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Enul sions are fluid systens conprising two iThigSkei s Been|Replased phases with
one liquid dispersed as droplets 1in the ot | ersed liquid is
referred to as the dispersed phase and the |f|jiji i it is dispersed
is-referred to as the continuous phase. Mcroemulsions are emulsions in
whi ch the dispersed phase droplets aré very small, typically about 0.01
pn1;o about 0.2 pm The choice of liquids for the two phases and the
surfactants us y the ' el S| is oil-in-water
(o/w), water-i nf\sc}A 220 fostisk 4% &&Q’O @&rgm are generally
nore stable than enulsions with discontinuous phases conprising |arger
droplets because the interfacial tension between the oil and water phases

is significantly lower. T | j ﬂﬁgﬁ sions there is a reduced
tendency for the droplets oﬁ%@j ?E;pdg?%eu el

The present invention relates to oil-in-water emulsions,
methods for making such emulsions and methods for using the

microspherical particles in diagnostic assays.

BACKGROUND OF THE INVENTION -

Emulsions are fluid systems comprising two immiscible
liquid phases with one liquid dispersed as droplets in the
other. The dispersed liquid 1is referred to as the dispersed
phase and the liquid in which it is dispersed is referred to as
the continuous phase. Microemulsions are emulsions in which
the dispersed phase droplets are very small, typically about
0.01 pm to about 0.2 um. The choice of liquids for the two
phases and the surfactants used determine whether the
microemulsion is oil-in-water (o/w), water—-in-oil (w/o) or
anhydrous. Microemulsions are generally more stable than
emulsions with discontinuous phases comprising larger droplets
because the interfacial tension between the o0il and water
phases 1is significantly lower. That is, in microemulsions
there is a reduced tendency for the droplets of the disperéed

phase to coalesce.

Emulsions are generally made by subjecting the component



phase to coal esce. Enul si ons are generally made by subjecting the
conponent liquids, including an enulsifier to high shear
forces. The forces nay be nechanical, such ﬁ rrlng or
forcing the mxture through a small orifice. uItrasonlc
enul sification may be used to effect Tavitatio ﬁii

liquids, including an emulsifier, to high shear forces. The
forces may be mechanical, such as wvigorous stirring or forcing
the mixture through a small orifice. Altefnatively, ultrasonic
emulsification may be used to effect cavitation in the liquids
with high local shear. As microemulsions provide a means for
maintaining, in stable agueous solution, substances which are
otherwise insoluble in an agquecus phase, they <.re of interest
~as potential drug delivery systems for lipophilic drugs
Surface modifications on the dispersed phase droplets have been
found to be useful for altering the physicochemical and
biochemical properties of the colloidal droplets, including the

kinetics o0f blood clearance and tissue distribution. (K.

Iwamoto et al. 1991. J. Pharmaceutical Sciences 80, 219.)

As used herein, the term ‘“"water" 1in reference to
emulsions means a polar hydrophilic liquid and is not limited
to water per se. Similarly, the term "oil" in reference to
emulsions means any nonpolar hydrophobic 1liquid. The terms
“microspherical emulsion”, "microemulsion" and related terms
refer to stable emulsions in which the droplets of the
dispersed phase are very small. “Microparticle"
"microsphere", "particle", "microspherical particle"” and-
related terms refer to, K the droplets of the dispersed phase of
the microemulsion, which may or may not be emulsified in an

aqueous phase. “Functionalized" particles, microparticiles,



with high local shear. As mcroenulsions provide a neans for naintaining,
I n stabl e agueous sol ution, substances which are otherw se insoluble in an

aqueous phase, they are of interest as potenti Qﬁ&gkge&hv@m edystens for
| i pophilic drugs. Surface nodificatigns on the droplets
have been found to be wuseful for?® altering % emcal and
bi ochem cal properties of the colloidal droplets, he ki netics
of blood clearance and tissue distribution. Imanoto et al.

1991. J. Pharnaceutical Sciences 80, 219.) As used herein, the
term "water" in reference to enulsions neans a polar hydrophilic
liquid and is not limted to water per se. SSmlarly, the term"oil"

in referéngslids edul sintindrodHiadses anjavenpohar lsdtophehéc drpghiighilidhe
terns
component in the surface layer which includes a reactive group
suitable for covalently coupling the microparticle to a

ligand.

A ligand specifically recognizes and binds to a receptor
molecule. The ligand and its receptor are referred to as a
specific binding pair. The specificity of binding of a ligand
and receptor can be used in assays for detection of an analyte
which is either a 1ligand or receptor. Ligand/receptor pairs
include, as examples, antigens or haptens and antibodies,
complementary nucleic acids, biotin and avidin/streptavidin,

and carbohydrates and lectins.

Methods for production of the microspheres of the
invention are similar to the ethanol injection methods
previously known for the preparation of 1liposomes. However,
such methods have not heretofore been adapted for the
production of particles with hydrophobic 1liquid cores and
amphiphilic monolayers on the surface. The ethanol injection
method for production of single bilayer liposomes encapsulating
an aqueous medium is described by S. Batzri and E. Korn (1953.

Biochim. Biophys. Acta 298, 1015.) and in Liposomes -~ A

Practical Approach (IRL Press, R.R.C. New, ed., pg. 63). U.S.

Patent No. 5,100,591 describes methods £for production of



" crospherical emulsion", "mcroenulsion" gapd. related terns refer to

stabl e enmul sions in which the droplets of the I EH%HRQ ase are

very smal | . "Mcroparticle", "mcro ' fcl e",

"m crospherical ‘particle” and related terns ' ropl ets of
o]

t he di spersed phase of the m croenul sion, which may or t be
emul sified in an aqueous phase. "Functionalized" particles,
m croparticl es, droplets to mcrospheres have at |east one

anphi philic conponent in the surface |ayer which includes a reactive group

liposomes which incorporate an amphoteric, water~insoluble
substance such as amphotericin B into the membrane with the

phospholipids.

The stabilized microparticles of the invention are useful
in a wide variety of applications where a hydrophobic particle
core 1is desirable. Liposomes have previously ~been used for
many of these applications, with wvarious problems and
disadvantages. In the present invention, the liquid
hydrophobic core allows efficient incorporation of
water—insoluble compounds for use in cosmetics (e.g., dyes and
fragrances), foods (e.g., oils and flavors) and agriculture
(e.g., insecticides and herbicides). .Water—insoluble drugs may
also be included in the core of the microparticles to improve
drug delivery and stability in therapeutic applications. Such
drug-containing microspheres are capable of incorporating more
of the drug than the "pharmacosomes" of the prior art, which
can only encapsulate the water-insoluble drug in the relatively
small hydrophobic regions within the membrane bilayer rather
than in the relatively large agqueous core.  See Perrett, et al.
1991. J. Pharm: Pharmacol. 43, 154; Hamann, et al. 1989. Sth
Internat. Conf. Pharm. Tech. 1, 99; Hamann, et ai. 1987. Acta
Pharm. Technol. 33, 67 for discussions regarding incorporation
of drugs into liposomes. Further, amphiphilic drugs such as

amphotericin B or insecticidal/herbicidal fatty acids may be



suitable for covalently coupling the mcroparticle to a Iigand. A

| i gand specifically recognizes and binds to a r ceptor nDIecuIe The
ligand and its receptor are referred to as a ‘ H@Ebé g pair. The
specificity of binding of a |igand &nd recept i assays for
detection of an analyte which is either alig

Li gand/ receptor pairs I ncl ude, as exanpl es, antlgens o ens and
anti bodi es, conpl ementary nucleic acids, biotin and aV|d|n/streptaV|d|n,
and car bohydrates and | ectins. The Japanese Patent Abstract

corresponding to JP-A-1- 148338 describes treatnment of a highly
hydr ophobi ¢ core substance with a surface active high nol ecul ar wei ght
conpoundncohavragegl kel ampdrigitildés gmoupsewhsehface carrbmdaper amifnoxthe

inventive microspheres for therapeutic and agricultural

applications.

As the surface <charge of the present stabilized

.,

microspheres can be increased by adjusting +the types an

amounts of amphiphilic drugs or amphiphilic lipids in he

ct

surface monolayer, they can be made to move with an elecctric
potential while carrying pharmaceutical agents. They may

therefore also be useful for delivery of drugs by iontophoresis.

SUMMARY OF THE INVENTION

Oil-in-water emulsions containing stabilized
microspherical particles as the dispersed phase are provided.
The microparticles comprise a 1ligquid hydrophobic core with a
surface cocating of an amphiphilic compound. The microparticles
or droplets of the dispersed phase may optionally be
functionalized by inclusion of a reactive group on the surface
for coupling to antibody, antigen, hapten or oligonucleotide
ligands. Ligand-derivatized microparticles are wuseful as
reagents 1in diagnostic assays involving binding of a ligand.to
its receptor and can replace other types of particulate
reagents typically wused 1in diagnostic assays, e.g., latex

particles, metal sol particles, magnetic beads, colloical



am do or guani di no groups. A coacervate is struck to the out side of the
core substance to formwall nenbranes and produce m crocapsul es.
Paraffin wax or silicone oil are suggest ed core substances:

Met hods for production of the nlcrospheres of the |nvention are simlar
to the ethanol injection nethods pr évi ousl y kﬁbmnm& reparatlon of

| i posones. However, such net hods have not heret h@Ued for the
producti on of partlcles wi t h hydrophobic Iiquid c hi philic
nonol ayers on the surface. The ethanol injection roduction of

single bilayer |iposones encapsul ati ng an aqueous nedlun1|s descri bed by
S. Batzri and E. Korn (1973. Bi ochim Bi ophys. Acta 298, 1015) and in

b' g?somfﬁr_tiélesprgft ol Lppsoachrel B Press. i ReBiGo1deWyeedis AhdBded
in the core 1liquid, the microemulsions may also be used as
tracers in the diagnostic assays to provide a reporter or
detector function. The microspherical particles o¢f the
invention have the advantage of 1incorporating a higher
concentration of dye than is possible using liposomes, as
liposomes encapsulate a large amount of agueous medium 1in
addition to the entrapped dye. They are also more intensely
colored than colored latex particles, thus improving assay

sensitivity.

