WO 98! 38510 PCP/ US981 04377 0-2 LABORATORY IN A DI SK FI ELD OF THE TNVENTI ON
This'invention relates generally to diagnostic assays and net hodol ogy
therefor. wheshdigicular, it relates to diagnostic assayp&RoRReaH S
confi-gur edv_von a conpact 5 optical disk and nmethodol ogy for the use thereof.
'BACKGROUND There is an enornous need to make clinical assaysof8see8Y -2
cheaper and sinpler to perform Id | ' d be able to test

't hensel ves, if so desired. One vvayﬁghmhm‘&a%gg has been t hrough

m niaturization and integration of various assay 10 operations. Currently;
a nunber of bio-chip-assays (so-Cajith GRTRESRVIEAFRORN € bui It using silicon
:chi p photolithography techni ques) & CONMEer. avai | abl e or under

-devel opnment. All of t-hese approaches requi-re-a readi ng machi ne and a
‘conputer. Di sk- shafitisinvemisn rélstss generdlly o diggnosticaasaysaririchodolope therefert | on
with UV/ nn spectronetry are atso commercially available. U S. Patent No.
5,122, 284 descin paeticuler, itisslates teodiagriostigassay comppnentsronfgureddomacampactrber of

i nterconnected flujd.chanbers conpected to plurality of cuvettes. The
rotor is addpt &8RP W@ﬂw@gﬂ?@@%“%m tional |aboratory centrifuge,
and is formed of materials that allow photonetric detection of ‘the results
‘of assays ‘that have been carried out%bg@%grztion cuvettes. A | arge
nunber of rotor configurations and r atus for the same or
simlar types of 20 anal ysi.s have been descri bed. See for exanple U. S.
Patents 5,472, 603; ‘Pheke/is al formobs A tdthike dlinRidVassedS faster, chdapeudd singplétd 7, 053;
5, 409, 665; 5,160, 702; 5,173,262; 5,409, 665; 5,591, 643; 5, 186, 844;

5,122, 284; 5, 24vpesiden. Keallypetients shouldshecableth tastthemselves 3 s dasirestd Oneawpynt s f or
use in such syste re scribed in U S Patent 5,413, 732. The principles
of a centrifugé‘?“’%f ?‘F&W"ﬁg% Jastustration agd ntegration of yeriqus gssay

10 opérations. Currently, a number of bio-chip assays (so-called because some are built

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 # 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 results of assays that have been canie.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; and 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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25 be-used i j j ' —et—al——W 090—mm
Application). I\/an SUBSTITUTE SHEET (RULE 26) FIEELE VLD VI VI VI

VI e o *167167* 11111111 vill 1111121 1111 112211 11111 11 1111
*ACTI ON* \WE098B8®10 pcr Fus9wo4377 2 teaches a nodi f i ed PCDAUSMTTist h a  *
dual’ function: -1. It is used to read information stored in the disk, and
2. It is used to rotate the disk. However, M nn does not teach utilization
of the reading capability of a CD=drive for actual assay analysis

Not wi t hst andiea¢hes & edified CDadrivesyith dwiuakfunctios: rhsltissuacda'dmdrinfamlinpl er assay

5 configuration that performs ass qui ck fficientl ccur ter and

at | ow cost . storegtiipthg diskcand 2; Iy é’d‘" ﬁ?‘éﬁ’%& M '

. conputers and ac 1S I ed errbodl ment, a
conputer wi ¢ juliz= g@?ﬁ}ta% "ﬁ‘#ﬁ& °9g%bb'?ﬁe on F’Eﬁ%@ﬁ? needed. Al

chenmistry is perfornmed inside a conpact disk that rray be referred to as an

i ntegrated bi.oconpgshthstisding redtatldvandes, thadfeniirizpared fbr 8 kimpler assayp| so encoded
with software, i.e., machi ne-readabl e instructional and control

i nformati®n, cédﬁgtnaﬁomthwhesformnsassaysqmﬂy Qﬁmallb!om@lyq@ﬂﬂb\owtm duri ng: and

~after the. assay. CDs or DVDs represent the npst econom cal i n many
ways best |H?6PWFEM°@PBF%@“W£?%“9%%W[{E$W%W Ef%r&}‘fﬁd DVD are

currently us E‘H%H t&emﬁﬂébhﬁaa& rédded NE -
under | yi ng tg"@h??i‘?gggy S ysp asically t egggllr)rlgp11 rrve is in

several respaGhSorfifiitkitah@® hedded A1l SheiiBteyig p Sﬁéﬁnea&isndﬁla@bmﬁmﬂskﬂﬂt t he. sane
time these instrunents are conparable to good centrifuges, because |n

comer ci al  dniay &6 reférred tossniintegrated hissompact disk GBAE) Thomme compact disk
10  is also encoded with software, i.e., machine-readable instructional and control

information, that provides instructions to 2 computer prior to, duri_ng and after the

assay.

. CDs or DVDs represent the most eédndmical and in many ways best
iﬁformaﬁon storage media. It must be noted that CD and DVD are currently used
15 acronyms that may change in the future even if the underlying technology stays
basically the same. A CD- or DVD-drive is in several respects cquivalent to a
scanning confocal microscope. At the same time these instruments are comparable to -
good centriﬁ.lges; because in commercial drives the rotation frequency is between 200-:
12,000 1pm 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, itis possibla to incorporate these changes into commercial drives. This will
enable Point-Of-Patient-Care (POPC) and home use o_f this invention. Use of CD- or
25 DVD-drives will allow accurate digital analysis of any sample without any specific
| analyﬁcai instrumentation.
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12,000 rpm and can be. adjusted within certain limts. Conbining these
threé features 20 into the sane anal ytical systemresults into great

siqml i fi catyqossasioconpared with any other analytical techeigienayet. the
performance i s_conparable or better tBan in nost conpeting nethods.

Al though this invention requites slightly nodified CD- or DVD- . drives,
it Is possible to incorporate ese anges . into _comrercial drives. This
wi Il enabl e Point-O-Pat i,'_ents - S se of this invention.

Use of CD= or 25 DVD-drives will allow accurate di gital analysis of any
sanpl e without. any specific analytical instrunmentation. SUBSTI TUTE SHEET
(RULE 26) WO 98/ 3851 RipekUSORvadkidh is directed 1SRVMARYI Sk, Bikprid WEbHaEhYy | n one

aspect, the invention is directed to an optical disk, adapted to be read by
an optical r eadspticaldeater; icomprising 4 firstssectoebdving sisubstantiadly selif comuineddstay o
sel f-contai ned assay . neans for bindingg_an anal yte susPected of being in a

sanpl e to at mespsifordrirding ) aalyicsuspesied of bring masamplataat lepstere sect or and-
optionally_a second.seGtor. contaknjn cont rol ans for conducting the
assay and hnaPaaciRedipoation frths it sesier du emiopallyipond sseigp epnipining,

anal ytes susp .?ﬂdlﬁﬂn m,&d-ﬁﬁgﬁg' ofh i & gﬁ;nmw@rei n

t he presence %@ggglngg&o -t egtrl]lgl yte at sai f@cat‘l}%ﬁ%ﬁ’deter nabl e by
the reader ufidi@ of Roredmalytcd buspericdsofdeinglih & sanysletacesssiblelto b FatérpwherBig pendi ng
on the nature of the 10 assay, the disk nmay include fluid storage neans,
fluid transf ethepessence o ehskncg of theanalyte atasidlocation|is detgrminableshy theteadss,
batteries, ,di.al_yz§rps, colums, filters, sources Qf electric fields, wires

or other el echiiig mems\nd Hhedpratian informetip. Depending op thenatgeofd% t s” and |
the like.,Jhe_dl. . : éﬁ@p . S Liver
sanple fl tljérd f’g&’ ?g@%ern s@%lﬁ&g%‘g‘? %trgak%uc g'r%td S| f&pé{%{s"é’nst“&ﬁ;arsg&ﬁ P }éf erably
seal abl e 50t hidte Gapillafy dhBia] vahah, Yatleries, dialyzers, columns, filters, sources of electric

| field;, wires or otl_ie_r_electrical conductive means such as metallic surface deposits and

the like.

ier

* 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 .inclu.ding the sample comprises a |
-hermeﬁcal!y 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 samp_le. Each such subsector may analyze for one or

more analytes depending on the particular application at hand.

In gnoth_er 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 apalyte suspected of being in a sample to at least one, predetermined location in the
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of -t he sanple

hernetical ly seal ed deV|ce that may be conveniently disposed of by
~conventional neans or other disposal nechanisns for dealing with =

- bi ol ogi cal WMBEEMO Al so, the assay sector of the disk i SPCRASISNIENL |y

di vided into various subsections for %arrpl e 20 preparation and anal yte

- separation. A waste receptacle subsection nay be conveniently provided as
"wel | . The assay sector may be divjded into-a miltiplicity of subsectors
t-hat :each re’d‘ahwéaorandap@naﬂyiwbn@mhrmb&angmmmpfmaﬁwmfor one or
nore anal ytes depending on the particul ar application at hand. In anot her
“aspect the i forductingthe assay %WHPP’&‘&S&P%R%?‘ ERSPRCS FRIQRE(OF FgTean

e ooscor” t RelfedReRRiu el e frle bebBBF b A0MR bR,

sel f-contai ”%ﬁﬁ?ﬁ%dﬁ%&&s&?%ﬂeﬂﬁ?&b&isﬁﬁaﬁe@ﬁ%%ﬁ@% e,bé' ng in

a sanple to at l'east one predeterm ned [ocation in thé ‘SHEET
" (RULE 26) 5\\Distf8/miftion Processon iSadhiptod 3o deterthitie thepresencd arrabsende ofthe Siakd y a :
. second sector containing control information for_-conducti n%ht he assay and

anal yt e | ocatt&id lopation wsing ghe conlral informafien and the m@rmﬁ?m@ona ¢yt es

By:"the 1 nf oPFEFRR 's"eag ot nafty £ EPrROM D\ R il e BpBERL by

the reader agg,cegsp,e g&@dixﬁ%dﬂiud?r ocessor is adapt ed to determne the
presence or sence o analyte. at said location using the control
|nforrra't|on and the Iocatlon i nformation. The . apparatus nmay include a

'reader having a mmﬂmmmnmmqunommmmmmr such
as a persgnal conpute anot her, ,asp t t he. |nvent|on is directed

to an. optl pcaFe"Slbi’RC]%tB-QMeﬂs er,cg_lepq;% CSPRRSBSE ol
o ST’k g e ot e L L o

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 D
.15 Figure | is a schematic representation of a disk of this invention.

"Figu'ré 2A isa more det?iled schematic representation of a sample preparation and -
"'assay sector of the disk, -illustrating-the overall 'llayout of a typical aséay 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 .

multiplicity 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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one, predeterm ned |ocation on the disk and nmeans at said. |ocation for
detection of the absence or presence of the analyte by the CD-ROM or DVD
reader.. BRI ByQ B8 PTON OF THE DRAWNGS 15 Figure 1 is aPéﬁbm%‘Jﬁ
representation of. a disk of this inventign. Figure 2 Ais a nore detailed
schematic representation of a Sanple preparation and assay sector of the
disk, -illustrating the overall |ayout of a typical assay sector. Figure 2

B is.a schematj §&ﬁﬁﬁﬁ"ﬁ§r£51 b QU &ﬁﬁéﬁ hat is
capable. of plél fg;%%gﬁg |m*ru$10 ssaﬂbﬂ%%yée@wg, ce I%Mb‘f&‘e '

spect r ophot onepresent insa@mipn. 20 and el ectrol-yte analysis. figure 3 is a
Schematic representation of a disk of this invention illustrating a
mul'tiplicity of: assay sectors, each having an individual sanple inlet port.

Figure 4 is a Figuedigasdematic spmsstation of a sirecturn teprovide a lialymis firictionin assay

sectors illusgrated.jipn .Fig..3. SUBSTI.TUTE SHEET(RRULE. 20) NO 9W88510
PCT/ Us oas77 &‘f%lo‘ﬁﬁfg‘tﬁ‘&"%’“f’g a schematic representation of a chem-cally
actuated battery useful in the present invention. . Figure 6 is a

schemati c rsprmgaatmameaﬁﬁ@wgﬁamwheomﬁﬂﬁ;@bémm&&J.él@lg%bf)“ In

the disk of this invention. 5 Figure 7 is a schematic representa n of a
col umm t hat nethisieventiod.uded in the disk of this invention. Figure 8 is a
schematic representation of an electrically controlled valve useful in the.
present inventjon. Figure 9.is a schematic representation of a _reagent

B 15 85

train configur Cheppatic representation pf ap, elegtacally sontrolled yalve nseful in the

present i NVent 4,0fnt invention

Figure 9_ isa schematié repfé,sentaﬁon of a reagent train configured in joined c;.apillary '

10 ducts that is useful in the présent‘invention.

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 11 A-Cisa schemati_c representation of a variation of an assay element that is
particularly useful for the detection of viral and bacterial particles and cells using the
15 general methodology of site specific localization of the substance to be detected.

Figure 12 A-C is a schematic representation of a variation of the detection.
methodologyjn wﬁich opaque parﬁcle'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 elemeﬁt of the invention
illustrating the spacer molecule, with compbnént sidearms and cleavage site, bound to
8 disk surface at one end and to a reporter element (gold or latex sphere) at its other

end.
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_Figure 10 is- .

that are conveniently |located in a flow channel in the assay sector of the
disk of this invention. Figure 11 A-Cis a schematic representatian of a
vari.at i onwofesassimssay el enent that is particularly uscGIUP4ITHhe -

det éction of viral and bacteri al paﬁtlcl es and cells using the 1.5 general
nmet hodol ogy of site specific |ocalization of the substance to be detected.
Figure 12 A-Cis a schematic representation of a variation of the :
detection. Figpirb 4 aliogienaticskpresentaticrefa firstastay|clesient of this inventiod, tant he pl ace.
of the reflective articles and bound to a reflective. surface. Zig-zag

| i nes repr exarly stage; theagpay posedurey it can be any recogni ti on rol-ecul es,
such anti bodies. Particles are in this exanple 20 plastic spheres, but can

be ”poso”eﬁﬁ.g.g?&{ﬁe Ehém rﬁ:r%iﬁs@nm &a%e&%hwybﬁmwaﬁ@m&%ﬂmof an.

assay el ene strating the spacer nol ecul e, Wi th

conponent mﬂwwqﬂnﬁgﬁamgppﬁbm bound to a disk surface at. one .end
and to a reporte enent (gold or latex sphere) at its other end.

SUBSTI ME SHEET (RULE 26) WD 98! 38510 PCT/ 1JS98/04377 _6 FI ure 14 Ais
schemati & rdbméﬁCa&#sﬁm&cmm%%fébewﬁﬂm“&an‘m AN, at' an

apr Lsont at iAvelecies By SRl 6 BMEn sr il e o SAREBL R\

stage durin S afeedure 5 Figure 14 Cis a schematic
represent at ?%Jn&pg{at E-e agésay element in Figure 14 A wherein analyte

nol ecul es have bound the sidearns formng a connective | oop between the
si des of thd?ngheaﬁbgeasnhemaumeemndnﬂf saaga:sdmmmﬁlmﬁﬂmu on of
the assay element in Figure 14 rej.n ana$ nol ey iashfave not bound

to the si dedanplytemlecylss ‘f‘l"ﬁ’@&‘?‘?"\?@‘q § tdrarms EP““""“"" °°P ormed -

10  between the sides of the cleavage_ 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.

Fig”m'e 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 repfesentaﬁon of a cuvette assembly. Four cuvettes and their
associated reagent and samplé 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.

