then transferred to the assay site . In a preferred

. embodi nent  ofwithRagenLilidady in thesampleprepirattorcseginehnt) @ reagenssain 16ImaEbs as
described in greater detail 15 bel ow the anal yte binds to a

© pr edet er m negrovided toaleliver, asseeded (the hedessary rqagents int thie pragee osdenpd the and t he

" presence of the analyte is detected by the reader frominformation that

i dentifies tisemplerpreparition segmient. cAdditibnal idetails ofitheanagent trhinane showmsindtignd. A
- waste conpartnent i's provided to collect overflow of reagents or sanple

. that exceeds Ydt maphe anerssary tq spparpietheqnalyte femahe sample,iad least pastially, and
~conmpartnents and fluid transfer 20 ) channel s are vented

" appropri dPel yhisgnay hegigne in 2 pamPlg sePBRQSesmsRbdSIENdtedAspeal 83171 fe assay

" sector. In one e di ment, of..the invention, a.myltiplicity.of assay sectors
21, 22, 23, dareryAS is Reyidad if plegirical GRRTERIS i G fBe SRAFRHOR RISt o noct od

; i d : - : n
et 0T A ko TS S By 6 SRR T
- 2lLhoush g ik ASRAYS Y B ERRSKE R D STk e chebilth G

5 ?ﬁteai/l'; i gL . a tl?é‘fvabﬁtiﬁxﬁ fheSAsdyiteHoRtaBli hskdy déRedik desiridel in Prefiefdetdil Where
: 15 below. The analyte binds to a predetermined location on the disk if it is present in the
sample, and the presence of the analyte is detected by the reader from information that
identifies the particular analyte with the location at which it is bound. A waste
compartment is provided to collect overflow of reagents or sample that exceeds
metered amounts for use in the assay and the various compartments and fluid transfer.

20  channels are vented appropriately to allow for fluid flow throughout the surface of the

assay sector.

In one emquiment of the invention, a multiplicity of assay sectors 21, 22, 23,
etc. as shown in Fig. 3 may be provided, each sector connected to an individual
- sample inlet port 24, 25, 26 respectively. The operation of each sector is substantially
25  asdescribed above although different assays may be conducted at the same time in
individual sectors either for a multitude of analytes or a multitude of patients. The

details of a particular sector are shown in greater detail in Fig. 4, where the various

heet Has Been RTlaced
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WD 98/ 38510
PCT/ US98 possi bl e conponents are identified by t ers as
used i'n ?ﬁgﬁﬁﬁ?égoing description. Cpgponents As shown inQEFégﬂiyagﬁEdttery

may be provided that consists sinply of two 5 nmetal |ayers, such as %
copper and zinc, which are in the |ower and upper half, respectively.

During storage they are separated by air. Wwen the disk is rotated, the

~ space bet weassiblecomponentpareddentifieditiyithe samge mambers as nseddn the farigdingdependi ng

on the nature of the netal electrodes. In the case of copper and zinc, this

may be di| ASECTRHRYyrj ¢ acid, containing copper ions and the battery is
activated. This battery 10  generates a voltage of 1.5 V for only about 1

hour. Howevgr., this is nore than enough to conplete the analysis. Longer
| asti ng baté‘m . y be made, if necessary, fromother materials or
thicker netal layers. Inportantly, allowing water to flow into the space

bet ween the net sgmrigeﬂlg%caib {e%%%n erﬁ%a%atg%ﬁ#%géﬂapand _

deactivation cycl'e nay epea se tirmes. Severa es may be

| edsi | | PO LCASE i @le Iol _Optionally,
coupl edsi N peta) I é,%ﬁc%hd%o?ﬁéﬁﬁﬁﬁm QvHEN £lih e 1 ﬁﬁ@gﬁ@g@%& Optional 'y

phot odi odes nay De i nc Into thé circuitry. | t he conput er

contr ol I'i nGedpaetivety Autig RbMAEE ARY a0é SdpatdiéPbyRir] Whes e disk ﬁeroﬁ&tdi'}hlgze dany

circuits. Al'so, a miniaturized, pre-fabricated battery may be .uti

activat ed lypacd epwéen thése tebendtals isfilled by dihite hinéraPacid}ldeperin onS@gi UM

chl oride, solution. 20 .. Capillaries preferably are used to transfer

| i qui d and mature oftthe metal@lectrodes. | Inthd cave of cbpper and zinoEtlis gayHeatikee | n _
capillaries. Preferably, air capillaries are hydrophobic, while capillaries
t hat cone isnifuricagid,acontaiming coppiee iongapd ithelbastery ?;iactivm.-n'ﬁliebatmy, : S
capillaries may have circular or rectangul ar cross-sections. Typical depths

are betQeegenuakep vpingeri 1sbY forpolygbpet Lihenrh oyyever; thinisanorsthincenopgh and 2
For mat | on- 89 cambletssBtasiyie - feer afine BETien s e aiBe t PECESSamh AR 0L ty of
the Tlow d%&%@ gﬁsate(%&lst ct]reth{ciceer%gtgf%yers-. Importantly, allowing water to flow into the

space between the metal layers deacﬁ{;ates the battery. The activation and

deactivation cycle mas/ be:rep:eated' sew)erai times. .Sever'al bafteries may be coupled in-

15  series to increase the potential, if necessary. Optionally, photodiodes may be included
 into the circuitry. In this case, the computer controlling the assay is provided with
information about the active circuits. Also, a miniaturized, pre-fabricated battery may

be utilized and activated by closing the electrical circuit with a salt, e.g. sodium .

chloride, solution.

20 Capillaries preferably are used to transfer liquid and air. Also, very small
volumes of liquid may be stored in caﬁillﬁries. Preferably, air capillaries are
hydrophobic, while capillaries that come into contact thh wafef. are hydrophilic. As
necessary, capillaries may have circul#r or rectan:gular' cross-sections. Typical depths -
aré between 10 pm and 500 pm, Whilé widths are ﬁehireen 50 pm and 2 mm. Air

25  capillaries uﬁlizé the larger dimensions to prevent: any foima_tion of a pressure

gradient, unless otherwise desired. The Velocity of the flow depends on the frequency -
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- WD 98/ 38510

- RCT/ US98/ Od/o6r38510 11 of the rotation of tpernisodosisrne
di mensi ons” of the capillary and the vijqcosity and density of the |iquid.

: Physical properties of the liquid are dictated by the assay and t he

- frequency of rotation is |limted to a certain extent by the CD-ROM or DVD

Lia?ﬁlre |.TEE.Sooféﬂe B BRBAAA LBt ol by b, SPood
capi 1 1ary, OB ﬁhé“"ﬁ‘e‘“oé““é@f)?yﬂfé?*?ﬁsﬂ ‘.ﬂé AR Ao TErRe oyl e
. Hydrophilicitye @eﬂ? ﬁ@%@ﬁ@dmtudwc&mﬂéﬁéniwmbl@m&ms&ﬂhe

. exact di mension e.capil lary network and chanbers may be designed by
- using the Navigjs; fleQfensionsaifitRecapiifury are used td £djnsdt thbgpeed RF tHfe lidwed densi ty,
- pis the pressure v is the veIOC|ty, b is the body force fiéld, [err] is
' the viscosit yaisterV The capillaidubigmay be peovided with dbottiehérks,” i.€0 éstrivtions in

¢ Mechanics, McGawHill, 1970). Pressure is a scalar field, while v and b

. are vector f|mbdﬁoss-@auﬂmabnredsufdmmwdtary,abtcmdmowelsoityomﬂbﬁ;utdm

+ Navi er - St okes equation in 15 conplicated geonetries is avail able.

- Cont ai ner s ornecessaey. tHiydrophilicitand hydraophobigityimayr ke used dorfthe samerpumposaaput , to
. store reagents, to performreactions and to collect waste. Their depth is
. about 1-2000 [err]_B\Q)pr eferably about 10-800 [err]m and they nmay hayve any
" shape possibl e expct d WW&?°%‘P°P&‘!&W prkangdchambersiagycbegesigned

- preferred. Conpart drophili except for one end of the

. waste cont ai Ny USipg L‘iﬂi’ %?%srqu n| I ary that i s hydrophobi c. Reaction

. conpartnments- may be fornmed with el ectrodes for heating, electroconvection
- of el ectrocheni cal Pu _s?§ “E ctrodes are preferably evaporated gold
Cfil ms. artmentg mi@’ ave val ves that are operated by electricity
. or chemcally as described bel ow. Storage containers nmay be netal coated,

- preferably 25\¥eag§ 81 maygﬁijr g:@tlﬁrﬁ!s%ﬂi‘e Vh@ﬂﬁ%fdc‘i@tb?{‘thefbo&??or&@ﬁém fu iyt 0

. the plastic o be ‘prepactked i nto cassettes, which are
cvirtually i rmmembh& anlM@ $th6 aiffeRértRs operator del (Mase Continuum Mechanics,

McGraw—Hxll 1970) Pressure is a scalar field, whxle v and b are vector fields.
Commercxal computer software for solving of the Navier-Stokes equation in

15 comphcated geometries is available..