The microspherical particles of the oil-in-water
emulsions have stabilized, non-drying, 1liquid cores and will
readily rehydrate to approximately their original size wupon
reconstitution from a dried state. This is an improvement when
compared to many other particle types such as latex,_which do
not resuspend easily after drying. In addition, the
microparticles remain stable when stored at room temperature.
When used as tracers, the microspheres will not 1leak the
water-insoluble dye contained in the core into the surrounding
agueous medium. In contrast, liposomes containing
water-soluble dyes tend to hydrate slowly and leak substantial
amounts of dye upon reconstitution from a dried state. This
difference in rehydration time is most 1likely due to the fact

that the droplets need only be hydrated at their surfaces to



Patent No. 5,100,591 describes nethods for production of
| i posones which incorporate an anphoteric, water-insoluble substance
such as anphotericin B into the nenbrane with the phospholi pids.

The stabilized nicroparticles of the invention are w$§kukt

W0

function in an aqueous environment, whereas liposomes must be
hydrated on their 1lipid bilayer surfaces &s well as in their
interior to function in an agueous environment after
lyophilization. Rapid rehydration with minimal loss of signal
are highly desirable characteristics for tracer reagents,
particularly when they are wused 1in immunocapillary or

immunochromatographic diagnostic tests. ~

DETAILED DESCRIPTION OF THE INVENTION

The stabilized microspherical particles of the invention
are prepared as oil-in-water (o/w) microemulsions using
water-insoluble compounds and mixtures of amphiphiles. The
amphiphiles coat the dispersed droplets of the water—insoluble
compound and stabilize them in the aqueous phase. Dyes soluble
in the water—insoluble compound may optionally be included. In
‘general, the microemulsions may be prepared by any of the
methods known in the art, but certain modifications are
preferred. Because the amphiphiles are not soluble in the
water—-insoluble compound, a cosolvent is preferably initially
included during the preparation of the emulsions. The

cosolvent is then removed at a later stage of the preparation

process.

The water—insoluble compounds which form the cores of the



in a wide variety of applications where a hydrophobic particle core is
desirable. Liposones have previously -been used for many of these

appl i cations, W th various problens and dt%% vantages In t he
present invention, the liquid hydrophobic W SBeenailebQ

ef ficient I ncorporation of water-insoluble c e I n
cosnetics (e.g., dyes and fragrances), foods (e. Iavors) and

agriculture (e.g., insecticides and herbicides). Wt er-| ns bl e drugs
may also be included in the core of the mcroparticles to inprove drug
delivery and stability in therapeutic applications. Such drug-containing
m cr ospheres are capable of incorporating nore of the drug than the

"phar”&ﬁi)éﬁdﬁ?ﬁe@ic&me ParPicBel., ¥Pbch i S@NGONHY eReaPSHbaberbP8re and
wat er-insoluble drug in the relatively siall hydrophobic regions within
the nmenprene-dblpyeaiavait Rerhigh capacity to dissolve water—insoluble
dyes 1if the microemulsions are to be used as tracers.
Preferably, they withstand vaporization under conditions used
for lyophilizing aqueous solutions and have a density equal to
or slightly higher than the density of the agueous environment
in which they will be emulsified, i.e., usualliy about 1.0 or
‘'slightly higher. Water—insoluble compounds having these
properties, when stabilized in a microemulsion, behave 1like
solid particles when the microemulsion is lyophilized. The
preferred water-insoluble compound for use in preparing the
inventive microemulsions is polydimethyldiphenyl siloxane, such
as GE Silicone SF 1154 available from General Electric Co.,
Waterford, NY. This silicone fluid has a density of 1.05, low
viscosity and is non-volatile. Other silicones may also be
used in the invention, for example GE SF 1265, or Huls America
(Piscataway, NJ) fluorosilicones PS 181 and PS 182. When
fluorosilicones are used, a‘ 1:1 mixture of DMF
(dimethylformamide) and ethanol is required to bring the other

components into solution.

The continuous phase of the microemulsions may be any
aqueous compound suitable for  the desired application.
Examples of aqueous continuous phase compounds include water

and various buffers as are known in the art.



than in the relatively | arge aqueous core. See Perrett, et al. 1991. J.
Pharm Pharmacol. 43, 154; Hamann, et al. 1989. 5th Internat. Conf.
Pharm Tech. 1, 99; Hanmann, et al. 1987. Acta PhdhﬁﬁmieﬁhB&hRe Sideq 67 for

di scussi ons regardi ng i ncorporation ¢f drugs into I| t her,
anphi philic drugs such as anphotericin B or |nsect| k!gﬂﬂ fatty
aci ds may be I ncor porated as anphlphlles I'n rface

nonol ayer of the

The amphiphiles used to prepare the microemulsions
stabilize the microparticles to the aqueous environment by

preventing coalescence of the oil droplets, forming a layer on

the surface of the dispersed o0il droplet. This layer 1is
believed to be a monolayer, in contrast to the billayer
membranes formed in liposomes. This structure is supported by

experimental analysis shcwing that the ratio of meleimide on
the surface of the microparticles to the total amount of
maleimide in the particie is 1:1 (see the Examples}). in
contrast, liposomes give a ratio of 2:1 or higher_depending on
the size of the liposome and the number of bilayers it
contains. Preferably, a mixture of amphiphiles 1is wused.
Suitable amphiphiles include the 1lipids typically used in the
preparation of liposomes. Preferred amphiphiles are
phospholipids such as phosphatidyl choline, phosphatidyl
glycerol and phosphatidyl ethanolamine. Mosf preferred are the
distearoyl phospholipids, e.g., distearoyl phosphatidyl choline
(DSPC), distearoyl phosphatidyl glycerol (DSPG) and distearoyl
phosphatidyl ethanolamine (DSPE). DSPE may be derivatized to
include a maleimidyl caproate moiety (DSPE-MC) to functionalize
the microparticle for coupling to a ligand. The charge of the
microparticles may be adjusted for a particular pharmaceutical
or iontophoresis application by increasing or decreasing the
amount of DSPG or DSPE, or by treating the maleimide with

MESA.



I nventive mcrospheres for t herapeutic and agricul tural

appl i cations. As the surface charge of the present
stabilized mcrospheres can be increased by adjusting the types
and amounts of " anphiphilic drugs .gr anphi pthhFS§heeb;;g|Bq§n in th
surface nonol ayer, they can be made to nmove with an ‘iST’ltlaI
while carrying pharnmaceutical agents. They may so be
useful for delivery of drugs by iontophoresis. ’” SUMVARY
OF THE | NVENTI ON Ql-in-water emul si ons cont ai ni ng
stabilized mcrospherical particles as the dispersed phase are provided.

When the microparticles are to be functionalized, it is
preferred that the amphiphilic component be a mixture of
amphiphiles which includes at least one amphiphile which can be
covalently 1linked to the selected 1ligand. The coupling
amphiphile may be a derivatized phospholipid which carries a
functional group suitable for covalent coupling of the ligand
directly to the surface of the microparticle, eg.c., a
maleimidyl derivative of the phospholipid or thiocholestercl.
Covalent methods are suitable for coupling antigen, antibody,
hapten and oligonucleotide ligands to the microparticle, the
~oligonucleotides preferakbly being linked through thio groups to
a maleimide function on the phospholipid. Maleimide
functionalized phospholipids may also be coupled to avidin,
streptavidin or biotin which are then noncovalently bound to a
biotin or avidin/streptavidin-derivatized ligand, resulting in
indirect coupling of the 1ligand to the miéroparticle. " H.C.
Loughrey, et al. 1990. J. Immunol. Mtds. 132, 25.
Biotinylated protein or oligonucleotide 1ligands may also be
indirectly coupled to the surface of the microparticle wvia an
anti-biotin antibody covalently coupled to the surface

phospholipids.

Alternatively, an amphiphilic 1ligand may be included in
the mixture of stabilizing amphiphiles which comprises the

coating on the surface of the droplet. For example,



The mcroparticles conprise a |iquid hydrophobic core wwth a surface
coating of an anphiphilic conpound. The mcroparticles or droplets of
the dispersed phase my optionally be functionalized by inclusion of
a reactive group-on the surface for coupling to antibody, antigen,
hapten or oligonucleotide I|igands. Ui gand-derivati zgd s, Gk R0arHbiGl8S

are wuseful as reagents in diagnostic assays invol viU Im&m; g a :
L
L ; il '

ligand to its receptor and can replace other types of
particles, nmetal sol particles, nmagnetic beads, coll oidal

reagents typically wused in diagnostic assays, e.

cardiolipin, a four-chain phospholipid, is a suitable
amphiphile for preparation of the microemulsions and is also
useful as an antigen 1ligand for syphilis serology testing.
Microparticles which include cardiolipin on their surfaces can
be used in agglutination immunoassays for detection of
anti-syphilis antibodies.
Cholesterol may be included with the amphiphiles but is
generally not required as it 1is for liposomes Dbecause the
" amphiphiles form a monolayer on the microdroplet rather than a
collection of bilayers as in liposomes. As the function of
cholesterol in 1liposome membranes is to intercalate in and

stabilize the liposome bilayers, it is optional in the present

invention. Preferably, cholesterol 1is not included when the
microparticles are used as tracers, as its presence may
increase background staining and baseline levels of

agglutination in certain solid phase immunoassays. It has also
been found that increased amounts of DSPG increase the surface
charge of the particles and prevent aggregation after antibody
coupling, thereby reducing background and false positives when
the microparticles contain a dye. Alternatively, treatment of
the particles with MESA (2-mercaptoethanesulfonic acid) afﬁer
coupling to the 1ligand also reduces background and false

positives.