SUBSTITUTE SHEET (RULE 26)



10 between the sides of the cleavage site.

representation of the assay elenent in Figure 14 C after the spacer
nmolt ecul es hawceosdsso cl eaved. The reporter el ement remains pédgebegdss 0 t he

di sk surface at. a .discrete site.

Figure 14 Eis a schematic

FiguZe 14 F is a schematic representation

of the assay elenent in Figure 14 D after the 15 spacer nol ecul es have
. o

been cl eaved.

free to be washed away fro ; v
fepresentation of a cuvette asserrbly Four cuvettes and their

The report ghegel ¢ I

reagent and sanpl e preparation chanbers as well as |ight sources are

n this exanple.

i.sk surface and
~s a schenmatic
associ at ed

shown

2(A schematic dvgrall vepresentatiomof «n ifeprated did-eompaot disk @BCPYi | | ary

array that can be used to perform isoelectric focusing. Figure, 17 is a

schematic r epr!esﬁﬁfﬁtméﬁi&df Téhdﬁbﬂi\'%ﬁqmacfbﬁk,rﬂﬁélmam@eﬂmlydeﬁmnes

SUBSTI TUTE SHEET (R LE 2 38 10 PCT/ US9&44377 7 DETAI LED

DESCRI PTI ON

pligatipns, jt s girqulas baving s diamgter of105

i nt egr at ed gbi F The di sk

(Bi o- Conpadt %f*ﬁm%ss@%%% @%?%ZP?mﬁﬁﬁ%%%spégamﬁ olior st
practical applddeaithgeBssly 0.5135mbi rrﬁuhambaamnﬂsav&uemtmu@éyé&oﬁ:l&% a
nost advant ageously 20-200 nm and a thickness of 0.1-20 nm nost
advant ageous| ysoftwre3ecton 127 Hecatrakhold)l Tis pravided fordocation irs eompant disksay sect or
11 and a software 'sector 12. A central hole 13 is prow ded for location in

a conpact dis
separ at e di sk.

15

20

25

m&emwwmﬁm y Howgvaseitisn a

he softvvare on, t he di sk

hav,
associ at ed w t‘ﬁe ?shlaY/é{h Pénw%é rregra%%ﬁla Haﬁ" a0 asgay for.a Rapticuler
M nimize tipe %M&MMﬁrmmm&m%ﬁwwfmmﬁﬁmx%mm@mmmgme

- assay. The possxble components and unit operations of the IBCD are presented in the

following description.

The disk rotates typically up to 16,000 rpm in conventional CD-ROM or DVD
readers. In all CD-ROM and DVD readers the speed is adjustable within certain
limits (200-16,000 rpm). However, for some operations it may be advantigeous to
utilize rotations at differing speeds, for maﬁple 1000-10,060 rp1ﬁ, and most
preferably 2000-5000 rpm. For any particular assay, the controlling software dictates
the rotation reglmen during the analysis. This regimen, the speeds and timing, -
including times in which perhaps no rotation occurs to allow for incubation,
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

liguids. 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
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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..assay _The possi bl e-
presented in the follow ng description. The disk rotates typically up-to
16,000 rpmin conventional CD-ROMor DVD readers. In all CD-ROM and DVD
readers twpesp8uA is adjustable within certain 15 |init ECRS¥Y4%87 060 rpm)*.
However, for sene operations it mayabe advantageous to wutilize rotations
at differl ng speeds, for exanple 1000-10,000 rpm and nost preferably
2000- 5000 rpm For any particul ar assay, the control|ing software dictates .
t he rotati oncoh@isnelectophoretis getse valves) Wlmmmﬂﬁ’é@'@%@%@ and
timng. including tines in V\:hiC erha no rotatio occurstagallowfor
i ncubat i on, ipdudingWicTeRIAGEIOLS §°°tf°adg§e COZYRE SeFHpdch FRVEES, 2 4 ontroll ed

to deliver reﬁe ts ang.Pg n%lbf “ntt%\?gﬂg?&%%ﬁ@&gm% ttﬁeemg;bot,gﬁsﬁaw sect.or as

di ctated by & rotati onal "speeds do allow for

a signifi Cane fqn mﬁggg’o% y{eﬁag,mfeﬁzﬂ‘hqﬁﬁﬂmm“ﬂﬁqmds, dialysis,.. Anot her

ener gy- sour ce y be easi used in the IBCD is chem cal energy. A

nost sui tﬁbl@lmmumeheanng, caolingcplectrocanzéction.celecppheresiss andapalyls the form

25 of electrical energy. Mechanical and chem cal energy allow the operation
of many ki ntl:@ecubnm%'?"?ﬁrportant conponents of a |1 BCD may incl ude
one or nore of the follow ng: capillaries, containers, filters, dialysis

menbr anes, chronglthgg?ums VPH }I%Iﬁo% @Mg%&%&ﬁﬁw

PCTNS98/ 0, 4377 retic gels, valves, any
mcr omchanlmwon@iwmmmﬁmlmmmm, whﬂcthpnlmbdﬁrs

el ectrodes, especially enzyne el ectrodes, cuvettes, and assg enents.
The possi bl emuﬁbeaﬂnmmlcmmmmwmmmmﬂeﬂﬁm ﬁ'&‘ﬁj D

the follown centrlfugatj fllterln tra Xi ng of-'
| i qui ds, 1Qi afhesqusnber of 'r'ihli;l g’ {f‘ﬁ 4”1"2%86”&% o
el ect roconvect | ledb ecE 518@85&3&3 Esﬁécﬁl@?&béﬂt%ntamem, cuvette assembhes, ,

columns, micromechanical components light sources, and microprocessors are

| advantageously assembled as modules. Various features may be printed onto the soft
| -plastlc Various components may be glued, elther by therma.l or UV-curmg, melted
15 together, connected by complementary mechanical feamrw, mechamcally clamped or
| s1mply enclosed inside a larger component. Some areas may be treated, for mstance, -
wrth ammonia plasma to render these areas hydrophlhc The surface may be further ,
treated by various molecules that render the surface inert or alternatively give it
speclﬁc adsorptton propemes Silylation is a general method for the treatment of
20 surfaces (Virtanen, J.A,, Klnnunen, P.K.J. and Kulo, A., “Organosilanes and their
hydrolytic polymers as surface treatment agents for use in chromatography and
electronics,” USP 4,756 971) Covalent attachment of detergents will reduce the
adsorpnon of proteins, such as albumin, and wnll also reduce the adsorption of soluble:
proteins. Metal electrodes and wires may be evaporated 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 assey sector may contain a sampie inlet port 14, The
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detect;ion and signaling thereof. The IBCD is conveniently nmade fTromtwo

pi eces conprising upper and |lower. halves. The |ower half may contain

al nost..al{ woessgsmponents, while the. upper half nmay be @ckhgésmasmer
containing .only.a few conponents, such @s el ectrodes and wires.. 10 The
nunber of layers in this invention may be nore than-two and many conponents
may al so be pre-made as nodul es. Especially reagent containers, cuvette

assenblies, ggh &:-g&eﬂ' SEMHIE S ha U BRUBR S effdctitlly scafid! S&spt 14

m Cr opr ocessors %‘?E * van?iggeou.sfy assenb{&ég ag éncgdu%es. ar | ottfg‘nf eat ures
may be pri nt edesséafy vehtingwfallowforihiid Gow)orpreted fivaranybivlogicdl BizakR. Byued, -
either by thermal or WV-curing, nelted 15 together, connected by

conpl enent ar y VARG meaes: F.8f een forpeeanddike sensthet aswelbiknown iithesiyaencl osed
nside a | arger co ﬁgent.l Sone areas nmay be treated, for instance, wth
ammont o pl aseotee Lt ﬁmﬂgﬁ@&aﬁﬂﬁ%ﬁwwmﬁﬁ&i&ﬁt@@m e ©
‘urt her r . e r ?grl- > surface inert or
alternati vgl y%&ve %ds‘%%%ﬁq#?g{gg s%?p [ (t)l}rﬁ= pr‘%’p%?l | es}f:lﬁgf’fg,nlcgg‘ugﬁnolns. a
general et hogithQeagks akréaBf il B8 barfifle préParkiivn segdent( dfehdeAf@4in 16 sy be Ki Nnunen,
P.KJ. and Kul o, A., 'Yhganosilanes and their "hydrolytic polyners as
surface treat pryvided greddliver, es negdel, the netassary teagentyin yhesproper etdectortheli cs, " USP

4,756,971). Coval ent attachment of detergents will reduce the adsorption
of proteins, Stapleprepamiiomiegment, ddditiopaldetails pfthe ragent trainacsshown imFigs

soluble. proteins. .Metal el ectrodes and wryes may he eyaporated onto
desired ar easT9' W&dﬁ”%ﬂ@sﬁﬂgﬁmmﬁw}(ﬁm‘x ¥ 8
treat ment 197 gL fy OGR! b Hiin 1@9@% tigh YepridhtCdeSighfiel fenk .age and
Fetention corrpartﬁ’r%nts may be prrac I ned- iento the1 optléé&%ﬂyﬁ%%ag or fornmed
by chemical nbawesy 08 isiprovidgddfélearicalenetiynig rapirédifor tieScpab@ichpeorass. Wi t h

reference to Fidg; 2, the assay sector may contain a sanple inlet port 14.
i b |

The SUBSTI TUTAdditmat details of the pattegyre shayabinFigSand deeri ow. Tig
g resultant sample is then transferred to the assay site 19. In a preferred embodiment of

thq igvention, the assay sife contains an assay element as described in greater detail

1s bei;v;.v. 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 embodiment 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 sﬂﬁstanﬁally
1 25  asdescribed above although diffen_:nt assays may be conducted at the same time in
t 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

e Yt = ot s md e o,
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sanmple. port is -

seal ed, except for necessary venting to allow for fluid flow, to protect
from any biol ogi cal hazards. By various neans, e.g. centrifugal force and
| i ke. neanyoigRassire wel | known in the art, a portion FCHWURSAMINple is
netered to a sanple preparation sit® 15, that may contain 5 reagents and
the like in order to conduct the assay. Alternatively, or in conjunction

- with reagents already in the sanple preparation segnent, a reagent train 16
.4may. be pr oposhitle éompdatts/ere jdentificticydbelsantcnambers@s ssed jn the fogegoing i n ;t he : -
proper order to the sanple preparation segnent. Additional. details of the
reagent traidescapionshown. in Fig. 9 1t naybe necessary to seéparate the
anal yte fromthe sanple, at least partially, and 10 this may be done in a

sanpl e sepawgmnt designated generally as 17. A battery 18 is
provi ded if = - al energy is required for the separation process.
Additional details of the battery are shown in Fig. 5 and descri bed bel ow.

The resultant saggiovn in Fig)i6)a battarysheyr bequiovided: that comsistsysinaply ef t®. I'n a
preferred enbodi nent of the invention, the assay site contains an assay -

el enent &s awetal laybrscsuthmaspopperand gae, syhichiare inthe lgwensnd uppaballe i nds to a
predeterm ned | ocatign.on the disk if [{ d¢ , | . | e, . and. t he
presence of ’?’H@“ﬂ%&‘l §°‘a%“t,‘§8¥¥a ahh‘l'e@ra?é er réo%]ph&&%ﬁg on t hat

| dent i £ es_ (g Bakhfibadiwd AL llbd by Alife kit kil dBpentilp 6itiet .15 bound. A
waste conpartnent 1s provided to coll’ect overflow of reagents or sanple

t hat exceedsatufifeticatetsiratactrbdesf B the emseioficdpper and gy, thia thay bedilute i ous
conpartnents and fluid transfer 20 channels are

\d 11 T . ire vented appropriately to
al | ow for f Isulfificfacidveantainingenpper ipprcand the batteryds Wm'a'@ﬁ’a"}?gﬁct'or. I'n one"”
enbodi nent of the inyenti a nultiplicit f A t 2, 23,
etc. as Whosrreraiesd @Ym??é&gzormgﬁfﬁ%%bﬁo‘gg@g% gs?]oﬁgc e an
i ndi vi dual bl It ' ati.on of.
%Hs?;h itf3lafilly RO Mongéh lastiRg baterie® MAFES toddd), if neckiaryDR6rh
each sector “?s u%gt-anti‘lzﬁ?ly 2§ as ngCI‘I bed above al t hough different :
assays nay lothes magtiats ockhivkertrhetaldayess. tinpertantly, allowingivwites ko favcintrtbe ei t her: for
a multitude of analytes or a nultitude of patiepts.,K The
space between the metal layers deactivates the battery. The activation and
deactivation cycle may be=re§eated several times. Several batteries 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 miniatﬁﬁzed, 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 stox;ed in cabillﬁries. Preferably, air capillaries are
hydrophobic, while mpﬂlaﬁgs that come intq contact thh walerare hydrophilic. As
necessary, capillaries may have circular or rectaxll'gular- cross-sections. Typical depths -
are between 10 um and 500 m, whilé widths are between 50 un and 2 mm. Air
25  capillaries unhze the larger dimensions to prevent" any foima_tion of a pressure
gradimf, unless otherwise desired. The velocity of the flow depends on the frequency
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details of a particular sector are shown in greater detail in Fig. 4, where
t he various SUBSTI TUTE SHEET (RULE 25) WO 98/38510 10 PCr/U398104377

possi bl e ,compeessie are i dentified. by.the sane nunbers as pegREodrdasirne
foregoing description. Conponents Ag shown in Fig. 5, a battery nmaybe
provi ded that consists sinply of two 5 netal |ayers, such as copper and
zinc, which are in the | ower and upper half;: respectively. During storage

they are separgtiftofifoRbf the ML) tﬁé\ﬁm@ﬁﬁ&sioﬁﬂe@gﬁi&ﬂyﬁdm&iﬁéﬁ%&ﬁgbet ween .

these two netals is filled by dilute mneral a pen he nature
of the netal alensityrofthediquidn Phisicat propereits efthpliquia i didtited by the Sssapandase di | ut e
. sulfuric acjid, containjng copper ions and the battery is activated. This
battery 10 gerfraquensy ofrofasiop. tq a gertain gxtens by yheBROM on BIVD repderever ,

this is nore.than enaugh. to.conpl.ete the analysis. Longer | asting
batteries my%’@%°%@é@%’%f?&ﬁ& tﬁ‘ﬁf@?"agﬁ‘.‘%‘ﬂ“‘@hi cker netal
l ayers. | orgﬂgg Tl | 915% : i a ween.the .
met al Iayglr3 S eacfte%{vg%ecgﬂ m at %gafbg?ﬁde& %gtv%hg;b})gﬁn%c%% ﬁgé%g%?@%{’f fbn
tycl-e may be rpadisadctionuiires of theespillary 6 tartrd? BelvRldcRf oY A§uigaé/P! €d in 15
series to increase the potential, if necessary. Optionally, photodi odes may

be included inecassarneH jlicity and hydrophobicitpmay bt hseddfomnthe samie pupyise.ol | i ng t he
assay is provided with information about the active circuits. Al so, a

m ni aturized, pre-fabricated batt may be utilized and activated by

closing the electri grxagf °'R/i°?ﬁ%§°%‘ network W%FF’EF&E““ |

solution. 20 ' ' alr re used to transfer liquid and air.
‘B;vr&in\kl Heevicd s?hﬁef g‘ﬁ%m@

Al so, very smafll ol unes o may be stored in capillaries.
Preferably, air capillaries are hydrophobic, while capillaries that cone
into contd®t with ywteqb-¥pepNidrophilic. As -
- where p is the density, p is the pressure, v is the velocity, b is the body force field, p is
 the yiscosity and V is the differential operator de/ (Mase, Continuum Mechanics,
Mééraw—Hill, 1970). Pressure is a scalar field, whiic v and b are vector fields.
Commercial computer software for solving of the Navier-Stokes equation in

15 éomplicated geometries is available. .

