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ASSAY DEVICES THAT UTILIZE HOLLOW 
PARTICLES 

BACKGROUND OF THE INVENTION 

[0001] Various analytical procedures and devices are com 
monly employed to determine the presence and/or concen 
tration of analytes that may be present in a test sample. For 
instance, immunoassays utilize mechanisms of the immune 
systems, Wherein antibodies are produced in response to the 
presence of antigens that are pathogenic or foreign to the 
organisms. These antibodies and antigens, i.e., immunore 
actants, are capable of binding With one another, thereby 
causing a highly speci?c reaction mechanism that can be 
used to determine the presence or concentration of that 
particular antigen in a biological sample. 

[0002] In many assay devices, labeled particles are used to 
signal the presence or absence of the analyte of interest, 
either visually or though the use of an instrument. For 
instance, commercial examples of ?uorescent carboxylated 
microspheres are available from Molecular Probes, Inc. 
under the trade names “FluoSphere” (Red 580/605) and 
“Trans?uoSphere” (543/620). Commercial examples of col 
ored carboxylated latex beads are also available from Bang’s 
Laboratory, Inc. Gold particles are also commonly utiliZed. 

[0003] Despite some success, conventional particles still 
possess numerous problems When used in assay devices. For 
instance, conventional latex beads tend to aggregate With 
each other, thus requiring that they be refrigerated and kept 
under continuous agitation until use. This aggregation may 
lead to poor reliability and reproducibility in the assay 
device. Further, although gold particles have a relatively 
loWer siZe distribution and do not tend to aggregate as much 
as latex beads, they are dif?cult and expensive to manufac 
ture. Many of the commercially available gold particles are 
also poor in quality. Moreover, most gold particles have a 
red color that may not be changed, leading to less ?exibility 
in the assay format and design. 

[0004] As such, a need currently exists for improved 
particles for incorporation into an assay device. 

SUMMARY OF THE INVENTION 

[0005] In accordance With one embodiment of the present 
invention, an assay device (e.g., ?oW-through assay device, 
diffraction-based assay device, etc.) is disclosed that com 
prises a plurality of detectable probes, Wherein at least one 
of the detectable probes contains a particle that de?nes a 
holloW interior constituting from about 20% to about 100% 
of the spatial volume occupied by the particle. 

[0006] The shape of the particle may generally vary as 
desired. For example, in some embodiments, the particle 
may have the shape of a sphere, plate, rod, disc, bar, tube, an 
irregular shape, etc. In addition, the siZe of the particle may 
also vary. For example, in some embodiments, the average 
siZe of the particle may range from about 0.1 nanometers to 
about 1,000 microns, in some embodiments from about 0.1 
nanometers to about 100 microns, and in some embodi 
ments, from about 1 nanometer to about 10 microns. 

[0007] Besides siZe and/or shape, the material(s) that form 
the holloW particle may also vary. The holloW particle may, 
for instance, be organic and/or inorganic in nature, and may 
be polymers, oligomers, molecules, and so forth. For 
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instance, in one embodiment, the particle is formed from a 
core polymer and a shell polymer. In another embodiment, 
the particle is formed by electrostatic layer deposition. The 
particle may be modi?ed in any manner desired to facilitate 
its use in the assay device. For example, in some embodi 
ments, the particle is conjugated With a speci?c binding 
member. In one embodiment, the speci?c binding member is 
covalently bonded to the particle. 

[0008] In accordance With another embodiment of the 
present invention, a detectable probe for use in an assay 
device is disclosed. The detectable probe contains a particle 
that de?nes a holloW interior constituting from about 20% to 
about 100% of the spatial volume occupied by the particle. 

[0009] Other features and aspects of the present invention 
are discussed in greater detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A full and enabling disclosure of the present inven 
tion, including the best mode thereof, directed to one of 
ordinary skill in the art, is set forth more particularly in the 
remainder of the speci?cation, Which makes reference to the 
appended ?gures in Which: 

[0011] FIG. 1 is a perspective vieW of one embodiment of 
a ?oW-through assay device of the present invention; 

[0012] FIG. 2 is a perspective vieW of one embodiment of 
a diffraction-based assay device of the present invention; 

[0013] FIG. 3 is a graphical illustration of one embodi 
ment for covalently conjugating an antibody to carboxylated 
holloW particles; and 

[0014] FIG. 4 is an SEM photograph (magni?cation of 
100x) of the holloW particles utiliZed in Example 1. 

[0015] Repeat use of reference characters in the present 
speci?cation and draWings is intended to represent same or 
analogous features or elements of the invention. 

DETAILED DESCRIPTION OF 
REPRESENTATIVE EMBODIMENTS 

De?nitions 

[0016] As used herein, the term “analyte” generally refers 
to a substance to be detected. For instance, analytes can 
include antigenic substances, haptens, antibodies, and com 
binations thereof. Analytes include, but are not limited to, 
toxins, organic compounds, proteins, peptides, microorgan 
isms, amino acids, nucleic acids, hormones, steroids, vita 
mins, drugs (including those administered for therapeutic 
purposes as Well as those administered for illicit purposes), 
drug intermediaries or byproducts, bacteria, virus particles 
and metabolites of or antibodies to any of the above sub 
stances. Speci?c examples of some analytes include ferritin; 
creatinine kinase MIB (CK-MB); digoxin; phenytoin; phe 
nobarbitol; carbamaZepine; vancomycin; gentamycin; theo 
phylline; valproic acid; quinidine; leutiniZing hormone 
(LH); follicle stimulating hormone (FSH); estradiol, proges 
terone; C-reactive protein; lipocalins; IgE antibodies; vita 
min B2 micro-globulin; glycated hemoglobin (Gly. Hb); 
cortisol; digitoxin; N-acetylprocainamide (NAPA); 
procainamide; antibodies to rubella, such as rubella-IgG and 
rubella IgM; antibodies to toxoplasmosis, such as toxoplas 
mosis IgG (Toxo-IgG) and toxoplasmosis IgM (Toxo-IgM); 



US 2004/0197819 A1 

testosterone; salicylates; acetaminophen; hepatitis B virus 
surface antigen (HBsAg); antibodies to hepatitis B core 
antigen, such as anti-hepatitis B core antigen IgG and IgM 
(Anti-HBC); human immune de?ciency virus 1 and 2 (HIV 
1 and 2); human T-cell leukemia virus 1 and 2 (HTLV); 
hepatitis B e antigen (HBeAg); antibodies to hepatitis B e 
antigen (Anti-HBe); in?uenza virus; thyroid stimulating 
hormone (TSH); thyroxine (T4); total triiodothyronine 
(Total T3); free triiodothyronine (Free T3); carcinoembryoic 
antigen (CEA); and alpha fetal protein Drugs of 
abuse and controlled substances include, but are not 
intended to be limited to, amphetamine; methamphetamine; 
barbiturates, such as amobarbital, secobarbital, pentobar 
bital, phenobarbital, and barbital; benZodiaZepines, such as 
librium and valium; cannabinoids, such as hashish and 
marijuana; cocaine; fentanyl; LSD; methaqualone; opiates, 
such as heroin, morphine, codeine, hydromorphone, hydro 
codone, methadone, oxycodone, oxymorphone and opium; 
phencyclidine; and propoxyhene. Other potential analytes 
may be described in US. Pat. No. 6,436,651 to Everhart, et 
al. and US. Pat. No. 4,366,241 to Tom et al. 

[0017] As used herein, the term “test sample” generally 
refers to a material suspected of containing the analyte. The 
test sample can be used directly as obtained from the source 
or folloWing a pretreatment to modify the character of the 
sample. The test sample can be derived from any biological 
source, such as a physiological ?uid, including, blood, 
interstitial ?uid, saliva, ocular lens ?uid, cerebral spinal 
?uid, sWeat, urine, milk, ascites ?uid, raucous, synovial 
?uid, peritoneal ?uid, vaginal ?uid, amniotic ?uid or the 
like. The test sample can be pretreated prior to use, such as 
preparing plasma from blood, diluting viscous ?uids, and the 
like. Methods of treatment can involve ?ltration, precipita 
tion, dilution, distillation, mixing, concentration, inactiva 
tion of interfering components, and the addition of reagents. 
Besides physiological ?uids, other liquid samples can be 
used such as Water, food products and the like for the 
performance of environmental or food production assays. In 
addition, a solid material suspected of containing the analyte 
can be used as the test sample. In some instances it may be 
bene?cial to modify a solid test sample to form a liquid 
medium or to release the analyte. 

DETAILED DESCRIPTION 

[0018] Reference noW Will be made in detail to various 
embodiments of the invention, one or more examples of 
Which are set forth beloW. Each example is provided by Way 
of explanation of the invention, not limitation of the inven 
tion. In fact, it Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
present invention Without departing from the scope or spirit 
of the invention. For instance, features illustrated or 
described as part of one embodiment, can be used on another 
embodiment to yield a still further embodiment. Thus, it is 
intended that the present invention covers such modi?ca 
tions and variations as come Within the scope of the 
appended claims and their equivalents. 

