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LABORATORY IN A DISK 

FIELD OF THE INVENTION 

[0001] This invention relates generally to diagnostic 
assays and methodology therefor. In particular, it relates to 
diagnostic assay components con?gured on a compact opti 
cal disk and methodology for the use thereof 

BACKGROUND 

[0002] There is an enormous need to make clinical assays 
faster, cheaper and simpler to perform. Ideally patients 
should be able to test themselves, if so desired. One-Way 
toWards this goal has been through miniaturiZation and 
integration of various assay operations. 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. 

[0003] Disk-shaped cassettes used for clinical assays in 
conjunction With UV/Vis spectrometry are also commer 
cially available. US. Pat. No. 15,122,284 describes a cen 
trifugal rotor that contains a number of interconnected ?uid 
chambers connected to a plurality of cuvettes. The rotor is 
adapted to be utiliZed With a conventional laboratory cen 
trifuge, and is formed of materials that alloW photometric 
detection of the results of assays that have been carried out 
in the reaction cuvettes. A large number of rotor con?gura 
tions and related apparatus for the same or similar types of 
analysis have been described. See for example US. Pat. 
Nos. 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 pat 
ents listed therein. LyophiliZed reagents for use in such 
systems are described in US. Pat. No. 5,413,732. 

[0004] The principles of a centrifugal analyZer have been 
adapted into a disk that can be used. in a CD-drive like 
instrument (Mian, et al., WO 97/21090 Application). Mian 
teaches a modi?ed CD-drive With a dual function: 1. It is 
used to read information stored in the disk, and 2. It is used 
to rotate the disk. HoWever, Mian does not teach utiliZation 
of the reading capability of a CD-drive for actual assay 
analysis. 

[0005] NotWithstanding recent advances, there remains a 
need for a simpler assay con?guration that performs assays 
quickly, ef?ciently, accurately and at loW cost. The present 
invention combines diagnostic assays With computers and 
compact disk technology. In its most preferred embodiment, 
a computer With a compact disk reader is the only instrument 
needed. All chemistry is performed inside a compact disk 
that may be referred to as an integrated biocompact disk 
(IBCD). The same compact disk is also encoded With 
softWare, i.e., machine-readable instructional and control 
information, that provides instructions to a computer prior 
to, during and after the assay. 

[0006] CDs or DVDs represent the most economical and 
in many Ways best information storage media. It must be 
noted that CD and DVD are currently used 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 equivalent to a scanning confocal microscope. At 
the same time these instruments are comparable to good 
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centrifuges, because in commercial drives the rotation fre 
quency is betWeen 200-12,000 rpm and can be adjusted 
Within certain limits. Combining these three features into the 
same analytical system results into great simpli?cation as 
compared With any other analytical technique. Yet, the 
performance is comparable or better than in most competing 
methods. Although this invention requires slightly modi?ed 
CD-or DVD-drives, it is possible to incorporate these 
changes into commercial drives. This Will enable Point-Of 
Patient-Care (POPC) and home use of this invention. Use of 
CD- or DVD-drives Will alloW accurate digital analysis of 
any sample Without any speci?c analytical instrumentation. 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the invention is directed to an optical 
disk, adapted to be read by an optical reader, comprising a 
?rst sector having a substantially self-contained assay means 
for binding an analyte suspected of being in a sample to at 
least one predetermined location in the ?rst sector and 
optionally a second sector containing control means for 
conducting the assay and analyte location information, With 
respect to one or more analytes suspected of being in a 
sample, accessible to a reader, Wherein the presence or 
absence of the analyte at said location is determinable by the 
reader using the control means and the location information. 
Depending on the nature of the assay, the disk may include 
?uid storage means, ?uid transfer means, such as one or 

more capillary ducts, valves, batteries, dialyZers, columns, 
?lters, sources of electric ?elds, Wires or other electrical 
conductive means such as metallic surface deposits and the 
like. 