Container# or compartments formed in the disk are nused for sample input, to

store reagents, to perform reactions andlto collect waste. Their depth is about 1-2000
? pm, preferably abouf 10-800 pm 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
-hydrophobic. Reaction compartments maj be formed with electrodes for heating,
. electroconvection of electrochemical purposes. Electrodes are preferably evaporated
, gold films. Compuunenté 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
P also be prepacked into cassettes, which are virtually impermeable. These cassettes
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necessary. .capil | ar '

Typi cal depths are between 10 pm and 500 pm while w dths are bet vveen 50
pmand 2 nm Air 25 capillaries utilize the |arger dinensions to prevent
any .f or mat Woresa#s5ih pressure gradi ent, unless ot herw se REESISPEY3TIThe

vel ocity of the flow depends on the 12 equency SUBSTI TUTE SHEET ( RULE 26)
wo; 98/ 38510 PC / US98/ 04377 . - 11 of the rotation of the.IBCD, the

di mensi ons of the capillary and the viscosi and densi of ., the Iiquid:
 Physi cal pr omaytbestpsest during storage apd W@ﬂ“ﬁﬁ’éa B?ncf‘ﬁg‘gz%gé?"%at he -
frequency of rotation- e or DVD
- reader. Thuwvfﬂ'éplWWé%{hgﬁs @?c&{&%&g ?%%?’?Qg%e%seégto agj ust the speed

of the-liqgui Mais%@%&ﬁfme&'bﬁc&am@mmwmmm&&ommj.ﬂmlywi-t h
"bott | enecks, e., restrictions 1n the cross-sectional areas of the
capillary, tmpprbpalhqnidalmhummmedfduﬁngethb assay by canputes centexh vig CD or
Hydrophilicity and hydrophobicity maY be used for the same purpose. The

exact di mnsild-resdet he capillary network and chambers nay ‘be designed by
usi ng the Navi er- St okes equatlon 10 pv=pb-Vp+pVzv where p-is the density,

pis the pressuren%/héﬁ%hp‘?ere F’\é‘(‘) Ba &&&g lgg,gqeeﬁdcg%d is the -

viscosity and Vis perat or del Cont i nuum

Mechani cs, %ﬁwﬂelréﬂecﬁwaemmmmmeusenaatsis:mltmcmoewmdaddmd/ and b
are vector fields. Conmercial conputer softvvare for soI vin of the

Navi er - St okemeﬁmmmshdmﬁmwe -

Cont t the dis t, to
store P?a;e‘n’@&é%%%”ﬁ% ke 3 e Sk %ﬁ%e%&&@%ﬁ?ﬁed'ezfﬁ s
about 1- Fﬁ@ﬂ%eegr&reﬁ@&f aft A& sbifie SEr Mcﬁmmttﬁ@ﬁeﬁﬁy dFH4kidty shape =

p055|ble
vice versa. Another method of monitoring the liquid flow i is to use an active light

source, such as an LED or semiconductor laser. Such a light may be powered by the
| presence of an electrically conductxve hqmd, such as plasma or buffer, acting to close

'an electromc 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 tﬁe 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 CDor 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 parﬁcl&, such as cells, dust, etc. from the
soluble sample. Accordingly, filters are most preferably included as part of the
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circular or rectangul ar cross-sections are preferred. Conpartnents -are
hydrophlllc 20 except for one end of the waste contai ner which has an air
capi | lary. t maessssihydr ophobi c. Reaction conpartnents nay ASssiRFy W T h
el ectrodes for heating, electroconvectiBon of electrocheni cal purposes.

El ectrodes are preferably evaporated gold filns. -Conpartnents may al so
have val ves that are operated by electricity or chemi cal | y as descri bed

bel ow. - St or agessespé inlet esmipdrtivenb eFiltis aaybR Foraiéd FRMEIROEPlast % 21638 cpbsg0at ed,
t-o prevent the penetration of the water into the plastic. cagent s nay

al s0 be prepaclinkedicotten erasiulpsegete. Whese magerialsunaythedih the shayeaf roda ot similihese -
cassettes SUB TI TUTE SHEET (RULE 26) WD 98/ 38510 PCT/ U398/ Q4377 12 may be
cl osed during ‘Eﬁ)‘gﬁaﬁ“ﬁ‘ﬁﬂl}&FWWh‘E‘}/‘hﬁnﬁ@t bging pyt- Flastis, sesb@sng a '

val ve or plug g@ ﬁ@%sette is place in the disk. Opening of the
cassette may XIFE %‘eﬂ)ac 'ﬂﬁa d by centrifugal force when the IBCD starts
to rotate. In any case, proper liquid flowis ndintained during the assay

by comput erscont r ol Siécchiablré}ic agentd\R: GfRAGSEd to Tatirk Bligdubibaiesdiridd t he

assay may be nonitored by using a reflective elenent. The reflectlve
el ement uti | i zesmpléprepaxation, ithsadvantageous tepraidiecn mBSDof dialysis irthel disk e f act
that even when the | |gé#d is transparent its. reflective index is

~si'gni ficant| y“’“!ﬂ"ﬁbé pripr.tg the assgy g&“?f“mﬁ%ést‘h@mi&é:ég 6 3 diatysis gait

fl ected back. f d
Corme ot hor i + epeea v Buline d Balyeis el G305 S oo it of BB Bavel (Shgndl oy
et hod of TN bein)bel i i the K YO T gl ook 8O CE,

such as an LED or sem conductor |aser. Such a e powered by the
presence o010 anvaltunes, thedmlﬂbythamdmymideithpﬂmymsmedﬂbﬁﬁe Bl saffictenf f er,

acting to close an electronic circuit. 15 A LC-display may be used to
transnit infor fR&BRRIYTeHUTRRsneeld 08 thersidegfthe membrane opposite the fluid layer.
A column may be prepared, such as shown in Fig. 7, by filling a compartment -
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 putung a filter 29 i in the other end. Examples of potential uses, include separatmg
| sma.ller molecules from larger ones and fractionating hydrophlhc and hydrophobnc
compounds An ion exchange column i is wpecnally useful for the separation of

nuclexc amds from other blomolecules The columns lcnd themselves to other uses

that may be convenient or necessary for conductmg 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
p.osition illustrated and a conductive, metallic foil 35 that is adapted to close one or
the other of the capillarie; 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
current flows. As an example, the valve is made from a thin gold foil, which is

SUBSTITUTE SHEET (RULE 26)



or. DVD-..dri ve .and t- .

pi xels that reflect |light when there is a potential over the LGfilm.
These pixels may be, for. instance, linearly organized, so that in one end
| ow.pot enwadsnassioneeded for the reflection of the |ighPCT/USBMITON »t he
othér end the.potential nust be muct higher for 20 the sane result. A CD or
DVD-drive is able to localize the reflective pixels and accorgingly, the
potential in the circuit can be neasured. Potential change can be due to

E,....an el ectrocmeMlmweéMtbﬁethWO‘{ﬂHMNébt and ds rleetrically eqopected tao . o
| | ectrod ed w h t

hyir bgen petiaesest plectods. WeR i atery O%ﬁx?%i@sﬁéi?fmﬁ%%ﬁqbﬁ@? oki do vi |

change the thlﬁgdghéwe etJtHue?e@u@Jéd AShGtRR iRl gola f3fYs Pe

guantitated o remove | arge partic es such ‘as ceIIs

dust, etc. f&i@dh&ﬁngmldﬂ&&mmﬁwﬁmdmmfommiﬁmw,mm
preferabl y included as part of the -SUBSTITUTE SHEET (RULE 26) V\Q 98F38510

13 PCT/ US/ 04l thabia oxidactivel and nownreadingsis prefared fanmosteperaiens: died - f r om
porous plastiq;gl ass, cross- | i nked cotton; or cel l,ul os These
materi al s migtteskmaY,be deactivy l‘?"&ﬂ‘s""g § ¥give is thep awn qﬂ?gé%tﬂg on the

parti cul ar use they are bei ng put. Plastics, such as Teflon,
nmaybe used & F‘F‘?‘}T\?’m@&él nce chaotropl c agents. are often used to denature
ol i gonucl eot i des during sanple preparation, it is advantageous to pr OVI de
‘a neans of dial ynwofmmm-dmnﬂGWWambﬂOmWMmlﬂte assay

bei ng performed. As shown in Fig

a_dialysis_ unit slgre ared by
putting a duoaieyem:shxﬂemanmm%ﬁqoﬁ& %@W‘WW&P PE:F HFeand -

- bottom of coppar nt formne he d Souht the, -
sral | 100 voﬁ’ﬂ‘%é“’ei’%'ge"ﬂﬂﬁ??g‘rmfﬂ'ﬁ’t“ Pg”%ﬁsr gﬁ?&%ﬁggg&tpﬁe (@Lﬁﬁaysl Ehenbrane
I s usual | y t %ﬁg] Risfol st fof RiversibleNaRiled Ferinktaseesi de of the

rrerrbrane opposH ﬁ}ew ul d&%‘ayer M

the bending of blmetalhc fonls is extremely sensmve to the temperature. '
 Piezoélectric material may beused:as a'valve. Piezoelectricity may aiso be
uséd for measuring extremely small volumes. of liquids, for example nanoliters of the .

15 ~sample can be divided between different assays.

Valve-like operations niay also be pérformed chemically by deposition from
solution of a solid chemical conipoﬁnd 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 caplllary The componhd ﬁlay be, for example, 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 silver ions arrive at the intersection it is clogged,
effectively acting as a closed valve. Alternatively, a capillary may be initially clogged : : l
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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A colum may be prepared, such as shown in Fig. 7, by filling a conpartnment
28 with a desired gel, adsorbent-or ion exchanger, e.g. silica gel,
Sephadex,, etwoddgk® particular material is chosen for thep@aiédepishnl
application for.which it is used) and1515 putting a filter 29 in the other
end. Exanpl es of potential uses, include separating snmaller nolecules from
| arger ones and fractionating hydrophilic and hydrophobitc conpounds. An

i on exchange col UMTheassaypRieid i prefeastilyitilized id R ase@p sibedfithd prédent NUC! €1 € ¢
acids from ot her bionvol ecul es. The columms | end thensel ves to other uses
that may be cdnventionnBriefly, theqssay slepneptfFig; dAincludesp clenyablespacarlar assay. 20

Fig. 8 illustrates val ve, desi te energl ly as 30, that maybe | ocated
in one end of°°éfal€’6‘?3{m°_l§f§aﬁ°‘?°e@gg$6‘h Shetese 59, pel atthe gber apd 6480 ¢ o
capillaries BJ]MEQQ, L.LleQn. ms e ﬁ! [ nd 34,
which are not ¢ argg%qd_rl\ﬁsi' g‘lipgb;eg%_the. %@gse'ﬂfsﬁgn | u'%?%lg g;gsdgﬁ%%‘@

conduct i ve,5 MeligMih ifehide réfledfivel doff sphired Sieddiafiek aRx SHIRIS. A iBEIuaddlafe Woher - Of
the capillaries depending on its position relative to each capillary. The
;25 metal foilrecognitionsiethents 634,63b, henaftef refeed cogs sidearmseoshivinge covalently rent i s-
flowing and operates to open -t hgﬂgrevi ously closed capillary and close the
ot her capi | | ardftaghedio each spacge such Bk the one sideamp dsponacctedio egelt side dfsherade from

athin gold foil, whjchis.S fl w E SHEET. ( RULE. 26). . WO 98/ 38510
PCr / US/ 984377 Pacer's YP@SH%%#%%";P’%‘F‘E?E °§5§ﬂ¥§‘5‘ﬁ%é%&“ et
capillary and geSe; ' e L Y When t he
battery is actlli%/gtﬁgﬁﬁig%gﬁgéﬂ“ ge%qég,%@gﬁd}é%&n@gg%@kgﬁ&e‘& m@*’%@écéﬁﬁgﬁt%‘ét rode .
and attractted The dsiuy elinitts mlydelus@It0 ettt the predikt of dhCan@i9tethndl Oechteias Pressed
agai nst the other outlet. OQher conductive netallic foils nmay be used, but

4 5 netal thatsignsl therwafibrough cither 2 positivanmmogitivg recognition event@ig. #4). Host
RS RC AR U R RS L
; both sidearms 63a, 63b resulting in the completion of a connective loop 67 between
" the:two sides the spacer bisected by the cleavage site 64. A negative recognition event .
15 (Fig. 14B,D and F) occurs wher_; anq.lyte 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 polsitive recognition event is followed by cleavage of the spacers, an
| unbroken Iconnection from disk fo reporter element remains intact (Fig. 14E). On the -
other hand, cleavage Qf the spacers in an assay element following a negative
20  recognition event lresults in the reporter elements being disconnected from the disk

(Fig. 14F). Thus, negative recognition reénlts in loose reporter elements that are

| easily washed away whereas positiw}e recognition results in the repofter elements being
‘ retained in their discrete assay sectors. In either case, the results may be observed
immediately by CD-ROM or DVD reader.

25. Purther embodiments of the invention are described herein that utilize both
i
; reflective or opaque reporter molecules, and positive and/or negative recognition
; events to carry out a 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

i
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The | aser of CD-R

“"objects to high tenperatures, even to 600C. The power is strong enough to
puncture 10 holes in several materials, including plastics. Plastic should
contai n gydygassisat absorbs . the laser light. Thermal @gpaswNeT’nay be used
for' reversibl.e valving. For instandé, the bending of binmetallic foils is
extrenely senS| tive to the tenperature. Piezoelectric material maybe used-
as a valve.: Piezoelectricity my also be used for neasuring extrenely
-smal | vol um@aiﬂielsquds Irf this cesepmpissivemecoghitioeevenyesultadnthe. 15 1 sanpl e

can be divided between different ass ys. . Valve-Ilike operat]j on may al so
be perfornedlsammapf?‘?WﬂﬁﬂB‘l"PF IFFBFS““%FG?WPW&& e cal
conmpound and/ or dj.ss Jeutl 0 a deposited, solid conpound.”.Th-e first
outl et of stFEPREr® d by deposition of a chem cal conpound

i nside the capillary. "The conpound may be,. for exanple, silver chloride. 20
The chloride i Of’ém%bsﬁsleieﬁbbdimmbﬂhé hsshyielahemdmcﬁbedherdimdmmar ate side
~capillaries are pure water .and:silver nitrateé.in water. The side

capi | | ar § esindlude clenvablgispaers ithisidehms. hmch ﬂmw Sﬁﬂﬁ?mc? he silver

nitrate are added to the main |Uld e ai ni.n hi oride. The
monent the of the BBCD isroated by (g P“’{ﬂ%bl'ﬁl' ?Eb conn og&Qed '

| ?LT telc;: llye/l >c/ oA %@é“o%heﬁ% | d#k@%ﬁﬁmconpound sucgagsbe

sodi um chl ori de Addi ti on of any aqueous sol ution di ssol ves the sodi um
chloride clog and the capl I'lary is opened. SUBSTI TUTE SHEET (RULE 26) WO
98/ 38510 PCOphintSpherdsyas Astdy Ele Jthssay el ement is preferably utilized in
the assay site of the present . invention. Briefly, the assay el enent

(Fig. 13) includes a cl eava cer Yok ' one end 60
to the disk surfﬁ'&@"%’sé‘ﬁ'cf mfsﬁgea%f‘ﬁie?pltgng%g'?gkg %%?Pg?me ement. 65. .
The Prehfr I GenpaRAtuRL of ulTBED? THE Btiati6 ml) ememmmm bfue |