6 particles or |iposomes. |If a water-insoluble dye is included in
the core liquid, the mcroemul sions my al so be used as tracers in the
di agnostic assays to provide a reporter or detector functlo mm}he

m crospherical particles of the imgention hawmmsb Has
I ncorporating a higher concentration of dye u5|ng
| i posones, as |inosones encapsulate a | arge annunt d|un1|n

addition to the entrapped dye. They are also nore |ntensely colored than

colored latex particles, thus inproving assay sensitivity.

Water-insoluble dyes are optionally incorporated into the
droplets of the o/w microemulsion to prepare tracer
compositions for detecting analytes in diagnostic assays.
Detectable tracers and tracers comprising dyes are well known
in the art of specific binding assays, i.e., assays which
involve binding of a ligand and 1its specific binding pair
member. The water—-insoluble compounds of the particle core are
capable of dissolving the water-—insoluble dyes at high
concentration, thereby improving the sensitivity of the
diagnostic assay. Suitable water—-insoluble dyes are those
known in the art for incorporation into tracers, e.q.,
encapsulation into liposomes or incorporated 1into latex
particles. Different dyes may be incorporated into separate
microparticle preparations which may then be mixed for use in
assays for multiple analytes or where multisignal readouts are
desired. A preferred dye for use in the invention is Sudan

Black B.

When Sudan Black B (SBB) is incorporated into the
microspherical particles, it is preferred that the dye first be
purified. Purification and isolation of the major components
of SBB are described by u. Pfuller, et al. 1977. Histochemisfry
54, 237 and U. Pfuller, et al. 1977. Verb. Anat. Ges. 71, S
1439. Using preparative thin 1layer chromatography with

chloroform as the mobile phase, the major fast moving (i.e.,



The m crospheri cal particles of the oil-in-water enulsions have
stabilized, non-drying, liquid cores and will readily rehydrate to
approximately their original size upon reconstitﬁ%gon froma dried state.
This is an inprovenent when conpared, io nany ot hemﬁas@ee types such as
| at ex, which do not resuspend easily after f “eolagidi t i on
the mcroparticles remain stable when stored at %g e. Wen

[

used as tracers, the mcrospheres will not leak the wa ubl e dye
contained in the core into the surrounding aqueous medi um In
contrast, | i posones containing water-soluble dyes tend to hydrate

slowy and | eak substantial anounts of dye upon reconstitution froma

dri 0 SLALE: 1y EbBhofliChLenEeddh ¢ Shydr AL Q0N TRd S MHSts! LERbYAEHE 42

herein referred to as "Fast SBB." Fast SBB may also be
isolated by chromatography on a silica column using
dichloromethane:hexane 80:20 as the solvent or from TLC plates
run in dichloromethane. Dichloromethane 1in general provides
better separation of Fast SBB from Slow SBB than does
chloroform. Sudan Black B commercially available from Eastman
Kodak, Rochester, NY 1is supplied &as 98% pure, but Fast SBB
comprises about 17% of the total weight (assuming 100% yield on
purification). The use of Fast SBB provides for a more stable
particle, incorporation of higher amounts of dye, and a more
stable maleimide function than 1is possible using unpurified
§BB. Purified Fast SBB will not partition into the aqueous
phase either durinrg particle formation or during rehydration of
lyophilized particles and is therefore preferred for stability

and intensity of the signal.

The purity of the Fast SBB preparation may Dbe
approximated after solubilization in ethanol by the absorbance

ratio at 700 and 600 nm (extinction coefficient 24000):

A700/A600
Impure SBB .23
Slow SEB .27

Fast SBB .08



that.the droplets need only be hydrated at their surfaces to
function in an aqueous environnent, whereas |iposonmes nust b hydrated on

their lipid bilayer surfaces as well as in thel'mquhﬂt place funct i on
in an aqueous - environnent after . lyophili z &‘ rehydrati on
with minimal |oss of signal are highty de5|ra stics for
tracer reagents,

In one embodiment, silicone microemulsions are made by
dropwise addition of an ethanol solution of lipids, silicone
and dye (optional) into the agqueous phase while mixing on a
vortex mixer. This method results in a gradual increase in
ethanol concentration from 0% to a finite level, usually less
than about 50%. The ratio of ethanol to agueous is apparently
not critical within this range. Particles -are preferably

" produced by mixing the ethanol solution with the agqueous phase
to achieve a final concentration of ethanol of about 20-40%.
Most preferably, the ethanol solution and the agqueous are mixed
in a ratio of about 1:2, resulting in a final concentration of
ethanol of about 30%. However, the ethanol concentration may
be as high as about 50% if it is dried (e.g., using a 4A
molecular sieve to remove IPA, benzene, water, etc.) and the
lipid concentration is reduced. After formation of the
microparticles, the ethanol is preferably removed, e.g., by
ultrafiltration, column chromatography or dialysis. Removal of
the ethanol is not essential for coupling the microparticles to
a ligand, but it is preferred. If the particles are to be
coupled to a ligand, they are preferably concentrated prior to
éoupling. This method is rapid and simple for small-scale
production of microspheres, but is not amenable to large scale’

production.

A large-scale method for production of the microspheres



particularly when they are wused in inmmunocapillary or
i mmunochr omat ogr aphi ¢ di agnostic tests. THEShed: HED, CRI PTI ON
OF THE | NVENTI ON The stabilized m crospheri cal ' ahiepfa
invention are prepared as oil-in-twater (o/w) m cmmﬂ ﬂ” H Si ng
wat er -i nsol ubl e conpounds and nixtures of anphiphilesS

anphi phil es coat the dispersed droplets of the water-insoluble conpound
and stabilize themin the aqueous phase. Dyes soluble in the

wat er -i nsol ubl e conpound nmay optionally be included. In general, the
m croemnul si ons may be prepared by any of the nethods known in the art,

but co Ll N R TGt QNS n U oY ChRngl: enBeCaugnble saTRhioR! | fikcoare
contact with the aqueous phase, preferably with fluid streams
comir;g together in a "Y' connection. This method is
advantageous in that it can be automated. For example, pumps
running at different speeds or a Zymark Corp. MASTER LABORATORY
STATION with syringes of appropriate size controlled by stepper
motors to deliver the components at a selected ratio provide a
system that is automated, scealable and allows ;ontrol of the
ratio of ethanol to agqueous. This ensures consistent particle
formation and particle size distribution. Such an automated
system also allows for formation of the particles.-at a fixed
ratio of ethanol solution to agueous, which results in a fixed
concentration of particles. Larger volumes of microparticles
may be produced by running the pumps/syringes for longer time
periods, 1increasing the sizes of the syringes, etc. No
deterioration was observed when 10 and 25 ml syringes were used
in place of 3 ml syringes. The syringe system is preferred
because it may provide the additional benefit of increased
shear force and mixing generated by the expulsion of the two

fluid streams through the narrow syringe opening.

In both preparation methods, particles of defined size
distribution 1less than 1 um and typically less than 250 nm
are formed without extrusion or sonication, as would Dbe

required for formation of liposomes of defined size. The ratio



wat er- i nsol ubl e conpound, a cosolvent is preferably initially included

during

the preparation of the enulsions. The cosolvent is then

renoved at a |ater stage of the preparation process. The

wat er -i nsol ubl e compounds which formthe cores of ®fghee

as Beep

i

of lipids to silicone, the concentration of lipids and silicone
in the ethanol and the ratio of organic wvolume (ethanol
solution) to agqueous volume determine the particle size of the
microemulsion. These ratios are adjusted to obtain the desired
particle size during the formation of the microemulsion as, 1in
contrast to liposomes, the microparticles cannot be resized
after they have been made. Most preferably, the microemulsions

have a particle size under 200 nm.

The organic cosolvent is a water miscible organic solvent

‘which performs the function of solubilizing all of the

components. Examples include short chain alcohols such as
ethanol and dimethylformamide (DMF). Individually, the
components are either insoluble in each other or insoluble in
the organic cosolvent. For example, 1) lipids are not soluble
in silicone and 2) DSPG and DSPE are not soluble in ethanol.
However, as a combined system these components are soluble.
The water—insoluble dye, if present, is soluble in silicone or
lipids. It has also been found that the silicone allows
incorporation of as much as ten times the amount of dye which
can be incorporated without silicone (mM dye/uM Pi without

silicone = 0.3, with silicone = 3.0).