[0019] The present invention is generally directed to the 
use of holloW particles in various types of assay devices. 
Generally speaking, the holloW particles individually de?ne 
a holloW interior that constitutes from about 20% to about 
100%, and in some embodiments, from about 30% to about 
100% of the spatial volume occupied by the particle. 
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Namely, a substantial portion of the spatial volume of each 
holloW particle remains empty. Due to their holloW or 
voided structure, the particles may exhibit a variety of 
bene?cial properties. For instance, holloW particles are 
generally lightWeight, and thus, sometimes inexpensive in 
comparison to other types of particles. HolloW particles, 
may also form a stable system Without requiring refrigera 
tion or rotation, and may be readily resuspended When it is 
desired to use the particles. In addition, holloW particles may 
possess enhanced light diffraction capabilities, Which may 
be particularly bene?cial in certain types of assay devices, 
e.g., diffraction-based assay devices. 

[0020] The shape of the holloW particles may generally 
vary. In one particular embodiment, for instance, the holloW 
particles are spherical in shape. HoWever, it should be 
understood that other shapes are also contemplated by the 
present invention, such as plates, rods, discs, bars, tubes, 
irregular shapes, etc. 

[0021] In addition, the siZe of the holloW particles may 
also vary. For instance, the average siZe (e.g., diameter) of 
the holloW particles may range from about 0.1 nanometers 
to about 1,000 microns, in some embodiments, from about 
0.1 nanometers to about 100 microns, and in some embodi 
ments, from about 1 nanometer to about 10 microns. The 
siZe selected for the holloW microparticles may depend on 
the intended application. For instance, “micron-scale” par 
ticles may be desired in some assay devices, such as some 
?oW-through devices or diffraction-based assays. When uti 
liZed, such “micron-scale” particles may have an average 
siZe of from about 1 micron to about 1,000 microns, in some 
embodiments from about 1 micron to about 100 microns, 
and in some embodiments, from about 1 micron to about 10 
microns. LikeWise, “nano-scale” particles may be desired in 
other applications, such as in some ?oW-through assay 
devices. When utiliZed, such “nano-scale” particles may 
have an average siZe of from about 0.1 to about 10 nanom 
eters, in some embodiments from about 0.1 to about 5 
nanometers, and in some embodiments, from about 1 to 
about 5 nanometers. 

[0022] Although the shape and siZe of the particles may 
vary, as described above, it is often desired that the particles 
may be relatively “monodispersed” in that the particles 
Within a given dispersion have approximately the same siZe 
and/or shape. Monodispersed holloW particles can provide 
improved reliability and reproducibility due to their gener 
ally uniform properties. 

[0023] Besides their siZe and shape, the material(s) that 
form the holloW particles may also vary. The holloW par 
ticles may, for instance, be organic and/or inorganic in 
nature, and may be polymers, oligomers, molecules, and so 
forth. For example, the holloW particles may be formed from 
polymers such as polystyrene, (meth)acrylate polymers or 
copolymers, vinylidene chloride/acrylonitrile copolymers, 
etc. Other suitable holloW polymeric particles may be 
described in US. Pat. No. 4,427,836 to KoWalski, et al.; US. 
Pat. No. 4,480,042 to Craig, et al.; US. Pat. No. 4,973,670 
to McDonald, et al.; US. Pat. No. 5,618,888 to Choi, et al.; 
and US. Pat. No. 6,139,961 to Blankenship, et al., Which are 
incorporated herein in their entirety by reference thereto for 
all purposes. Still other holloW particles that may be used 
include inorganic materials, such as glass holloW particles. 
For instance, ECCOSPHERES® are holloW glass particles 



US 2004/0197819 A1 

derived from sodium borosilicate commercially available 
from Emerson and Cuming Composite Materials, Inc. Other 
representative holloW particles derived from an inorganic 
material, include, for instance, silica holloW microspheres 
available under the trade name “SILICA BEADS S700” 
from Miyoshi Kasei, Inc. Other examples of holloW inor 
ganic particles are described in US. Pat. No. 6,416,774 to 
Radin, et al., Which is incorporated herein in its entirety by 
reference thereto for all purposes. 

[0024] In one particular, embodiment, the holloW particles 
may be formed from one or more natural or synthetic latex 
polymers. Examples of such latex-based holloW particles are 
described in US. Pat. No. 5,663,213 to Jones, et al., Which 
is incorporated herein in its entirety by reference thereto for 
all purposes, and commercially available from Rohm & 
Haas of Philadelphia, Pa. under the name SunSpheres®. The 
’213 patent describes the ability of such latex-based holloW 
particles, Which are typically “micron-scale” in siZe, to be 
used for sun protection. HoWever, the present inventors have 
also discovered that the latex-based holloW particles have 
unexpected utility in assay devices. 

[0025] The latex-based holloW particles typically contain 
a core polymer and a shell polymer. The monomers used to 
form the core and shell polymers may generally vary. For 
instance, the shell polymer may be selected to provide a 
glass transition temperature (Tg) that is high enough to 
support the voids of the particle, e.g., such as greater than 
about 50° C., in some embodiments greater than about 60° 
C., and in some embodiments, greater than about 70° C. 
Some examples of suitable monomers that may be used to 
form the shell polymer include, but are not limited to, 
non-ionic ethylenically unsaturated monomers, monoethyl 
enically unsaturated monomers containing at least one car 
boxylic acid group, and so forth. 

[0026] The monomers that form the core polymer may 
include one or more monoethylenically unsaturated mono 
mers containing at least one carboxylic acid group. In some 
embodiments, for instance, at least about 5 Wt. % of the 
monoethylenically unsaturated monomers of the core poly 
mer contain at least one carboxylic acid, based on total 
monomer Weight of the core. Examples of suitable mono 
ethylenically unsaturated monomers containing at least one 
carboxylic acid group include, but are not limited to, (meth 
)acrylic acid, acryloxypropionic acid, (meth)acryloxypropi 
onic acid, itaconic acid, aconitic acid, maleic acid or anhy 
dride, fumaric acid, crotonic acid, monomethyl maleate, 
monomethyl fumarate, monomethyl itaconate, and so forth. 
As used herein, the term “(meth)acrylic” is intended to serve 
as a generic expression embracing both acrylic and meth 
acrylic. 
[0027] In one embodiment, the monoethylenically unsat 
urated monomer containing at least one carboxylic acid 
group is copolymeriZed With one or more nonionic (e.g., 
having no ioniZable group) ethylenically unsaturated mono 
mers. Some suitable nonionic ethylenically unsaturated 
monomers include, but are not limited to, styrene, vinyl 
toluene, ethylene, vinyl acetate, vinyl chloride, vinylidene 
chloride, acrylonitrile, (meth)acrylamide, (Cl-C20) alkyl or 
(C3-C2O) alkenyl esters of (meth)acrylic acid, such as methyl 
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate, benZyl (meth)acrylate, lauryl 
(meth)acrylate, oleyl (meth)acrylate, palmityl (meth)acry 
late, stearyl (meth)acrylate, and so forth. 
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[0028] The core polymer and/or shell polymer may 
optionally contain from about 0.1 Wt. % to about 20 Wt. %, 
and in some embodiments, from about 0.1 Wt. % to about 3 
Wt. % of a polyethylenically unsaturated monomer based on 
the total monomer Weight of the polymer. Examples of such 
unsaturated monomers include, but are not limited to, eth 
ylene glycol di(meth)acrylate, allyl(meth)acrylate, 1,3-bu 
tanediol di(meth)acrylate, diethylene glycol di(meth)acry 
late, trimethylolpropane tri(meth)acrylate, or 
divinylbenZene. If desired, the core polymer and/or shell 
polymer may contain from about 0.1 Wt. % to about 60 Wt. 
% butadiene based on the total monomer Weight of the 
polymer. 

[0029] To produce the void in the latex particles, the core 
is typically sWelled With a sWelling agent containing one or 
more volatile components. The sWelling agent permeates the 
shell to sWell the core. The volatile components of the 
sWelling agent may then be removed by drying the latex 
particles, thereby causing a void to form Within the latex 
particles. Although not required, the sWelling agent may be 
an aqueous base. Examples of suitable aqueous bases 
include, but are not limited to, ammonia, ammonium 
hydroxide, alkali metal hydroxides, such as sodium hydrox 
ide, or a volatile amine, such as trimethylamine or triethy 
lamine. Removal of the templated core may also be accom 
plished in other Ways, such as by calcining at elevated 
temperatures or by chemical reactions causing dissolution of 
the core material. 

[0030] In addition to core-shell holloW particles, holloW 
particles may also be formed using other Well-known tech 
niques. For example, U.S. Pat. No. 6,479,146 to Caruso, et 
al., Which is incorporated herein in its entirety by reference 
thereto for all purposes, describes holloW particles formed 
using electrostatic forces. In particular, holloW particles are 
formed using colloid templated electrostatic layer-by-layer 
(“LBL”) self-assembly of nanoparticle-polymer multilayers, 
folloWed by removal of the templated core. The template 
particles may, for instance, contain organic polymer latices, 
such as polystyrene or styrene copolymer latices. 