[0008] The disk may have one or more sample entry ports 
to deliver sample ?uid to the assay sector. Such ports if 
present are preferably sealable so that after application of the 
sample to the disk, the sealed disk including the sample 
comprises a hermetically sealed device that may be conve 
niently 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 preparation and analyte separation. A 
Waste receptacle subsection may be conveniently provided 
as Well. The assay sector may be divided into a multiplicity 
of subsectors that each receives a sample. Each such sub 
sector may analyZe for one or more analytes depending on 
the particular application at hand. 

[0009] In another aspect the invention is directed to an 
apparatus for conducting an assay comprising an optical 
disk, a disk reader and an information processor, the disk 
comprising a ?rst sector having substantially self-contained 
assay means for localiZing an analyte suspected of being in 
a sample to at least one, predetermined location in the ?rst 
sector and optionally a second sector containing control 
information for conducting the assay and analyte location 
information, With respect to one or more analytes suspected 
of being in the sample, accessible to the reader and process 
able by the information processor, Wherein the disk is 
adapted to be read by the reader and the information 
processor is adapted to determine the presence or absence of 
the analyte at said location using the control information and 
the location information. The apparatus may include a reader 
having a CD-ROM or DVD reader and an information 
processor, such as a personal computer. 

[0010] In still another aspect the invention is directed to an 
optical disk, adapted to be read by a CD-ROM or DVD 
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reader, comprising a substantially self-contained assay 
means in the disk for localizing an analyte suspected of 
being in a sample to at least one, predetermined location on 
the disk and means at said location for detection of the 
absence or presence of the analyte by the CD-ROM or DVD 
reader. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic representation of a disk of 
this invention. 

[0012] FIG. 2 A is a more detailed schematic representa 
tion of a sample preparation and assay sector of the disk, 
illustrating the overall layout of a typical assay sector. 

[0013] FIG. 2 B is a schematic representation of an 
ubiquitous assay sector that is capable of performing immu 
noassays, DNA testing, cell counting, spectrophotometric 
assays and electrolyte analysis. 

[0014] FIG. 3 is a schematic representation of a disk of 
this invention illustrating a multiplicity of assay sectors, 
each having an individual sample inlet port. 

[0015] FIG. 4 is a more detailed schematic representation 
of one of the assay sectors illustrated in FIG. 3. 

[0016] FIG. 5 is a schematic representation of a chemi 
cally actuated battery useful in the present invention. 

[0017] FIG. 6 is a schematic representation of a structure 
to provide a dialysis function in the disk of this invention. 

[0018] FIG. 7 is a schematic representation of a column 
that may be included in the disk of this invention. 

[0019] FIG. 8 is a schematic representation of an electri 
cally controlled valve useful in the present invention. 

[0020] FIG. 9 is a schematic representation of a reagent 
train con?gured in joined capillary ducts that is useful in the 
present invention. 

[0021] FIG. 10 is a schematic representation of an array of 
linear assay sites that are conveniently located in a How 
channel in the assay sector of the disk of this invention. 

[0022] FIG. 11 A-C is a schematic representation of a 
variation of an assay element that is particularly useful for 
the detection of viral and bacterial particles and cells using 
the general methodology of site speci?c localiZation of the 
substance to be detected. 

[0023] FIG. 12 A-C is a schematic representation of a 
variation of the detection methodology in Which opaque 
particles are utiliZed in the place of the re?ective particles 
and bound to a re?ective surface. Zig-Zag lines represent 
oligonucleotides, but can be any recognition molecules, such 
antibodies. Particles are in this eXample plastic spheres, but 
can be liposomes, cells, etc. 

[0024] FIG. 13 is a schematic representation of an assay 
element of the invention illustrating the spacer molecule, 
With component sidearms and cleavage site, bound to a disk 
surface at one end and to a reporter element (gold or lateX 
sphere) at its other end. 

[0025] FIG. 14 A is schematic representation of a ?rst 
assay element of this invention, at an early stage during the 
assay procedure. 
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[0026] FIG. 14 B is schematic representation of a second 
assay element of this invention, at an early stage during the 
assay procedure. 

[0027] FIG. 14 C is a schematic representation of the 
assay element in FIG. 14A Wherein analyte molecules have 
bound the sidearms forming a connective loop betWeen the 
sides of the cleavage site. 