Preferably, when functionalized microparticles are to be

coupled to a ligand they are typically first concentrated to



m crospherical particles are liquid at roomtenperature and preferably
have a high capacity to dissolve water-insoluble dyes if the
m croemul sions are to be used as tracers. Preferably, t hey wi t hstand

vapori zation under conditions used far |yophilizl haqggqg§ qutlons and
have a density equal to or slightly higher than t e aqueous
environnment in which they will be enmulsified, i. out 1.0 or
slightly higher. Wat er - i nsol ubl e conpounds haV| propertles

when stabilized in a mcroemul sion, behave |ike SO|Id partlcles when t he
m croemul sion is Iyophilized The preferred water-insol uble conpound

o7 oo S PR e R NG L Y8 IS OB Shoveeds mlycLeRLINLALphey

vaterfordy, Mng T Srhsé' 'GoPe: LidLd 35 ApdenAht etk HPWaialysis,
lyophilization and reconstitution or other suitable means known
in the art. If desired, microparticles may be coupled to the
ligand using appropriate ©protocols as described a&bove,
including forming a covalent linkage to a maleimide function on
an amphiphile in the particle coating. When a proteiln is toc be
coupled, thiols are reduced pricr to coupling; This protein
may be the ligand itself (direct coupling) or it may be avidin

biotin or antibody for use in noncovalent coupling of the

ligand to the microparticle.

In a preferred embodiment for producing a reagent for
immunoassay, an antibody ligand 1s coupled to the particle at
pH 8 and remaining free antibody 1is removed by column
chromatography. A SEPHAROSE FAST FLOW column (Pharmacia LKB
Biotechnology, Inc., Piscataway, N.J.) equilibrated in 30 mM
MOPSO (3-[N-Morpholino]-2-hydroxy—propanesulfonic acid), 10 mM

EDTA, 100 mM glucose, and 0.2% NaN PH 6.8, 1is preferred.

37
This buffer gives a good yield as a result of minimal sticking
of par‘éicles to the column. Sucrose may be substituted for
glucose in the buffer without adversely affecting subsequent
lycphilization and reconstitution of th.e particles. Additives

such as glycerol/DMSO should be avoided due to unsatisfactory

performance in assays after lyophilization and reconstitution.



viscosity and is non-volatile. - Oher silicones may also be wused in the
I nvention, for exanple GE SF 1265, or Huls Anerica (Piscataway, NJ)

fluorosilicones PS 181 and PS 182. Wien. fluorosilicongs,cecaare
used, a 1:1 m xture  of DVRE (di net hyl £q¢ s o t hanol is
required to bring the other conponents into sol uti \\\ e

conti nuous phase of the m croemnul sions may be any und

sui tabl e for the desired application. Exanpl of aqueous conti nuous
phase conpounds include water and various buffers as are known in the
art.

Dextran and beta hydroxy propyl cyclodextrin additives are
optional and do not adversely affect performance of <the

particles after lyophilization.

The microparticles may be 1lyophilized for storage by
freezing the microemulsion and lyophilizing it. The
microemulsion may either be frozen slowly (e.g., at about
-40°Cc in the lyophilizer) or more rapidly in liguid nitrogen
(about -150°C). In one embodiment, the frozen microemulsions
are lyophilized such that warming from about -40°C to +25°%C
occurs over & 4 to 12 hour period under vaccuum. fhe vials are
then held at +25° C until the lyophilization is complete.
The 1lyophilized ©particles show 1improved ©performance in
diagnostic assays when the vials are closed under vacuum in a
low humidity environment after 1lyophilization. Conveniently,
this can be done in the 1lyophilizer. This procedure reduces
the background when the microemulsions are used as tracers in
specific binding assays, thereby improving assay sensitivity
and providing a cleaner system for evaluating and optimizing

assay parameters.

The particles are preferably lyophilized in the presence
of at least 1% of a stabilizing protein to improve stability of
the functionalized microspherical particles during storage or

treatment at elevated temperatures. Preferably the stabilizing



The -anphiphiles wused to prepare the mcroenmulsions stabilize the
mcroparticles to the aqueous environnment by preventing coal escence
of the oil droplets, formng a layer or the surface of the dispersed
oil droplet. This layer is belieted to be a m"ﬁfnoﬂ; ®has Beel) Hep,

contrast to the bilayer nenbranes forned in |iposo fC5r e
IS supported by experinmental analysis showing that th y I mde
a

on the surface of the mcroparticles to the tot

maleimde in the particle is 1:1 (see the Exarrples). In
protein 1is at least 1% BSA, more preferably 5% BSA (Pentex
Fraction V BSA, Miles Laboratories, Kankakee, IL), but other
proteins known in the art for this purpose are also suitable,
e.g., casein. Particle concentration and the ratio of
particles to stabilizing protein affect the level of background
seen in diagnostic tests using reconstituted microemulsions.
It has been noted that too 1little or too much BSA (13% or more)
increases the background in the malaria test described in
Example 3. The ratio of stabilizing protein to particles

(quantitated by the amount of Pi) is preferably greater than

28 mg protein/1 uM P, and less than 200 mg/l uM P

The lyophilized microparticles, stored in closed
containers, may be rapidly reconstituted (i.e., resuspended) in
any suitable agqueous medium, for example water or a buffer.
Suitable buffers include, for example; MOPSO/glucose,
MOPSO/glucose/BSA and borate buffers. The reconstituted
particles are similar in size to particles which have not been
lyophilized. An appropriate dilution of ©particles for a
desired application can be obtained by adjusting the amount of
agqueous medium added to reconstitute the particles. Samples in
vials which have been closed under vacuum in a low humidity
environment after lyophilization réconstitute ~ especially

quickly.



contt ast, |i posomes give a ratio of 2:1 or higher depending on the size
of the liposone and the nunber of bilavers it contains.

Preferably, a mxture of anphiphiles is Usedhiss%léi t abl e anphi philes

include the lipids typically used inahe preparati ! Beenlpi.nosomnes.
Preferred anphi phi |l es are phospholi pi ds SUC%W/ Stq dyl
choline, phosphatidyl glycerol and phosphatidyl e Most
preferred are the distearoyl phospholipids, e.q., distearoy osphat i dyl
choline (DSPC), distearoyl phosphatidyl glycerol (DSPG and di stear oyl
phosphati dyl ethanolam ne (DSPE). DSPE may be derivatized to include a
mal ei m dyl caproate noiety (DSPE-MC) to functionalize the m.croparticle
for coupling t¥ierepgandcleshewbhahgeiBrliRe ALERBH& t PEFESCHBY bEC the
adj usted for a_ particul ar pharnaceuti cgl or jont og?or esi_s a&,pl i cation QX
i ncr easi HgvertHelr 83§ gSehel 1n a wide varilety assays XHown 1im t

art which utilize specific binding between a ligand and its
receptor for detection of an analyte. Such assays include
immunoassays and nucleic acid hybridization assays which can be
performed in several different formats, as is known in the
art. Certain of these assays 1include a tracer which becomes
associated with the complex formed by binding of the ligand to
its receptorand thereby facilitates detection of the complex.
Detection of the complex is an indication of the presence,
absence or quantity of the analyte, depending an the assay
format. Conventional tracers comprise a ligand (an antibody.
antigen or oligonucleotide) coupled to a detectable label such
as a dye, a fluorescent compound, a radioisotope or an enzyme
which can be reacted with a substrate to produce a colored
product. The tracers of the invention, in.contrast, comprise
functionalized microparticles having the ligand associated with
the surface such that it is capable of binding to a receptor,
and a dye included in the hydrophobic 1liquid core. While the
tracer microspheres may be substituted for conventional tracers
in essentialljr any of the known immunoassay or nucleic acid
hybridization assay formats, solid phase immunoassays ‘are
preferred because separation of reagents is faster and simpler
than in other assay formats. A preferred solid phase assay

device 1s an immunocapillary or immunochromatographic assay



anount of DSPG or DSPE, or by treating the maleimde with MESA
When the mcroparticles are to be functionalized, it is prefetke “Phat t he

anphi phi lic conponent be a mixture of anphiphiles w4 W t |east
one anphi phile which can be covalently linked to \m | i gand.
The coupling '

device, as the intensity of the dye color, the reduced
background and fewer false positives associated with the
microspherical tracers provide particular advantages in these

types of assays.

Immunocapillary or immunochromatographic immunoassay
devices comprise a microporous absorbent material such as
nitrocellulose, nylon, methyl acetate, methyi cellulose or
glass fiber. Alternatively porous materials which are not
substantially absorbant, such as certain ceramics, may be used
in such devices employing a wvaccuum to draw reagenfs and sample
into the material. To perform an immunoassay using such a
device, a portion of the microporous absorbent material 1is
contacted with a fluid sample such that the sample 1s drawn up
into the device by capillarity (wicking), thus bringing the
sample into contact with a capture reagent immobilized on the
microporous absorbent at a position removed from the point of
contact with the sample. The immobilized capture reagent 1is
generally an antibody or antigen which serves to capture an
antigen or antibody analyte in the sample by binding to it. In
a competitive assay format, the ligand and the analyte are
generally the same molecule or analogues which bind the same
receptor. For a competitive assay the tracer and the sample,
are wicked up into the microporous absorbent simultaneously and

compete for binding to the capture reagent. In a sandwich



o Iy
anphi-phil e may be a derivatized phospholipid whi

h .