Containeré or compértments formed in the disk are used for sample input, to
store reagents, to perform reactions and. to collect waste. Their depth is about 1-2000
um, preferably abouf 10-800 um and they may have any shape possible, although
circular or rectangular cross-sections are preferred. Compartments are hydrophilic,
20  except for one end of the waste confainer which has an air capillary that is
: hycirophobic. Reaction compartments may be formed with electrodes for heating,
electroconvection of electrochemical purposes. Electrodes are preferably evaporated
gold films. Compartmenté may also have valves that are operated by electricity or
chemically as described below. Storage containers may be metal coated, preferably
25 | gold coated, to prevent the penetration of the water into the plastic. Reagents may

also be prepacked into cassettes, which are virtually impermeable. These cassettes
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12 may bewglggmagsipduri ng storage and opened manual |y, by pup&lpﬁgspbgsﬁr by
openirig a valve or plug when the sanpje cassette is place 1h e di sk.”
Openi ng of the cassette may also be facilitated by centrifugal force when
the IBCD starts to rotate. In any case, proper liquid flow is maintained

- during the ass - : Via [ 19 DVD-reader. The liquid
f1 ow during "?W?ea@és&@%ﬁkg{em%%ﬁ ng?%lgd@g@gﬁ*gbyapqn‘gpr@&of & CBfURRAL . The :

reflective TR L I 155 4l s . [ r and

t he fact th§%i eve?l‘%@r’\é’fﬁgs{'@@ﬁiﬁéﬁ?# ancggﬁﬂe@n?lggtg%'%gc i ?s?ﬂ%ex is

"~ significant ' ; . o IBEeD stk to rdtafal 1 efl ected

back to thelnya (ﬁdcl%rvﬁﬁeﬂli%é&%g{ﬁmlgﬁ%%ﬁgﬁé%ce of al rtogér'ltgai rllﬁéno)rne ot her
direction i '&aéeb?r@éx_eﬁ@'ﬁﬂ €lo0f is mdinthited Ghrivg he a‘s{ﬁPl_flﬁv- cofiipRte?RontBIVAP EDr -
monitoring the Iiquid flowis to use.an active [ight source, such as an LED
or sem cHNAdDXVD+readeser. Such a |light may be powered by the presence of an
- electrically conductive liquid, such as plasma or buffer, acting to close
~an electronic circuit. 15 . A LC-display may be used to transmt
~information fromThediquisioibow dutihg the@ssay ndaybedmonitorad by msing laaeflentivet er . _
LC-display may have a | arge nunber of pixels that .reflect |ight when there
i s a pot ent elgmenteThe reflectiverslement prilizes the Jaserthatis inthe GI3 or DVID-acader and

l'inearly organjized, so that in one end |ow potential ,is needed for the
reflection. &¥ f@ﬁ@hﬂti-“dﬁ{’,‘”hﬁﬂﬁ"eh‘ﬂﬂ‘i- isrreanspatent 1t Tefleqtive index s signifieantly be nuch

reflecti ve AEsr i AL Thge ghe T it ravheniod bockf e (B r BV b

o the 19 cofoeReriae LBER o & aBf ntifid Aol BRI PR iR A T O
ohol est er of "ERYHR2C Alloler BERARAILROMEEIRH BRI YoBRe Wi W REFERRR" 01,

25 and chghged 3Ll adBYLES of Yaifcbhdidchit lase. S&ihsa HENE oy BESSFver& BBV €

| arge particles, such as cells, dust, etc. fromthe
presence of an electrically conductive liquid, such as plasma or buffer, acting to close

‘an electronic circuit.

15 A LC-display may be used to transmit information from the IBCD to the CD
or DVD-drive and to the computer. LC-display may have a large number of pixels
that reflect light when there is a potential over thé LC-film. These pixels may be, for .
_instance, linearly organized, so that in one end low potential is needed for the
- 1-'eﬂection of the light, while on the other end the potential must be much higher for
20  the same result. A CD or DVD-drive is able to localize the reflective pixels and
accorgingly, the potential in the circuit can be measured. Potential change can be due
to an electrochemical process in one of the electrochemical cells. For example, an
electrode coated with cholesterol oxidase will generate hydrogen peroxide in the
presence of cholesterol. Hydrogen peroxide will change the potential of the circuitry

25  and cholesterol may be quantitated.

Filters may be used to remove large parﬁcles, such as cells, dust, etc. from the

soluble sample. Accordingly, filters are most preferably included as part of the

SUBSTITUTE SHEET (RULE 26)



" sol ubl e sanple. Accordingly, filters are nost preferably included as part.

~of the . Wen984885610 PCT/US98/04377
PCT/ US98/ 04377 .13 sanple inlet conpartnbht. Filters nmay be formed from
porous plastic, glass, cross- linked cotton or cell:.ul.ose, etc. These

materials may be in the shape of rods or simlar shapes depending on the

~particul ar usgﬁéﬁegﬂlw&ﬁﬁﬁﬁ%&ﬁﬁmﬁh@&aﬁe foﬂeﬁ%&xﬁiom%ﬂgﬁsgﬁ,;ngsg,' Qfss-may- .

- be used as fi I nce chaottopic agents are sed to

- denat ure .ol i 9RAkE] &RfondR Selilbid) 8tcS ATSEnRMARAN MAY Blin the shape Yo GFaRAIMT t O
. provide a neans of dialysis in the disk to renove the salt prior to the

- assay being pgldpes ﬂaﬂmdﬁfgMwmﬁtgseﬁwmcﬁimébeiﬂ?bﬁt. IPlagtics,satieds by
putting a dialysis nenbrane 27 on either one or both halves (top and
bottom) of a Teflommhayid usedrasdilmsn t he di sk 10. Taking into account the
smal1 10 vol unes, the buffer that is already inside the dialysis nmenbrane
Is usually sufficient and typically no buffer is needed on the side of the
. menbr ane opposite Simcefchadtmopicggants dreoften msediwydepatupy eligonueleotides during shown
in Fig. 7, by filling a conpartnment 28 with a desired gel, adsorbent or ion
exchanger, e. gample|prepgrajion, itsppdvaatageous to providea ggans ef dialysigin theidigk tos
chosen for the particular _appljcatiop for ich it i.s used) and 1%  putting
afilter 29 | rpmweetbﬁﬁ%lfp@ﬂﬁot&my ging pergmasth %smrp(}‘?lﬁéfad@?wsm

R A NI T B A
t he separatlogg ?gﬁ eic %ﬁr'p ronal%t el R NV, 519 d .ent
thensel ves to°8 Pray O ymp B & vgﬁ elﬁt o?"#é@@sg ?’br%ﬁductl ng
Goner al |y 14 " YRR e blerer that i olfhll nide the HalyBls ierriflt W BIRARRAER
contai ner, Whiah§ ofAcyHS Witlel Rnde) b fle stde oFthd fbmblancl ppaHiEk i Bid fahét! ©

are two el ectrodes, and 34, which are not charged initially at the
position illustrated and a conductive, netallic foil 35 that is adapted to

cl ose one or the otAeshuftin thiebepiephied) sueh as sixandin BigoT) by!filling s compartment -
-relative to each capillary. The
: 28 with a desired gel, adsorbent or ion exchanger, e.g. silica gel, Sephadex, etc. (the
particular material is chosen for the particular application for which it is used) and
15 phtting a filter 29 in the other end. Examples of potential uses, include sepérating 3
| smaller molecules from iarger ones and fractionating hydrophilic and hydrophobic -
compounds. An ion exchange column is especially useful for the separation of

nucleic acids from other biomolecules. The columns lend themselves to other uses

that may be convenient or necessary for conducting any particular assay.