[0028] FIG. 14 D is a schematic representation of the 
assay element in FIG. 14 B Wherein analyte molecules have 
not bound to the sidearms and no connective loop has 
formed betWeen the sides of the cleavage site. 

[0029] FIG. 14 E is a schematic representation of the 
assay element in FIG. 14 C after the spacer molecules have 
been cleaved. The reporter element remains attached to the 
disk surface at a discrete site. 

[0030] FIG. 14 F is a schematic representation of the 
assay element in FIG. 14 D after the spacer molecules have 
been cleaved. The reporter element is detached from the disk 
surface and free to be Washed aWay from its discrete site. 

[0031] FIG. 15 is a schematic representation of a cuvette 
assembly. Four cuvettes and their associated reagent and 
sample preparation chambers as Well as light sources are 
shoWn in this eXample. 

[0032] FIG. 16 is a schematic representation of a capillary 
array that can be used to perform isoelectric focusing. 

[0033] FIG. 17 is a schematic representation of an appa 
ratus for measuring eXact volumes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] Aschematic overall representation of an integrated 
bio-compact disk (IBCD) is set forth in FIG. 1. The disk 
(Bio-Compact Disk, BCD) may be virtually of any shape 
and siZe. For most practical applications it is circular having 
a diameter of 10-1000 mm, most advantageously 20-200 
mm and a thickness of 01-20 mm, most advantageously 
0.5-3 mm. The disk 10 contains tWo sectors: an assay sector 
11 and a softWare sector 12. A central hole 13 is provided for 
location in a compact disk reader. SoftWare for controlling 
the assay may be on a separate disk. HoWever, it is preferred 
to have the softWare on the disk associated With an assay for 
a particular analyte or analytes to minimiZe the opportunity 
for human error When performing the assay. The possible 
components and unit operations of the IBCD are presented 
in the folloWing description. 

[0035] 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 (ZOO-16,000 rpm). HoWever, for some operations it 
may be advantageous to utiliZe rotations at differing speeds, 
for eXample 1000-10,000 rpm, and most preferably 2000 
5000 rpm. For any particular assay, the controlling softWare 
dictates the rotation regimen during the analysis. This regi 
men, the speeds and timing, including times in Which 
perhaps no rotation occurs to alloW for incubation, electro 
phoresis, 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 signi?cant centrifugal force that may 
be used to move liquids. Another energy source that may be 
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easily used in the IBCD is chemical energy. Amost 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, ?lters, dialysis mem 
branes, chromatographic columns, electrophoretic gels, 
valves, any micromechanical or electronic components 
including microprocessors, electrodes, especially enZyme 
electrodes, cuvettes, and assay elements. The possible unit 
operations carried out by the components include the fol 
loWing: centrifugation, ?ltering, transfer of liquids, miXing 
of liquids, dialysis, column separations, heating, cooling, 
electroconvection, electrophoresis, and analyte detection 
and signaling thereof. 