'. " particles are boundto a reflective surface. This appmachlsespeezally 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 metal layer as 1t is done in convenuonal CDs. This information may include.
15  spatial addresses or other information related to the assay. The metal layer is further .-
coveredbya plastlc layer. This is then aminated, as described previously, and instead -
of gold spheres, large latex spheres 58 (IGSO pm diameter), which contain a dye, are
attached to the substrate via spacer molecules as prevmusly described. These latex
spheres are partially coated with recognition molecules as described above for gold
20 spheres. Cell reeognmon binds the latex spheres to the substrate even after the
spaeers are cleaved, and the dye in the spheres prevents the reflection of the laser light -
from the metal layer. Alternatwely, 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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5 herein include reflective gold spheres or opaque | atex spheres. Al'so
included are two recognition elenments 63a, 63b, hereafter referred to as
si dear.ms Whiyedpogds8iocOval ently attached to each spacer sucpc}w one
sidearmis connected to each side of 4he . spacer's cleavage site The
preferred enbodi nents of the 'sidearns described herein include

ol i gonucl eoti des, anti bodi es and ol i gonucl eoti de-anti body conjugates. 10
The assay el enents Hﬁiﬁ%?ﬁﬁ@eﬁ%ndﬁﬂﬁ%ﬂﬁ%%ﬁp%e% h&BAh& and. .
create a signal thereof rough either a positiveé or negative recognition
event (Fig. l4donnestedpwith the IBCPdefogniht assay,butart added afterlithé\cells afesbulid tooccur s
when an anal yte 66 binds to both sidearns 63a, 63b resulting in the

conpl eti on of theBfRedbe lntex sphyse mmone%%ﬂde%nhetemmlmgwpam

e D ana 7) " BUARATHS e s AR et SRRt T el P
si dearns 68a é%e geg&gls,gg {ydhgedr}&]&mpe %Wewﬁ?ﬂf%% r%anﬁrtwo si des _

of .t he spacer n a p05|t e recognition e y ¢l eavage
of the spacers, unbr oken connection fromdisk to reporter el enment

remai ns i ntact (Flg 14E). On the other hand, cleavage of the spacers in
an assay el encGompleingntesvBindingofSpacere 20 recogniti on event results in the
reporter elenments being dlsconnected fron1the di sk (Flg 14F). Thus,

gﬁgﬁih@@ifﬁﬁEli&’%&M of B shies bRAAE.f o b ik B sZ?r;Ltys
esults mmy bo Bl e SRl é@**“‘ﬁ%&%@% Further

enbodi ment s of subkteaté mmadsmﬂemamry@ﬁgmwbeddda,abeuiak tdie refdnkdated ah@xtiix .
reflective or opaque reporter nolecules, and positive and/or negative

recogni ti ol easssnis corapleted.r Yhespacess m%um@mmwbbﬂeemmmgor
exanple, in so assays th ear be conn t ed be e.a sanple is
added and bi ncﬁmﬁ ropic $e5Rts, ﬁ:&’?a‘f‘g E@tgﬂx %E‘I@RSL sl cambe vy
9838510 PGI/ US&%Q&%&: disk retains the ohgonucleottdes that were binding old spacers. All

ohgonucleotzdes on one assay site are identical. They may be different in different
assay sites, or t.he.y may be identical on the whole IBCD. New spacers having
15 oligonﬁcleoﬁdes complementary to thosg on the IBCD are a;ided. After incubation
: ﬁe complementary oligonucleotides of the spacer and the IBCD hybri&ize. The
' €XCess spacers are washéd away. In thié case the oli gonui:_leotide sidearms may be
_attache;l to the spacers before the spacers m'nttacﬁed to the surface. Gold spheres are
then added, they are bound by the thiol groups or disulfide bridges of the spacers, and
20 tﬁediskisreadytobeusedagain. |

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

SUBSTITUTE SHEET (RULE 26)



16 di sconnect th — -
results, in the. disappearance of the reporter elenent, while a negatjve
recognition event results in the. . reporter elenent being retained.
O her poswdnsasssiabodi nents of the assay el enent descri bedrtigssesn? do not 5 .
i ncl'ude cl eavabl e spacers with sidems. In one such alternative scheme the
surface of the IBCD is coated by netal, preferably by gold, and the
anal yte connects the opaque particles, such as |atex beads, or dye | oaded
- |'i posomes omeagkms prseagents grersiored in seprsvie chamemrapd anganipedowith the gample <™ previ ous
may- el enents .are based op the binding of reflecti rtlcl to the 10
t ransparent @Ff‘éﬁ"éveﬁfm?ﬂ’@s%mﬁ%gg?f %Fémté%g&e)ﬁﬁéé\?%r@&e so that
opaque par %Wae&ﬁ&ugﬁy rildiktfdnl tBlid YeRerstel b6 Bhotddibde. ARF @BCH i'S
especi al | y advant ageou en large cells are assayed and is illustrated
general |y i andobition eriod'theeiniple fsitransfervediinmcthe cuveiticorihe tahsmitsédaort.i ¢ - sur f ace.
I nformation may be coded into this-netal |layer as it is done in
convent i Snalemitizd lightis measurest hysa photodategtor. Ja thigiivention the phetodstectords esses or

other information related, tg the ass The netal layer is further covered
by a pl asti dnqskidvan y oside the CD ar BYPAVe s gescri bed previ ousl'y; and

instead® of gold spheres, large |atex spheres 58 (10-50 pm di aneter), which

contain a dye, ajffme fHuicds iR dpdcRophidRoniethe dssis re\hcdt sdvadtageotisly €CUl s as

previously described. These latex spheres are partially coated with
recogni t.i on photlodioddses samicoteinctor lagais. b tspossible togis the Jightsouese ofthe CBI. |
recognition binds the | atex spheres to the subst r,ite eve aft%the spacers

are’ cl eaved.or BYP drive. dowever, ngﬂ'é?"égsmﬁm@ Y RO VEAVEER of the
dye. and Mo SPETRPHES) e o rod (RAE 15 ol Rbjefini o be COBEBRET, 1T 0FE™
the spheres By RGed) #fe bhbRAFRE bi 18fer i Wig A5Sigvepladdll By o iwot.r Althoagl peci al i zed
i nstrunment and w be tfacilitated by blue |ases .
several assays can be performed by using infrared or red light, it is advantageous for
- mc‘ist. apﬁlications to use additional light sources. For example, an Array of -
| pﬁi;todiodes can be fabricated so that red, yellow, green and blue light can be
| 15 | generated. It is possible to designa photodidde for any given wavelengih and
o accordingly, the number of 'phdtodiodes can be up to 300 to cover the whole.
UVhvisible spectral range. Laser generate more power a;id are better focuéed than
. photodiodes and they are preferred. ESpecialfy microcavity and nanodot lasers are
ve:ry small, and they can be fabricated to emit almost any wavelength. The light
20  sources can be fabricated as a module that can be attached onto the disk before and

removed after the use of the BCD.
Unit tio]

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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25 when they becone available for use in CD-ROM or DVD-readers. SUBST1TUTE
SHEET (RULE 26) WD 98/38510 17 PCT/ US98/ 04377 In the sinplest version of
the cell dewwopgngsioassay, the | atex spheres are not conn ogMabfy t he

| BCD Before the.assay, but are added @fter the cells are bound to the

| BCD. The | atex sphere susperision i s added, the recognition nolecul es on
the spheres bind to the proper cells and these cells are immobilized.

These | at ex spher eCéntrifagal fdiedis kit mhdifs Srbisbed Yo trafdfes HeuidSin BEIDULS S &) NY t he
CD- ROM or DVD-reader. Convlenentary Binding of Sllers One drawback of the

coval ent bi ndi alsp befusegfor centrifogationawhiclhis inipoitant svhen callsass separated fremer at ed

after the spacers are ¢l eaved. f the spacers are instead connected to the
substrate V\ntl"lﬁﬁﬁﬁ‘?pll%%%‘f”é?’ B g’( 3‘ ﬁh@'“ﬂﬂb‘k"m%@t*Egenerat ed

after an 10 as% corrpl et ed. The spacers or their residues are renoved
by heating or by u5| ng chaotropic agents. The dupl exes that bind spacers
are denatured and the di sk can be cleaned. The disk retains the

ol i gonucl et i des t Ha thewminsfedufliduids, orded afid titiighare Mhportaft, 9 GrIeh H¥utedBE ON

one assay site are identical, They may be different in different assay
sites, or theypmm;smenmmwenmmmmmdm sychagillusteated ing 15

oli gonucl eot i % ESlc) | ement ose on the | BCD are added. After
i ncubat i on ﬁ'g‘B 'y b Fymaicapiliariesnifand 3Zrare t he | BCD

hybri di ze. The i s c se t

ol i gonucl eot i d% % ear rf'gg%acfgﬁ Y a%%ac?ggv@ i%ihethg'ﬁétage gﬁflﬁ% spacers
are attached tig bbwf@f&mﬁqﬁﬂnwmm%%M1m%f g Adwan@ouUNd
by the thiol groups or disulfide bridges of the spacers, odﬁlﬁ 8 tﬁle‘&)dl sk
i's ready t10 betypisally ingraiered Kydraphebit £ The otherariaif chanAbl chrried direapei® o et 1'i C,
fluorescence or chem |um nscence assays. A cuvette in the BCD is basi cal | y
a capi | lary t huguid gmp(ge(&tygwaﬂy is hydrophilic. The connecting capillaries and associated

cavities may serve to store the reagents, gcnera.lly designated 41, 42 and 43, and
maintain their relative locations with mpect 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 hql.uds are separated by small air bubbles to prevent
x | nnxmg, unless mlxmg is desm:d To prevent pressure gradients air capillaries are
. connected upstream with all liquid capillaries. To further prevent the liquids from
entet'ing the air capillaries, these are hydrophobic.

20 Mixing of two solutions is performed by merging two capillaries in a 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.

i _ 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

SUBSTITUTE SHEET (RULE 26)
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bet ween_a_li.ght sour . B

and wavegui des. The nunber of cuvettes in the BCD varies between 0-10, 000
and nost 25 advant ageously between 0-50 per assay sector. The sanple
arri.ves. i woosh#ste nost cuvettes via a sanple preparati RETABHMET. These
charibers may contain prel oaded SUETI TUTE SHEET (RULE 26) wo 9sr3ssio
PGTN898J04377 18 reagents or reagents are stored in separate chanbers and
are mixed with the sanple while it arrives into the sagﬁabyl treparatlon

chanber.. Sainunty betweend Hgand 1:10Q50 Bet thedislygisoot@ieptiatys. nf rared
radiation that is ge%‘gat ed by a photodi ode. After the. i.ncubation peri od
the sanpl e PWPPseRitdTHBAPE ni o the cuvette. The transnmitted. or .. 5

emtted light is nmeasured by a photodetector. In this invention the

phot odet ect or i Sgg naﬁ acky aRligHachaigy chrémhrgraphies £Dald podsiéRR. dihieve. - Li ght
sources for spectrop onetrlc assays are nost advantageously hot odi odes
or sem conduﬁ{@gniomasspednesarsﬁmmmttdwmachrgmwmwwaéé‘&?@ &f the CD

or DVD drive. However, currently, these instr t.S ugﬁ nly.one wavel ength
t hat 105compﬂmomsmte%yqsmm§woeﬂ¢@aﬂawy g A VNG 8?‘#%{? -li'ght source

of the CD or DVD drjve bRfdEntor laser in Fig. 15 is
repl aced byﬁéctfﬂ"ﬂ"@y{’e lﬁ severz@i&Pchfggalg{sil can be performed by using

infrared or red light, it |s ad_vant ageous for. nost applications to use

addi tional IightH%@Wcﬁaeelmauyeuppamdtmwmwswwn be- :
fabricated so that red, yellow, -green and blue |i htwégn be tﬁi’i enerated.
‘It is pos&labmtﬁﬂﬂphsi@hewlmosm W@?V&Hﬂ oIt SIFR : o

accordingly, the nunmber of hotod des can be u o) _ he whol e
UV vi SI bl e” hpateun- ficatingpay LCEmELIg 1908 g%év{e%?(’g‘atga aré %?{opte'r focused,
t han | odes. an ;Q'gx F“mﬂ% aumg AifeResty idty and -
nanodot B g? g@g’ S%ry stntn anéﬁ{%ey can be fabrl cated to emt al npost

any wavel engtdbirclit. Al tikbtalfio eRBIAtdIES vern simpte thedmastattherkan sloge meittite t hat * can
be attached onto the di sk before and
- belowapreset temperature and open it at higher tempcratm'e .Another heating

mechanism is provided by the laser'of the CD or DVD-drive. E-specm.lly,- CD-R-
drives have powerful lasers. Either'ﬂle top-or the bottom of the.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 reﬂectxve layer. When the temperature of the cavity 1s ‘helow the .
main transition temperature the liquid crystal will scatter the light and no reﬂecuon is.

| observed. Above the main transition temperature the hgh; is rgﬂec_:ted 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 goldfilm. 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 altemated ina

25  cyclical fashion, either in one cavity orina serially alternating sequence of heating,
and cooling cavities. This allows PCR amplifications to be performed inside the
IBCD.
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renoved after the use of the BCD. Unit erations Next are described the unit

operations: centrifugation, filtering, transfer of |iquids, mxing of
I'i qui ds, .di §owgisgsiecol uim separations. heating, cooling, W%S
convection and gl.ectrophoresis. SUBH TUTE SHEET ( RULE 28 /38610 PC

r/ US98/ 04377 _ 19 Centrifugal - force i's the main force used to transfer
liquids in the IBCD. It nay also be used for centrifugation, which is

i nportant when cal Efec@bnSEition,d@toplddsis dikd ibeRetrik fodulthg nfaf 86ch bel 1 S.

advantageous to include a filter with the sanple intake container. . 5 In
t he transfer ofilizddgu paisiculer ghplicatiots. t Inivlectyoconeection tetnsatdrial isnransfekeed t 0 i Nnsure
the proper sequence of arrival to a certain reaction site, liquid trains,

such as i || ustReRTYiRg tosEparaty it ipigFomponenia inelectiopherptis b seraratienis he wo nai n
capillaries, 36.and 37, .ar ravi ded .t.hat..are in flui onmuni cation with
each ot her vi FXBRHREH @egﬁﬁgf%‘ﬁe‘gg{‘;} %g,bgéhea'ﬁﬁc’ ﬁ.gd&?gpﬂ%e nai n
capillarieg i il i@y AistdnCesHré \ tﬁ{iﬂm doRig! 1y 1's
Fender ed h)g/drop 08?%1{' The ot her nal n?égzgﬂ]ﬂéﬁeggﬁa}g;ﬁ% e r%‘éé}ents %ﬁ l'iquid
form and typi déed pryper elebtysihorsis! FOrthEmmmﬁﬁidntWﬁinbﬁﬂWis

associ at ed cavities may serve to store-the reagents, generally designated
41, 42 and 43 faidyshortandmay be anithe erderofde§ mimtescortevemisssitharhl minupeect t o each

other. The flyjd_ compartment, to which they .am directed and their timng
of delivery i lsﬂseﬁ'if qegpvestion mAY ?P?E‘Eﬁ@géi.f%sﬁ“%ﬁ%ﬂefm,fws% ze of
the capillari . %EQ@H%' '?gﬂ't Lie Al §aggthe
Fotational sz:gsc&lo.&%%. e drs q#ggn; qui’gll sxé’% seg?itr% é’% y sr%la?“g?yr
bubbl es t qopr ¥ pithllel Ehpiilsies, d48h 66Whith Yoriifind Sdiffeeht tilfer SRR RY ST Ehadg&SSUT €
gradients-air capillaries are connected upstreamwth all liquid
capillaries. TBoadualiy. s jsrdemenstrateddn Figql6.d& largeopart of the buffer will remain in
: - the capillaries and this will guarantee the existence of the pH gradient during the

isoelectric focusing. After the focusing is completed the components can be moved

-along the capillaries by centrifugal force or-an orthogonal electrophoresis can be

15 performed. This method allows almost complete fractionation of human plasma
proteins (Anderson, Tracy and Anderson, “The Plasma Proteins,” 2™ Ed., Vol. 4,

" Academic Press, Inc., 1984).