; seapries a functional
group suitable for coval ent coupling of the Iigf my/ to the
surface of the mcroparticle, e.g., a nm /[p ¢d ve of the

phosphol i pi d or thiocholesterol. Covafent nethods a le for
coupling antigen, antibody, hapten and oligonucleotide |i ds to the

m croparticle, the oligonucleotides preferably being |inked through thio
groups to a naleimde function on the phosphol i pi d. Mal ei m de

functionalized phospholipids may al so be coupled to avidin, streptavidin
or biotin which are then noncovalently bound to a biotin or

avi di n/ t gvidin-dechyat i i.gand, LthRQ | Lodinest ceyplipgeof
2 Ol SLEP" Rl SOt LRt o0 BRRMLENTG 19 Ladbgst Caupl oAed
| munoly; gM@S. Théd32nalyd® idi @hpoykaked st eidy Whdld aQuic] et dexed
| i gands may also be
up into the microporous absorbent into contact with the
captured analyte, binding to it as an 1indication of the

presence of the analyte.

In one embodiment of an immunocapillary assay device
employiné the functionalized microparticle tgacers of the
invention, anti-malaria antibodies are coupled to the
microparticles for detection of nmla;ia antigen (the analyte)
in a sandwich assay. An exemplary assay device is an
immunocapillary dipstick having an anti-malaria capture
antibody immobilized above the base of the stick. The end of
the dipstick below the line of capture antibody is brought into
contact with the sample to be tested and the sample fluid is
drawn by capillarity into contact with the capture antibody.
After binding of any analyte which may be present in the sample
to the capture antibody, a composition éomprising the
microparticle tracer is drawn into contact with the captured
malaria antigen, 1if present. Development of a detectable,
preferably visible, line of dye in the region of the capture
antibody is an indication of the presence of malaria antigen ‘in

the sample.

In a second embodiment, the functionalized microspherical



indirectly coupled to the surface of the mcroparticle via an anti-biotin
anti body covalently coupled to the surface phosphllégﬂkb\aed

Al ternatively, an anphiphilic |igand may be |ncIudB@ h ‘ re of
stabi | i zi ng anphi philes which conpris&s the coatln ‘ {face of
the droplet. For exanpl e,

11

particles (with or without incorporated dye) may be used in
serological agglutination assays similar to the VDRL test for
syphilis. In these assays, an antigen associated with disease
may be covalently coupled to the surface of the microparticles
or included in the amphiphilic monolayer coating on cthe
surface. Mixing the functionalized microparticles with the
serum of a patient which contains antibodies Fo the disease
associated antigen results in cross-linking of the
microparticles by antibody and visible particle aggregation.
Alternatively, antibody may be coupled to the micioparticles
and used to detect an antigen present in serum by aéglutination

of the microparticles.

The following experimental examples are presented to
illustrate certain specific embodiments of the invention but
are not to be construed as limiting the invention as defined by

the appended claims.

EXAMPLE 1

PREPARATION OF SILICONE MICROEMULSIONS

A mixture of 47 mg of distearoyl phosphatidyl choline
(DSPC, Avanti Polar Lipids, Pelham, Al.), 10.3 mg. distearoyl
phosphatidyl glycerol (DSPG, Avanti Polar Lipids), 1.87 mg

distearoyl phosphatidyl ethanolamine-maleimidyl caproate



cardiolipin, a four-chain phospholipid, is a suitable anphiphile
for preparation of the mcroenulsions and is also wuseful as an antigen
ligand for syphilis serology testing. M_croparticles whi ch i ncl ude
cardiolipin on their surfaces can be4 used'”

' To¥heeraggl uti nation
| rmunoassays for detection of anti -syph:—/I ReB 5,
Chol esterol may be included with the anphi phi Aiw? éﬁerally not
required as it is for |iposonmes because the anp orm a nonol ayer
on the microdroplet rather than a collection of bilayel' as in |iposones.
As the function of cholesterol in |iposone nenbranes is to intercalate in

and stabilize the |iposone bilayers, it_is optional.i.n_ the present
(DSPE-MC), 59l3mg Fast Sudan Black pB (ﬁadrlch Chgmlcaq Co.,

Milwaukee, WI or Eastman Kodak, Rochester, NY), 236 ul
polydiphenyldimethyl siloxane (GE Silicone SF 1154, General
Electric Co., Waterford, NY) and 8.87 ml 200 proof ethanol
(dried with a 4A molecular sieve and filtered with a Millipore
GV syringe filter - Quantum Chemical Corp., USI Division,
Tuscola, IL) was heated at 55°C for 1 hour; The ethanol
solution (1 part) was then mixed with water (3 parts) using a
Zymark Corp. master laboratory station with 10 and 25 ml
syringes controlled by stepper motors. The fluid streams were
mixed in a "“¥" connection, resulting in instantaneaus particle
formation. After formation of the microemulsions, ethanol was
removed by dialysis against 10 mM EDTA and the microemulsions
were concentrated by dialysis against a dessicant. The size of
the particles, as determined by analysis with a Coulter Corp.
(Hialeah, Fl.) model N4 MD sub-micron particle analyzer, was
about 187 nm by unimodal analysis. The  phosphorous
concentration was determined to be 3.4 uM Pi/ml, and the

maleimide was determined to be 98.8 nM MC/ml.

EXAMPLE 2

COUPLING OF MICROPARTICLES TO ANTIBODY

The microparticles prepared in Example 1 were coupled to

rabbit anti-recombinant HRP II antibody. These antibodies are



i nventi on. Preferably, cholesterol is noh%kggluded when the
mcroparticles are used as tracers, as i . e 8enGe , MY i ncrease
background - staining and basel i ne, Ieveli7 / JFation in
certain solid phase i munoassays. It %as al s l hat i ncreased
anounts of DSPG increase the surface charge of the pa es and prevent
aggregation after antibody coupling, thereby reducing background and fal se
positives when the mcroparticles contain a dye. Alternatively, treatnent
of the particles with MESA (2-nercaptoethanesul fonic acid) after coupling
to the ligand al so reduces background and false positives.

directed against the histidine rich protein II antigen of
Plasmodium falciparum, the etiological agent of malaria.
Anti-HRP II antibody was dialyzed into phosphate buffered
saline (PBS), pH 8, resulting in a concentration of 2.47 mg/ml
as determined by absorbance at 280 nm with an extinction
coefficient of 1.35. Six mg of antibody was derivatized with
SPDP (3—-(2-pyridyldithio propionic acid N-hydroxysuccinimide
ester, Sigma Chemical Co., St. Louis, Mo.) for 30 min. using a
solution of 1.5 mg SPDP in 1.5 ml methanol (60 ul). 1 M
sodium acetate, pH 4.5 (280 ul) was then added and followed
by 86 ul of 1 M dithiothreitol (DIT), resulting--in a final
DTT concentration of 33 mM. The solution was stirred at room
temperature for an additional 30 min., then applied to a
SEPHADEX G-25 column (Pharmacia LKB Biotechnolog?, Inc.) to
remove free DTT and place the derivatized antibody into pH 8
coupling buffer (50 mM Tris Base, 50 mM sodium acetate, 50 mM

sodium chloride and 1 mM EDTA).

The concentration of antibody was determined Dby
absorbance at 280 nm. The antibody preparation was mixed with
the microemulsion, which had been brought to pH 8 with Tris
immediately before use, at a ratio of 1 mg antibody per 100 nM
maleimide. The mixture was incubated for 2 hours. The
functionalized particles were then separated from ffee antibody

on a SEPHAROSE FAST FLOW column (Pharmacia LKB Biotechnology.



Wat er -i nsol ubl e dyes are optionally incorporated into the droplets of

t he o/w mcroemul sion to prepare tracer conpositions for
detecting analyzes in diagnostic assays. Eetectable racers.

tracers conprising dyes are well know#® in the arthis a0 blnding
assays, i.e., assays whi ch involve binding of a Ii “m M\ m;pem fic
bi nding pair nmenber. The water-insol uble conpounds e core
are capable of dissolving the water-insoluble dyes at high

concentration, thereby inproving the sensitivity of the diagnostic
assay. Suitable water-insoluble dyes are those

Inc.) equilibrated in 30 mM MOPSO, 10 mM EDTA, 100 mM glucose,

and 0.2% sodium azide, pH 6.8. Miles Pentex Fraction V BSA was

added to give a final w/v concentration of 1%.

EXAMPLE 3
IMMUNOASSAY USING TRACER MICROSPHERES

Immunocapillary assay devices for detecting malaria
antigen were prepared as follows. A 2.8 cm X 13 cm strip of 8
micron nitrocellulose (Schleicher and Schuell, Keene, N.H.) was
laminated onto plastic. A monoclonal capture ant.i..body raised
in response to an 18-mer peptide with an amino acid sequence
derived from the tandem repeat sequence of HRP II was spotted
onto the nitrocellulose using a 1 mg/ml solution of the
antibody applied at a rate of 1 pg/cmz. Two hybridomas
which produce the anti-18mer antibody have been deposited with
the American Type Culture Collection (Rockville, Md.) wunder
Accession Numbers HB 11111 and HB 11112. The membrane strips
were then incubated at 45°C for 15 min. and blocked with a

solution of 5 mM EDTA, 5% Dbeta 1lactose, 0.2% NaN 0.2%

3
ZWITTERGEN 3-10 (Calbiochem, LaJolla, Ca.) and 1% BLOTTO
(nonfat dry milk). The blocked strips were placed at 4s5°¢C
overnight. The prepared membranes were applied to a 7 cm X 15
cm strip of laminated plastic and overlapped with a 4.7 cm X 15

cm piece of glass fiber (Gelman Sciences, Ann Arbor, MI) to



known in the art for incorporation into tracers, e.g., encapsulation
into |iposones or I ncorporated into latex particles. D fferent
dyes may be incorporated into separate mcroparticle greparatlons whi ch
may then be mixed for use in assays dor multiple analy t' g5 S Be@ Replaced
mul tisignal readouts are desired. A preferred dye for u ”
invention is Sudan Black B. Wen Sudan Bl ack i
incorporated into the mcrospherical particles, it is preferre h t he
dye first be purified. Purification and isolation of the major ‘conponents
of SBB are described by U Pfuller, et al. 1977. H stochem stry 54, 237
and U. Pfuller, 1977

prepara?§§é5ttﬁﬁh dF&V&PG(ﬁﬁYﬂéﬁoépﬁ Bph%mpﬁzrbcelluﬁose %%e strips

were cut into 7 mm wide test sticks and stored dessicated.