[0036] The IBCD is conveniently made from tWo pieces 
comprising upper and loWer halves. The loWer half may 
contain almost all the components, While the upper half may 
be a ?at cover containing only a feW components, such as 
electrodes and Wires. The number of layers in this invention 
may be more than tWo and many components may also be 
pre-made as modules. Especially reagent containers, cuvette 
assemblies, columns, micromechanical components, light 
sources, and microprocessors are advantageously assembled 
as modules. Various features may be printed onto the soft 
plastic. Various components may be glued, either by thermal 
or UV-curing, melted together, connected by complementary 
mechanical features, mechanically clamped or simply 
enclosed inside a larger component. Some areas may be 
treated, for instance, With ammonia plasma to render these 
areas hydrophilic. The surface may be further treated by 
various molecules that render the surface inert or alterna 
tively give it speci?c adsorption properties. Silylation is a 
general method for the treatment of surfaces (Virtanen, J. A., 
Kinnunen, P. K. J. and Kulo, A., “Organosilanes and their 
hydrolytic polymers as surface treatment agents for use in 
chromatography and electronics,” US. Pat. No. 4,756,971). 
Covalent attachment of detergents Will reduce the adsorption 
of proteins, such as albumin, and Will also reduce the 
adsorption of soluble proteins. Metal electrodes and Wires 
may be evaporated onto desired areas. Masks or resists may 
be used to localiZe the plasma treatment or metal deposition. 
Capillary ducts and ?uid storage and retention compart 
ments may be machined into the optical disks or formed by 
chemical means or in injection molding operations. As 
shoWn With reference to FIG. 2, the assay sector may 
contain a sample inlet port 14. The sample port is preferably 
sealable so that at the disk is effectively sealed, eXcept for 
necessary venting to alloW for ?uid ?oW, to protect from any 
biological haZards. By various means, eg centrifugal force 
and like means that are Well knoWn in the art, a portion of 
the sample is metered to a sample preparation site 15, that 
may contain reagents and the like in order to conduct the 
assay. Alternatively, or in conjunction With reagents already 
in the sample preparation segment, a reagent train 16 may be 
provided to deliver, as needed, the necessary reagents in the 
proper order to the sample preparation segment. Additional 
details of the reagent train are shoWn in FIG. 9. It may be 
necessary to separate the analyte from the sample, at least 
partially, and this may be done in a sample separation 
segment designated generally as 17. Abattery 18 is provided 
if electrical energy is required for the separation process. 
Additional details of the battery are shoWn in FIG. 5 and 
described beloW. The resultant sample is then transferred to 

Dec. 6, 2001 

the assay site 19. In a preferred embodiment of the inven 
tion, the assay site contains an assay element as described in 
greater detail beloW. The analyte binds to a predetermined 
location on the disk if it is present in the sample, and the 
presence of the analyte is detected by the reader from 
information that identi?es the particular analyte With the 
location at Which it is bound. A Waste compartment is 
provided to collect over?oW of reagents or sample that 
eXceeds metered amounts for use in the assay and the 
various compartments and ?uid transfer channels are vented 
appropriately to alloW for ?uid ?oW throughout the surface 
of the assay sector. 

[0037] 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 substantially as described above although different 
assays may be conducted at the same time in individual 
sectors either for a multitude of analytes or a multitude of 
patients. The details of a particular sector are shoWn in 
greater detail in FIG. 4, Where the various possible compo 
nents are identi?ed by the same numbers as used in the 
foregoing description. 

Components 

[0038] As shoWn in FIG. 5, a battery may be provided that 
consists simply of tWo metal layers, such as copper and Zinc, 
Which are in the loWer and upper half, respectively. During 
storage they are separated by air. When the disk is rotated, 
the space betWeen these tWo metals is ?lled by dilute mineral 
acid, depending on the nature of the metal electrodes. In the 
case of copper and Zinc, this may be dilute sulfuric acid, 
containing copper ions and the battery is activated. This 
battery generates a voltage of 1.5 V for only about 1 hour. 
HoWever, this is more than enough to complete the analysis. 
Longer lasting batteries may be made, if necessary, from 
other materials or thicker metal layers. Importantly, alloWing 
Water to How into the space betWeen the metal layers 
deactivates the battery. The activation and deactivation cycle 
may be repeated several times. Several batteries may be 
coupled in 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 miniatur 
iZed, pre-fabricated battery may be utiliZed and activated by 
closing the electrical circuit With a salt, eg sodium chloride, 
solution. 

[0039] Capillaries preferably are used to transfer liquid 
and air. Also, very small volumes of liquid may be stored in 
capillaries. Preferably, air capillaries are hydrophobic, While 
capillaries that come into contact With Water are hydrophilic. 
As necessary, capillaries may have circular or rectangular 
cross-sections. Typical depths are betWeen 10 pm and 500 
pm, While Widths are betWeen 50 pm and 2 mm. Air 
capillaries utiliZe the larger dimensions to prevent any 
formation of a pressure gradient, unless otherWise desired. 
The velocity of the How depends on the frequency of the 
rotation of the IBCD, the dimensions of the capillary and the 
viscosity and density of the liquid. Physical properties of the 
liquid are dictated by the assay and the frequency of rotation 
is limited to a certain eXtent by the CD-ROM or DVD reader. 
Thus, the dimensions of the capillary are used to adjust the 
speed of the liquid transfer. The capillary ducting may be 



US 2001/0048895 A1 

provided With “bottlenecks,” i.e., restrictions in the cross 
sectional areas of the capillary, to control the velocity of the 
liquid as necessary. Hydrophilicity and hydrophobicity may 
be used for the same purpose. 