20 - Fig. 8 illustrates a valve, designated generally as 30, that may be located in one
end of a column or a reaction container, which has two outlet capillaries 31 and 32. In
addition, there are two electrodes, 33 and 34, which are not charged initially at the
pbsition illustrated and a conductive, metallic foil 35 that is adapted to close one or
the other of the capillaries depending on its position relative to each capillary. The

25 metal foil is biased to close one of the capillaries when no current is flowing and
operates to open the previously closed capillary and close the other capillary when

cutrent flows. As an example, the valve is made from a thin gold foil, which is
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25 nmetal foil is biased to close one of the capillaries when no current -

i's_ flow Rgpgg)skspper ates to open the previously closed cap?&a@%\é@&%cl ose
the other capillary when current floyp. As an exanple, th ' nede

froma thin gold foil, which is W) 98/ 3510
PCT/ US98/ 04377 14 nechanically pressed agai nst the other outlet capillary

acti vat od PhEETFalRRER ekt ik deh GpeR STy 368 I calyomprpteior act ed
byt h h : L] ] ' h
other out e R fEiode’ vihdrht biury s daivihel e o] 8 B3BSICABTIAS 110, )

t hat i ' el ' ti . Th
bat tery g hen feEORlabileicid B RO efpll REa puTRERBISI B 00 M0
swi t ched bapdssddagainit ﬂ’n'éioﬂie?Shﬂétpﬁthé%ndﬂ_étﬂlérﬁ&@ﬂic%ilsqgaﬁé’ﬁseﬁgﬁm drives

has power up to I0 mWthat can heat objects to high tenperatures, even to

600[ er r5C. nidial that Wéondactile mdthonsonddirgls pruferred for Hdst optdtivhs) Theever al
materials, including plastics. Plastic should contain a dye that absorbs

the | aser batry maytberdenttivatedans ekplained\eatlier und thefvalveristhswitcBed/Bickitédg.  For
i nstance, the bending of binetallic foils is extrenely sensitive to the

t enper at ur és ofigimabpdséttan: i c naterial may be used as a valve. Piezoelecticity
may al so be used for neasuring extrenmely small volunes of |iquids, for

exanpl e nanoliters of the 15 sanplé can be divided between different
assays. Val ve-| flhel@mfa@cﬁ:@rﬁ’a;ﬁw-éaqugm Betp HheaW that can heat

deposition fromsp]ution of a solid 1 cal conmpound and/ or di ssol ut.i'on of
a deposi teB{’Jeg'é it9 g‘ggéﬁ‘ﬂﬁ?fﬁﬂ?es?m‘@nftP p@&‘?@uﬁ%t”‘ﬁ?r 1§ siEopgenpygh to punclitesed by

d i) hem d insid . ' .. Th d :
bor 7 of et i e EbtechfoTietiding glasccy, BB S Sonfsin s SR absorisne. i n
be, Tof ST . The Tl e
nitrate | nChuRet i, TBRER RSl ind BR\nedtol fiveflie Blhen TeimeBifec: | he
vater and iagentiig of biniéthilie fitsAl Exaérfiey efdhiveto' he teleRnldel I ST €aM

cont ai ni ng
~- - Piezoelectric material may be used as a valve. Piezoelectricity may also be
used for measuring extremely small volumes of liquids, for example nanoliters of the

15 ' sample can be divided between different assays.

Valve-like operations xhay aléo bé pérfonned chemically by deposition from
solution of a solid chémical compoﬁhd and/or dissolution of a deposited, solid
compound. The first outlet of such a valve is closed by deposition of a chemical

| compound inside the capillary... The compouhd rﬁay be, for exaxhple, silver chloride.
20  The chloride ions may be in the main fluid stream while in separate side capillaries are -
pure water and silver nitrate in water. The side capillaries are configured such that
first the water and then the silver nitrate are added to the main fluid stream containing
tﬁe chloride. The moment the silve;' ions arrive at the intersection it is clogged,
effectively acting as a closed valve. Alternatively, a capillary may be initially clogged -
25 by the solid form of a soluble compound, such as sodium chloride. Addition of any

aqueous solution dissolves the sodium chloride clog and the capillary is opened.
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. the chloride. The nonent the silver ions arrive at the intersection it is

: cd ogged,; efvf@os/seseéy acting as a closed val ve. Alternativel ypcaussgndstary
may be initially.clogged 25 by the s#bi'd form of a sol uble conpound, such
" as sodiumchloride. Addition of any aqueous sol ution dissolves the sodium
~chloride clog and the capillary is opened W98/ 38510 -

- PCT/ US98/ 04377 15 Thealgy @Dénﬁh?ﬁ&ﬂéfex PhElRAGH tiie dikhy éxeee&m@pﬁels&t ass_ay

- site of the present | nvention the assay el ement (FigQ.

»includes a cl RReRioE Bidéf thebabs érhsﬁttl: a8) aehrls alclcansble céﬁsto t he

" disk surface 59 and at the ot hef)ménd 62( %go a)reporter el erre% 65. The
preferred enmbesVafentlyattathediae ofieand 6®to the diskisurfiles 59 ahxbat the otheeém] 62 fonc! ude

- reflective gold spheres -or opaque | atex spheres. Also included are two

- recogni tion eteportet elerfiéiat, 656 Fhe preferred embodinmients eftht repwstes eldmentndeswibiedh ar e
i covalently attached to each spacer such that the one sidearmis connected

" to each sife béreinieclugersflectivegald sphpresson apague latérespherss e Adsadineludedianedwos of
. the sidearns described herein include oligonucl eotides, antibodies and

ol i gonuc! eot i Treogmitipwelgtnentsfi3ag6ibs bereafier refasredte g5 yidentmpovhish areconalentied t o

; detect the presence of an analyte and create a signal thereof thr gh
: ei ther a posi @qtaﬁéeéﬁom éP?%“P‘gébﬁﬁﬂ?P%s‘ m:s(cppﬁectﬂ eagh ﬁg%P

. recognition event . 14A ur en an .analyte s to -
bot hg3| dear ns H?gﬁ" §m&§$ S'R?Hr degﬁ%?‘ﬁgleﬁﬁ itheas‘g%‘ﬁﬁé ?“W‘b ‘foop 67
negat i ve recolfFR B d ﬁ%"s'fi’gf%%{ 'Setib@“’esaxmiﬁeﬁucﬁé%ﬁﬁ%@héﬁv vt oo
“ binds to I ly no
Toop is mdeyzﬁﬁﬁsg%frﬁﬁ*m e e 1509 13 0EEL 2 pRAG R RBTRIEL Y

i recognition e KRGS kan
conngctlon fr%‘%qé}ltgﬁeto r&\gg(}%@%’rﬁﬁent Iﬁgat?‘;r}?e?n% act §?v|§?8(ﬂ€ ? RO‘I t he
: other hand, CpeANvIRcOENitiGEevRBIEESIIA) QandEFddcud WHENAn Ailyte 66 Bhds to

i negative 20 recognition event results in-the reporter elenents being

. di sconnect ed bothrsideannsi63ds 68Fregultingfin theldumpletieiyaf 4 vennectivedobp 6D between! t s
in |loose reporter elenments that are
: the:two sides the spacer bisected by the cleavage site 64. A negative recognition event .

15  (Fig. 14B, D and F) occurs when anglyte 66 binds to only one or neither of the
sidearms 68a, 68b and consequently no loop is made connecting the two sides of the
spacer. When a positive recognition event is followed by cleavage of the spacers, an

.. unbroken .connection from disk fo reporter element remains intact (Fig. 14E). On the -
other hand, cleavage of the spacers in an assay element following a negative

20  recognition event lresults in the reporter eiements being disconnected from the disk
(Fig. 14F). Thus, neganve recogmtlon results in loose reporter elements that are

| easily washed away whereas posmve recognition results in the reporter elements being
retained in their discrete assay sectors. In exthe_r case, the results may be observed

immediately by CD-ROM or DVD reader.

25 Further embodiments of the invention are described herein that utilize both
reflective or opaque reporter molecules, and positive and/or negative recognition
events to carry out 2 broad range of possible assays. For example, in some assays the

sidearms may be connected before a sample is added and binding of the analyte acts to
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easi |y washed away whereas positive recognition results in the reporter
el enent p ' etained in their discrete assay sectors. ' case,
t he resm ?kﬁgsﬁbbe observed i mredi aqgl y by CD-ROM or DVD lli!“[é]lé’géer . %Z.’g '
Further enbodinments of the invention are described herein that utilize both
reflective or opaque reporter nol ecules, and positive and/or negative
recognition events to,can__qgt,a broad r.ange of . For

> 15|

. ossi bl e assays.
exanple, i HissopRechibS s ithis 535552 RESIHYRICOmN EQ'EYF“BEQSBV%'“éﬁ%aan eis
dded d Qi ndi f . vyt t. 8/.38510 .
BCT/ Usas; oAisampeptnge oF B BRtel Henht e neghlive redogmition eventissilts iphe.

recognition event,. resul ts. in. di sappearance of the reporter elenent,
while a nemd?@%%elt’%}g%%@gnt results in the reporter elerent being
retai ned. O her possible enbodinents of the- assay el enent described herein

do not 5 incl gk oS8R RAGRS Sf ik AfnbBeschibePhGei o hot! t €7 Nati ve

ayle
schene t he surfacem‘gJ]c the I'BCD 1 coat e%gkbg net al , ,_-pr-_e?erab?‘y by gol d, and

the ana:*r Yt enchitie@&avable3paceRARIE sidedrisC '€ Sne Suthil®fnalidé ScheRRARS surfice dy €

| oaded |i posones on the netal surface. Qpaque S heres. as Assay El enents :
Previ ous aggfe IBCDRoated by fefabily by ?bmglh!!itbth@f_anﬂﬁd comhectethpar ticl es to
the 10 transparent surface of the | BCD. The situation may be reversed so

t hat opaquepatfietpattictes, such as datexibeads, zorrdyt leaded Hiposumedsamethe Trietat sanfgeoach i s
especi al | y advant ageous when | arge cells are assayed and is illustrated
generally in Fig. 12. A netal filmis deposited onto the plastic surface.