A paﬁicﬂarly adVaﬁmgeous conﬁgtmﬁcjn 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 chahncls at ﬁe assay ﬁm 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
ht.ls 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. |
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ent eri ng-t-he-air capi-H-ar-es—i-hese—are—hydrophobic—20-Mod-ng of two

solutions is performed by merging two capl |1 arl es in a Y- shaped formation.

Thi s al.one provides good m xing. To guarantee nore efficient mxing a

. capi.ll ary waysdgaoe snal | periodic enlargements after thecoesgmsart nmust be

noted that rotation of the IBCD redits in efficient mixing in the

- containers. In dialysis the liquid is in contact with the nenbrane :

~containing the buffer. 25 The nol egxAMPLEE ght cutoff of the menbrane may .

- be chosen+to be-:bet ween ' .300< 5007000 Delton. Because only.a very thin. layer!

of the liquid is in contact with the di aIyS|s menbrane, the dialysis is

- very fast. Hovvever the ratig ofth [, |§__u gé% bgffe SUBSTI TUTE SHEET
(RULE 26) W Seel _"Jn’u»lu_m;,' HEQ. Q0 en 1:10 :and "1.-100 so

t hat the dlaIyS|s is; .not quantitative. For m)st .. . purposes it is

sufficient. %@'%%nﬁ&gﬂﬁ‘w%&%ﬁﬂﬁsmmeﬁmﬁﬁyﬁr e 2l |

possi bl e. The va us nol ecul ar species are fractionated by the

chr omat ogr apiis. THigcutiiads Sitisferieinto the containmidehiated/“Samplerin? gidthedisk n
conventi onal chromat ography.' Using a valve, certain fractions may be

" sel ected ﬁndsmtdémhmmphmﬁmndlwﬁ%wmmmgfmgswt@nne o

el ectricall U nd _ des are,se d b out 500 m

|f the sol u%/‘? lﬁg‘@&%‘g‘f“ éth %%%ﬁ%ﬁ%‘%‘ﬁ%%'ﬁ?’%%&ﬁ’%‘ﬂ“@m ted ‘and
heats up. . fefb mg%ﬁimg.% 54 o R, Oy i BORP IS BroRbdd 1B ef T OM t he

battery or from. al ner. Constant. tenperature can be achi eved by

i'ncluding a ¢dadinepadnatedi“Simple piep.”cOptinvally, yhis donkdimar hay be headdn@tnt is -a very
sinple thernostat that can close a circuit below a preset t enper at ure and

open it at hshgwain Figwo)rAferappropgint ingybation the flisk ineisteds, qtbesqmsm ded by
the | f the CD VD- d d ful
| ser . M ¢ Hafmansted o e coRBIOBHRTRE cpsoihitiep 2t o ot pifca ieigsad i T

solution delivered from a side capillary. The mixture is allowed to incubate in the

“Sample sep.” container which has two gold electrodes and a valve as has been
illistrated in Fig. 8. The lower electrode is coated with spacers having isothiocyanste -
end groups. These bindlto the thiol containing olilgonucleotidw several of which are
15 hybridized with the sample. :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 ﬂew 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 ﬁrea and the two sidearms on the spacer molecule are
connecied, if the sample contains the proper oligonucleotide. The labile spacers are
cut. If spacers contain siloxane groups the cutting is done by addition of fluoride ions.
The loose gold spheres are washed away by rotating the IBCD at high speed. Reading
may be performed immediafely.'

25 ' EXAMPLE 2
t for the i0 Ce| d Viruses
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15 liquid crystalline filmthat is isolated by a transparent |ayer, if
necessary. On the other side of the cavity is a reflective |ayer. Wen the
tenper at ur e ywhoddygiocavity is-below the. main transition tgsResaolyrs t he
liquid crystal wi]l scatter the light 2and no reflection is . observed.
Above the main transition tenperature the light is..reflected back and the
heating can be discontinued and it is |less effective anyway. Cooling is
preferably 20 provigieshative efibstifientsTofthel hssapéletabmttescribed elsdwhtrediefedi gt i on of
heat by the presence of a dissolving substance. The cooling solution and
t’he sol ution tueﬁkfmdul@mmmbmdmdmldgyceﬂsamimhqlpmﬁbhuﬁmtmpper,

silver or gold -film Cogling may al so he produced pas ve air cooling.
This net hod co@@%?ﬁpbgmstﬂm% Eﬂ‘tﬁm%ﬂldth‘?‘é?‘ eh$Fhoses this
i's enough. Coolin nd heat i may _al so e alternat ed 25 cycl i cal
Fashi on eitheéwﬁw@ n Y ‘we*gw eﬁ'w‘ﬁw“‘fﬁ#&ﬁéﬁﬂw Force of

heat i ng. @%Ltmessqmﬂdsga oagPu caPdrired'shabe, be
per f or ned |nS| e the UBSTI TUTE SHEET RULE O) WO, 98I 38510

RCr / US98/ 0437 TTheir ﬁr@eﬂfh&ﬁén&ﬁﬂm“mhamumekelmgmhgnmmmmadmaml c
f'ocusing may each be -utilized in particular applications. In
el ect ntonvect i feers. [Ehesepathagens aresmallgnor abopttle swqmthergnlm@hms w@m ate it

%ﬂé%é‘sg‘?z{‘??fn @h&eﬁﬁ%ﬁ“%@c%ﬁﬁén o 3Rbsragr ey Tratia Yo °°
convecti on. &?s%og{hﬁeaﬁfﬁiﬁn re5|s Iiho eI @Demhlﬂ@%l@trength

i's sufficient proper el ectrop r the sane reason t

necessary ¢ mesghere xmabﬂﬁtﬁmelsﬁac&ﬁluhmdmﬁﬁﬁilﬂﬂ The/gdkesphrelid@tacheder - Of -
1-5 mnutes, or even less than 1 mnute Usef el ectroconvecti on may be
performed in fmwmmbﬂﬂbs&amdofﬂmmm@dmﬂebubthee@hmndofthe

el ectrophoresis in_ a e%radl ent H gr adi ent ybe created by an away 10
of parallel caﬂ?‘F‘F’d’r*’@Sh é‘&@?sb‘lﬁ%?f&?sm?ﬁ% @W‘H‘Fﬂ‘%‘f"’éﬁlﬁ‘sﬁm@ so :
t‘;hat the pH Ch%lr\lﬂgiyplcal cleavage site 47, for example a siloxane moiety, as has been previously

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 attai:hed 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 oligonucleotides 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 excépt that they have no attached sidearm
i molecules. When the cell for example amrives 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

; ™ d
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..gradually..This is- -

remain in the capillaries and this vaI guarantee the existence of the pH
gradient during the isoelectric focusing. After the focusing is conpleted
t he..conmpowersssssten be noved along the capillaries by ceewussgwgz force or
-an orthogonal - el ectrophoresis can b@%15 performed. This method all ows

al nost conplete fractionation of human plasma proteins (Anderson, Tracy

and Anderson, "The Plasma Proteins," 2d Ed \ol 4, Acadenmi c Press, .I nc.,

11984). A paspacenmeleque is aleavedcthe gold M‘FMW?) sFpteanddbe site s

and the. rof PEREEG B pil aty S SRR alerf iy RBIRM b e PR Bl 700

linear arr aﬁ*gﬁﬁ% hﬁm%wa@mbe’od@&w th&'gol@ BsheR! doePiidt rédfaid he

capillary c at.the assay site of the di sk. As has been descri béd
anal yt e bi ndached folte suipstfats andid emovels t hat have side arns receptive to or
conplenentary to the analyte (as illustrated in A) and after washing the

anal yte that has bound is |ocated at specific, |locations of the,array (as
il lustrafed in B)‘-DUWSQSMB?%E"@SE'@”&F‘ %@%ﬁeﬁ?‘@? %é‘e

conventi-onal addr %:Qﬁ’hfm Q%’EP% di sk
readers and 52508 g’software as een gescrl b E SHEET

(RULE 26) m&%&amd RE hsdhaPd We3dhe tidid (50NN mwmmw .
A igonucleotide Analysis (Fig. 2, Assay Sector) A sanple that contains DNA

is mxed w igloupoek lham&tec&bomhﬂfeﬁtheammbmps musedcfetﬁlsattarhmmtsf)l ution i's
transferred-into the container denoted "Sanple in |sk 5is
rotated. Théhesaraerse The °ﬂ‘ﬂ‘_!’éfr‘éﬂsesmk'éﬁ°“$‘f’ﬂ“ 5‘°"ﬁ°§]f’% % Merent ary
Ol 1 gonugl e0 | RS nitiat molodhds AR i auFiBl St BED &egmmwba w&se. to be .

analyze

at the same time as spacers Altenmtwely, if the recognition molecules are specific

for each assay site, they may be dispensed locally by contact printing, ink-jet printing
or microcapillary deposmon.

After the gold sphcxes are attached to-the thnol groups in the spacers, the other.
15 rccogmtwn molecules are attached, also via thlol groups, to the gold spheres, For this
- purpose these recognition molecules are first conjugated with a spacer containing a
protected thiol or amino group. The amino group may be derivatized so that a thiol
group is introduced. The v:arious 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

SUBSTITUTE SHEET (RULE 26)
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and al so have a thiol group at one end. Hybridization is allowed to proceed
in the container denoted "Sanple prep” Optionally, this container may be

heat ed. (notwoyaRy¥slei N Figure). After appropriate incubati Ggrdsdgedrsk is
rotatéd. Wiile the sanple 10 is transf@g&red into the container denoted

"Sanple sep." it is mxed with a nuclease S solution delivered from a.
side capillary. The mxture is allowed to incubate in the "Sanple sep.’

contai ner whi edtofitiod walegﬂhdcanlmwmﬁﬁeeﬁﬂdloapuﬁtuﬁdaﬁxefgam sBRG8 to the -
illustrated in Fig. 8 The lower electrode is coated with spacers

havi ngi sot hi osyrfasa éthe dBER: Afiss cleaviegsthe spaget, the goldsphir: id retained andhi ng

ol i gonucl eot i des sever al | C 5 hybridized with the sanple. All
unhybri di zed. ‘f &Pgﬁ] ﬁxgt'%ﬂ&’ﬁnd washed away. The battery then
becones operatlonal Thi's is adjusted by the speed by.which . the acid and

copper i ons 10w i Bloguififcif/BR ttehék oBbyhiriob 1RolE AN R satle Aty Uik ady s DOUNC

ol i gonucl eoti des are released and the valve 1s swtche

ol i gonucl et i aged. AThe alivantdge df thixtappioach is grtpll laiowh mithing bf & értaithpathogae Ubat i on
20 the 'ligase arrives into the assay area and the two sidearns on the

spacer nol eculsliecmma}'cbstdm@dnOnﬁassﬂyéltsa'ﬂplmwmsalsh@ﬂmboper
ol i gonucl eotide. The | ablﬂ"f Qacers are .cut ace,rs cont al n sil oxane
)

groups the cutpapgenzed %W?PBFPWER?FVH mplgeuleg;nse gol d
Spheres are washed away by rotating the IBCD at high speed Readi ng nmay be

per formed i medi at Nl Farl TR on of

Cell's and Viruses q.kSﬁL!JIIESBSc‘:I#'I%UTE SHEET (%%EE%@S\&QM?Q%&;B%%@@g%7 23

Al ternative eféraflitotiiifs alf rehgontsand aplyshersample isladdzd) hiedn bé adlecimidaer ei n-

are useful for the detection of viral and bacterial particles, cells and
ot her par tifc| deborateries raspitals; deaterst offiees; and in tiedomec lbomeiuss theinforpatitne s,

ant I gens and thebI ioagedturx]t%ta Jz)ctorsoﬁ'lecevmthe internet. The IBCD can be designed so

that the genetic signature of each patient is measured every time. About 35
| polymorphism points are enough to give every person a unique “bar-céde”. This
eliminates possible mistakes due to mixing of tubes or labels. Assays that can be
15 - performed include, 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 mlonitoring. pathogens and

toxins in a battlefield.
20 EXA E3
Turbidi ic pssay of lipase

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

25 colipase (0.5 ug). Two microliters of serum is taken into the sample preparation
chamb& (using apparatus as shown in Fig. 17) together with stabilized triolein and
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_descrihed prewv e .
having a 5 di arreter Iess t han 0 5 pm Bacterl a are commnly ei t her
spherical or rod shaped. Their largest dinension is less than 2 pm

excl udi ngwiooagssié a and other simlar external fibers. Pdrassssg@arhogens are
smal l er or ahout the sane size as tZhe gol d spheres used to detect them
and their interaction with two sidearns of the spacer may be Iimted. For
this reason these sidearns are connected with the surface of the |IBCD and
t he gol d 1omhmmunmwmmmm5uhﬁs§mem%M'mmm Beqagg. 11.

The gol d sphere_is attached to a s cule 45 at o end of the ;

spacer nol e(!bfl%“m %"M(S"ﬁ‘t ﬁé H@%i‘l‘é"“‘? 'ﬁ@d”?‘@“& he surface -

of the subs te Rigcal
HrlE 0oy, Al g&g,ogqﬁ%mn%&ax

cl eavage si oxane noi ety, as Hs een preV|oust
descri bed. hﬂmggggf e dcfivity.i or descri bed enbodi nents where the.side-arms
are 15 attached to the spacer nol ecul e between the substrate and the

. cl eavage site and the Eyld sphere and the cl eavage site, side arns are

attached5to the il thipi moarms basndrscribed withreapeskto some sesifier at e. - For -
illustration DOSES, nucl eot i d d .49 are attached
to the surf ‘BF‘“’{“ﬁ'e‘t’s"‘d'B ?%é'ﬁtrfﬂo‘%#%é %tafgag"‘gtfngrﬁdﬁ are
attached to gwm‘ o.w%mea the & af P neREd " |

ol i gonucl eot’i €S ar egg conj ugat eésjvm t rrerir‘i)ers of a speci f| o b| nd| ng pair,
desi gnat ed afs iaeludedvithixthe atpe oBthe elatimeigpanded ettto. t he ol i gonucl eot i des on

the substrate and the gold sphere as illustrated. This-gives nuch nore
space for the cells to bind with the anti bodies or other recognition
nol ecul es. The spacers each still have at l'east one cleavage site. They

are, in all respects 25 identical to those described previously except
that they have no attached sidearm nolecules. Wien the cell for exanple
arrives at the assay site, if it contains noieties that formspecific
binding pairs with their respective conpl enentary nmenbers, a connective
| oop is forned between the gold sphere and the substrate. \Wen the T6
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SUBSTI TUTE SHEET (RULE 25) W) 98! 38510 PCT/ US98/ 04377 24 spacer nolécut’e
is cl éaved, the gold. sphere is retained on. the substrate and the

presence of _W@Mol may be detected as previously descr.i; g i f
no specific. I nding pairs are formegy upon cl eavage of the spacer, the

gol d sphere does not remain attached to the substrate and is renoved. 5
Anti bodi es or other recognition nol ecul es e} SRELTARASBEEN] t he substrate.
in a... mnneimsaiidtlafhede: t hat wth whi c.thhe smﬁm are Et tached.. Al
spacers on the IBCD are 1dentical and are & me tine to the
am no groups or anal ogous active groups on the surface. About half of the
am no groups ak.e ugerbptical diskcadapted thbeeread by an ofhisalypades compriting ofiser hal f s

used to couple recognition nol ecules to the substrate., |f 10 all
recognition noeeeThavinggsubsiantially felf-contpnadiassay moans.fop binding opFeacting @y nay be
attached at the same ti spacer s rnativel.y. i.f fhe .recognition
mol ecul es al’e.% P&‘eﬁ?@}&_ ag&g&;t@lr{lg?s?ﬁ eéyg‘ﬁﬁy ',edtc}f’%ab‘gﬁglla €l ocally
by contact §ri gk 3btor dndopli6rally aisBiohd Sectdd cofftaiminRntrbthdand RP O dubfiy Af ter
the gol d spheres are attached. to the thiol groups i1 n the spacers, the

ot her 15 recopéadsaypdndanalge ddcatominformatiae With respéct @ oticdr iforednalytesups, to the
gol d spheres. For thi's purpose these recognition nolecules are first

conj ugat ed wi t¥specteg afbaing i samplenircessible toageadsr) andwhercigthepresenceproup. The
am no group may be derivatized t hat .a, t hi ol roup i s introduced, The
various recogr#"??‘lﬁmﬁ'bf émgt“?@qﬁ‘?“ﬁ?fsa@mwgleg’ﬁﬁ‘%ﬁ% ? eQntrgl ¢

di spensed in \Phtic infofmkttdt W th which the other recognition 20
ol ecul es mrgmg@?ﬂtggid&*%?ﬁe surface of the IBCD. The recognition

mol ecul es may be oligonucl eoti des. These oligonucl eotides may be further
hybri di zediOm t2h corifhe opuical disky ofClaiyo b shiichcihcludes|ai seatablesanipte enyportgmt es. Thi s

approach allows attachment of sensitive and reactive bionol ecul es,
. fluid communication with the assay means.