[0031] The template particles are alternately coated With 
polyelectrolyte molecules and nanoparticles. The polyelec 
trolytes are usually polymers having ionically dissociable 
groups that may be a component or substituent of the 
polymer chain. The nanoparticles are typically ceramic 
particles, such as silicon dioxide, titanium dioxide, and 
Zirconium dioxide optionally doped With other metal oxides; 
magnetic particles, such as Fe3O4; magneto-optical par 
ticles; nitridic ceramic particles, such as Si3N4, carbidic 
ceramic particles; metallic particles, such as gold, silver, and 
palladium; and sulfur or selene-containing particles, such as 
cadmium sul?de, cadmium selenide etc. 

[0032] In one embodiment, the template particles are ?rst 
coated With several layers of oppositely charged cationic and 
anionic polyelectrolytes before the alternating layers of 
nanoparticles and polyelectrolyte or the alternating nano 
particle layers are applied. The template particles may be 
coated With at least tWo and up to six layers of oppositely 
charged cationic and anionic polyelectrolytes, e.g., With 
three layers. The outermost polyelectrolyte layer may be 
oppositely charged With regard to the nanoparticle to be 
deposited. In most embodiments, the template particles are 
at least partially disintegrated after the coating has been 
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completed. They can be dissolved in appropriate solvents or 
thermally (e.g., by calcination to temperatures of at least 
about 500° C.). After dissolution of the template particles, 
holloW shells remain that are composed of the nanoparticle 
material and optionally the polyelectrolyte material. 

[0033] If desired, the electrostatically-formed particles 
may be modi?ed to contain pores in at least one of the layers. 
Such pores can be formed by the polyelectrolytes or nano 
particles themselves. For instance, a high salt concentration 
of the medium used for the deposition of the polyelectrolyte 
may result in a high permeability of the shell Wall. On the 
other hand, a high salt concentration of the medium used for 
the deposition of the nanoparticles (e.g., SiO2) may results 
in a high packing density of the silica particles. Thus, by 
adjusting the salt concentrations in the deposition medium, 
the permeability of the shell can be controlled, as desired. 
Further, the permeability properties of the shell may be 
modi?ed by selecting the conditions for decomposing the 
core, e.g., by selecting the temperature and heating condi 
tions in a calcination procedure. 

[0034] HolloW particles, such as described above, may 
have a variety of uses in assay devices. For instance, in one 
particular embodiment, the holloW particles may be used as 
probes in an assay device. When utiliZed as probes, the 
holloW particles may be capable of inherently generating a 
signal that is detectable visually or by an instrumental device 
(e.g., a diffraction pattern), or may be modi?ed With a label 
to impart such a signal generation capability. Various suit 
able labels that can be used include, but are not limited to, 
chromogones; catalysts; ?uorescent compounds; chemilu 
minescent compounds; phosphorescent compounds; radio 
active compounds; direct visual labels; and the like. For 
instance, some suitable labels may be described in US. Pat. 
No. 5,670,381 to Jou, et al. and US. Pat. No. 5,252,459 to 
Tarcha, et al., Which are incorporated herein in their entirety 
by reference thereto for all purposes. In one particular 
embodiment, the label is a ?uorescent compound that pro 
duces a detectable signal. The ?uorescent compounds can be 
?uorescent molecules, polymers, dendrimers, particles, and 
the like. Some eXamples of suitable ?uorescent molecules, 
for instance, include, but are not limited to, ?uorescein, 
europium chelates, phycobiliprotein, rhodamine and their 
derivatives and analogs. Avisually detectable, colored com 
pound can also be used as a label, thereby providing for a 
direct colored readout of the presence or concentration of the 
analyte in the sample Without the need for further signal 
producing reagents. 

[0035] The holloW particles may also be modi?ed in some 
manner so that they are more readily able to bond With an 
analyte. In such instances, the holloW particles can be 
modi?ed With certain speci?c binding members that are 
adhered thereto to form conjugated probes. Speci?c binding 
members generally refer to a member of a speci?c binding 
pair, i.e., tWo different molecules Where one of the molecules 
chemically and/or physically binds to the second molecule. 
For instance, immunoreactive speci?c binding members can 
include antigens, haptens, aptamers, antibodies, and com 
pleXes thereof, including those formed by recombinant DNA 
methods or peptide synthesis. An antibody can be a mono 
clonal or polyclonal antibody, a recombinant protein or a 
miXture(s) or fragment(s) thereof, as Well as a miXture of an 
antibody and other speci?c binding members. The details of 
the preparation of such antibodies and their suitability for 
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use as speci?c binding members are Well knoWn to those 
skilled in the art. Other common speci?c binding pairs 
include but are not limited to, biotin and avidin, biotin and 
streptavidin, antibody-binding proteins (such as proteinAor 
G) and antibodies, carbohydrates and lectins, complemen 
tary nucleotide sequences (including label and capture 
nucleic acid sequences used in DNA hybridiZation assays to 
detect a target nucleic acid sequence), complementary pep 
tide sequences including those formed by recombinant 
methods, effector and receptor molecules, hormone and 
hormone binding protein, enZyme cofactors and enZymes, 
enZyme inhibitors and enZymes, and the like. Furthermore, 
speci?c binding pairs can include members that are analogs 
of the original speci?c binding member. For example, a 
derivative or fragment of the analyte, i.e., an analyte-analog, 
can be used so long as it has at least one epitope in common 
With the analyte. 

[0036] The speci?c binding members can generally be 
attached to the holloW particles using any of a variety of 
Well-knoWn techniques. For instance, covalent attachment 
of the speci?c binding members to the holloW particles can 
be accomplished using carboXylic, amino, aldehyde, bro 
moacetyl, iodoacetyl, thiol, epoXy and other reactive or 
linking functional groups, as Well as residual free radicals 
and radical cations, through Which a protein coupling reac 
tion can be accomplished. A surface functional group can 
also be incorporated as a functionaliZed co-monomer 
because the surface of the holloW particles can contain a 
relatively high surface concentration of polar groups. In 
addition, although the holloW probes are often functional 
iZed after synthesis, in certain cases, the holloW particles 
may be capable of direct covalent linking With a protein 
Without the need for further modi?cation. For eXample, 
referring to FIG. 3, one embodiment of the present inven 
tion for covalently conjugating a holloW particle is illus 
trated. In this embodiment, the holloW particles contain 
carboXylic functional groups, Which may be present on 
lateX-based holloW particles, such as described above. As 
shoWn, the ?rst step of conjugation is activation of carboXy 
lic groups on the holloW particle surface using carbodiimide. 
In the second step, the activated carboXylic acid groups are 
reacted With an amino group of an antibody to form an 
amide bond. The activation and/or antibody coupling can 
occur in a buffer, such as phosphate-buffered saline (PBS) 
(e.g., pH of 7.2) or 2-(N-morpholino) ethane sulfonic acid 
(MES) (e.g., pH of 5.3). As shoWn, the resulting holloW 
particles can then be blocked With ethanolamine, for 
instance, to block any remaining activated sites. Overall, this 
process forms a conjugate, Where the antibody is covalently 
attached to the particle. Besides covalent bonding, other 
attachment techniques, such as physical adsorption, may 
also be utiliZed in the present invention. 

[0037] HolloW particles, such as described above, may be 
incorporated into a variety of assay devices. Examples of 
some suitable assay devices that may employ the holloW 
particles include, but are not limited to, ?oW through-assay 
devices (membrane-based, ?uidic-based, capillary-based, 
etc.); diffraction-based assay devices; and so forth. Speci? 
cally, such assay devices often utiliZe probes that are detect 
able in some manner, such as visually or through the use of 
an instrument. Such detectable probes may be used for 
detecting the analyte and/or for calibration of the assay 
device. In accordance With the present invention, the holloW 
particles may be utiliZed as detectable probes for purposes of 
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detection and/or calibration. Of course, it should also be 
understood that the hollow particles may be used in an assay 
device according to the present invention in other Ways not 
speci?cally referenced herein. 

[0038] For purposes of illustration only, various examples 
of assay devices that may incorporate holloW particles 
according to the present invention Will noW be described in 
more detail. It should be understood, hoWever, that other 
assay devices are also contemplated by the present inven 
tion. In fact, the present invention is not limited to any 
particular assay device con?guration. 

[0039] Referring to FIG. 1, for instance, one embodiment 
of a membrane-based ?oW-through assay device 20 is illus 
trated. As shoWn, the device 20 contains a porous membrane 
23 optionally supported by a rigid material 21. In general, 
the porous membrane 23 can be made from any of a variety 
of materials through Which the test sample is capable of 
passing. For example, the materials used to form the porous 
membrane 23 can include, but are not limited to, natural, 
synthetic, or naturally occurring materials that are syntheti 
cally modi?ed, such as polysaccharides (e.g., cellulose 
materials such as paper and cellulose derivatives, such as 
cellulose acetate and nitrocellulose); silica; inorganic mate 
rials, such as deactivated alumina, diatomaceous earth, 
MgSO4, or other inorganic ?nely divided material uniformly 
dispersed in a porous polymer matrix, With polymers such as 
vinyl chloride, vinyl chloride-propylene copolymer, and 
vinyl chloride-vinyl acetate copolymer; cloth, both naturally 
occurring (e.g., cotton) and synthetic (e.g., nylon or rayon); 
porous gels, such as silica gel, agarose, dextran, and gelatin; 
polymeric ?lms, such as polyacrylamide; and the like. In one 
particular embodiment, the porous membrane 23 is formed 
from nitrocellulose and/or polyester sulfone materials. It 
should be understood that the term “nitrocellulose” refers to 
nitric acid esters of cellulose, Which may be nitrocellulose 
alone, or a mixed ester of nitric acid and other acids, such as 
aliphatic carboxylic acids having from 1 to 7 carbon atoms. 