I nformation may be coded into this netal layer as it is done in
convent i ongpagqm BngSasiAfSaN memens may i ncl ude 15 spatial addresses or
other information related to the assay. The netal layer is further covered

by a plastic layer. This is then ami nated, as descyi hed, prevjously, and
L\ﬁ;tﬁgd of gold dmf"aﬂ'ei?‘ﬁg‘tﬁ %Sﬂsegﬁh ’e‘lhﬁg“@gnﬂ‘i{fegﬁt{"g e&it‘lé Fr), |
o T, el Syt Bl TR A sibldiof B e Herdbdo WhA GBhall”! o0V O 20

previo

* particles are bound to a reflective surface. This approach is especially advantageous

when large cells are assayed and is illustrated generally in Fig. 12.

A metal film is deposited onto the plastic surface. Information may be coded
into this nﬁetal layer as if is done in conventional CDs. This information may include.
15  spatial addresses or othex} information related to the assay. The metal léyer is further -
covered by a plastib layer. This is then aminated, as described pfeviously, and instead -
of goid spheres, large latex spheres 58 (10;50 ﬁm diameter), which contain a dye, are
attached to the substrate via spacer molecules as previously described. These latex
spheres are partially coated with fecbgniﬁon m@lecules as déscribed above for gold
20 spheres. Cell recognition binds the latex spheres to the substrate even after the
spacers are cleaved, and the dye in the spheres prevents the reflection of the laser light -
ﬁom the metal layer. 'Altematively, if a proper fluorescent dye and wavelength of
laser light are used, the fluorescent emission of the spheres may be used to monitor
the assay. This requires a specialized instrument and will be facilitated by blue lasers

25  when they become available for use in CD-ROM or DVD-readers.
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spheres are partially coated with recognition nol ecul es as descri bed above
for ‘gol d 2Gvoosdsees. Cell recognition binds the | atex sphepepnisosdsfier
substrate .even.after the spacers are d7eaved, and the dye in the spheres
prevents the reflection of the laser light fromthe netal |ayer.
Alternatively, if a proper fluorescent dye and wavel ength of |aser |ight

are used, the f1 UogeaeeihyREVRNiG ofthe LhE SRR ERASIR et Wlleds aliRh O

the assay. This requir specl al 1 zed I nstrunent acilitated

- by bl ue | aser gophacted Wil tht TBEDFSYERhNsRAY, Bt SreladBed #Rer the Db SNd to
DVD- r eader s. WO 98/ 38510

PCT/ US98/ 0437#he IRCDN Thelatixgphereisuspzhsion s addet e eedognilivhekéleailesssthe, t he
" latex spheres are not connected with the I BCD before the assay, .but are
added after t §ghefesitind orthe peopercells andahdsBCElls dtedmiradbitizedp These latexpheiesn i s
added, the recognition nolecules on the spheres bind to the proper cells
and t hese Xel iy dien berobsivied by dediithd eflectancxusing thedSDRONbyr DWBArehder.

- observed by reduced refl ectance using the CD-ROM or DVD-reader.

Compl enent ary Bi ndi ng of Spacers One drawback of the coval ent bindi ng of
spacers is that the disk_is not easily regenerated after the spacers are

cl eaved. |f tSompigmentary e L eBEE HNnected to the substrate with

- conpl enentary ol i gonucl eot id_es, the disk can be regenerated after an 10

' i | d.. The . ir. i dUE e " by heat,
oy chot oo CoagEnTer Pk P RLeodRR! s 1 G il
oo Brndi e angRef aRer i spadks 41n hbabal, e e SoRfert e S Cine 83 rq B8
i denti | . Th i i v di it b
Genti cal o bt oifh SdchiyiugRtary BidbohbEHERS, B350 i Seaderd RN O°
conpl emenj@r y adsfly § 168d ! The %@r%ﬁﬂﬁ?ﬂueﬂr&?ém&%&?&?g g??% usipg

- conpl ementary ol1gonucl eoti des of the spacer and the _ (

- excess spacer ghadh@piugend. @h@)ﬂugieﬁeéthhﬂoiﬁéﬁﬁa&ﬂ%r@ﬂbm& he@tHedRsiStaR M5
may be attached to the spacers before the spacers are attached to the
surface. Col dcleme, €Fheatisk retains the oligonucleotides that were binding old spacers. All

=1t

oliéonﬁcleotides on one assay site are identical. They may be different iﬁ different
assay sites, or théy may be identical on the whole IBCD. New spacers having
15 oh'gonﬁcleotides complementary to those on the IBCD are a&ded. After incubation
: ﬂxe complementary oligonucleotides of the spacer ;md the IBCD hybridize. The
‘ €XCess spacers are washéd away. In thi;s case the oligonui;leotide sidearms may be
_attache_d to the spacers before the spacers are'attacﬁed to the surface. Gold spheres are
then added, they are bound by the thiol groups or disulfide bridges of the spacers, and
20 the disk is ready to be used again.

- A cuvette is used for UV/Vis spectrophotometric, fluorescence or
chemiluminscence assays. A cuvette in the BCD is basically a capillary that is located
between a light source and a photodetector. Light can be guided by mirrors and
waveguides. The number of cuvettes in the BCD varies between 0-10,000 and most

25 advantageously between 0-50 per assay sector. The sample arrives into the most

cuvettes vig a sample préparation chamber. These chambers may contain preloaded
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t hen added, they are bound by the thiol groups or disulfide bridges of the
spacers, vihogssie t he disk is ready to be used again. A cu ' ed for
UV/ Vi s spectrophotonetric, fluorescegge or cheniIuninscenﬁghg@%§§§y§A'
cuvette in the BCDis basically a capillary that is |ocated between a |ight
source and a photodetector. Light can be guided by mrrors and wavegui des.
The nunber of cuvettes in t CD varies, between, 0-10. 000.and nost 25
Advant ageo ST ARy e MErsA 1 s neE S48 SR e ViR e BRI o e

TOST CUV St (Rt rfbes IR b RAHIbRbhAoR BRI SERBR%0EVAIHRRE e CONAIN

pr el oaded
PCT/ US98/ 0 EREMHYN s j e ers .and
are m xed é\/‘l%f.z%d%ﬁe sangiag%vﬁl l% It ar ?P%Egﬁf?%t&?ﬁ%ﬁ‘ggﬁp gﬁ%réggﬁaﬁtgi'oh -

chanber. S3sgibatignPerib@e Sistpléay trifsfiesd it fleQuvértes AhleXral¥mititlilon” ed.

radi ation that is generated by a photodi ode. After the incubation period
the sangl e enditted Hghtfiemeashredibpa phetoderectot.cln thisdnvention et photbdefecforis €Nt t ed
light is neasured by a photodetector. In this invention the photodetector

i s nost  adunoest adgveamtzgeyusly iisitle thé €DChr DVDDifivedr i ve. Li ght sources for
spectrophotonetric assays are -nost advant ageously phot odi odes or -
sem conductor lasers. It is possible to use the light source of the CD or
DVD drive. HoweJdght sources forispeqtrophotometrie assays are mwst asivagtagaouslyav el engt h
that 10 corresponds to infrared or red Iigxt If an_internal |ight source

of 't he. CD BhoRRISes pySEeRiSoRMBEIor ASRE.  GRoEHBIS L0 Bpe (ha LR soRFeRiog HiED: o

i rar e oror POP i Howevits iy gie BRTRAAIL (A6 P e e BBD 1) s
Fabr i caDeq SBSPRARS oA R o DERE KEen FibeBrLiRt Ry I GBS PVB ener at ea.
accor ol ngt sTVE foShelihe Pho@afbas o HaBr 1 1 SR Ertor By YRAE Ao . ol
VI visi bl e sgngitasdlys AR1BE perciied 1 ARGIgAn o rétlig, iPiRhdPiitaddbhd R fOCUsed

t han

mdst' ap;').lications to use additional light sources. For example, an array of -
pﬁétodiodes can be fabricated so that red, yellow, green and blue light can be
..15 generated. It is possible to design a photodidde for any given wavelength and
| accordingly, the number of 'phofodiodes can be up to 300 to cover the whole
UV/visible spectral range. Laser generate more power a;id are better focuée_d than
- photodiodes and they are preferred. Especially microcavity and nanodot lasers are
ve;'y small, and they can be fabricated to emit almost any wavelength. The light
20  sources can be fabricated as a module that éan be attached onto the disk before and

removed after the use of the BCD.