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 sampleto 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 thé
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 information 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
I 25  computer.
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for exanple, p ' A ' ' -

recogni tion nol ecul es bound to the gold spheres are free to diffuse ar.ound
t he sphere al thoughethey are tighily bound. The cell that is recognized by
bot h  SUBYKSRSEH0 SHEEHIS (SNEEE HAS)BERWD| 98/ 38510 PCTJUS98J0BGIUSISBGTT ecogni ti-on
nol ecul es conpl et esf a CORPRIACEY € qu@that bi nds the gold sphere to the
surface of the | BCO™~ AfTer cteavrng the spacer, the-gold sphere is retained
and detected by ‘the-CD-ROM or'BVD reader. . A multiplicity of different :
r'ecogni ti on 6ol edhe disk pFClaml Whersintheassayameans pemprises 8 Buid somge mewnsadvant age |

of this approach js that all -kno t,an of a certain pathogen species
may be det e@ga%ws@ﬂ%dg?g&fom@%g, Ous mutants al so may be

- characterized on different assay sites containing specific recognition

mol ecul es. The 1BgEdisk ofCli & whér@in thehhill frédisferinicahsS comftiged axapifieryand in its
nost advanced “formit contains all reagents and only the sanple is added.
It can be ugiaet.in clinical - 10 | aboratories, hospitals, doctors' offices,
and in the hone. In hone use the information can be |oaded into a doctor's
office via the internet, The | BCD can,.he designed so that the genetic
signaturé of® eac H-i’f)gt’lslf af(¢latm,7 WE%‘H&@%“‘Q@EP‘V%??W@"S W%‘"’}Vﬁbl' ynor phi sm

. points are enough to give every person a unique "bar-code". This

el i m nates mossi hhedigk 6f ClERE6 Hiereinthedidk cugnpdfses aneiettrochemidabingrgyASsays t hat
can be 15 perfornmed include, but are not limted to i munoassays, DNA

~testing, celmeanpunting and cell shape neasurenent, detection-of cancerous
- cells in tissue sanples, blood chem stry and electrolyte analysis. O her

appl i cations, i nclude screening of dru candi dat es, ., f ood and :
* envi ronnent - salfTE'f g‘sgﬁé% L,"’ﬁgﬁ'&q}ﬁﬁ)ﬁv&? CORTRE,AHLIPIERO™ 2 oxins in a
battlefiel d'saﬁglew{i& sector, an analyte separation sector and an assay sector wherein the
10 - analyte is localized. '

- ll The disk of Claim 6 wherein the fluid trapsfér means is responsive to :

centrifugal force or an electric field. |

12.  The disk of Claim 1 wherein the disk comprises a multiplicity of first sectors
adapted to analyze for a muitiplicity 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 anatytes wherein each of said multiplicity

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

14.  Anassay element cofnprising a substrate, a first oligonucleotide bound to the
substrate, a spacer molecule bound at a first end to tﬁe first oligonucleoﬁde by a

20 - second oligonucleotide that is complementary to the first _oligonuckotide, 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
forther comprising a site intermediate 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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Turbidimetric assay of lipase activi tiys The® reagent cavi ty contains 15 L of

stabilized triolein (250 pM enul sion i um deoxychol at e
(30 MM and wiaksds{el00 M at pH 9.0 in JRIIS SHRET tHAS REEN [m\), ,ﬁ}g@
preparati on chamber contains |yophiliz por GERACED col ijpasée . gg. Two

mcroliters of serumis taken into the sanple preparatiun chanber (using
apparatus as shown in Fig. 17) together with stabilized triolein and

SUBSTI TUTE SHibie Eleainige 5it2 for bitdirgao amﬁaﬂﬁfﬁNWSWJsecﬁm&efy%ﬁ&% s. Part

of the mxture (5L) -is further transferred into a cuvette. Because. the
éxit capillar Shegmdtelﬂ\Qf@emﬂmme@mmamwtﬁbrémcbngmarsmmﬂsur e will
prevent father flow. Absorbance at 340 nmis read at one mnute intervals.
The AA/min i sPato s anptye lipase activity. 5 Wile this invention has
been described with respect to sonme specific enbodinments, it is understood
that nodificajéons of wll be
apparent to o?t%a Skf\fxgﬁe‘%ﬂ:ﬂn he aﬁibﬁzs%@g%lé% I tenﬁb%&%?‘a%g&drge i ncl uded
Wi t hi n t hes scegepriding dacopticalidisk and p eubdadtidlly sefeontainbBHiAynedas fiBEdisk RULE 26)
& WO 98/ 38510 PCT/ US98/ 04377 27 TH S SHEET HAS BEEN V\hat is Caimed Is:
REPLACED 1. Afpr@mdman agplyte sumapd eﬂ:emg ipe sarppld thst least axt predétermixeder
conprising a ast tﬁ 8r havi n stanti_al | y self cont ai ned assay neans
E; igk and 2

for bindi ng 0 {‘@H"B‘P idgtsction of theabpanee t 0 at
| east one, g@@tﬁﬁ mg@t se tor and optionally a
second sector nt ar ni ng a con b%‘e%@t@? %ﬁ? t he assay and

anal yte location information vmth respect to one or m)re anal ytes
P 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.

- SUBSTITUTE SHEET (RULE 26)



suspeet-ed- of being—n -a-sanpte;—accessibie to a reader, and whereirn the
presence or absence of the analyte at said |location is determ nable by the
reader using the control. neans and the location information. 10 2. The
optical disk of Caim21 which includes a seal abl e sanpl e entraa ort in
fluid conwmefsesslPon with the assay neans. 3. An apparatEETﬁﬁ? 6%ﬁducfing an
assay conprisi-ng an optical disk, a disk reader and an information
processor, wherein the disk conprises afpjffgst sector having a
substantial ly agLf-contained assay nmeans for binding an anab¥te suspect ed
and

- of being in a |l e Jo at | egst—vNE, predets ned | gcatfon in the
optTonally g fNoag/control information

first sector

for conducting the assay gwf analyte |ocation infor on wWith respect to
one or nore anal ytes susgected of being in the sanple, atgessible to the
reader and processabl e/by the informati on processor, where the di,dR is
adapted to be read by the reader and the infornmation processo\ is
adapted to determ ng the presence or absence of the anal yte at \sai

| ocation using the/ control informati cY¥FEWARE he | ocation inform\ion. 4;
The apparatus of @laim3 wherein the reader is a CD-ROM or a DVD\ eader
and wherein the rfeader is adapted to be coupled to an infornmation

processor. 5. Thg apparatus of Claim4 wherein the information progessor is

a personal 25 dgonputer. Il SUBSTI TUT 4ELCT (RULE 26) NO 98/3851Q I TH S
SHEET HAS SEEN 28 PCT/ US9M M377 . REP 'gﬁ of Claim1l erei n
the assay neansf{conprises a fluid stprage neang a fluid transfr neans
formed in a disk surface.. 7. The di{skof C aig6 wherein the fluid Jransfer
means conprisesja capillary
- SAMPLE' PREPARATION
- ASSAY
11
FIG. 2A  ~_J
_ 14
; | | | | SaMPLE
AIR
SAWPLE L~ 15 CHANNEL
BATTERY PREF. '
SAMPLE
18 l/,, WIRES SEP. 17
19
ASSAY
20
Z 11
WASTE
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duct. 5 8 The disk of Cain 7 wherein the fluid transfer neans conprises a
valve. 9. The disk of O aimé6wherein the disk conprises an el ectrochem cal
energy neawe.9s4$10 The disk of Claiml wherein the assay wpe®iSoddgsR’ i Ses a
sanplé port, a . sanple preparation sector, an anal yte separation sector and
an assay sector wherein the 10 analyte is localized. 11. The disk of O aim
6 wherein the fluid transfer nmeans is r@gpénsive to centrifugal force or
an electric f ) 12. disk of daim1 wherein the disk conprises a
nultiplicityE&[s ors adapted to analyze for a nultiplicity of
anal ytes. 15 13. The disk of Caipl further gonprising a nultiplicity of
first sectors adapted to analy nal yte or different

anal yzes wherein each of said ' clty tors is adapted for fluid
comuni cation to a sanple p gy 4 s,gﬁiﬁs t conprising a
substrate, a first oligon et ide. HoQ S trate, a spacer

mol ecul e bound at a firs nd Yo the - cI ide by a 20 second

ollgonucleotlde that ig’c ucle j de, wherein
the spacer noleculefurth > OSAMALEEE a nea S A&G alyte in

a sanple and havi a sepond empephal is det means,
t he spacer nol ecye fMdriQer —+Ng a siten e first and
second ends th i's ea 3 - Sﬂﬁ¢ 'n fi noi ety
between the fyfst e TRES) gmMﬁg; nmo I =it - \] -} - -1 SURSTI TUTE
SHEET ( RULE. , = O8WL (4377 -REPNACED t he
cl eavage site\for biNding to adis y and a seg#nd

oi ety bet ween DNA TMMUNO-

| 7EST/ ||\ _Assay ) ELECTROL

WASTE
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t he second.end of the-spacer—Hoteette—amd—the cteavageSite for binding to
a second part of the analyte. 15. An assay conponent, adapted to be read
by a CD-ROM or a DVD reader 5 conprising an optical disk and a
subst ant i a0 9a8sIbf - cont ai ned assay means in the disk fBFTERMAY an
anal'yte suspected of being in a sanple to at | east one, predeterm ned
| ocation on the disk and neans at said | ocation for enabling detection of
t he. absence or presence of the anal 57/@ by the CD-ROM or the DVD reader.
16. An.optical disk, adapted to be read by a CD ROM or EP@ reager 10
conprising a substantially self-contained assay neans fr cal i“dt ng an
anal yte suspected of being in a sanple to at |east one, predeterm ned
| ocation on the disk and a neansBAKEBAI d | ocation for detecting the
absence or sence of. the analyte by the &> ROM or the DVD regder.
SUBSTI TUTE $HEET ( RULE Z6) WO98+ , 8/04377 1/14 FIG31 . 12 10
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a | aser reader,

being in-a sanple to at
sector and optionally a second

conducting the assay and anal yte | oc
or nore-anal ytes suspected of being in a sanple,

HFG—17

seal
I on

. SAVPLE T1

(RULE 28) 98/04377 22 JUN 1999 1. An optical
conprising a first sector
sel f.- cont WOR8@8H8say neans for binding or reacting an a
| east one,

havi ng a subs 1

predeternined | ocation in the.
aining a contro
i nformation with

di sk, adapted to be read by

yZe suspect ed of
first
nmeans for
respect to one
accessible to a reader,

and wherein the presence or absence of the analyte at said location is

determ nabl e by the reader
i nformati on and a sanple entry
the sanple entry port

reader and an
entry port,
means for byjg
one, predet}
sector .c f§
| ocation i N
being in the"
i nf or mati on

and the i@¥
absence off&
t he | ocat ik

— pr
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in mat i
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usi ngEI@ con
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4. The apparatus of Claim3 wherein the reader is adapted to be coupled to
an information processor s. The apparatus of Claim4 wherein the

i nf-or mati on .MOw3B8sIer IS a personal conputer- 6. The disk of Claiml .
wherein the assay means conprises a fluid storage neans af§T&SPAPT -
transfer nmeans forned in a disk Surface. 7. The disk of Claim6 wherein the
fluid transfer neans conprises a capillggy%puct 8. -Me disk of Claim6é6
wherein the fluid transfer mesas conprisées a valve. 9. The disk of Claim6
wherein the(di sk conprises an. el ect m ca rgy means. .27. AMENDED
SHEET $ 98/ ¢4 22 JUN 199.9 10. diskVB;QErain1l wherein the assay
means conprifs banpl e- port, a sanple preparation sector, an anal yze
separation hnd an assay sector wherein the analyze is |ocalized.