[0040] The device 20 may also contain a Wicking pad 28. 
The Wicking pad 28 generally receives ?uid that has 
migrated through the entire porous membrane 23. As is Well 
knoWn in the art, the Wicking pad 28 can assist in promoting 
capillary action and ?uid ?oW through the membrane 23. 

[0041] To initiate the detection of an analyte Within the test 
sample, a user may directly apply the test sample to a portion 
of the porous membrane 23 through Which it can then travel. 
Alternatively, the test sample may ?rst be applied to a 
sampling pad (not shoWn) that is in ?uid communication 
With the porous membrane 23. Some suitable materials that 
can be used to form the sampling pad include, but are not 
limited to, nitrocellulose, cellulose, porous polyethylene 
pads, and glass ?ber ?lter paper. If desired, the sampling pad 
may also contain one or more assay pretreatment reagents, 
either diffusively or non-diffusively attached thereto. 

[0042] In the illustrated embodiment, the test sample 
travels from the sampling pad (not shoWn) to a conjugate 
pad 22 that is placed in communication With one end of the 
sampling pad. The conjugate pad 22 is formed from a 
material through Which the test sample is capable of passing. 
For example, in one embodiment, the conjugate pad 22 is 
formed from glass ?bers. Although only one conjugate pad 
22 is shoWn, it should be understood that other conjugate 
pads may also be used in the present invention. 
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[0043] To facilitate detection of the presence or absence of 
an analyte Within the test sample, various detection probes 
41, Which optionally contain the holloW particles of the 
present invention, may be applied to the conjugate pad 22. 
While contained on the conjugate pad 22, these detection 
probes 41 remain available for binding With the analyte as it 
passes from the sampling pad through the conjugate pad 22. 
Upon binding With the analyte, the detection probes 41 can 
later serve to identify the presence or absence of the analyte. 
The detection probes 41 may be used for both detection and 
calibration of the device 20. In alternative embodiments, 
hoWever, separate calibration probes 43, Which also option 
ally contain the holloW particles of the present invention, 
may be applied to the conjugate pad 22 for use in conjunc 
tion With the detection probes 41 to facilitate simultaneous 
calibration and detection, thereby eliminating inaccuracies 
often created by conventional assay calibration systems. It 
should be understood, hoWever, that the detection probes 41 
and/or the calibration probes 43 may be applied together or 
separately at any location of the device 20, and need not be 
applied to the conjugate pad 22. Further, it should also be 
understood that the detection probes 41 and/or the calibra 
tion probes 43 may be applied to the same or different 
conjugate pads. 

[0044] In one embodiment, for instance, the test sample 
travels to the conjugate pad 22, Where the analyte mixes With 
the detection probes 41 to form analyte complexes. Because 
the conjugate pad 22 is in ?uid communication With the 
porous membrane 23, the complexes can migrate from the 
conjugate pad 22 to a detection Zone 31 present on the 
porous membrane 23. The detection Zone 31 may contain an 
immobiliZed receptive material that is generally capable of 
forming a chemical or physical bond With the probes. For 
example, in some embodiments, the binders can contain a 
biological receptive material. For example, in some embodi 
ments, the receptive material may be a biological receptive 
material. Such biological receptive materials are Well knoWn 
in the art and can include, but are not limited to, antigens, 
haptens, antibodies, protein A or G, avidin, streptavidin, 
secondary antibodies, and complexes thereof. In some cases, 
it is desired that these biological receptive materials are 
capable of binding to a speci?c binding member (e.g., 
antibody) present on the holloW particles. In addition, it may 
also be desired to utiliZe various non-biological materials for 
the receptive material. For instance, in some embodiments, 
the receptive material can include a polyelectrolyte that can 
bind to the uncaptured probes. The polyelectrolytes can have 
a net positive or negative charge, as Well as a net charge that 
is generally neutral. For instance, some suitable examples of 
polyelectrolytes having a net positive charge include, but are 
not limited to, polylysine (commercially available from 
Sigma-Aldrich Chemical Co., Inc. of St. Louis, Mo.), poly 
ethylenimine; epichlorohydrin-functionaliZed polyamines 
and/or polyamidoamines, such as poly(dimethylamine-co 
epichlorohydrin); polydiallyidimethyl-ammonium chloride; 
cationic cellulose derivatives, such as cellulose copolymers 
or cellulose derivatives grafted With a quaternary ammo 
nium Water-soluble monomer; and the like. In one particular 
embodiment, CelQuat® SC-230M or H-100 (available from 
National Starch & Chemical, Inc.), Which are cellulosic 
derivatives containing a quaternary ammonium Water 
soluble monomer, can be utiliZed. Moreover, some suitable 
examples of polyelectrolytes having a net negative charge 
include, but are not limited to, polyacrylic acids, such as 
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poly(ethylene-co-methacrylic acid, sodium salt), and the 
like. It should also be understood that other polyelectrolytes 
may also be utilized in the present invention, such as 
amphiphilic polyelectrolytes (i.e., having polar and non 
polar portions). For instance, some examples of suitable 
amphiphilic polyelectrolytes include, but are not limited to, 
poly(styryl-b-N-methyl 2-vinyl pyridinium iodide) and 
poly(styryl-b-acrylic acid), both of Which are available from 
Polymer Source, Inc. of Dorval, Canada. 

[0045] These receptive materials serve as stationary bind 
ing sites for the detection probe/analyte complexes. In some 
instances, the analytes, such as antibodies, antigens, etc., 
have tWo binding sites. Upon reaching the detection Zone 31, 
one of these binding sites is occupied by the speci?c binding 
member of the complexed probes. HoWever, the free binding 
site of the analyte can bind to the immobiliZed receptive 
material. Upon being bound to the immobiliZed receptive 
material, the complexed probes form a neW ternary sand 
Wich complex. 

[0046] The detection Zone 31 may generally provide any 
number of distinct detection regions so that a user can better 
determine the concentration of a particular analyte Within a 
test sample. Each region may contain the same receptive 
materials, or may contain different receptive materials for 
capturing multiple analytes. For example, the detection Zone 
31 may include tWo or more distinct detection regions (e.g., 
lines, dots, etc.). The detection regions may be disposed in 
the form of lines in a direction that is substantially perpen 
dicular to the How of the test sample through the assay 
device 20. Likewise, in some embodiments, the detection 
regions can be disposed in the form of lines in a direction 
that is substantially parallel to the How of the test sample 
through the assay device. 

[0047] Although the detection Zone 31 may indicate the 
presence of an analyte, it is often difficult to determine the 
relative concentration of the analyte Within the test sample 
using solely a detection Zone 31. Thus, the assay device 20 
may also include a calibration Zone 32. In this embodiment, 
the calibration Zone 32 is formed on the porous membrane 
23 and is positioned doWnstream from the detection Zone 31. 
The calibration Zone 32 is provided With a receptive material 
that is capable of binding to any remaining uncaptured 
detection probes 41 and/or calibration probes 43 that pass 
through the length of the membrane 23. In particular, upon 
being contacted With the test sample, any uncaptured probes 
that do not bind to the analyte migrate through the detection 
Zone 31 and enter the calibration Zone 32 of the porous 
membrane 23. At the calibration Zone 32, these uncaptured 
probes then bind to the receptive materials. The receptive 
materials utiliZed in the calibration Zone 32 may be the same 
or different than the receptive materials used in the detection 
Zone 31. Moreover, similar to the detection Zone 31, the 
calibration Zone 32 may also provide any number of distinct 
calibration regions in any direction so that a user can better 
determine the concentration of a particular analyte Within a 
test sample. Each region may contain the same receptive 
materials, or may contain different receptive materials for 
capturing different probes. 

[0048] The calibration regions may be pre-loaded on the 
porous membrane 23 With different amounts of the binder so 
that a different signal intensity is generated by each calibra 
tion region upon migration of the uncaptured probes. The 
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overall amount of receptive material Within each calibration 
region can be varied by utiliZing calibration regions of 
different siZes and/or by varying the concentration or vol 
ume of the binder in each calibration region. If desired, an 
excess of probe molecules can be employed in the assay 
device 20 so that each calibration region reaches its full and 
predetermined potential for signal intensity. That is, the 
amount of uncaptured probes that are deposited upon cali 
bration regions are predetermined because the amount of the 
binder employed on the calibration regions is set at a 
predetermined and knoWn level. Once captured, the signal of 
the probes at the detection and calibration Zones 31 and 32 
can be measured using visually and/or With an instrument. 