Unit Operations

Next are described the unit operations: centrifugation, filtering, transfer of
liquids, mixing of liquids, dialysis, column separations, heating, cooling, electro-

25 convection and electrophoresis.
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. phot odi odes and they are preferred. Especially mcrocavity and nanodot

- lasers arewsss/ssstml |, and they can be fabricated to emt alrOTHUSI8I0¥377

- wavel ength. The ]Jight 20 sources caf9be fabricated as a nodul e that can
~be attached onto the disk befofe and renoved after the use of the BCD. Unit
- Operations Next are described the unit operations: centrifugation,

Cfiltering, transfegeffifhddlforedis the HafPforte hded 46 Kansfet Bquidd i thé BODD It may
- separations, heating, cooling, electro- 25 convection and

. el ectrophor eshfge be usdfFBL&itffiigation, which is important when calls are separated from
. PCT/ US98/ 04377 19 Centrifugal force is the main force used to transfer
“liquids in thelasi@DIn this ¢asy, itds advimagesasitd inchude atfilter wgtit the samplaiintake s

“inportant when calls are separated fromplasma. In this case, it is
. advant ageous tontainet.ude a filter with the sanple intake container. 5
. In the transfer of liquids, order and timng are inportant. In order to

“insure the proper sequence of arrival toa certain reaction site, liquid

“trains, sukh as il luthertransfer pfliquids, onder gng timing predmpertanty In eedes thinguredhe |

“two main capillaries, 36 and 37, are provided that are.in fluid

~ conmuni cat i on PrRensassencenipEival foa eertAR ESACHEN Sitg, lignug traies, such asgliysitedin e
- of fthe ma'ip capillaries is an_.air chanpel t?wallowfon tlué& f‘*g_g and 10
 typically is Fisdemay ﬁﬁEFPE?ah%P’(‘,‘?enFﬁ IBERG VAT CARINARTS: CAPRT 26 Fhe

; ts in liquid f¢ 1d. t.xpical l v i.s _hy ildc..T ti
captari es antPddBrCReE s Bl RphRuinleaiSn HOLARY ot v oS B

1y desi,g di A, ~4 ] .a : i 0% Al ' ' '
Wth respect o Dk 48 1QR o R nikh el o chilfi] 1d AR fof ul AR BB
(with respect ¢8 Eat o MEGE | h L
Vocati ons 10 ndtaedlyis et hyBSphatic. The oftBF al iihnbheski the FRBEREH |

. fluids and t hgighof Bhh ah@kypici9ds Rfdropilieli The cdiifecting bipilariis ang afatiiedd by

e o s g e oy gy

.small air bubbl'es to prevent mxing, unless mxing is desired. To prevent
' pressure gradicgvities ey s€@@td storeithsreapents, generally designated 41, 42 and 43, and

maintain their relative locations with fespeét to each other. The fluid compartment to
which they are directed and their timing of delivery is controlled by their respective
15 locations, the size of the capillaries, the density and viscosity of the fluids and the
rotational speed of the disk. The li'quids are separated by small air bubbles to prevent
mixing, unless mixing is désired. To prevent preésufe gradients air capillaries are
éonnected upstréam with all liquid capillaries. To further prevent the liquids from

entering the air capilléﬁes, these are hydrophobic.

20 | Mixing of two solutions is performed by merging two capillaries ina Y-
shaped formation. This alone provides good mixing. To guarantee more efficient
mixing a capillary may have small periodic enlargements after the merge. It must be

noted that rotation of the IBCD results in efficient mixing in the containers.

In dialysis the liquid is in contact with the membrane containing the buffer.
25  The molecular weight cutoff of the membrane may be chosen to be between 300-
500,000 Dalton. Because only a very thin layer of the liquid is in contact with the

dialysis membrane, the dialysis is very fast. However, the ratio of the liquid to buffer
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connected upstreamwi th all liquid capillaries. To further prevent the
l'i qui ds ering the air capillaries, these are hydr
M Xi ng ow %gégl utions is perforneggby nerging two capi @ﬁ?’ﬁ@ﬁﬁﬁ
shaped for mati‘on. This al one provi des good m xi ng. To guarantee nore
efficient mxing a capill ary may have small periodic enlargements after the
nmerge. It sz e not i the.l B resul.ts Ln efficient
M Xing in ’csr%‘!é W&F‘hgﬁg &h l(?ﬁ %?&%%@Y{flﬁeﬁﬁ qugnﬁ'tﬁ“}f%n#‘g&os\ﬁth t he
menbr ane cont ai ni. ffer. The nol ecul ar wei ght cutoff of the

8 sttt

menbr ane nBYPBEESIH: 'be bet ween 300- 500, 000 Dal ton. Because onl'y a
very thin layer of the liquid is in contact wwth the dialysis nenbrane, the

dialysis is ve rE e%%ﬁioépwmﬁ%ia%?%@@xgmgfog}miésiagé'ﬁl@]pﬁﬁiﬂ?é!f T
PCT/ US98/ 0¢3{ohs pitblbcul & ¥plci@OirdBabtichated 13 tHe ém%%t&@aﬁm@hxehheand'eﬁimfé sis

not quantitative. For nbst purposes it i's sufficient. , adsorption and

i on exohangildry sspuratelyap i esvaiitional thromatoghiphy. Mg/@valw%eﬂﬂhecul ar
species are fractionated by the chronatographic media and exit the 5

capi |l ary fragivngnelyybeaslected and gnided imahn adsay slehmept.aphy. Using. a val ve,
certain fractions may be selected and guided into an assay el enent. Heating
is best done electrically. Upper and | ower el ectrodes are separated by
‘about 500 [err]Heatixigrsbestsionmclmncdbntupman@lmyertellwtmsisamsmrmdbmal|y
short circuited and heats up. Heating may be term pated by renoving ions

ei t her fr orhoub80Qpm: éf?lecﬁphlﬁlﬂ@ﬁ?&@nsﬂ%, systemds virtusHy short ciranitsd aad ur e . can
be achi eved by i ncl udi ng erm)'ﬁ%% intq the ci c try, Abinmetallic

el enent i sheatsg- yHE“}tWﬁI’%aYL Yﬁ%&““ﬂaﬁ“lﬂs& emithe battepr prffom preset -

t { d t at hi t t h
or ovt dh TipeREaRE Lot IR OBearPEEcd BB ndina § ek i, 32'sshma'v2

powerf ”' 'fi%ecir aitry A hﬁﬂpe‘iﬂﬁc&%eﬂ{ is b VP Rib R hBfmdsBf it thi Xlo?ea_{'cn%‘{t

below a preset temperature and open it at higher temperature. Another heating

mechanism is provided by the laser'of the CD or DVD-drive. Especially, CD-R-
drives have powerful lasers. Either'fhe top-or the bottom of thé-.-cavity can have a

15" liquid crystalline film that.is isolated by a transparent layer, if necessary. On the other
side of the cavity is a reflective layer. When the temperature of the cavity is;-_b_elow-. the
main transition tempefature the liquid crystal will scatter the light and no reﬂecﬁon is

| observed. Above the main transition témperature the light is reflected back and the
heating can be discontinued and it is less effective anyway. Cooling is preferably -

20 provided by endothermic diésolution, i.e., the absorption of heat by the presence ofa.
dissolving substance. The cooling solution and the solution to be cooled should be
separated by a thin aluminum, copper, silver or gold film. Cooling may also be -
produced by passive air cooling. This method cools only to ambient temperature, but
for most purposes this is enough. Cooling and heating may also be alternated in a

25  cyclical fashion, either in one cavity or in a serially alternating sequence of heating
and cooling cavities. This allows PCR amplifications to be performed iﬁside the

IBCD.
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15 liquid crystalline filmthat is isolated by a transparent |ayer, if
- necessary. viodAw@t her side of the cavity is a reflective | pyfRisosiisr t he
tenperature of the cavity is below the 2ain transition tenperature the
~liquid crystal will scatter the light and no reflection is observed. Above
“the main transition tenperature the light is reflected back and the heating

can be discontinu nd_ it 1.5 | : | . ' ' ferably
¢ 20 provi ded by :ﬁlﬁg?'gceo }ﬁelc::éo | gls%g?ﬁﬁog%?é iynédelw:éf{%c 5"0%@%%’5?'?“ jnéglm)ﬁeat by
(Lhe presence \iid th Bafilaf AbAL 9B elebiBohifiebidifhe Mt s adirrhia
- solution to be cooled shou e separated by a thin alumnum copper,
- silver or golwit{..sﬁt i) deParatEhiy ifb SSmPEndE) dH eRLtrBYhdIEsHS theSepirhtiGiPR!thé!D
Thi's nmethod cool's o t.o anbient tenperature, but for nobst purposes this
i s enough. Coghinjirpeid. MheisepedatialyisFhsiliab By the useéfigdl thad préventscycl i cal
~fashion, either in one cavity or in a serially alternating sequence of
- heating amd cemvesiibnt Becaisesdistahces ard Vearwshot€thaapilabledield sirengtioisisefficient
: performed inside the |BCD. W98/ 38510 '
~ PCT/ US98/ 0437fér pioper elettrophmresic t Farrthe simeteasmithe aséessany timesforsapatation is
' focusing may each be utilized in particular applications. In

el ect r oconvecfairtyshoneandamay beipn the ardenefiled minutes, on gven lessthary 1 minwtepar ate it
i'nto conponents. In el ectrophoresi's the separation is the main_purpose. The
separation i sUseful ¢lpeteaconvesion yaay hecpesformed in fephsecondse Jagelectnic focusing isct i on. -

it o 1ok i (e
o oven | 02"l o b Al S sl ™
radient A pROVRE H indbeibhsBRel in BR01 SO hes pBf (AR RS il ey fini
oo GV oot (e MO SRR

buffer will rgeBefricFodddthes d0hdr the FRusiap s Sdtipfletl the raionBhE Ralk BEnRVES! ence
of the pH gradient during the '

-along the capillaries by centrifugal force oran orthogonal electrophoresis can be

15 performed. This method allows aimost complete fractionation of human plasma
proteins (Anderson, Tracy and Anderson, “The Plasma Proteins,” 2" Ed., Vol. 4,
* Academic Press, Inc., 1984).