[0040] The exact dimensions of the capillary netWork and 
chambers may be designed by using the Navier-Stokes 
equation: 

[0041] Where p is the density, p is the pressure, v is the 
velocity, b is the body force ?eld, p is the viscosity and Vis 
the differential operator del (Mase, Continuum Mechanics, 
McGraW-Hill, 1970). Pressure is a scalar ?eld, While v and 
b are vector ?elds. Commercial computer softWare for 
solving of the Navier-Stokes equation in complicated geom 
etries is available. 

[0042] Containers or compartments formed in the disk are 
used for sample input, to store reagents, to perform reactions 
and to collect Waste. Their depth is about 1-2000 pm, 
preferably about 10-800 pm and they may have any shape 
possible, although circular or rectangular cross-sections are 
preferred. Compartments are hydrophilic, except for one end 
of the Waste container Which has an air capillary that is 
hydrophobic. Reaction compartments may be formed With 
electrodes for heating, electroconvection of electrochemical 
purposes. Electrodes are preferably evaporated gold ?lms. 
Compartments may also have valves that are operated by 
electricity or chemically as described beloW. Storage con 
tainers may be metal coated, preferably gold coated, to 
prevent the penetration of the Water into the plastic. 
Reagents may also be prepacked into cassettes, Which are 
virtually impermeable. These cassettes may be closed during 
storage and opened manually, by puncturing or by opening 
a valve or plug When the sample cassette is place in the disk. 
Opening of the cassette may also be facilitated by centrifu 
gal force When the IBCD starts to rotate. In any case, proper 
liquid ?oW is maintained during the assay by computer 
control via CD or DVD-reader. 

[0043] The liquid ?oW during the assay may be monitored 
by using a re?ective element. The re?ective element utiliZes 
the laser that is in the CD or DVD-reader and the fact that 
even When the liquid is transparent its re?ective index is 
signi?cantly different from that of air. Thus the laser light is 
re?ected back to the CD or DVD-reader in the presence of 
air and in some other direction in the presence of liquid, or 
vice versa. Another method of monitoring the liquid ?oW is 
to use an active light source, such as an LED or semicon 

ductor laser. Such a light may be poWered by the presence 
of an electrically conductive liquid, such as plasma or buffer, 
acting to close an electronic circuit. 

[0044] 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 re?ect 
light When there is a potential over the LC-?lm. These pixels 
may be, for instance, linearly organiZed, so that in one end 
loW potential is needed for the re?ection of the light, While 
on the other end the potential must be much higher for the 
same result. A CD or DVD-drive is able to localiZe the 
re?ective pixels and accordingly, the potential in the circuit 
can be measured. Potential change can be due to an elec 
trochemical process in one of the electrochemical cells. For 
example, an electrode coated With cholesterol oxidase Will 
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generate hydrogen peroxide in the presence of cholesterol. 
Hydrogen peroxide Will change the potential of the circuitry 
and cholesterol may be quantitated. 

[0045] Filters may be used to remove large particles, such 
as cells, dust, etc. from the soluble sample. Accordingly, 
?lters are most preferably included as part of the sample 
inlet compartment. Filters may be formed from porous 
plastic, glass, cross-linked cotton or cellulose, etc. These 
materials may be in the shape of rods or similar shapes 
depending on the particular use to Which they are being put. 
Plastics, such as Te?on, may be used as ?lms. 