[0049] Various formats may be used to test for the pres 
ence or absence of an analyte using the device 20. For 
instance, in the embodiment described above, a “sandWich” 
format is utiliZed. Other examples of such sandWich-type 
assays are described by US. Pat. No. 4,168,146 to Grubb, et 
al. and US. Pat. No. 4,366,241 to Tom, et al., Which are 
incorporated herein in their entirety by reference thereto for 
all purposes. In addition, other formats, such as “competi 
tive” formats, may also be utiliZed. In a competitive assay, 
the labeled probe is generally conjugated With an antibody 
that is identical to, or an analogue of, the analyte. Thus, the 
labeled antibody competes With the analyte of interest for 
the available receptive material. Competitive assays are 
typically used for detection of analytes such as haptens, each 
hapten being monovalent and capable of binding only one 
antibody molecule. Examples of competitive immunoassay 
devices are described in US. Pat. No. 4,235,601 to Deutsch, 
et al., U.S. Pat. No. 4,442,204 to Liotta, and US. Pat. No. 
5,208,535 to Buechler, et al., Which are incorporated herein 
in their entirety by reference thereto for all purposes. Various 
other device con?gurations and/or assay formats are also 
described in Us. Pat. No. 5,395,754 to Lambotte, et al.; US. 
Pat. No. 5,670,381 to Jou, et al.; and US. Pat. No. 6,194,220 
to Malick, et al., Which are incorporated herein in their 
entirety by reference thereto for all purposes. 

[0050] Besides ?oW-through assay devices, the holloW 
particles of the present invention, as mentioned above, may 
also be utiliZed in diffraction-based assay devices (i.e., 
biosensors). The term “diffraction” refers to the phenom 
enon observed When Waves are obstructed by obstacles 
caused by the disturbance spreading beyond the limits of the 
geometrical shadoW of the object. The effect is marked When 
the siZe of the object is of the same order as the Wavelength 
of the Waves. For diffraction-based assay devices, the 
obstacles are analytes (With or Without attached particles) 
and the Waves are light Waves. For example, various 
examples of diffraction-based assay devices are described in 
US. Pat. No. 6,221,579 to Everhart, et al., Which is incor 
porated herein in its entirety by reference thereto for all 
purposes. 

[0051] Referring to FIG. 2, for instance, one embodiment 
of a diffraction-based assay device 80 is shoWn in Which a 
receptive material 82, such as described above, is coated 
onto the surface of a substrate 84. Any one of a Wide variety 
of materials may serve as the substrate 84 to Which the 
receptive material 82 is applied. Such materials are Well 
knoWn to those skilled in the art. For example, the substrate 
84 may be formed of any one of a number of suitable 
plastics, metal coated plastics and glass, functionaliZed 
plastics and glass, silicon Wafers, foils, glass, etc. Rather 
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than requiring a rigid substrate for the photopatterning 
process described herein, it has been found that thermoplas 
tic ?lms are quite suitable. Such ?lms include, but are not 
limited to, polymers such as: polyethylene-terephthalate 
(MYLAR®), acrylonitrile-butadiene-styrene, acrylonitrile 
methyl acrylate copolymer, cellophane, cellulosic polymers 
such as ethyl cellulose, cellulose acetate, cellulose acetate 
butyrate, cellulose propionate, cellulose triacetate, cellulose 
triacetate, polyethylene, polyethylene-vinyl acetate copoly 
mers, ionomers (ethylene polymers) polyethylene-nylon 
copolymers, polypropylene, methyl pentene polymers, poly 
vinyl ?uoride, and aromatic polysulfones. Typically, the 
plastic ?lm has an optical transparency of greater than about 
80%. Other suitable thermoplastics and suppliers may be 
found, for eXample, in reference Works such as the Modern 
Plastics Encyclopedia (McGraW-Hill Publishing Co., NeW 
York 1923-1996). 
[0052] If desired, the thermoplastic ?lm may have a metal 
coating. The ?lm With metal coating thereon may have an 
optical transparency of from about 5% to about 95%. Amore 
desired optical transparency for the thermoplastic ?lm used 
in the present invention is from about 20% to about 80%. In 
one embodiment, the thermoplastic ?lm has at least about 
80% optical transparency, and the thickness of the metal 
coating is such as to maintain an optical transparency greater 
than about 20%, so that diffraction patterns can be produced 
by either re?ected or transmitted light. This corresponds to 
a metal coating thickness of about 10 to about 20 nanom 
eters. However, in other embodiments, the metal thickness 
may be betWeen approximately 1 nanometer and 1000 
nanometers. The preferred metal for deposition on the ?lm 
is gold. HoWever, silver, aluminum, chromium, copper, iron, 
Zirconium, platinum, titanium, and nickel, as Well as oXides 
of these metals, may be used. Chromium oXide can be used 
to make metalliZed layers. 

[0053] The receptive material 82 may be applied to the 
substrate 84 by any conventional method. The receptive 
material 82 is applied so that it generally uniformly covers 
an entire (for eXample, upper) surface of the substrate 84. 
Although not required, non-contact methods for applying 
the receptive material 82 may be desired so as to eliminate 
the possibility of contamination by contact during applica 
tion. Suitable application methods include, but are not 
limited to, dipping, spraying, rolling, spin coating, and any 
other technique Wherein the receptive material layer can be 
applied generally uniformly over the entire test surface of 
the substrate. Simple physisorption can occur on many 
materials, such as polystyrene, glass, nylon, or other mate 
rials Well knoWn to those skilled in the art. One particular 
embodiment of immobiliZing the receptive material layer 82 
involves molecular attachment, such as that possible 
betWeen thiol or disul?de-containing compounds and gold. 
Typically, a gold coating of about 5 to about 2000 nanom 
eters thick is supported on a silicon Wafer, glass, or polymer 
?lm (such as a MYLAR® ?lm). The receptive material 82 
attaches to the gold surface upon eXposure to a solution 
thereof. 

[0054] The receptive material layer 82 may also be formed 
on the substrate 84 as a self-assembling monolayers of 
alkanethiolates, carboXylic acids, hydroXamic acids, and 
phosphonic acids on metalliZed thermoplastic ?lms. The 
self-assembling monolayers have the receptive material 
bound thereto. For instance, US. Pat. No. 5,922,550, Which 
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is incorporated herein in its entirety by reference thereto for 
all purposes, provides a more detailed description of such 
self-assembling monolayers and methods for producing the 
monolayers. 
[0055] Once the receptive material layer 82 is applied to 
the substrate 84, a mask (not shoWn) is then placed over the 
substrate 84, and the mask and substrate 84 combination is 
irradiated With an energy source 88. In its basic form, the 
“mask” serves to shield or “protect” at least one area or 

section of the receptive material 82 from the irradiating 
energy source and to eXpose at least one adjacent section to 
the energy source 88. For eXample, the mask may be a 
generally transparent or translucent blank (e.g., a strip of 
material) having any pattern of shielded regions printed or 
otherWise de?ned thereon. The eXposed unshielded regions 
of the mask correspond to the eXposed areas of the substrate 
84. Alternatively, the mask may simply be a single object 
placed upon the substrate 84. The area under the object 
Would be protected and thus de?ne an active area of the 
receptive material 82, and the area around the object Would 
be eXposed to the energy source 88 and thus de?ne an area 
of inactive receptive material. Alternatively, the object may 
have any pattern of openings de?ned therethrough corre 
sponding to the eXposed areas. 

[0056] The mask may be formed of any suitable material 
that protects the underlying portion of the substrate 84 from 
the irradiating energy source. A material that has proven 
useful for de?ning patterns of active and inactive receptive 
material regions on a gold-plated MYLAR® ?lm coated 
With an antibody solution Where the energy source is UV 
light is a transparent or translucent polymer ?lm (such as 
MYLAR®) having a pattern of shielded or protected regions 
printed thereon. This type of mask is useful for light sources 
With a Wavelength equal or greater than about 330 nanom 
eters. For light sources having a Wavelength beloW about 
330 nanometers, a quartZ or fused silica mask having 
chrome or other metal plated shielded regions de?ned 
thereon may be used. It may be desired to select a hole 
pattern and siZe so as to maXimiZe the visible diffraction 
contrast betWeen the active and inactive regions. As one 
eXample of a pattern, it has been found suitable if the active 
regions are de?ned as generally circular With a diameter of 
about 10 microns and spaced from each other by about 5 
microns. HoWever, other patterns that provide a de?ned 
diffraction image Would be suitable. 

[0057] The energy source 88 is selected so that the recep 
tive material 82 exposed by the mask is rendered inactive or 
incapable of binding analyte. Without being limited by 
theory, it is believed that one likely mechanism is that the 
energy source 88 essentially destroys the bond structure of 
the receptive material 82 by a radical mechanism. The 
energy source 88 is selected so that the receptive material 82 
eXposed by the mask is rendered inactive. The energy source 
88 essentially destroys the bond structure of the receptive 
material 82 by a radical mechanism. The receptive material 
82 under the shielded areas of the mask is protected during 
the irradiation step. Thus, upon removal of the mask, a 
pattern of active and inactive receptive material areas are 
de?ned. It should be understood that the term “pattern” 
includes as feW as one active area and one inactive area. 

Upon subsequent eXposure of the diffraction-based assay 
device to a medium containing the analyte of interest, such 
analyte Will bind to the receptive material in the active areas. 
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The analyte results in diffraction of transmitted and/or 
re?ected light in a visible diffraction pattern corresponding 
to the active areas. 