For the assay, the malaria test sticks were placed in a
test tube with 40 pl of normal human serum (NHS) containing
various dilutions of the 18-mer peptide as the analyte. The
18-mer is a unique synthetic peptide comprising the following

~

amino acid sequence, SEQ ID NO:1l:

Cys—-Gly-Ala-His-His-Ala-His-His-Ala—-Ala-Asp-

Ala-His-His—Ala—-Ala—-Asp-Ala.

The microparticle tracer prepared in Examples 1 and 2 was
diluted 1:3 with MOPSO buffer containing 1% BSA and 40ul of
the diluted tracer was added to the tube after the serum sample
had been wicked up into the test stick. After allowing the
tracer to be drawn 1into the test stick, 40 ul of a wash
solution (pH 7.5 borate buffer with 0.2% ZWITTERGEN 3-10) was
added and also allowed to wick up. The degree of color in the
area of the capture antibody iine was visually determined and
assigned a subjective number based on the intensity. Endpeints
for detection of the signal were typically at antigen dilutions

-7

of about 1 X 10 °, indicating a highly sensitive assay.

The test results are summarized in the following Table.



chi orof orm as the nobile phase, the major fast noving (i.e.,

nor e hydrophobi ¢) conponent can be isolated. This conponent is

i
referred to as "Fast SBB" Fast SBB may al SO Thio6heet 59 Beh&dplachy

herei n

chromat ography  on a silica coleem wusing dic Hlhexane
80:20 as the solvent or fromTLC plates run in dichi ,

Di chl oromet hane i n general provides

Preparation A (the microparticle tracer) 1is compared

liposome tracer encapsulating sulforhecdamine B (Lot 002).

PARTICLE NHS DILUTION

PREP. 104 10-9 10~6 10~7
A = 4 3 2 1+
Lot 002 WK+1 4 3 2 1

to

These results demonstrate that the assay using

'
“

a

he

microparticle tracers detects a clinically relevant amount of

malaria antigen and 1is comparable in performance to a liposome

tracer encapsulating dye.

EXAMPLE 4

LYOPHILIZATION AND RECONSTITUTION
OF MICROPARTICLES

Microemulsions prepared as in Examples 1 and 2 were

stored in MOPSO buffer with 1% Miles Pentex Fraction V BSA.

Aliquots of 166 pl were placed in wvials with 333

pl

of

MOPSO buffer/1% BSA. Stoppers were loosely placed on the

vials. The vials were frozen in liquid nitrogen and placed on

a frozen shelf in a lyophiiizer (The Virtis Co.,

Inc.,

Gardiner, N.Y.). The lyophilization cycle was controlled such

that the shelf warmed from —40°C to +25°C over '; 12 hour

period wunder vacuum. The condensor remained at -40°cC.

The

vials were held at 25°C until the run was complete, a minimum



bett er separation of Fast SBB from Slow SBB than does chloroform
Sudan Bl ack B conmmercially avail able from East man Kodak, Rochester, NY
is supplied as 98% pure, but Fast SBB conprises about 179 A f 2Pt al

wei ght (assuming 100%yield on purifigation). TheTh ﬁh{ﬂ ‘

provides for a nore stable particle, incorporation o ts of

dye, and a nore stable nmaleimde function than is po

unpurified SBB. Purified Fast SBB will not partition into the acueous
phase either during particle formation or during rehydration of

| yophi lized particles and is therefore preferred for stability and

intensity_of the signal. The urit t he Fast
pr epar at?6n 2PREPFIFE t&lFpr ki Fﬁﬁ’tué&'aft'g? (%/]lﬁ)]l‘qf i Y8 Fon li‘?r“etshé’r?(ﬂe"tﬁr‘tﬁﬁ

absorban&g lyophilizer, under vacuum and at low humidity, by filling a

bladder under the tray with room air. The stoppered vials were

stored for 11 days at 45°cC.

To reconstitute the microemulsions, the stopper was
removed and a volume of MOPSO buffer/l1% BSA was added to
correspond to the desired diluticn of particles. For use in
the immunoassay of Example 3, 500 pl of buffer was added to
reconstitute the microemulsions. Rehydration occurred quickly,
forming microemulsions containing 238 nm particles. Activity
of the reconstituted microemulsion tracers was determined in an

immunoassay as in Example 3. The results were as follows:

NHS 1x10”% 1X107° 1X10~° 1X10~7
ACTIVITY +/——  +4 +2 +1 +/—
EXAMPLE 5

CARDIOLIPIN MICROSPHERES

Phosphatidyl choline (10 1mg, either DSPG, Avanti Polar
Lipids or L-alpha mixed chains, Sigma Chemical Co.) was mixed
with 1 mg DSPG, 40 pl SF 1154 silicone, 50 pl cardiolipin
(Sigma Chemical Co., 5.2 mg/ml in ethanol) and 1.5 ml ethanol.

DSPG is optional. The solution was heated at 55°C for 1



r at i‘b at 700 and 600 nm (extinction coefficient 24000):

A700/ A600 | mmure SBB .23 Sl ow SBB
.27 Fast SBB .08
14 30 heet Has Been Replaced

BT

hour, then added dropwise through a Gelman 4450 0.2 pm 13 mm
filter to 4.5 ml water mixing on a vortex. The resulting
microemulsions contained 174 nm particles. The microemulsions
were dialyzed in SPECTRA/POR 2 dialysis bags (Spectrum Medical
Industries, Inc., Los Angeles, Ca., 12-14000 MW cutoff) against
10 mM EDTA overnight to remove ethanol.

Commercially available VDRL antigen (Difcc Laboratories,
Detroit, MI) contains 0.03% cardiolipin, 0.21% 1lecithin and
0.9% cholesterol in ethanol. This ethanol sclution was added
to formaldehyde buffered saline, forming a colloidal
suspension. The suspension was centrifuged and resuspended in
0.02 M phsophate buffer, pH 6.9 containing 0.2% merthiolate,
40% choline chloride and 0.1 M EDTA. This preparation was
referred to as "USR reagent." Both the USR reagents and the
microemulsion were used to test sera for .reactivity against

cardioclipin as an indicator of exposure to syphilis.

One drop of the microemulsion or USR reagent delivered
through an 18 gauge needle onto a ringed glass slide containing
50 pl of saline, serum or serum diluted in saline. The slide
was rotated at 180 RPM for 4 min., and agglutination was read
microscopically at 100X magnification. The highest dilution
showing visible agglutination was determined to be the titer.

Representative data is shown in the following table:



I n one enbodi nent, silicone microenul sions are made by dropw se addition
of an ethanol solution of lipids, silicone and dye (optional) into the
aqueous phase while m xing on a vortex m xer. ThIS nmet hod results in a
gradual increase in ethanol concentaation from 0% aﬁwafﬁsﬂkhﬁqhg&Fl,
usually less than about 50% The ratio of ethanol

apparently not critical wthin this range. Par ﬂﬁ eferably
produced by m xi ng the ethanol solution with the agueous pha achi eve
a final concentration of ethanol of about 20-40% Most preferably, t he

et hanol solution and the aqueous are mxed in a ratio of about 1:2,
resulting in a final concentration of _ _ethanol of about 30% However, the

ethanol concentration may be as hi §fld€Abut. 50% if it __js dried
(e.g., wusing .a 4A nolecular siev , benzene——gére#, etc.)
and t he Antiserum 110 neg
Antiserum 114 neg pos 1:2
Antiserum 115 pos 1:2 pos 1:2
Antiserum 119 pos 1:8 pos 1:8

These results show that, wusing antiserum of Kknown
reactivity, in most <cases the <cardiolipin microparticle
preparations exhibit reactivity similar to - the standard,

commercially available syphilis serology test.