[0046] Since chaotropic agents are often used to denature 
oligonucleotides during sample preparation, it is advanta 
geous to provide a means of dialysis in the disk to remove 
the salt prior to the assay being performed. As shoWn in 
FIG. 6, a dialysis unit is prepared by putting a dialysis 
membrane 27 on either one or both halves (top and bottom) 
of a compartment formed in the disk 10. Taking into account 
the small volumes, the buffer that is already inside the 
dialysis membrane is usually suf?cient and typically no 
buffer is needed on the side of the membrane opposite the 
?uid layer. 
[0047] A column may be prepared, such as shoWn in FIG. 
7, by ?lling a compartment 28 With a desired gel, adsorbent 
or ion exchanger, e.g. silica gel, Sephadex, etc. (the particu 
lar material is chosen for the particular application for Which 
it is used) and putting a ?lter 29 in the other end. Examples 
of potential uses, include separating smaller molecules from 
larger ones and fractionating hydrophilic and hydrophobic 
compounds. An ion exchange column is especially useful for 
the separation of nucleic acids from other biomolecules. The 
columns lend themselves to other uses that may be conve 
nient or necessary for conducting any particular assay. 

[0048] 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 position illustrated and a conductive, 
metallic foil 35 that is adapted to close one or the other of 
the capillaries depending on its position relative to each 
capillary. The metal foil is biased to close one of the 
capillaries When no current is ?oWing and operates to open 
the previously closed capillary and close the other capillary 
When current ?oWs. As an example, the valve is made from 
a thin gold foil, Which is mechanically pressed against the 
other outlet capillary and is electrically connected to the 
closest electrode. When the battery is activated the gold foil 
is repelled by the closest electrode and attracted by the other 
electrode. As a result the gold foil is pressed against the other 
outlet. Other conductive metallic foils may be used, but a 
metal that is conductive and non-corroding is preferred for 
most operations. The battery may be deactivated as 
explained earlier and the valve is then sWitched back to its 
original position. 
[0049] The laser of CD-R or CD-RW-drives has poWer up 
to 10 mW that can heat objects to high temperatures, even 
to 600° C. The poWer is strong enough to puncture holes in 
several materials, including plastics. Plastic should contain 
a dye that absorbs the laser light. Thermal expansion may be 
used for reversible valving. For instance, the bending of 
bimetallic foils is extremely sensitive to the temperature. 

[0050] PieZoelectric material may be used as a valve. 
PieZoelectricity may also be used for measuring extremely 
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small volumes of liquids, for example nanoliters of the 
sample can be divided between different assays. 

[0051] Valve-like operations may also be performed 
chemically by deposition from solution of a solid chemical 
compound and/or dissolution of a deposited, solid com 
pound. The ?rst outlet of such a valve is closed by deposition 
of a chemical compound inside the capillary. The compound 
may be, for eXample, silver chloride. The chloride ions may 
be in the main ?uid stream While in separate side capillaries 
are pure Water and silver nitrate in Water. The side capillaries 
are con?gured such that ?rst the Water and then the silver 
nitrate are added to the main ?uid stream containing the 
chloride. The moment the silver ions arrive at the intersec 
tion it is clogged, effectively acting as a closed valve. 
Alternatively, a capillary may be initially clogged 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. 

[0052] The assay element is preferably utiliZed in the 
assay site of the present invention. Brie?y, the assay element 
(FIG. 13) includes a cleavable spacer 61 covalently attached 
at one end 60 to the disk surface 59 and at the other end 62 
to a reporter element 65. The preferred embodiments of the 
reporter element described herein include re?ective gold 
spheres or opaque lateX spheres. Also included are tWo 
recognition elements 63a, 63b, hereafter referred to as 
sidearms Which are covalently attached to each spacer such 
that the one sidearm is connected to each side of the spacer’s 
cleavage site 64. The preferred embodiments of the sidearms 
described herein include oligonucleotides, antibodies and 
oligonucleotide-antibody conjugates. The assay elements 
may be used to detect the presence of an analyte and create 
a signal thereof through either a positive or negative recog 
nition event (FIG. 14). A positive recognition event (FIG. 
14A, C and E) occurs When an analyte 66 binds to both 
sidearms 63a, 63b resulting in the completion of a connec 
tive loop 67 betWeen the tWo sides the spacer bisected by the 
cleavage site 64. Anegative recognition event (FIG. 14B, D 
and F) occurs When analyte 66 binds to only one or neither 
of the sidearms 68a, 68b and consequently no loop is made 
connecting the tWo sides of the spacer. When a positive 
recognition event is folloWed by cleavage of the spacers, an 
unbroken connection from disk to reporter element remains 
intact (FIG. 14E). On the other hand, cleavage of the 
spacers in an assay element folloWing a negative recognition 
event results in the reporter elements being disconnected 
from the disk (FIG. 14F). Thus, negative recognition results 
in loose reporter elements that are easily Washed aWay 
Whereas positive recognition results in the reporter elements 
being retained in their discrete assay sectors. In either case, 
the results may be observed immediately by CD-ROM or 
DVD reader. 