[0058] Any suitable energy source 88 may be selected for 
irradiating the mask and substrate combination. The energy 
source 88 may be, for example, a light source, e.g., an 
ultraviolet (UV) light source, an electron beam, a radiation 
source, etc. In one particular embodiment, the receptive 
material 82 is a protein-based material, such as an antibody, 
and the deactivating energy source 88 is a UV light source. 
The sensor Would be exposed to the UV source for a period 
of time suf?cient for deactivating the antibody. Wavelengths 
and exposure times may vary depending on the particular 
type of receptive material. Other suitable energy sources 
may include tuned lasers, electron beams, various types of 
radiation beams including gamma and X-ray sources, vari 
ous intensities and Wavelengths of light including light 
beams of suf?cient magnitude at the microWave and beloW 
Wavelengths, etc. It should be appreciated that any number 
of energy sources may be speci?cally tailored for deactivat 
ing a particular antibody or other type of biomolecule. Care 
should be taken that the energy source does not damage 
(e.g., melt) the underlying substrate or mask. 

[0059] In some embodiments, the holloW particles of the 
present invention may be used in a diffraction-based assay 
device, such as described above, to enhance and/or cause the 
desired diffraction pattern, particularly if the analyte is not 
of a siZe that results in the desired diffraction pattern. For 
instance, one embodiment includes conjugating holloW par 
ticles 85 With speci?c binding members 87, such as anti 
bodies, that speci?cally bind to an analyte A. For detecting 
the analyte A in a test sample, the test sample is ?rst exposed 
to the holloW particles 85 having the speci?c binding 
members 87 thereon. The analyte AWill bind to the speci?c 
binding members 87. Then, the holloW particles 85 are 
optionally Washed and exposed to the biosensor ?lm 84 With 
the pattern of active receptive material 82. The receptive 
material 82 then binds to the analyte A on the holloW 
particles 85, thereby immobiliZing the holloW particles 85 in 
the same pattern as the active receptive material 82 on the 
?lm 84. Because the bound holloW particles 85 Will cause 
diffraction of the visible light, a diffraction pattern is formed, 
indicating the presence of the analyte A. 

[0060] Various other diffraction-based assay device con 
?gurations may be utiliZed With holloW particles in accor 
dance With the present invention. For instance, in one 
embodiment, the test sample may be applied to the assay 
device simultaneously With the holloW particles. Likewise, 
in another embodiment, the holloW particles may be ?rst 
pre-dried on the assay device, and thereafter, the test sample 
is applied thereto. 

[0061] Regardless of the speci?c con?guration of the 
assay device, the holloW particles of the present invention 
may impart a variety of bene?cial characteristics thereto. For 
instance, one bene?t is that many holloW particles, such as 
holloW latex polymers, form a relatively stable dispersion 
Without the requirement of refrigeration and continual agi 
tation. This can lessen the cost and time required for 
preparing the assay device and dramatically reduce particle 
aggregation during conjugation With speci?c binding mem 
bers. The particles may also be more readily resuspended for 
use in the assay device. This is of particular advantage When 
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the holloW particles are pre-dried onto an assay device. In 
addition, the holloW nature of the particles may alloW them 
to be more “monodispersed”, i.e., a dispersion of particles of 
approximately the same shape and/or siZe, than conventional 
latex beads used in assay devices. This can provide 
improved reliability and reproducibility due to their gener 
ally uniform properties. Moreover, because the particles are 
holloW, they tend to have a loWer Weight than most con 
ventional beads. The lighter Weight holloW particles can 
move more readily through the assay device, thereby short 
ening the measurement time of the device. The holloWness 
of the particles also results in a relatively high refraction 
index, Which can enhance the signal (e.g., diffraction pat 
tern) provided by the particles in some types of assay 
devices. The refractive index may be especially enhanced in 
the case Where the holloW particles are formed from mate 
rials With a high refractive index, such as titanium dioxide 
or gold. This enhancement may provide a corresponding 
enhancement in diffraction intensity. 

[0062] The present invention may be better understood 
With reference to the folloWing examples. 

EXAMPLE 1 

[0063] The ability to conjugate antibodies onto holloW 
particles in accordance With the present invention Was 
demonstrated. Initially SunSphereTM holloW particles (avail 
able from Rohm & Haas) Were provided. The particles had 
an approximate solids content of 26% and an average 
measured siZe of 300 nanometers (based on SEM and 
particle siZer). An SEM photograph of such holloW particles 
is shoWn in FIG. 4. 

[0064] To begin the conjugation process, 50 microliters of 
the holloW particles Were placed in an Eppendorf microcen 
trifuge tube (1.5 to 1.9 milliliter capacity). A carbonate 
buffer Was added to ?ll the tube and the cap closed. The 
contents of the tube Were centrifuged for 6 minutes on high 
setting (recommended=12,000 rpms). After centrifuging, the 
supernatant Was removed using a pipette and discarded. The 
resulting pellet Was resuspended in a phosphate buffer by 
?lling one half of the tube and vortexing the pellet until 
completely dispersed. The tube Was then ?lled to capacity 
and centrifuged for 6 minutes at 12000 rpms. The superna 
tant Was again removed and discarded, and the remaining 
pellet resuspended, and sonicated. 

[0065] 0.75 milliliters of a 2% carbodiimide solution Was 
then made by Weighing out 15 milligrams of carbodiimide 
(obtained from Polysciences, Inc.) and dissolving it in 0.75 
milliliters of phosphate buffer. To the redispersed pellet, 0.6 
milliliters of the carbodiimide solution Was added drop Wise. 
Thereafter, the solution and pellet Were mixed for 30 min 
utes at room temperature on a shaker that provided end-to 
end mixing. The mixed contents Were centrifuged for 6 
minutes, With the resulting supernatant being discarded. The 
pellet Was resuspended in a borate buffer (obtained from 
Polysciences, Inc.) and centrifuged, With the supernatant 
again being discarded. The pellet Was resuspend in 1.2 
milliliters of the borate buffer and sonicated for 5 minutes. 

[0066] 800 micrograms of a thiolated, monoclonal anti 
body to C-reactive protein (obtained from BiosPaci?c, Inc.) 
Was then added to the resuspended pellet and left overnight 
at room temperature With gentle end-to-end mixing. There 
after, the mixture Was centrifuged for 10 minutes. The 
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supernatant Was discarded or retained for protein determi 
nation using UV/Vis at 280 nanometers. The resulting pellet 
Was then resuspended in 1 milliliter of 0.1 molar ethanola 
mine (obtained from Polysciences, Inc.) and mixed gently 
for 15 minutes at room temperature. This step served to 
block the unreacted sites on the microparticles. The suspen 
sion Was centrifuged for 6 minutes, With the supernatant 
being discarded. Finally, the pellet Was resuspended in 1 
milliliter of a storage buffer to a ?nal concentration of 1.25% 
solids. 

EXAMPLE 2 

[0067] The ability to form a diffraction-based assay device 
With the conjugated holloW particles of Example 1 Was 
demonstrated. 

[0068] A gold-coated plastic ?lm obtained from CP Films, 
Inc. of Canoga Park, Calif. Was initially provided. The ?lm 
included about 10 nanometers in thickness of gold on one 
side of a MYLAR ?lm (thickness of 7 mils) so that the 
resulting ?lm had a resistance of less than or equal to 13 
ohms/square. The ?lm Was soaked in a 5-milligram per 
milliliter solution of [3-casein (a blocking agent). The solu 
tion of Was prepared by dissolving 25 milligrams of [3-casein 
in 5 milliliters of phosphate buffered saline (PBS) at a pH of 
7.2. After exposure to the [3-casein solution for 10 minutes, 
the ?lm Was rinsed With distilled Water and dried in an air 
stream. The treated ?lm, gold-side up, Was then contact 
printed With a thiolated, monoclonal antibody to C-reactive 
protein (obtained from BiosPaci?c, Inc.) in 10-micron diam 
eter circles on the ?lm to provide a patterned x-y array of the 
antibody on the ?lm. Next, the holloW particles of Example 
1 Were re-suspended in phosphate buffered saline [PBS] at 
a pH of 7.2, Which contained Triton X-100 at a concentration 
of 0.3%. 

[0069] A test sample of CRP antigen Was prepared at a 
concentration of 50 micrograms per milliliter, and 34 micro 
liters of the test sample Was added to the top of the ?lm. 
Simultaneously, 34 microliters of a control test sample Was 
added to another piece of the contact-printed gold/mylar 
surface. After incubation for 5 minutes at room temperature, 
an 11-microliter aliquot of the re-suspended holloW particles 
Was added to all the samples. After incubation for 10 
minutes, a nitrocellulose Wicking pad (obtained from Mil 
lipore, inc. 8-micrometers pore siZe) Was placed on the 
holloW particles, and the antigen mixed on the patterned ?lm 
(still gold-side up on ?lm). This caused the test sample to be 
Wicked radially aWay from the gold-coated surface as it Was 
taken in or absorbed by the Wicking pad. After the liquid 
sample had been absorbed by the Wicking pad, a clear path 
for vieWing diffraction (or lack thereof) remained through 
the hole cut from the Wicking pad. The Wicking pad had a 
1.6-millimeter hole cut in its center using a die punch prior 
to placing it on the ?lm. This small area Was not applied With 
the Wicking pad to provide a vieWing area for diffraction 
from the sample. 