't pid concentration is reduced. After formation of the

m croparticles, the ethanol 1is preferably renoved, e.g., by
ultrafiltration, colum chromatography or dialysis. Renoval of t he

et hanol is not éssential for coupli ng the mcr opartlcl es to gand but
it is preferred. If the particles >“are to @hga{mdBtf |gand t hey
are preferably concentrated prior to coupli ng Wﬁ“ rapi d
and sinmple for small-scale production of nicr \ is not
anenable to | arge scale production. A Ia ca e nmethod for

production of the m crospheres

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: BECTON, DICKINSON AND COMPANY

(A) NAME: Becton, Dickinson and Coméﬁny
(B) STREET: One Becton Drive

(C) CITY: Franklin Lakes

(D) STATE: NEW JERSEY

(E) COUNTRY: US

(F) ZIP: 07417- 1880

(ii) TITLE OF INVENTION: Stabilized Microspheres and

Methods of Preparation

(iii) NUMBER OF SEQUENCES: 1

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC compatible



16°- . of lipids to silicone, the concentration of lipids and silicone
in the ethanol and the ratio of organic volunme (ethanol solution) to
aqueous volunme determne the particle size of the ThShecoBmEBesd RdplaceqThESE

rati os are adjusted to obtain the desired particle | e
formation of the microemulsion as, in**contrast to |} IM[‘
m croparticles cannot be resized after they have been nade.
preferably, the m croenul sions have a particle size under 200 nm
The organic cosolvent is a water m scible organic sol vent

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(v ) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(C) CLASSIFICATION: ~
(2) INFORMATION FOR SEQ ID NO:1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii1) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Cys Gly Ala His His Ala His His Ala Ala Asp Ala His His Ala Ala

1 5 10 15

Asp Ala



whi ch perfornms the function of solubilizing all of the conponents.
Exahples include short chain alcohols such as ethanol and

di met hyl f or mam de ( DVF). | ndi vi dual | y, 3at he conpon [

i nsol uble in each other or insoluble in the or ganimc) ciﬂ"mm“ﬂ"}mr"m,
exanple, 1) lipids are not soluble ingsiljcone and 2) DSPE& ahd 'DSPE ar e
not soluble in ethanol. However, as a-co-n'% ned system these conponents are
soluble. The water-insoluble dye, if present, is soluble in silicone or
lipids. It has also been found that the silicone allows

I ncorporation of as nuch as ten tinmes the anmount of dye which, can be

i ncor por at ed1wi t héutorspositiom somprisigenisosphetiaahparticles.the HFEticted. 3, with

fiol Lgone :co:f‘nﬂ')sing: Preferably, when functionalized mcroparticles are

a) a hydrophobic liquid core, and;

b) an amphiphilic compound covalently linked to a figand, the amphiphilic
compound forming a layer on the surface of the particles such that the ligand is
capable of binding to a receptor for the ligand.

2. The composition of Claim 1 wherein the core further comprises a water-
insoluble dye.
3. A method for detecting a receptor for a ligand comprising:

a) capturing the receptor by binding to a first ligand for the receptor;

b) contacting the bound receptor with a tracer composition comprising
microspherical particles, the particles comprising a liquid silicone core, and a layer
on the surface of the core comprising an amphiphilic compound covalently linked to
a second ligand for the receptor such that the second ligand is capable of binding to
the receptor;

c) binding the particles to the bound receptor through binding of the second
ligand, and;

d) detecting the receptor by means of a water-insoluble dye contained in the
core of the bound particles.

4, The method of Claim 3 wherein the bound receptor binds to particles
comprising:

a) a core selected from the group consisting of polydimethyldiphenyl
siloxanes and fiuorosilicones, and;

b) a layer comprising phospholipids selected from the group consisting of
phosphatidyl choline, phosphatidyl glycerol, phosphatidyl ethanolamine and
distearoyi derivatives thereof.

5. A method for detecting a first ligand comprising:

a) combining a sample suspected of containing the first ligand with a tracer
composition comprising microspherical particles, the particles comprising a liquid
silicone core and a layer on the surface of the core comprising an amphiphilic



coupled to a ligand they are typically first concentrated to

about 100 nM naleimde per ml to increase the effici ency BGOK Ilaw,g The
particles nmay be concentrated by dialysis, 1ly

recoenstitution or other suitable neans known in the %ﬂ MBH

m croparticles may be coupled to the |igandsgusing

protocols as descri bed above, including formng a covalent |inkage to

a nal ei mde function on

compound covalently linked to a second ligand which competes with the first ligand
for binding to a receptor for the ligand;

b) allowing the combined first ligand and second ligand to compete for
binding to the receptor, and;

c) detecting the bound second ligand by means of a water-insoluble dye
contained in the core of the particles, thereby detecting the first ligand in the
sample.

6. The method of Claim 5§ wherein the sample is combined with a tracer
compaosition comprising particles comprising:

a) a silicone selected from the group consisting of‘polydimethyldiphenyl
siloxanes and fluorosilicones, and;

b. a layer comprising phospholipids selected from the group consisting of
phosphatidyl choline, phosphatidyl glycerol, phosphatidyl ethanolamine and
distearoy! derivatives thereof.

7. A method of making microspherical particles comprising:

a) preparing a solution comprising a water miscible organic solvent, a liquid
silicone compound and an amphiphilic compound having a functional group for
covalent coupling to a ligand;

b) combining the solvent solution with an aqueous medium to form an oil-in-
water microemulsion having as the dispersed phase rﬁicrospherical particles
comprising a liquid core, the core comprising the silicone compound, and a layer on
the surface of the core comprising the amphiphilic compound,;

c) covalently coupling the ligand to the amphiphilic compound, and;

d) isolating microspherical particles coupled to the ligand.

8. The method of Claim 7 wherein a solvent solution comprising a water-
insoluble dye is combined with the aqueous medium.

9. A method of making functionalized microspherical particles comprising:

a) preparing a solution comprising a water miscible organic solvent, a liquid
silicone compound and an amphiphilic ligand, andg;

b) combining the solvent solution with an aqueous medium to form an oil-in-
water microemulsion having as the dispersed phase microspherical particles



an anphi pohile in the particle coating. Wen a proteinis to be cou | ed,
thiols are reduced prior to coupling. This protei nThn et

itself (direct coupling) or it nmay be avidin, bi ot| l wm use

i n noncoval ent coupling of the ligand to the m crop In a
preferred enbodi nent for producing a reagen$éfor irmunoassay, an ant’i body
ligand is coupled to the particle at pH 8 and remaining free antibody
is renmoved by colum chronmatography. A SEPHAROSE FAST FLOW col um

%hak/g‘;gba L%pﬁgfﬁgﬁ Hﬂfd?agc%r{éﬂ'gore AiPE M '3 slirfacB%t &é\é QB%S%p?lst%%

pr opanesu onl c aci
EDTA, 100 rTMl'@ amebwhiligligemd. 20 NaN[err], pH 6.8, is preferred. This
buffer gives a good yield as a result of mniml sticking

10. The method of Claim § wherein a solvent solution comprising a water-
insoluble dye is combined with the aqueous medium.



of particles to the colum. Sucrose may be substituted for glucose in
the buffer without adversely affecting subsequent |yophi.l |zat|on and

reconstitution of the particles. Additives such as gl

be avoi ded due to unsatisfactory per&nprmance in assays

| yophi lization and reconstitution. Dextr r oxy
propyl cyclodextrin additives are ABSTRACT

STABILIZED MICROSPHERES AND METHODS GF PREPARATION

Stabilized microspherical particles having hydrophobic
liquid cores prepared as oil-in-water microemulsions. The
particles are stabilized by a surface 1layer comprising an
amphiphilic compound and may be functionalized to allow
covalent coupling of a ligand to the surface of the particle.
When used as tracers in assays, a water insolt:\ble dye may be

incorporated in the core liquid of the microparticles.
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ootional and do not adversely affect *Perfor mahdé Past
after |yophilization. The microparticles nayBazkygphi:liizzed s F nac-g
storage by freezing the nmicroenulsion and |ydpRibizizng :viits | o FhEs
mcroemu sion may either be frozen slowy (e.gg.['v'{ A’baﬁ-actabqg;,_ged 37 to ursa o
-40[err]Cin the lyophilizer) or nore raprdly in ljiquid nitrogen (abou S e

-150[err]C). In one enbodinment, the frozen m crogmy g F oS- el
£ IQEE?F lﬁi(fb;p /124
-] rTr'

| yophilized such t W bout .- 4C Cor—t -} LT e reeens
ozef adto 12 hourrgfill\my}\“,Ei il C%%a& Ao 45%18 §]o —Mjﬁéﬁ hel d at Il

+25[err] C wuntil the Ilyophilization is conplete. The |yophilized
particles show inproved performance in diagnhostic assays when the vials

are cl osed under vacuumin a I%\&/ﬁ%rﬁdy %EGWFRS&% after

| yophilization. Conveniently,

The present invention relates to oil-in-water emulsions,
methods for making such emulsions and methods for using the

microspherical particles in diagnocstic assays.

BACKGROUND OF THE INVENTION -

Emulsions are fluid systems comprising two immiscible
liquid phases with one 1liquid dispersed as droplets in the
other. The dispersed liquid 1is referred to as the dispersed
phase and the liquid in which 1t is dispersed is referred to as
the continuous phase. Microemulsions are emulsions 1in which
the dispersed phase droplets are very small, typically about
0.01 um to about 0.2 um. The choice of liquids for the two
phases and the surfactants used determine whether the
microemulsion is oil-in-water (o/w), water—-in-oil (w/o0) or
anhydrous. Microemulsions are generally more stable than
emulsions with discontinuous phases comprising larger droplets
because the interfacial tension between the o0il and water
phases 1is significantly 1lower. That is, in microemulsions
there is a reduced tendency for the droplets of the disperéed

phase to coalesce.

REPLACE!