A paﬁicularly advaﬂtageous conﬁguration of an assay site is illustrated in Fig.
10. The assay element contains the spacer molecﬁles and the reflective spheres as
20  described previously but does so in a linear array that may be conveniently located in
one or more of the capillary ch#nnels at ihe assay Site of the disk. As has been
described, analyte binds to the spacer molecules that have side arms receptive to or
* complementary to the analyte (as illustrated in A) and after washing the analyte that
ha.ts bound is located at specific locations of the array (as illustrated in B). The
25 presence of the bound analytes is determined by conventional address determination
as with conventional compact disk readers and associated software as has been

described.

SUBSTITUTE SHEET (RULE 26)



i soel ectric focusing. After the focusing is conpleted the conponents can be
noved al apillaries by centrifugal force or an orthogonal

el ect r'op'%ﬁgg)lggs gan be 15 per f or . This method al | ows ﬁ??rpl ete
fractionation of human plasma proteins (Anderson, Tracy and Anderson, "The
Plasma Proteins,” 2nd Ed., Vol. 4, Academ c Press, Inc., 1984). A

particul arly advantageous configur atBXAMBLED assay site is illustrated in
Fig. 10. The assay el enent contai ns*'the ‘spacer nol ecul es and the reflective -
spheres as 20 described previously but does so in a linear array that may

be conveniently |ocated. in one o re.of .the capi]lary channels at the
assay site éﬁm&b@&m&&éﬁl&%w APSAHY) bi nds to the spacer -
nol ecul es that have side arns receptive to or conplenentary to the anal yte
(as illustrated jn. Al fier hi_n @.nal._.etath bound i s

| ocat ed at speci%‘isgm}’{?gtggﬁcgﬂga?%fﬂsz‘e{sﬁ?‘é s’(‘ﬁéoﬁi%‘“ﬁ%‘f‘gﬁ){léﬁﬁ?ﬁ?‘h&se%‘- 25
presence of_fhe e 20 %5‘1{%&1&&!‘ Ldet ' met i onal, addre

det er m nat i%?llgagﬂ%%P coﬁ%/en I ona ’ﬂ@o%%ﬁgfgﬁmﬁgéaad%p&'& 5@@&5 ‘ﬁﬁ%d

sof tvar & asishaNeqe daankiiPAflered and Rid8 ixture o

PoT! Leos) o8 ol 28s FEpple s filtered andnixe ‘?gg%"f‘ag%ﬁf:‘f°é“o‘flf%’8mﬁﬂ’al ysi's (Fig:
2, Assay SegligohmcléotidEP TRedelbligoiléctides afddnipteriintfy t¥itose RP6H ecyl
sulfate to Iygsae the cells. This solution is tp‘riansfg?red i?lto t%{eﬂ)‘}gﬂt ai ner
denot ed " Sadiidl alsol liave althiol froup aténdend. iI-SyUrﬁliﬁﬁBﬂis*ﬁﬂb@veﬂﬂG?i’&eé&inﬁhUer_ed and
m xed with a mxture of conplenmentary oligonucleotides. These '
ol i gonucl ectontirer denoted lifdmple prap.’y Optiohhlby, ¢his cofteinermbhy beHeasti(ndt so have a
thiol group at one end. bridization is allowed to proceed in the '
cont ai ner cbawndn Figgne)p|Adteriappropridigtinenbation; the disk isootated. Whilerthe samplecat ed

(not shown in Figure). After appropriate incubation, the disk is rotated.
Whi | e tife dakpnsferred intasthe captainer denpted,{Sampmle senonit iy mixed weition nutieasaSpl e

sep." it is mxed wth_ a nucl.ease, . . .
P _ soinutl)ém deillylvered ?rom a side capﬂ?ar-y. The mixture is allowed to incubate in the

)

“Sample sep.” container which has two gold electrodes and a valve as has been
illustrated in Fig. 8. The l'o'\irer electrode is'coated with spacers haViﬁg'isothiocyanate :
end groups. These bind to thé thiol containing oligon_ucleotides several of which are

15  hybridized with the sample. -l All unhybridized parts of DNA are digested and washed
away. The battery then becomes operational. This is adjusted by the speed by which -
the acid and copper ions ﬂbw in_io the empty battery. The container heats up, the

bound oligonucleotides are released and the valve is switched.

The oligonucleotides are flushed into the assay area; After suitable incubation - -
20  the ligase arrives into the assay érea and the two sidearms on the spacer molecule are
connecfed, if the sample contains the proper oligonucleotide. The labile spacers are
cut. If spacers contain siloxane groups the cutting is don_e by addition of fluoride ions.
The loose gold spheres are washed away by rotating the IBCD at high speed. Reading

may be performed immediately.

25 . EXAMPLE2
Assay Element for the Detection of Cells and Viruses
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solution delivered froma side capillary. The m xture is allowed to

“i ncubat e. i rwologrgstanpl e sep. " contai ner which has two gol d eper/usssims77and a
valvé as has been illustrated in Fig. 8 The |ower electrode is coated with
: spacers havi ng isothiocyanate -end groups. These bind-to the thiol '
.containing oligonucl eotides several of which are 15 hybridized with the

~sanpl e. All unhybr hgimegvdanbsdifientNi i fsay SemicteldeaababotPelftrthere/ Fetein bbe
i battery then becones operational. This is adjusted by the speed by which

the acid and ggpagor the dstebliconof vitad ahd bacteiil\paftidléss eolls ahdatisr pasticles thitasd S
~up, the bound oligonucleotides are released and the valve is switched. The
- ol i gonucl eot i [Agger thiah the oliguanicicotides; amtitadliasy antigens and therliks dhatdavebeencubat i on
.20 the ligase arrives ifnto the assay area and the two sidearns on the

. spacer nol ecudescribed previouslyc¥Wirusés darb typicaliyl nearly spheirivsl pamicles having a

ol i gonucl eotide. The | abile spacers are cut. If spacers contain siloxane
~groups t hé cudipimeter less thand). b pma dBfctariarare commenty eigher sphericalnr rpd ghapedol d
spheres are washed away by rotating the 1BCD af hjgh speed, Readi ng may be
‘perforned i mibeinlasgest dimpnsion is less than 2 ym excluding flagella and other qggﬁm:qgergal

“Assay El enent for the Detection of 11s_and,Viruses Alternative '
ﬂenboéi ments ofiberfe Thess PAthogensare s Errqr@QB“%ﬁhEémgFgeﬁémﬁg??‘g errs used tor o

R A e L R R L

sphori cal  par ENCICRn HperstAteP S toftiial il SRRt S ik RBERLA B BileY

Spher 1 ! . S .
G rensi onfl o SRR Rag bf WRh a6 lhraled inTHRONL THEURN spbBfeiE ltached
external fibefs, sohRESRolRAkE29DEnSERI GHTRE SficePofddAltlantlife ShEFendcTeneds t he

‘'gol d spheres used to detect them and their interaction with two sidearns

. of he spacer ggitebi8 althdlell @6lthelsaffaédbfthe satsstratd 46: SEhesépded misleaiieisqrovided ed
“With the surface of the I1BCD and the gold 10 sphere instead of with

 the spacer aswithlatypicattodehviage sitegt7, for ekamploa siloqahe mpicty, athiasbésnchreviouasly
spacer nol ecul e 45 atone end of the spacer nol ecul e and the other end of
“the described. In contrast to prior described embodiments where the side-arms are
15 attached to the spacer molecule between the substrate and the cleavage site and the -
gold sphere and the cleavage site, side arms are attaéhed to the gold sphere and to the
- surface of the substrate. For illustration purposes, in Fig. 11 oligbnucleotides 48 and
49 are attached to the surface of the substrate and oligonucleotides 50 and 51 are
attached to the surface of the gold sphere. Then complementary ofigonucleotides are
20  conjugated with members of a specific binding pair, designated as 52, 53, 54, and 55
are attached to the oligonucleotides on the substrate and the gold sphere as illustrated.
| This gives much more space for the cells to bind with the antibodies or other

recognition molecules.