[0070] The above steps provided a three-step diagnostic 
device. Diffraction Was monitored by passing a red helium 
neon laser (Wavelength of 633 nanometers) through the ?lm. 
3 orders of diffraction Were determined to be present in the 
positive or CRP-spiked sample, thereby indicating a high 
level of analyte. 
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EXAMPLE3 

[0071] The ability to form a diffraction-based assay device 
With the conjugated holloW particles of Example 1 Was 
demonstrated. 

[0072] A gold-coated plastic ?lm obtained from CP Films, 
Inc. of Canoga Park, California Was initially provided. The 
?lm included about 10 nanometers in thickness of gold on 
one side of a MYLAR ?lm (thickness of 7 mils) so that the 
resulting ?lm had a resistance of less than or equal to 13 
ohms/square. The ?lm Was soaked in a 5-milligram per 
milliliter solution of [3-casein (a blocking agent). The solu 
tion of Was prepared by dissolving 25 milligrams of [3-casein 
in 5 milliliters of phosphate buffered saline (PBS) at a pH of 
7.2. After exposure to the [3-casein solution for 10 minutes, 
the ?lm Was rinsed With distilled Water and dried in an air 
stream. The treated ?lm, gold-side up, Was then contact 
printed With a thiolated, monoclonal antibody to C-reactive 
protein (obtained from BiosPaci?c, Inc.) in 10-micron diam 
eter circles on the ?lm to provide a patterned x-y array of the 
antibody on the ?lm. Next, the holloW particles of Example 
1 Were re-suspended in phosphate buffered saline [PBS] at 
a pH of 7.2, Which contained 10 Wt % sucrose and a 
heterophilic blocking reagent (obtained from Scantibodies, 
Inc. of Santee, Calif.) in a HBR-to-particle suspension 
volume/volume ratio of 1:3. 

[0073] An 11-microliter aliquot of the re-suspended hol 
loW particles Was added to the patterned ?lm using a pipette. 
The ?lm Was placed in a freezer at about —20° C. until the 
particle suspension Was froZen (typically >1 hour), and then 
freeZe-dried in a Labconco freeZe drying unit (With a 
vacuum pump, about 5 to 20 mm Hg) to dry the holloW 
particles on the patterned ?lm surface. The above provided 
a tWo-step diagnostic device. For testing, 34 microliters of a 
test sample, i.e., 3.4 microliters CRP-free Whole blood With 
EDTA as anti-coagulant, diluted in 30.6 microliters of PBS 
With 0.3% Triton, Was added to the holloW particles pre 
dried on the ?lm. This Whole blood had either been spiked 
With C-reactive protein (e.g., 50 micrograms per milliliter, 
for ?nal concentration of 5 micrograms per milliliter after 
dilution) to serve as a positive sample, or left “as is” to serve 
as the negative control. After an incubation period of 10 
minutes, a nitrocellulose Wicking pad (obtained from Mil 
lipore, inc. 8-micrometers pore siZe) Was placed on the 
holloW particles, and the antigen mixed on the patterned ?lm 
(still gold-side up on ?lm). The Wicking pad had a 1.6 
millimeter hole cut in its center using a die punch prior to 
placing it on the ?lm. This small area Was not applied With 
the Wicking pad to provide a vieWing area for diffraction 
from the sample. After the liquid sample Was absorbed by 
the Wicking pad, a clear path for vieWing diffraction 
remained through the hole cut from the Wicking agent. 

[0074] The above steps provided a tWo-step diagnostic 
device. Diffraction Was monitored by passing a red helium 
neon laser (Wavelength of 633 nanometers) through the ?lm. 
3 orders of diffraction Were determined to be present from 
the positive sample, thereby indicating a high level of 
analyte. 

EXAMPLE 4 

[0075] The ability to form a diffraction-based ?uidics 
assay device With the conjugated holloW particles of 
Example 1 Was demonstrated. 
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[0076] A gold-coated plastic ?lm obtained from CP Films, 
Inc. of Canoga Park, Calif. Was initially provided. The ?lm 
included about 10 nanometers in thickness of gold on one 
side of a MYLAR ?lm (thickness of 7 mils) so that the 
resulting ?lm had a resistance of less than or equal to 13 
ohms/square. A fresh pipette tip Was used to spread out 100 
microliters of a thiolated, monoclonal antibody to C-reactive 
protein (obtained from BiosPaci?c, Inc.). The antibody 
solution Was spread as evenly as possible over the gold/ 
MYLAR surface. The antibody Was alloWed to incubate for 
10 minutes on the ?lm’s surface. The inked ?lm Was then 
rinsed With deioniZed Water for 10 seconds and air dried With 
?ltered air. The antibody-inked ?lm Was placed, gold side 
up, in a 5-inch square vacuum chuck. Using a cheese cloth, 
the photo mask Was Wiped to remove dust and streaks. The 
vacuum pump Was turned on to approximately 14 pounds 
per square inch and the ?lm/mask set-up Was sealed With a 
PDMS gasket. A collimating lens (convex lens) Was placed 
on top of the photo mask and gasket, and this entire setup 
Was then placed 8.4 inches from a laser lamp source (225 
nanometers) and exposed for 2 minutes. The areas not 
exposed to UV light Were marked and cut out from the ?lm. 
The remaining patterned ?lm Was then cut into the desired 
siZe for later use. 

[0077] Next, the holloW particles of Example 1 Were 
re-suspended in phosphate buffered saline [PBS] at a pH of 
7.2, Which contained 10 Wt % sucrose and a heterophilic 
blocking reagent (obtained from Scantibodies, Inc. of San 
tee, Calif.) in a HBR-to-particle suspension volume/volume 
ratio of 1:3. The particles Were striped onto the patterned 
?lm using a Kinematic module Matrix 1600TM (set to a 
platen speed of 7 centimeters per second) to achieve a 
dispense rate of 0.9 microliters per centimeter. The pump 
Was initially purged, Which alloWs the particle suspension to 
How through the tubing to the noZZle head. The striping 
distance Was adjusted to meet the length of the ?lm, and 
lined up to ensure that striping Was done doWn the center of 
the ?lm. 

[0078] After full-length striping, the ?lm Was placed 
immediately into a freeZer at —20° C. to freeZe the particle 
suspension, e.g., about 1 hour or more. The ?lm Was then 
freeZe-dried for 18 hours While on ?at ice packs (~5 to 20 
mm Hg, using Labconco Model # 77500 freeZe drying unit 
With a vacuum pump). The sample Was then removed and 
placed in a loW humidity chamber (eg 230% relative 
humidity). 

[0079] A ?uidics assay device Was then formed from the 
above-mentioned holloW-particle printed ?lm. The ?uidics 
assay Was cast from etched silicon masters or photoresist 
made masters With polydimethylsiloxane (PDMS) (Sylgard 
184 from DoW Chemical, Co.). The ?uidic channels con 
tained a 400-micron inlet channel With 92 Wicks at 50 
microns each. The holloW particle-printed ?lm Was removed 
from the freeZe-dryer and cut to ?t the PDMS ?uidic assay, 
i.e., 2 centimeters><2 centimeters. The PDMS ?uidic assay 
Was mounted on the ?lm in a manner that aligned the holloW 
particles along the ?uidics inlet channel and central detec 
tion Zone. 

[0080] A 1-microliter aliquot of diluted blood (e.g., 1 part 
Whole blood With EDTA as anti-coagulant in 9 parts diluent 
containing phosphate buffer solution (PBS) at pH 7.2 With 
Triton X-100 at 0.3%) Was then placed at the entrance of the 
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inlet channel. The Whole blood Was either left “as is” to 
serve as a negative control, or spiked With 10 to 50 micro 
grams per milliliter C-reactive protein (e.g., corresponding 
to 1 to 5 micrograms per milliliter CRP after dilution). The 
blood aliquot Was alloWed to How up to the central detection 
Zone area via capillary action, and ?nally through the Wicks 
of the ?uidic assay. Incubation/Wicking times, i.e., the time 
for ?uid to enter the inlet channel and then evacuate the 
central detection Zone, generally ranged from 30 seconds to 
8 minutes. Diffraction Was monitored by passing a red 
helium-neon laser (Wavelength of 633 nanometers) through 
the ?lm. 3 or more orders of diffraction Were determined to 
be present from the positive sample, thereby indicating a 
high level of analyte. 

EXAMPLE 5 

[0081] The ability to conjugate and label holloW particles 
in accordance With the present invention Was demonstrated. 
Initially, 500 microliters of SunSphereTM holloW particles 
(available from Rohm & Haas) Were Washed tWice With 1 
millimeter of 2-(N-morpholino) ethane sulfonic acid (pH of 
5.3). Thereafter, 30 milligrams of carbodiimmide Was added 
to the holloW particle/buffer solution. The compounds Were 
alloWed to react for 10 minutes under constant rotation. 