11. The dis hi m 6 wherein the fluid transfer nmeans is responsive to
centri fugal sappegectric field. 12. The disk of Caiml wherein
the disk cofpphegs a nultiplicity of first sectors adapted to analyze for
a multiplicfths bnal ytes. 13. The disk of Claim1 further conprising a
multiplicit t sectors adapted to analyze for the sane anal yte or

di fferent apal Wgrein each of said nultiplicity of sectors is adapted
for fluid cp ication to a sanple portr. AT assay—el nt conprising a
substrate, h fiiNgt oligonucl eotide bound to the substrate,
nol ecul e bound at a 2 e fast pahi gonucl gatide by a

SANTEY;

: T
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ol i gonucl eoti de that—-s—eonptenentary..to the first oli

X onucl eoti de, - wherein
the spacer nolecule further conprises a neans for Wi 9 /804] }z} I n
a sanple and having a second end that is detectablé e??onu ,
t he spacer*'nol ecul e further conprising a site inter e -f‘# d
second ends that is cleavable, the binding neans having a first noiety

between the, firs ha34& \daBer; fidie: athrgtascage site for
I hohn ofRH dl bRl Mo

binding to a fas anal yte and a second noi ety between the

second 15y Phublithalier SsntdiRE @64y Beadd Ky ililingek eacting en galyts shspectddiofidi ng to  a |
second .par% of the analyte wherein the cleavage site can be cleaved wi thout
chem Cabeing i dample ke leadt hnee, jxedetirmiged loggtienin the Sirshieotarapf gptionally ssoapd 4554y
conponent, adapted to be read by a ROM qr. VDI . rising an -
opti cal WWH&“S“‘%%%?%‘FW%W%H@”A’%@J%% atugﬁﬁl Eaiflf i fgggeq?f - cont ai ned
assay nea I N g Elﬁ ELQE“Q'BQ@U 'eﬁgimaéﬁéﬂdé&ﬁé&ﬁ?&&&%@f being in a
sanpl e '[e%"’%t%“fngg}s?&%ne predeterm néd | ocation on the disk and neans at

sai d | OggtdiPlle frodend®RPiNsinbgofiia @itk aait focitioris datbmeimble bp thepradgrosing of t he

analyte by the CD-ROM or the DVD reader. 16. An optical di-sk—adapted—+to—be
read bythacdaDelREhsand the Dvdtion mémation evdn erplpgpiy PO anpl e entry port, a

substantially self-cantain sgay neans f |21 an anal ytc
suspect ed 12}'/28 ﬁ‘”ﬂ%maéﬁn%/%ﬂ@%ﬂkg%bﬁ%% of being in a
sanple to at: %y fdgi ermned location on the disk and a neans at
said | ocat.l o#@g?ﬁ%g‘?ecti ng the absence or presence of the anal yze by the
CD- ROM or the DVRahfAafes for cdnductihi e el caapristlg stkoptital Gskapdasar readar ei n the | ass
reader is a CD-ROMor DVD disk reader. 18. The apparatus of daim3 - -
wher.ei narkhe infamation prosesenr, Wherein tertiskopmesiscsasamplp ety PP it sector -

having a substantially self-contained sssay means for binding an analyte suspected of being in 2

sumplematlmstone,pmdeuminedlocaﬁminﬂxeﬁmmmdopﬁomuyasewndsecu

containing coutrol information for conducting the sssay and snalyte location information with

rspecttéoucormoreamlymmspectedofbdnginthesample,aoc&esiblegpﬂxemderand

processable by the information processor, wherein the disk is adapted to be read by the reader and

the information pr:'oc,essor is adapted to determine the presence or absence of the analyte at said
Jocation using the control information and the location information.

4, ‘Iheappa:atusofClaim3wherdnthztwderisadaptedbobecoupledtoan
information processor. | '

s. TheapparamsofCIaim4whmmﬂmmfomaﬁonpmc¢ssorisnpasonal'
computer, . —

6. Thediskof Claim | wherein the assay means compriscs a fluid storage means
and a fluid transfer means formed in a disk surface. |

7. The disk of Claim 6 wherein the fluid transfer means comprises a capillary duct.

8. Thc;liskofClnim6wb_=reinthcﬂuidtansfcmeansccmrisesavalvc-

.9 The disk of Claim 6 wherein the disk comprises an ¢lectrochemical energy

means. |
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“T9. An assay elenment conprising a substrate, - afast ol i gonucl eot i de bound
to the substrate, a spacer nolecule bound at a fi N ﬁuy @zr%tz

ol i gonugl eeti de by a second oligonucleotide that ry -t Zb
first oligonuel eotide, wherein the spacer nolecule coﬂ% JEN1999
nmeans for bingding L0 .a alyte in a-sanple and having a second end that is
det ect abl e by%a de%ﬁ?B%@%@‘?ﬁWWMW%P%H sing a
site int grBRMicAt&et ﬁﬁq {e30) Pgﬁ I s. ¢l eavabl e, the binding

’%maiﬁéép e ?Ngen %ﬁe“?.l s‘%&%%hgmfcﬂ'e 9&8

means having a first norety bet end of 't Spacer . ol ecul e
and the testedage site for binding to a first part of the analyte and a
second noi ety between the second end of the spacer nolecule and the

cl eavage sitelk or Tedisk ofClaigy 6chstgincthe fluid trapifert iransin rspohsiveth esnerifigal he

cl eavage,site can be ¢l eaved i ndependently of the analyte. T .29..
*1NENOEOf§ﬁI§E1“%5Hf%éMj SHE 2 3 APR sanple port is preferably seal able

so that disk i efﬁgﬁg%q%,m%&& ept r;fsgﬁr"ﬁtggpgg%zgfrfé?ve ting to allow

for fluid flow, to prote rom any bl ol ogic I ous neans;
€. g; Censdaptdigahalyzefita maliplilitycfaiBags-that are well known in the art; a.

portion of the sanple is netered to a sanple preparation site 1$, that nmay
contain 5 reaent fiek ofl(Haiini1 iferther comprigingra multiplicitysfdicst kectobsadspteday,
Al ternativel t% inaé:.?nj unction with reagents already in the sanple
pr epar at F“B'ﬁ%f@’g fime anplytor sliffrent qnalyiss Whrreimgpclyef said pulsiplicityef segtorkdd i ver, as
needed, {43 B35 {éggﬂg | 0, the proper order to the sanple
preparatioh -segment. |t|g$n§i .tﬂ(ﬁgfngi | s of the reagent train are shown in
Fig.. 9. it @ny D@ snefassal bonlpRsfEPAbALE, {16 oAfRltiaal LM L sampl e, -at
| east partially, and 10 this may be done. in a Sanple separation segnent
desi gnat abistytrropadet molesiebundAt a it éné tojthe firld oligonpeleGieB ok defon@! ect 1 i cal. ener gy
is required for. the separation process. Additional details of the battery
are shovflieprrclieptile that is gommirmeateryie the st eligonucleetide, wherein the spacer molecule '

ﬂ;ﬂmoomprissumemsforbindhgtoanmalyteinammpleandhavingasecandmdthatis

detectable by a detection means, the spacer molecule further comprising a site intermediate the

-first and second ends that is cleavable, the binding meins having a first moicty between the first

end of the spacer molecule and the cleavage site for binding to a first part of the analyte and a

second moiety between the second end of the sp;lcermolecule and the cleavege site for binding to

2 second part of the analyte wherein the cleavage site can be cleaved without chemically affecting

the binding region of the analyte.

15. An assay component, adapted to be read by a CD-ROM or 2 DVD reader

comprising an qpfical disk having a sample entry port and a substantially self-contained assay

means in the disk 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 presence of the analyte by the CD-ROM or the DVD reader. .

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

sample entry port, a substantially self-contained assay means for localizing an analyte suspected

1 .28 -
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4{5H+%anPeamﬁa%r+1rf+ﬁwrffénsferred—ro—rhe assay S|te In a.preferred
enbodi nent of the invention, the assay site contai
9N86}€E§2%7ﬁ€ned

descrlbgd in greater detail 15 below. the analyte
| ocatioh on the disk if it is present in the sanpl he

the analyte is detected by the reader frominformatrmo a ?g;ﬁ@ﬂgﬁgyythe
particular analyte with the Iocatlon at which it is bound. A waste

compar { Gilngluds BRI el pd 8L fibe Y 16 disk @Bk Mezisanpl € t hat
exceeds. ter anoun use I n the assay and the various conpartnents

and f 1 Uiigladon 33 Ioteiing fre SHLEIRE 6f iresiice of ti nslgke bthe OPFROM et the D¥Datallw for f1 ui d

fl ow t hroughout the surface of the assay sector. In one engd'nent of the
i nvention, alful tThelptisetdjskof Claizs hyhoin thelaser ppader i35 CDROM o P dﬁ% shown in
Fig. 3 may be provided, each sector connected to an to an individual -
*sanpl e reEffret port 24, 25 26 respectively. The operation of each sector is
substantial | yg 25 83, bGP RiAhd R RCF b bOLEON BB ¥DMBK MY be
conduct ed at %he sanE tinme I1n individual sectors either for a multitude of
anal yt eges@r. @ nul titude of patients. The details of a particular sector
are shown in greater detail in Fig. 4, where the varjous -9- PC i~ F.kd ~3-
AP~ ~ '19d 19. REmemmﬁexsmmsz tgera fisstpligonucieotidabquagd 12449 | o

"enbodi nents of the e S e in are usefal for

t he det SRRSiTH 2 GFRSKF GO SM %Fél%&‘f)g?‘{&é?mglw%ng% other particles

that are Iar N ;Eﬁ qﬂggg Sefeoti ggnugabkaﬂas and the
E$$F@%§8%en e cr?t o ‘ﬂ bt

like t haY ed preV|oust Viruses are typically nearly

SPheT i C ltAdolrpfilef SmbaY For Binding to sRarliyei s sinpleandhatvinga s@ors eBlGutds i a are - .
comionly either' herical or rod shaped Their |argeatdjnensiott is less than

2m exc| idiectshld byagieteétian meghs, tmmmlmmmwammm%% These
pathogqunELF sngghgamggdgp g same sj; 12843 N oL desRiishss used to

end of the spacer molecule and the cleavage site for binding to a first part of the analyte and a
second moiety between the secand end of the spacer molecule and the cI&vﬁge site for binding to

2 second part of the analyte wherein the cleavage site can be cleaved independently of the analyte.

-29-.
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det ect : them -and. the|r ‘interaction with two si dearms of he spacer may be
limted. For this reason these sidearms are connected with the surface of -
the | BCD and t he gold -10 sphere i nst ead of - with the spa i as |IIustrated
in Fig. -11. 'The gold sphere is attached “to a spacer. ﬁ@
end of the spacer ‘mol.ecul'e and the: ot her end of - the . spacer |s attag dto
the su~tface o' f the substrate 46;.The spacer. moi'ecul e is é@@g with a.
typi cal cleavage. site 47, for: exanple a si-l oxane.noiety, - R
pt eviously desciibed: . In contrast to prior described enbodlnents mhere t he
side-arns are 15 attached to the spacer nol ecul e between the substrate ‘and
the cl eavagemﬁlepanﬂméf&ablg@éalhmeh&t @t _aheldishis effectivelygealed, exceptfofie arns are
attached to the gol er a e surface .of str For

i |l ustrati onnff(ﬁ'%ﬂ’s‘é’d aﬁ?‘ﬁ% ﬁ""%ﬁ “’@6&?’8@%}' sﬁ’@%%?%?ﬁed to the
sur]t:ace O]t: tﬁhmaﬂhﬁhnsaﬁg aﬁﬁumm&mﬂaﬁmﬂfmmﬁmﬁﬁiﬂg@a@do tgg .
surface of the er.e en, co ntary. ol eoti des are .
conj ugat ed WPP‘W ﬂ\b@g ample is metered o rrsgmB{re p“a?"?e dgétr'ﬂ‘%ﬁ"é@“hs 52, 53,
54, 3nd 55 emsmqhem;eh@ofdaembnmehe@}IMmelyt&@whjﬁncﬁb& and the _
gold sphere as |IIustratS Thi s. gi ves: juch. nore-"'space- for the cells to. =~

bind with t h&tieaseus n the sAPLE RreRATAtion SeameRt. & seagent i 16.m8) bec ussi on of
the cl eavabl @roviied &\@eivers @fneedddDiht Badeksafy %eﬁét&ééﬁx%peﬂdr&éi%thw PO,

t he. ' di scl osure of which is lncor orated reference. The spacers each still

have at | easfampliePrEpuatonsemente AddiHenal detalls of thoseagentdmiare showmginFigant i cal to .
those descri beﬁﬁﬁélﬁé@iw@g%%%ﬂm%mm ﬁltlEét:Bﬁ-ﬂalﬁy' q@@r m S

nol ecul es. \Wen the cell for- exanple arrives at.-the assay sité€,

conti ns. m)ﬂBﬂnélé %@?M%WE‘WQW%‘P%%D@WE@WWMeAr respect i ve

conpl ement ar yg vided ﬁchekE'e gold sphere o
and t he substrate m the - 23. REP| AZE+Db| Et 1 sl%lg 3. APR . 2001 . . .

. _ - Additional details of the battery are shown in Fig. 5 and descnbed below The . .

: resultant sample is then u'ansferredtotheassay site. 19 Inapreferred embodtment of

B the invention, the: assay site contains an assay element as descnbed in greater detail

'.15 below. theanalytebmdstoapredetermmedlocahononthedxsktfltlspresentmthe
sample, and the presence of the analyte is detected by the reader from mformatlon that
identifies the parucular 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 embodiment 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 to an individual
sample inlet port 24, 25 26 respectively. The operation of each sector is substantially
25 - as described above although different assays may be conducted at the same time in
mdwxdua.l sectors either for a multitude of analytes or a mul'ntude of patients. The
details of a particular sector are shown in greater detail in Flg 4, where the various

-9 prl Rled a3 Apal 2007



AHME—1: | add Ft0- be .read by a CD-ROM or - DVD r eader
LO._I?--'-Ese"- i-'ni condijet i"nﬁ-.fan' ..g'pt i cgl | rispect ion of a biol ogical, chem cal or
i‘'ochemi'cal sanple,. the reader ei ng adaptedto be coo ple o
i nf or.mati on ptacessor,. sai-d disk. CORprising:: one or nor epco#ppgwwssﬂfﬂ
forrred Wi thin said- di sk 2. sanpl e ‘support. surface l.ocat ed WI%Q# 1 tm,asf.'
oné of said corrpartments ‘on” which said bjological, chenicaléd rlgﬁ mi cal -
sahpl e nmay be |ocated for optlcal i nspectlon a sarrpl e.i nI et -port in fluid

cd’?munl catien"with “said; . sarrpl e support “surface" - W ERi L §ai'd di sk “and:a
control i nf or mati on ar ea. containj ng encoded i nformation V\:heI’EI n.said sarrpl e

support “surface a %IQ% %Eﬂ\%}% tslof bﬁﬂeﬁrdg&nbméjsemaehmﬁﬂe same.

diirection-rel ative s ere y op I cal::i nspection of both said.
cantrol inf orusefal fonﬂ:aﬂeacm@fmlanemel patisirsraells androthes partiglss that are

acconpl i shed r%?g@%‘%%% SntfodiHed, m%smat?M|ﬂ%h%%W| ng to ¢| ai'm .

1 wherein, sal n-area’i.s opti.call acent and.
i it errupt ed blpsaﬁedjpmumlye %mpp@nctxmmﬂhmlysphm@dpwcm g to clai'm 2_ .

wher ein- an as el.ement i 0 face to
bi nd 3n anal ) %X%l Qlfs‘f[gcgy%%r%l g - rnﬁj?dn& aoﬁ%ﬁ 3&“;( ﬁélg A dirsk.
acgording to Tﬂeﬁrlldi‘géblc:l diknsoreis dshthan D pem extludiag dagsiinpad othmmﬂarexemnhst e .
corrpartment connegted by a fl ui apl I | ary to said and by
an air ventirfpe 3’% 858 ageﬁgm@ M’Si’“@?ﬂ'ff aa%%goff@%% ﬁﬁﬂéo
c ;gl L ary. bei dé_&et”tﬁ d%Elthe‘hﬁnﬁﬁdh&mdl ﬁiomdeﬁrlfﬁslolﬁbe spaeqmmuyaxmednxjor A
rgphobi ¢ -."°5 I $K accor t i'ms 1; 2 -
and. 4 wher ei rfhiszfagonp ’%ﬁﬁ?s ﬁﬂ‘ﬁ&gﬁﬁhﬁ%ﬂgﬁﬁe g.%#ﬁ@eoc% °é§| material
att aggged to Ssghd'e ﬁﬁﬂi&l 6f WitpRO aceras flseatedinl FF. SHEFHe gohEspiErENS atfbhddD -
REPLACENENT HEET
‘to'a spacer molecule 45 at one end of the spacer molecule and the other end of the - L
_ spacer is attached to the surface ofthe substrate 46, The spacer moleeule is prowded C
L .wrth a typrcal cleavage sxte 47, for exanmle a siloxane morety, as has been prevmusly
: _ desctibed.” In contrast to prior described embodlmenfs whiere the side-arms are |
15 attached to the spacer molecule between the substrate and the cleavage s1te_ and the
: gold sphere and the cleavage site, side arms are attached to the goid sphere and to the
surface of the substrate. For illustration purposed, in Fig. ll ohgonucleohdes 48
is attached to the surface of the substrate and ohgonucleotldes 47 is
. attaehed to the surface of the gold sphere. Then eomplementaty oligonucleotidés 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. For a discussion of the cleavable sequence, see
publication WO 98/01533, 1/1998 WIPO, the. disclosure of which is
incorporated herein by this reference.