The spacers each still have at least one cleavage site. They are, in all respects

25 identical to those described previously except that they have no attached sidearm
molecules. When the cell for example arrives at the assay site, if it contains moieties

that form specific binding pairs with their respective complementary members, a

connective loop is formed between the gold sphere and the substrate. When the
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spacer is attached to the surface of the substrate 46. The spacer nol ecul &
I's provi ¢aslogMdssip 2 typical cleavage site 47, for exanple q,&thggm% noi ety,
as' has been previously described. In ggntrast to prior described” '
enbodi ments where the side-arns are 15 attached to the spacer

nol ecul e between the substrate and the cl eavage site and.the gold sphere

. and the cleava ' - Sk b t S e and to the
urface of PHAY Befe s Hciied el ot AreBhaudr e st SRS 217 10 17

ol i gonuc! eq}.i ' clacrd f 1 _ nd |

ol i gonucl egﬁ:%gée %h% geléﬁg%%gd tod%ﬁgltegg)r“?ycée o? @hgéﬁﬁﬁﬂgﬁiﬁaﬁhéh"

conpl ement aydiRé baigate edd@sondléavdfe o a ' \ pdxedig of a

specific b?{lllydcillﬁ%bgai r, lf%ggi Sﬁ%‘!{ ed asQeSZt:thgg? cgff@%%%atggﬂeﬁﬁga%tﬁched to the

ol i gonucl egltaélasd t6the fudsteatb and Rtremawell.t he gol d sphere as illustrated. This

gi ves nmuch nore space for the cells to bind with the anti bodi es or other

recogni tion nol ecul es. For a discussion of the cleavabl e sequence, see

publ i cafi on WO &itibbdis or dthep feeopiiitich moleruledinsayt tesattachaf tovthe aitbstrate ina .

i ncorporated herein by this reference. The spacers each still have at | east

one cl eavageasiet similfhto/that with which the spasprsareateaghed. All spackesion thaIBECP t hose

descri bed previously except that they have no attached si dearm nol ecul es.

Wien t he cdir¢ identical apdrpreattaehed\at thesametimetothe anna:gropps e anglogous astive -

noi eties that form specgific, bindi airs with their spective

conpl enent &XURFORIRE surtace 4 RB&H‘E%'E%B?“}%QPBPWS“B%{&E attachment of sphere
dth bstrate. t he .-.23- W) 98/ 38510 -

PCT/ USO8/ é psgtes. e Btten BHE S fised o cRupLERSERER L glachles b ubstratee df neq
th at dth { . [ |

o 1 3OSl e EAE e S LGP e Shah et 0oL

f the : Y Xpgzl ' |

ot the Spa‘i\ﬂh&s‘a&% tﬂﬁé%@ﬂgﬁ.%g& gté%g*, xgt&ﬁgééblgghi&ﬁﬂgﬂcﬁlé’s &Pg;éeu% est rate

and is renove / cognition no may be’
~attached t Gof bRh354a§sfté tRey Maybe dispensed locally by contact printing, ink-jet printing.

or microcapillary depositidn.

After the gold spheres are attached to the thiol groups in the spacers, the other.
15 recognition moleculés are attached, also via 'thiol éroups, to the gold spheres. For this
g pﬁrﬁose these recognition molecules are first conjugated with a spacer containing a
pfotected thiol or amino group. The amino gréup may be derivatized so that a thiol
group is introduced. The vérious recognition molecules to be attached to the gold - . .

spheres are dispensed in a manner similar to that with which the other recognition

20  molecules were attached with the surface of the IBCD.

The recognition moleculeé may be oligonucleotides. These oligonucleotides
may be further hybridized with complementary oligonucleotide-biomolecule
6onjugates. This approach allows attachment of sensitive and reactive biomolecules,

for example, proteins containing several amino or thiol groups.

25 The recognition molecules bound to the gold spheres are free to diffuse around

the sphere although they are tightly bound. The cell that is recognized by both
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manner simlar to that wth which the spacers are attached. Al spacers on
t.he 1 BCD am osimsio cal and are attached at the sanme tinme to RECEUSISI04RT7
groups or anal ogous active groups on tH surface. About half of the am no
- groups are used for the attachnent of the spacers. The other half is used
to couple recognition nolecules to the substrate. If 10 all recognition

- mol.ecul es -on 4 o @6Rcles boifpleBS? cdhfiectivaldop that tifids 1HegokEspeteptRs!  at

. the same tine as spacers.” Alternatively, if the recognition nolecules are
~specific for sppfabe 5tha IBED. cAftérivisaviriythb spates; fiengeld shlera id netddiyedomidt act

- printing, ink-jet printing or mcrocapillary deposition. After the gold

. spheres are aletetedisy the CDHROMior[D§Daeggler.i n t he spacers, the other 15

- recognition nol ecul es are attached, also via thiol groups, to the gold

. spheres. For this purpose these recognition nolecules are first conjugated
- wth a spacer contAiomlitiplicitypefutifferentirecognitioromolesiiies inythsspmepssayssite maydreoup
may be derivatized so that a thiol group is jntroduced. The various
~recogni ti 8n rmsedcTheadvantage of this aprraachys that al} kngwn smitants of a cerizinpathogen i n a
“manner simlar to that with \alni ch-the other recognition 2 no)] ecul es were
attached wi t ISPeeies B3y bgdetestedonONE 3838y Sttfre The XaripisIPYANIHSSOIERE ey be

Lol | eot i .. Th ] | eot.id y be further hybridized with
 Compl onont ar yUBTCHEHER PR G TBHARONER U EIE RS NG SSoORPIeR I ERIEh 5l | ows
" attachnment of sensitive and reactive bionol ecul es, for exanple, proteins

? Caini | . . bt

ol ecul e bound { oTRRBR ke b lialaE, 168 casy g ysr pR G ERAPHAREG,

. although th ' ol ' . VO
o5) hondh theYrolhSe Edntlihd ¥ RRRAHs add6ni§Bid saldfiil is' RidbECRYLRA é%%f%‘é’%%%‘n W
- recogni tien NRb&GINRS, HoRPIALS A tofs’ GIHERCAAdiA thORGMENB] héthe dSe ﬁn@%ﬁﬂhﬁijon

. sphere to the surface of the IBCD. After cleaving the spacer, the go
- sphere is retantdosded it £8dctst suffick eiaChe Ridvher THEIBCHREMT be desiietlisp! i City

of different. recognition nolecules in the sane assay site nmay be
that the genetic signature of each patient is measured every time. About 35
polymorphism points are enough to give every person a unique “bar-cdde”. This
eliminates possible mistakes due to mixing of tubes or labels. Assays that can be
15 - performed inciude, but are not limited to immunoassays, DNA testing, cell counting
and cell shape measurement, detection of cancerous cells in tissue samples, blood
_chemistry and electrolyte analysis. Other applications include mass screening of drug

candidates, food and environmental safety analysis, and monitoring pathogens and

toxins in a battlefield.

20 EXAMPLE 3

Turbidimetric assay of lipase activity.

'fhe reagent cavity contains 15 pL of stabilized triolein (250 pM) emulsion
that contains sodium deoxycholate (30 mM) and CaCl, (100 uM) at pH 9.0 in TRIS
buffer (25 mM). The sample preparatioﬁ chamber contains lyophilized porcine

25  colipase (0.5 pg). Two microliters of serum is taken into the sample preparation

chamber (using apparatus as shown in Fig. 17) together with stabilized triolein and
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5 used. The advantage of this approach is that all known mutants of a

certain M% speci es may be detected on one assay sit ,l']ﬁ varj ous
mut ant s gﬁo may be characterized opgdi fferent assay sitegc([, Jng
specific recognition nolecules. The IBCD is a universal analyzer. It is

easy to use and in its nost advanced formit contains all reagents and only
the sanple is added. Lt c be. used.in clinical aboratories _

hospi tal s, o&%{%ggntsokppezg}e t&ﬁﬁ“ﬁegsm'slfﬁ%qaﬁs%oﬁﬁ?ﬁbmﬁ%éc‘qu WeEPSEti on -
can be | oaqed i.nto. r's offi V] e internet. The | can be

dosi gned o0i% st cspite] Biistouif b cpit bt i By e sShal reiver
time. Abou ' ' 3 i e LSQn_a uni que
“bar - coder i RO 040 s eaBAR A ety e ARG o' O
| abel s.  Assgaasuredtti 5@1&%@1‘5 performed include, but are not limted to

i mmunoassays, DNA gsti ng, cell counting and cell shape neasurenent,
detection of cancerous cells in tissue sanples, blood chem stry and

el ectrofyt e analwyhilethisinvesiticiititlsibean devesibed'with despB@t s seifié GpuRimo of .drug
candi dates, food and environmental safety analysis, and nonitoring

pat hogens ambotimenits; it is uaddrstodd efat edodlifiéions thereto and equivalents and :
EXAMPLE 3 Turbidinetric assay of |ipase activity. The reagent cavity

cont ai ns 15afiations theyéofswilldie apparent to arlesskilleddn the| art anidMre imerdsd tobé ed -~
cont ai ns sodi um deoxychol ate (30 M) and CaCl[err] (100 [err]M at pH 9.0