[0082] The holloW particles Were separated from the reac 
tion solution and Washed With 1 millimeter of a borated 
buffer. 1 milligram of ?uorescent dye (5-(and-6)-((N-(5 
aminopentyl)amino)carbonyl)tetramethylrhodamine (tet 
ramethylrhodamine cadaverine) Was added to 1 millimeter 
of the holloW particle/borate buffer solution. The compounds 
Were alloWed to react for 1 hour under constant rotation. 
After the reaction Was complete, the supernatant Was dis 
carded and the holloW particles Were Washed With borate 
buffer until the supernatant solution became clear. The 
holloW particles Were then re-suspended into 1 millimeter of 
borate buffer. From this solution, 100 microliters Were 
removed and diluted in 500 microliters of borate buffer. 100 
microliters of monoclonal antibody Mab5811 (BiosPaci?c, 
Inc., 6.4 milligrams per milliliter) Was added to the holloW 
particle solution and alloWed to react under constant rotation 
for over 56 hours. The reaction Was quenched With 200 
microliters of ethanolamine, and the holloW particles Were 
then Washed With a PBS buffer and stored in 500 milliliters 
of a storage buffer that contained 0.1 molar PBS, 0.15 molar 
NaCl ,1% BSA, 5% glycerol and 0.1% NaN3. 

EXAMPLE 6 

[0083] The ability to form a lateral ?oW assay device With 
the holloW particles of Example 5 Was demonstrated. 

[0084] A nitrocellulose porous membrane (HE 120 from 
Millipore, Inc.) having a length of approximately 30 centi 
meters Was laminated onto supporting cards. CelQuatTM 
100-H (a cellulosic polyelectrolytic derivative available 
from National Starch & Chemical, Inc.) Was stripped onto 
the membrane to form a control line. In addition, mono 
clonal antibody for C-reactive protein (Mab 5804 obtained 
from BiosPaci?c, Inc., concentration of 1 milligram per 
milliliter) Was immobiliZed on the porous membrane to form 
a detection line. The membrane samples Were then dried for 
1 hour at a temperature of 37° C. A cellulosic ?ber Wicking 
pad (Millipore, Inc. Co.) Was attached to one end of the 
membrane and cut into 4-millimeter half strips. The half 
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stick strips Were put into various micro-Wells containing 20 
microliters of the ?uorescent hollow particles of Example 5 
and 20 microliters of CRP antigen solutions or 20 microliters 
of TBS buffer. The sample containing only TBS buffer Was 
used as a negative control, While the samples containing the 
CRP antigen in TBS Were used as test samples. 

[0085] Upon completion of the assay, the half stick Was 
removed from the micro-Well and the ?uorescent intensity 
Was then measured on the detection line using a Fluorolog 
III Spectro?uoremeter (SPEX Industries, Inc., Edison, N] 
with a right angle mode. The results are shoWn beloW in 
Table I, Wherein “I” represents the measured signal intensity 
from the ?uorescent holloW particles. 

TABLE I 

Signal Intensity Results 

Analyte 
(nanograms per milliliter) Signal Intensity “I” 

0 44 

(control) 
5 115 

50 160 
500 240 

[0086] The signal intensity for the control Was considered 
background and did not represent any signi?cant analyte 
concentration. In practice, this background intensity Would 
be subtracted from all measured results. 

[0087] While the invention has been described in detail 
With respect to the speci?c embodiments thereof, it Will be 
appreciated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of 
alterations to, variations of, and equivalents to these embodi 
ments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any 
equivalents thereto. 

What is claimed is: 
1. An assay device comprising a plurality of detectable 

probes, Wherein at least one of said detectable probes 
contains a particle that de?nes a holloW interior constituting 
from about 20% to about 100% of the spatial volume 
occupied by said particle. 

2. An assay device as de?ned in claim 1, Wherein said 
holloW interior constitutes from about 30% to about 100% of 
the spatial volume occupied by said particle. 

3. An assay device as de?ned in claim 1, Wherein the 
average siZe of said particle ranges from about 0.1 nanom 
eters to about 1,000 microns. 

4. An assay device as de?ned in claim 1, Wherein the 
average siZe of said particle ranges from about 0.1 nanom 
eters to about 100 microns. 

5. An assay device as de?ned in claim 1, Wherein the 
average siZe of said particle ranges from about 1 nanometer 
to about 10 microns. 

6. An assay device as de?ned in claim 1, Wherein said 
particle has a spherical shape. 

7. An assay device as de?ned in claim 1, Wherein said 
particle is formed from a polymer. 

8. An assay device as de?ned in claim 7, Wherein said 
particle is formed from a core polymer and a shell polymer. 
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9. An assay device as de?ned in claim 1, Wherein said 
particle is formed by electrostatic layer deposition. 

10. An assay device as de?ned in claim 1, Wherein said at 
least on detectable probe further contains a label. 

11. An assay device as de?ned in claim 1, Wherein said 
particle is conjugated With a speci?c binding member. 

12. An assay device as de?ned in claim 1, Wherein the 
assay device is a ?oW-through assay device. 

13. An assay device as de?ned in claim 1, Wherein the 
assay device is a diffraction-based assay device. 

14. A ?oW-through assay device for detecting an analyte 
in a test sample, said ?oW-through assay device comprising 
a detection Zone immobiliZed With a receptive material, said 
detection Zone being in ?uid communication With detection 
probes containing particles that individually de?ne a holloW 
interior constituting from about 20% to about 100% of the 
spatial volume occupied by said particle, Wherein said 
detection probes are capable of generating a detection signal 
While Within said detection Zone so that the amount of the 
analyte Within the test sample is determined from said 
detection signal. 

15. A ?oW-through assay device as de?ned in claim 14, 
Wherein said holloW interior constitutes from about 30% to 
about 100% of the spatial volume occupied by said particle. 

16. A ?oW-through assay device as de?ned in claim 14, 
Wherein said particles are conjugated With a speci?c binding 
member for the analyte. 

17. A ?oW-through assay device as de?ned in claim 14, 
Wherein said detection probes contain a label selected from 
the group consisting of chromogens, catalysts, ?uorescent 
compounds, chemiluminescent compounds, phosphorescent 
compounds, radioactive compounds, direct visual labels, 
liposomes, and combinations thereof. 

18. A diffraction-based assay device for detecting an 
analyte of interest in a test sample, said assay device 
comprising: 

a substrate having a receptive material applied to at least 
one surface thereof, said receptive material being spe 
ci?c for the analyte; 

detection probes containing particles that individually 
de?ne a holloW interior constituting from about 20% to 
about 100% of the spatial volume occupied by said 
particle; and 

Wherein upon eXposing said substrate to the test sample, 
the analyte is capable of binding With said receptive 
material on said substrate to result in a detectable 
diffraction pattern upon subsequent eXposure of said 
substrate to a light source. 

19. A diffraction-based assay device as de?ned in claim 
18, Wherein said holloW interior constitutes from about 30% 
to about 100% of the spatial volume occupied by said 
particle. 

20. A diffraction-based assay device as de?ned in claim 
18, Wherein said substrate is selected from the group con 
sisting of plastics, metal coated plastics and glass, function 
aliZed plastics and glass, silicon Wafers, metal oXides, glass, 
foils, and combinations thereof. 

21. A diffraction-based assay device as de?ned in claim 
18, Wherein said substrate comprises a polymer ?lm coated 
With a metal. 

22. A diffraction-based assay device as de?ned in claim 
21, Wherein said metal is selected from the group consisting 
of gold, silver, chromium, nickel, platinum, aluminum, iron, 
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copper, titanium, Zirconium, corresponding oxides of these 
metals, and combinations thereof. 

23. A diffraction-based assay device as de?ned in claim 
18, Wherein said receptive material is printed in a pattern on 
said substrate, and Wherein a blocking material is further 
applied to non-printed areas of said substrate. 

24. A detectable probe for use in an assay device, Wherein 
the detectable probe contains a particle that de?nes a holloW 
interior constituting from about 20% to about 100% of the 
spatial volume occupied by said particle, said particle being 
conjugated With a speci?c binding member. 

25. A detectable probe as de?ned in claim 24, Wherein 
said holloW interior constitutes from about 30% to about 
100% of the spatial volume occupied by said particle. 

26. A detectable probe as de?ned in claim 24, Wherein the 
average siZe of said particle ranges from about 0.1 nanom 
eters to about 1,000 microns. 

27. A detectable probe as de?ned in claim 24, Wherein the 
average siZe of said particle ranges from about 0.1 nanom 
eters to about 100 microns. 
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28. A detectable probe as de?ned in claim 24, Wherein the 
average siZe of said particle ranges from about 1 nanometer 
to about 10 microns. 

29. A detectable probe as de?ned in claim 24, Wherein 
said particle has a spherical shape. 

30. A detectable probe as de?ned in claim 24, Wherein 
said particle is formed from a polymer. 

31. A detectable probe as de?ned in claim 30, Wherein 
said particle is formed from a core polymer and a shell 
polymer. 

32. A detectable probe as de?ned in claim 24, Wherein 
said particle is formed by electrostatic layer deposition. 

33. A detectable probe as de?ned in claim 24, Wherein 
said speci?c binding member is covalently bonded to said 
particle. 