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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s adapted t o' be read by 't he scanni ng of .a CD ROMor' a DVD reader =~

top si-de of. said disk, conprisihg: 't -area ¥ d". d| sk having one.

re-of said corrpartrrents a first t rransparen .- Mﬁ, ﬁf

by : sai d.reader, least ition of e within sald dlS“g ET
;... ] 10 sar d control |nforrrat|on area:i s readabl

e of ~said di sk, whereby said. reader can scan both sai dzéj ég?neﬁﬁl

Mftwarefromsaldtop side of.said disk: :. :Thedisk ,

m 6 wherein: : conpartnent said first transparent ection of .said -

,'rincjudes.: a; re provided within said disk where an anal yte assay

. mayATheptical disk pdapted o beneead by 4 CDHROY. ouDMDh eeader for ame ited

sk. between at |east, one of said conpartnents having -

JURing, W@ﬁi‘-‘ ingnectignofos bielagicaly tohemicaloprbiocheavical Samplehthe apdder al

claim®6 wherein: 'sai d transparent 'section of said disk further

s @d&ﬁmﬂrlﬁé an infermation-prioergsarsaidatiski compeisingd € wast e,

d within said disk; and a hydrophobic air capillary; opening

ly of sai doéﬁgmom@ppmwcfomdsuﬂdnsmﬂ&khto vent air from sai-d

onpartment to the exterior of said disk while inhibiting the flow -

i d from saiacsamplet supperturfacerderatedwithiy hat deastdoneagfi saidicompadtmeRizcon

di sk of any one of clains 6 through 8 wherein:

which said blologlca.l chemical or bmchenucal sample may be located for optlcal mspectxon,

2 3 .4

. 1.

sai d dj

e

. a sample 1nlet port in. ﬂmd commumcauon with -said. sample support surface
within said dlsk, and | . | | |

a control mformatlon area contalmng encoded mformatxon wherem saxd sa.mple
support sm'face and said control mformatton area both face in the same direction relative smd
disk whereby optical mspecuon of both said control mformatlon area and said sample support
surface can be accomplished by the same CD-ROM or DVD reader. _

2. A dlsk accordmg to claim 1 wherein said control information area is opucally
adjacent and mtetrupted by satd sample support surface. |

3. A disk according to claim 2 wherein an assay element is provided on said Sample

support surface to bind an analyte to said surface during rotation of said disk.

4, A disk according to claim 1 where another one of said compartments is a waste

compartment connected by a fluid capillary to said one compartment and by an air venting -

| capillary to the exterior of said disk, said fluid capillary being hydrophilic and said air venting

capillary being hydrophobic

5. A ‘disk according to any one of the preceding claims 1, 2 and 4 wherein said disk

ha; a biological, chemical or biochemical material attached to said sample support surface.
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—t-s-seal-abfe- 10 TATTET, fod—of —conducting an opti- car T
i nspect | on of a br ol gi- cal’ ' chem caI “bi ochemnical : sarrpl e errpl oying an .
optical di.sk adapt ed- to be. read by a. CDRC]\/Ior DVD r eader conpr15| ng the
steps .of : THI'S SHEET. HAS BEEN “" L~+CED" REPLACEMENT SHEET Lﬁ %&{OO o
i ntroducing such a sarrpl e,. rntQ a corrpartrrent for rred i:nt'er1.0f 9 BHEET sk
thr-ough it sarrpl e inlet: port ‘teadi ng contt.ol i.nformation e|3c3) dAPRR: 2001 -
within said disk using a-si ngl e CDRom or DVD reader and conductlng an
optii eal . |nspect| onof sai-d: sarrpl ‘@ WEERF -t he corrpartrrent usi ng a-“reader . "
ahd-control. i nf or mat.i on read. fromsaid disk'by said. reader.:.11.. . The met hod
of ‘¢l ai m- 10 wherei n .said control - i nformation i.s provi ded i n an area . whjch
is ‘Optfcallygint %WQ,M&&]MQM&{EW@eM@ydMWQQ&QT ion of
said spnpl e I's .acconpl i.shed-sequentially-to the:reading of said control =~ .
inforrrlt& or vg%%&dﬂﬂ%ﬁde@f@ﬂﬁdﬁﬂ,whpﬂanm sai'd disk i-s provided with .
a plurglity aof Conrpartrrents each fornmed. interiorly. of sai d.disk,. and a
plural-{ty of. contJ iRk 'twoﬁw&sk mﬁngmemmmﬁsddmm

al ternating about ti e dr-sk .and: 'sai d ‘step “of:. Optrcal I'nspecti-on . corrprl si ng

the se 4 & Qﬂétgﬂ, ,gfleagt M@Idfaymﬂjle An d by siderendesst . or

bi. ochef‘r H'lmsgiarrp%s Fntr-oduced i nto-said pI urali ty of  conpart rrents and of
encodeq i nf or mat i ;xbonirfiGoRAhtion. a&aisieadnblulfainmsdtolbsid@oﬁsndldlﬂknf ormation:

ar eas. THI S SHEE "HAS CEO S~EN.j -29

. whereby saxd mdercanscanboth sa1d sample portton and software from smd top

| 1 mdeofsalddlsk. o '- - . -_ , e

N The optlcal dlsk ofclmm6wherem - S o
L saxd ﬁmt transparent sectmn of sald dlsk also mcludes a: reacuon compartment .

. . pro;nded thhm smd dlsk where an analyte assay of sald sample imy be accomphshed, and o
capﬂlary ductng is provlded w1thm smd d.lsk betWeen at least one of smd o
- oompartmen’w havmg a sample recewmg surface and saxd reaqhon compartment. | .. -. - b
| 8. 1‘heopt1¢ald13kofcla1m6wherem ?: ' | | | | | | |

.. said transpa:ent secuon of sald dlSk ﬁu'ther mcludw a waste oompartment, and L
: ductmg to receive sample waste, prov1ded w1th1n sa1d dlsk, and
a hydrophoblc air capillary, opening outwardly of said disk, is prov1ded in said
disk -to vetit air from said waste compartment to the exterior of said disk while inhibiting the flow
of liquid from said weste compertment through seid capillary. '

9. The optical disk of any one of clairrls 6 through 8 wherein:

said sample mlet port is sealable. .

) 10. A method of conducting an optical mspectlon of a biological, chemcal or

biochemical sample employing an optical disk adapted to be read by a CD-ROM or DVD reader,
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. - introdue_ing s'uch a scinplc_ into a mmﬁ@neﬁt fofmed interiorly of the disk
ﬂuoughasanqﬂeudetpoﬂ, ' _ | | |
| readmg comrol mformauon encoded w1tlun said’ dlSk usmg a smgle CD-Rom or
| l)\ﬂ)nuuko'and
conductmg an optlcal mspectlon of sald sample thlun the compartment usmg a
reader and control information read from said disk by said reader. o
1. Thc mcthod ;,f claim 10 wherein said control information is provided. in an area -
Wh.lch is optxcally mterrupted by sald cOmpartment and saxd optloal mspectlon of smd sample is
' accomphshcd sequenually to the readmg of smd control mformatlon _ . ' . | .
12.. The method of c1a1m 11 wherem sa1d dlsk is prowded W1th a plurahty of o
. compartments, each formed mtcnorly of said dxsk, and a plurahty of control mformauon areas,
said - compartments and areas altemattng about the dxsk and said step of optical inspection
comprising the sequ,ent:_al ,scanm.ng of a plurality of blologlcal, chcmlcal or blochemlcal' samples
inroduced into said pm_;auty of com.part_ments. and of encoded information. locatéd in said

plurality of control information aress,
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dne or. nore conpartments formed. within said disk;.a sanple support surface "
I'ocated within at |east one of said conpartnents on - which said bi ol ogi cal |
cheni cal or - bi'ochenical -sanple.may be | ocated for optical i rREPEACEMENT SHEET -
sanmpl-e inlet ‘port. in fluid comunication with said.sanple support ig Egﬁ:eﬁ. :
wi t hin said disk;. and a ¢control infornag¢/ph area readabl e by said a all

f.rom sai d ong~side. of id disk and containing encoded information, sald -
sanpl e suppo???é&tfaqééggg“said control - information area. both being . .
optically accessible To said readgr separately of each other whereby _
optical -inspection of both said/ ol ipnfekgwiion area and said sanple
support surface can be acconpls They and by the sane opti cal
reader. 2. A disk according (D) J control” i-nformation
i

€ €DNN\SS
area is optically adjacen
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anpl e support surface.
3. A disk according to c)a

I's provided on -
said sanpl e support supfacy i pAal

urface _during
rotati:on of said dig ‘ulg t her one of

said conpartnents | AL | ary.
t'o said one conpgftne ief exteri-or of
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-28 5. -A di sk according to any one of the preceding clains It, said disk
has a bj.ol ogi cal —ehemcat—or—biocheni cal material | — t-gysanpl e
support surface. 6. An optical disk as in clai m1 WREPLACEMEND
read by the scanning of an optical reader over a tpp[side of said
conprising: a first transparent area ofpwmaid di sk hav| ng goRgv @0gio
said conpartnents wthin said disk, whereby at |eagt|ja portion of
can be scann&dAMS i d reader; said control infornpthomarea TS Te
fromsaid top side of said disk, whereby said readér_can scan both
sanple portion and software fromsaid top side of said disk. 7. The
optical disk of clai m4&nwhtcabidisk aslapted o b treadr yn sp@ptical readet fayrusefinsai d

disk also in Eifnelon Is L | it hi.n.said disk where
an anal yte agé%&é 0 sa@ggéé%%@%grr&gg%@J%%gfr}%ﬁf%ﬁoggwcﬁﬁmgas%ﬁeh@? duct i ng
is provided vwsadér heisgi aflapted ko blet \wewpledatwithe ars tinfoneativh  pmicebsore aadadiskent s
havi ng a Sa”@&rﬁpﬁﬁ%ei ving surface and said reaction conpartnment. 8. The
optical disk of"c &'m 6 wherein: said transparent section of said disk
further includes enewasiare comgzetnients fidrmed mdthinchaididiskgy t 0 recei ve sanpl e wast e,
provided within said disk: and.a draophabi c .air capillar eni n
outwardly of sai dgaﬁm s‘ge s‘.“?mgrs%’\??" géclfa{eﬁ wslg'i“}jat 16t onie’dY said Cotripartinetts o

which said biological, chemical or biochemical sample may be located for optical

inspection; _

a sample inlet port in fluid communication with said sample support surface
within said disk; and

a control information area readable by said reader from said one side of said
disk and containing encoded information, said sample support surface and said control
information area both being optically accessible to said reader separately of each other

whereby optical inspection of both said control information area and said sample

support surface can be accomplished independently and by the same optical reader.

2. A disk according to claim 1 wherein said control information area is

optically adjacent and interrupted by said sample support surface.

3. A disk according to claim 1 wherein an assay element is provided on
said sample support surface to bind an analyte to said surface during rotation of said
disk.

4, A disk according to claim 1 where another one of said compartments is
a waste compartment connected by a fluid capillary to said one compartment and by
an air venting capillary to the exterior of said disk, said fluid capillary being
hydrophilic and said air venting capillary being hydrophobic.
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disk to vent air from salid waste—eeRpartrent—to—the—extertor of “said di sk’

while inhtbiting the flow of liquid frem said waste congree
said capillary. 9. _-lri‘iw" of ~any one of cl ai g WW'
wherein:- said sanple inlet port is sealable. 10. A netHod of conductinfg:an
optical inspection of a biological, chemical or biochenidal36HNoW 2001
enpl oyi ng an optical disk adapted to be read by an optidal] reader,
conprising the steps of: REPLACEl 1NT SHEET. 370 NOv 2041 -29- |nTrodu0| ng

such a sanple intg a cg Eé@ﬂng{o%%ﬂebmep@cdcdid’g&lauﬁm; G
area through a safple in port, reading control i

nf or tlondencq
within said dasldiskrhaa aéadoﬂqaloﬁm pr bioghemicel pgiegal Atia rzgsf? Y 3Bt i cal
reader; and conducg_lh{é&- an optical inspection of said sanple within the
corrpartrrent |ﬁ%?epen ently of the inspection of said control information
using said reader and control information read fromsaid disk by said
reader. 11. The et hod (Emﬁ'&'{&klgs yqﬁglraﬁﬁq whicH i€ aidptedl tol B egatiEdyl e | s
provided in an area Fos optically interrupted by said conpartnent and
sai d opti cal scammgauftanoptmi readdr dverarien %dQQfséléé‘!f TRMERE sequential ly to the
reading of said congy ms;ha?én?ﬁ{@%f@ﬂddﬁl@haﬂﬂ%d@%hﬂﬁe@fsﬁd Sértpatinentier ei n
u

said disk is provi ralit of conpartpents eac. r med
interiorly of wikincaidiisk, wfmmbyatlp#%#amlt“}@fﬁs% qap pe s‘iaﬂ?etgrwg(ﬁ?% eas,

sai d conpartments gad, %oq?lﬁ‘m%athﬁﬁ Rl {sehdatie womlshi tal sikle éﬂ%dldsi@dkﬂ step of
optical inspection conprisin e seg@ent I al scanning of g_r al i Id of

bi ol ogi cal , chem oweliereby sbdm@ldmaaatm mﬁa@ssamnlem&weéad P‘Pﬁtﬁﬂ% P& BCurality
of

top side of said disk.

7. The optical disk of claim 6 wherein:

said first transparent section of said disk also includes a reaction compartment
provided within said disk where an analyte assay of said sample may be
accomplished, and

capillary ducting is provided within said disk between at least one of said

compartments having a sample receiving surface and said reaction compartment.

8. The optical disk of claim 6 wherein:
said transparent section of said disk further includes a waste compartment, and
ducting to receive sample waste, provided within said disk; and
~ a hydrophobic air capillary, opening outwardly of said disk, is provided in said
disk to vent air from said waste compartment to the exterior of said disk while

inhibiting the flow of liquid from said waste compartment through said capillary.

9. The optical disk of any one of claims 6 through 8 wherein:
said sample inlet port is sealable.

10. A method of conducting an optical inspection of a biological, chemical
or biochemical sample employing an optical disk adapted to be read by an optical
reader, comprising the steps of:



. 4

conpar t nent.s and of en
i nformati en—=&a

control.

‘.\ )

PP

coded information [ocated 1n saird pluralTty of
Feas = )

30 NOV 2001

-29.-

- T REPLACEMENT SHEE

introducing such a sample into a compartment formed intt
a first optically accessible area through a sample inlet port,

reading control information encoded within said disk in a secohd optically
accessible area using an optical reader; and

conducting” an optical inspection of said sample within the compartment
independently of the inspection of said control information using said reader and

contro] information read from said disk by said reader.

11, The method of claim 10 wherein said control information is provided
in an area which is optically interrupted by said compartment and said optical
inspection of said sample is accomplished sequentially to the reading of said control

information.

12. The method of claim 11 wherein said disk is provided with a plurality
of compartments, each formed interiorly of said disk, and a plurality of control
information areas, said compartments and areas altematiﬁg about the disk and said
step of optical inspection comprising the sequential scanning of a plurality of
biological, chemical or biochemical samples introduced into said plurality of
compartments and of encoded information located in said plurality of control

information areas.
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