[0053] Further embodiments of the invention are 
described herein that utiliZe both re?ective 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 
disconnect the sidearms. In this case, a positive recognition 
event results in the disappearance of the reporter element, 
While a negative recognition event results in the reporter 
element being retained. 
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[0054] Other possible embodiments of the assay element 
described herein do not include cleavable spacers With 
sidearms. In one such alternative scheme the surface of the 
IBCD is coated by metal, preferably by gold, and the analyte 
connects the opaque particles, such as lateX beads, or dye 
loaded liposomes on the metal surface. 

Opaque Spheres as Assay Elements 

[0055] Previous assay elements are based on the binding 
of re?ective particles to the transparent surface of the IBCD. 
The situation may be reversed so that opaque particles are 
bound to a re?ective surface. This approach is especially 
advantageous When large cells are assayed and is illustrated 
generally in FIG. 12. 

[0056] A metal ?lm is deposited onto the plastic surface. 
Information may be coded into this metal layer as it is done 
in conventional CDs. This information may include spatial 
addresses or other information related to the assay. The 
metal layer is further covered by a plastic layer. This is then 
aminated, as described previously, and instead of gold 
spheres, large lateX spheres 58 (10-50 pm diameter), Which 
contain a dye, are attached to the substrate via spacer 
molecules as previously described. These lateX spheres are 
partially coated With recognition molecules as described 
above for gold spheres. Cell recognition binds the lateX 
spheres to the substrate even after the spacers are cleaved, 
and the dye in the spheres prevents the re?ection of the laser 
light from the metal layer. Alternatively, if a proper ?uo 
rescent dye and Wavelength of laser light are used, the 
?uorescent emission of the spheres may be used to monitor 
the assay. This requires a specialiZed instrument and Will be 
facilitated by blue lasers When they become available for use 
in CD-ROM or DVD-readers. 

[0057] In the simplest version of the cell detection assay, 
the lateX spheres are not connected With the IBCD before the 
assay, but are added after the cells are bound to the IBCD. 
The lateX sphere suspension is added, the recognition mol 
ecules on the spheres bind to the proper cells and these cells 
are immobiliZed. These lateX spheres may then be observed 
by reduced re?ectance using the CD-ROM or DVD-reader. 

Complementary Binding of Spacers 

[0058] One draWback of the covalent binding of spacers is 
that the disk is not easily regenerated after the spacers are 
cleaved. If the spacers are instead connected to the substrate 
With complementary oligonucleotides, the disk can be 
regenerated after an assay is completed. The spacers or their 
residues are removed by heating or by using chaotropic 
agents. The duplexes that bind spacers are denatured and the 
disk can be cleaned. The disk retains the oligonucleotides 
that Were binding old spacers. All oligonucleotides on one 
assay site are identical. They may be different in different 
assay sites, or they may be identical on the Whole IBCD. 
NeW spacers having oligonucleotides complementary to 
those on the IBCD are added. After incubation the comple 
mentary oligonucleotides of the spacer and the IBCD 
hybridiZe. The eXcess spacers are Washed aWay. In this case 
the oligonucleotide sidearms may be attached to the spacers 
before the spacers are attached to the surface. Gold spheres 
are then added, they are bound by the thiol groups or 
disul?de bridges of the spacers, and the disk is ready to be 
used again. 