C

in TR'S buftesincloded within ths scongrafithe ¢laispmanpendsd heredorber cont ai ns | yophi | i zed

porci ne 25 colipase (0.5 [err]g). Two mcroliters of serumis taken into
t he sanpl e preparati on chanber (using apparatus as shown in Fig. 17)
together with stabilized triolein and =~ WD 98/38510 -

PCT/ US98/ 04377 ot her reagents. Part of the mxture (5[ err]L) is firther
transferred into a cuvette. Because the exit capillary goes toward the
center of the disk, the counterpressure will prevent further flow.
Absorbance at 340 nmis read at one mnute intervals. The [err]Amin is a
measure of |ipase activity.
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i wthin at | east one of sai

) VWhile this invention has been described wth respect to sone

- specific enfu@og/B@BM S, it is understood that nodifications theegiyse

"~ equi val ent.s and variations thereof wlPR7be apparent to one skilled in the
“art and are intended to be and are included wi'thin the scope of the clains

- appended hereto. CLAI MS: 1. An opti cal m%%ﬁfm@ﬁm be read by a
c

- CD- ROM or DVt e faor use.in conducting gn opt Al A-Rspectfjon of a =
bi ol ogi cal Mﬁﬁgglmg‘redt#ochem cal sanpl e, Whe rﬁgﬂt&ge, eing hdapted to be

- coupled with an information processor, said disk conprising: one or nore

. conpartments f.ormﬂn%ﬁ&lﬂgﬁ%& EHA6 e deRPBPALF oStaP _aueéuarlhﬁﬁgngae?ﬂéted

artnments on which said biological, chem cal

- or biochem cadecpRiVifig aaubmni_angaele{éomrneara&saﬂyahemsmﬁmiag or feaStiigAf | Nl et
cport in fluid communiCation with said sanple support surface within said

- disk; and a cgalyt®buspédeed oEbeigind dnpletd a4 18ast gne,predbtctminddiocAiondn thdher ei n
. said sanpl e support surface and said control information area both face in

: the sane d&i r efisst seetorahd bptienatlyiadecomksentor cotipining a cadtrol meqaas foreondictingt h
~said control information area and said sanple support surface can be
~acconpl i shed thg asday asdanal@®i®@kipn infrimatiosuwith respect to one di mieresamabytel ng t o
~claim1 wherein said control information area is optically adjacent and

" interrupted bsnspested efbheinginasepple, agepssihiedto ayeader, amdivhereindhopresangeop cl ai m
: 2 wherein an assay elenent is provided on said %arrpl‘ilpsupport, surface to

" bind an anal ytbsen¢s of shejanadite atsaidiioeation is detarmnably Dy the geader ysingithe controlyj sk

. according to clai mé wher e, anot.her .one of said conpartnents is a waste

. conpartment cORISANGARNPCAIGN INFYIMBEYBR | ary to said one conpartment and by

-an air venting capillary to the exterior of said disk, said fluid capillary

bei h Ol 4. saj : . . : , . A
drk aceah o o TSeRfaruk preRib LaniATachaan 8% AHBICRIRIN <. o

~ di sk has a bi ghaQiGluniCiSHvAf theasdaly ¥rdaael cal material attached to said
sanpl e support surface.

3. An apparatus for conducting an assay comprising an optical disk, a disk reader
and an information processor, wherein the disk comprises a first sector having a
substantially self-contained assay means for binding an analyte suspected of being in a
15  sample to at least one, predetermined location in the first sector and optionally a
second sector containing control information for conducting the assay and analyte
location information with respect to one or more analytes suspected of being in the
sample, accessible to the reader and processable by the information processor,
wherein the disk is adapted to be read by the reader and the information processor is
20 adapted to determine the presence or absence of the analyte at said location using the

control infonnation and the location information.

4. The apparatus of Claim 3 wherein the reader is a CD-ROM or a DVD reader

and wherein the reader is adapted to be coupled to an information processor.

5. The apparatus of Claim 4 wherein the information processor is a personal

25  computer.

Ths Shet s B Relced R AR

SUBSTITUTE SHEET (RULE 26)



-27 - : An optical disk as in claim1 which is adapted to be read By
t he scanrwag ! jJader over a top side sk -
conprl sihg: a fi rsTr%gﬁ# EQ sai d di sk havi ng olgngen(?)rh@m 17

sai d conpartments hin L sk, ereby at least a portion of a sarrpl e
can be scanned by .said .reader; sald control information area is readable

fromsaid top si di.s sai d reader. car, s¢an both said
sanpl e portfon aﬂﬁeg gg?aé h‘?’&%ﬁe‘ﬁ ?%‘ﬂymsefﬁ% qypggﬁar}hyéﬁtoragemeansrhe
“optical dis 3l i d ransparent section of said

di sk al so |%§ﬂg&d r%raﬂ{%?%sﬁfogge(fﬂ) dék%&r%arctgw ded within said disk where
an anal'yte assay of said sanple may be acconplished, and capillary ducting
i's providedyw t hiRe g3k 8f Ciath RhMERthe fulORslsfe? el coi ng seEQfEH@hEngEmS
having a sanple receiving surface and said reaction co

optical disfygf claim6 wherein: said transparent section of 'said disk
further includes a waste conpartnent, and ducting to receive sanple waste,
provi ded within said disk; and a hydrophobic air capillary, opening

out war disy of. sai 'ﬂhddxskprlmmﬂawhdeld therflnil teandfes kndans vemprises & valvem sai d -
waste conpartnent to the exterior of said disk while inhibiting the fl ow of

liquid fromsaid waste conpartnent through said capillary. 9. The
optical disk of HeeydiskefClaimi6avheseis thédisk gomprisgsaneilectroshémicalanpigy i nl et
"port is seal able. 10. A met hod of conducting an optical inspection of a

bi ol ogi cal ,meMSmi cal or biochenm cal sanple enploying an optical disk
adapted to be read by a CD-ROM or DVD reader, conprising the steps of: -28-

10.  The disk of Claim 1 wherein the assay means comprises a sample port, a .
- sample preparation sector, an analyte separation sector and an assay sector wherein the

10  analyte is localized.

- il. The disk of Claim 6 wherein the fluid trar_xsfér means is responsive to

centrifugal force or an electric field.

12, Thedisk of Clalm 1 wherein the disk comprises a mult:phclty of first sectors

adapted to analyze for a multlphcxty of analytes.

15 13.  The disk of Claim 1 further comprising a multiplicity of first sectors adapted
to analyze for the same analyte or different analytes wherein each of said multiplicity

of sectors is adapted for flnid communication to a sample port.

14.  An assay element cotnprising a substrate, a first oligonucleotide bound to the
substrate, a spacer molecule bound at a first end to the first oligonucleofide by a

20 - second oligonucleotide that is complementary to the first oligonucleotide, wherein the
spacer molecule further comprises a means for binding to an analyte in a sample and
having a second end that is detectable by a detection means, the spacer molecule
further comprising a site mtermedlate the first and second ends that is cleavable, the

binding means having a first moiety between the first end of the spacer molecule and
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“ introduci ng such a sanple into a conpartf f Imterqorly of the disk
i t:hrough .a saysd/s8sionl et port, reading co ﬁﬁ‘{# #Hﬁm bEEN € NaEedisIgiolidy N

_ sai d disk using.a single CD-Rom or DvVD29eader REBIMEBoNnduct i ng an optical

- inspection of said sanple within the conpartnent using a reader and control
“information read fromsaid disk by said reader. 11. The met hod of claim
. 10 wherein sgid1a08dd Sle foPbiatiHpith @Tirktpall ThEAthIta afd a 36MAHIGIEH Hebween

: optically interrupted by said conpartment and said optical inspéction of

. sai d sanpl e {he sasohdERlioT arspaceunsletiilt hivd the didaeageditt fogbintirpaiod secutid ol

. information. 12. The met hod of claim 11 wherein said disk is provided

i With a plurapdrt of the anglygear t ments, each fornmed interiorly of said disk, and
i a plurality of control rnpformation areas, said conpartnents and areas

. alternating about the disk and said step of optical inspection conprising

. the sequent i H.scAnrassay eimpongit,addptedtodie readdsyna)CErROM joe XD reader

i biochem cal sanples introduced into said plurality of conpartnents and of

. encoded isnf ocoroprising an optigabdiskgnd aisabqsmmﬁwself-cgmawﬁtasw means iniheidisk

¢ areas. -29-, o _
b for binding an analyte suspected of being in a sample to at least one, predetermined

location on the disk and means at said location for enabling detection of the absence

or pfesence of the analyte by the CD-ROM or the DVD reader.

16.  An optical disk, adapted to be read by a CD-ROM or a DVD reader

10 comprising a substantially self-contained assay means for localizing an analyte
suspected of being in a sample to at least one, predetermined location on the disk and
a means at said location for detecting the absence or presence of the analyte by the

CD-ROM or the DVD reader.
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