Enulsions are generally made by subjer%éag—{he»cpmpoqent
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this can be done in the |lyophilizer. Thi s procedure reduces the
background when the m croenul sions are used as tracers in specific binding

assays,

t hereby i nproving assay sensitivity and providijt oSy strem
for evaluating and optim zing assay paraneters. %@L\&ﬁaﬁ\g{é%
preferably |yophilized in the presence of at least 1% of & stabilizing
protein to inprove stability of the functionalized m crpsphersggf 995
particles during storage or treatnent at el evated tenperakures. i
Preferably the stabilizing

l

liquids, including an emulsifier, to high shear forces. The
forces may be mechanical, such as vigorous stirring or forcing
the mixture through a small orifice. Alternatively, ultrasonic
emulsification may be used to effect cavitation in the liquids
with high local shear. As microemulsions provide a means for
maintaining, in stable aqueous solution, substances which are
otherwise insoluble in an agueous phase, they -are of interest
as potential drug delivery systems for 1lipophilic drugs

Surface modifications on the dispersed phase droplets have been
found to be useful for alﬁering the physicochemical and

biochemical properties of the colloidal droplets, including the

kinetics of blood <clearance and tissue distribution. (K.
Iwamoto et al. 1991. J. Pharmaceutical Sciences 80, 219.)
As used herein, the term “water" 1in reference to

emulsions means a polar hydrophilic ligquid and is not limited
to water per se. Similarly, the term "o0il" in reference to
emulsions means any nonpolar hydrophobic 1liquid. The terms
"microspherical emulsion”, "microemulsion" and related terms
refer to stable emulsions in which the droplets of the
dispersed phase are very small. “"Microparticle"

"microsphere", “"particle”, “microspherical particle" and
related terms refer to. the droplets of the dispersed phase of
the microemulsion, which may or may not be emulsified in an

agqueous ©phase. "Functionalized" ©particles, microparticles,



protein is

M| es Labor
for this pu
concentrati
the level o
m cr oemnul si
nore) incr
Exanpl e 3.

at | east 1% BSA, nore preferably 5% BSA (Pentex Fraction V BSA,
atories, Kankakee, 1IL), but other proteins known in the art

£ are, S'“Syryable e.g. casei n. Particle
Jﬁgfahutwﬁ% 5 3n of particles to stabilikzimg pretrelns ¢fefrg
f

jackground seén{in di agnostic tests using {econ
d n g i g g g Sﬁgggﬁ‘égg’JO/ oF

—+

Bt @q'ﬁee oted that too little or toe—rdech
ea % bdbk round in the malaria test described in
-rat|0~ of- $tabilizing protein to particles

(quantitated by the amount of [P[err] is preferably greater than 28 ny
protein/l pMP[err] and [ess than 200 ng/| pM P[err] 1

droplets or microspheres have at 1least one amphiphilic
component in the surface layer which includes a reactive group
suitable for covalently <coupling the microparticle to a

ligand.

A ligand specifically reccgnizes and binds to a receptor
molecule. The ligand and 1its receptor are referredc to as a
specific binding pair. The specificity of binding of & ligand
and receptor can be used in assays for detection of an analyte
which is either a ligand or receptor. Ligand/receptor pairs
include, as examples, antigens or haptens and antibcdies,
complementary nucleic acids, biotin and avidin/streptavidin,

and carbohydrates and lectins.

Methods for production of the microspheres of the
invention are similar to the ethanol injection methods
previously known for the preparation of 1liposomes. However,
such methods have not heretofore been adapted for the
production of particles with hydrophobic 1liquid cores and
amphiphilic monolayers on the surface. The ethanol injection
method for production of single bilayer liposomes encapsulating
an aqueous medium 1s described by S. Batzri and E. Korn (1953.

Biochim. Biophys. Acta 298, 1015.) and 1in Liposomes - A

Practical Approach (IRL Press, R.R.C. New, ed., pg. 63). U.S.

Patent No. 5,100,591 describes methods for production of

This Sheet Has Been Replaced

JHE



The |yophilized m croparticles, stored in cl osed containers, may

be rapidly reconstituted (i.e., resuspended) in any suitable _aqueous

medium for exanple water or a buffer. Suitable bufiREPBACEVERKULEEET

_ uc HE4Butt gt
reconstituted particles are simlar in s4ze to partijclies which havein
been |yophilized. An appropriate dilution of parti¢lesd Fdi 7% He
application can be obtained by adjusting the anmount ¢f | _agueous nedLhm

exanpl e, MOPSQ gl ucose, MOPSQO gl ucose/ BSA and bor

added to reconstitute the particles. Sanples in vialls which have been
cl osed under vacuumin a low hunidity environnment after——lyephilizati

reconstitute especially quickly.

for

The
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liposomes which incorporate an amphoteric, water—insoluble

substance such as amphotericin B into the membrane with the

phospholipids.

The stabilized microparticles of the invention are useful
in a wide variety of applications where a hydrophobic particle
core 1is desirable. Liposomes have previously ~been used for
many of these applications, with wvarious problems and
disadvantages. In the present invention, the licquid
hvdrophobic core allows efficient incorporation of
water—-insoluble compounds for use in cosmetics (e.g., dyes and
fragrances), foods (e.g., oils and flavors) and a&agriculture
(e.g., insecticides and herbicides). Water—insoluble drugs may
also be included in the core of the microparticles to improve
drug delivery and stability in therapeutic applications. Such
drug-containing microspheres are capable of incorporating more
of the drug than the “pharmacosomes" of the prior art, which
can only encapsulate the water-insoluble drug in the relatively
small hydrophobic regions within the membrane bilayer rather
than in the relatively large agueous core. See Perrett, et al.
1991. J. Pharm. Pharmacol. 43, 154; Hamann, et al. 1989. Sth
Internat. Conf. Pharm. Tech. 1, 99; Hamann, et al. 1987. Acta
Pharm. Technol. 33, 67 for discussions regarding incorporation
of drugs into liposomes. Further, amphiphilic drugs such as

amphotericin B or insecticidal/herbicidal fatty acids may Dbe



20 _ Mcroparticles which include ligands according to the
invention are useful in a wide variety of assays known in the art which
utilize specific binding between a ligand and its  [Fieeepton 'for,hWN
detection of an analyte. Such assays include ﬁnnuhﬁassayé wnd: 1]
nucl ei ¢ acid hybridization assays which &an be perhonned in severall !
different formats, as is known in the art. CErtaln'of t Aser ggsays-lﬁclude
a tracer which becones associated with the conplex It rmed by blndlngfof
the ligand to l =i

L

e t——— e}

incorporated as amphiphiles in the surface monolayer of <the
inventive microspheres for therapeutic and agricultural

applications.

As the surface charge of the opresent stabilized
microspheres can be increased by adjusting the types and
amounts of amphiphilic drugs or amphiphilic .lipids in the
surface monolayer, they can be made to move with an electric
potential while carrying pharmaceutical &agents. They may

therefore also be useful for delivery of drugs by iontophoresis.

SUMMARY OF THE INVENTION

Oil-in-water emulsions containing stabilized
microspherical particles as the dispersed phase are provided.
The microparticles comprise a liquid hydrophobic core with a
surface coating of an amphiphilic compound. The microparticles
or droplets of the dispersed phase may optionally be
functionalized by inclusion of a reactive group on the surface
for coupling to antibody, antigen, hapten or oligonucleotide
ligands. Ligand-derivatized microparticles are wuseful as
reagents in diagnostic assays involving binding of a ligand.to
its receptor and can replace other types of particulate
reagents typically used in diagnostic assays., e.9.. latex

particles, metal sol particles, magnetic beads, colloidal



Its receptorand thereby facilitates detection of the conplex. Detection of
the conplex is an indication of the presence, absence or quantity of the
anal yte, depending on the assay format. Conventional tracers conprise a
ligand (an anti body, antigen or ollgonucleotlde)mcoupT a dq;ectable

| abel such as a dye, a fluorescent conpound, a rad|01 QL an enzyme
which can be reacted with a substrate togproduce ' polored proddct. The
tracers of the invention, in contrast, conprise uhct- emrald zed !
m croparticles having the | i gand aSSOCIated with :the surface such that it

I s capable of binding to a receptor, and a dye |ncluded”rﬁ"Thé"ﬁydrophobic
liquid core. Wiile the tracer mcrospheres nmay be substituted for.
conventional tracers in essentially any of the K AOWA I mmunoassay or
nucleic acid hybridization assay formats, solid phase imunoassays
are particles or liposomes. If a water—insoluble dye is included

in the core liquid, the microemulsions may &lso be used as
tracers in the diagnostic assays to provide a reporter Or
detector function. The microspherical ©particles of the
invention have the advantage of incorporating a higher
concentration of dye than is possible using liposomes, as
livosomes encapsulate a large amount of agueous medium in
addition to the entrapped dye. They are also more intensely
colored than colored 1latex particles, thus improving assay
sensitivity.

The microspherical particles of the oil-in-water
emulsions have stabilized, non-drying, 1liquid ceores and will
readily rehydrate to approximately their original size wupon
reconstitution from a dried state. This is an improvement when
compared to many other particle types such as latex, which do
not resuspend easily after drying. In addition, the
microparticles remain stable when stored at room temperature.
When used as tracers, the microspheres will not leak the
water—insoluble dye contained in the core into the surrounding
agqueous medium. In contrast, liposomes contain;ng
water-soluble dyes tend to hydrate slowly and leak substantial
amounts of dye upon reconstitution from a dried state. This
difference in rehydration time is most 1likely due to the fact

that the droplets need only be hydrated at their surfaces <O



preferred because separation of reagents is faster and sinpler than in
ot her assay fornmats. A preferred solid phase assay device is an
i mmunocapi llary or inmunochronmatographic assay ... .eo.......device, as
the intensity of the dye color, the reduced background i¢gng. . fewer y:false
positives associated wth the nicrospherical tracges-provide par thi cul ar
advantages in these types of assays. 7 P P
3 ; 2 3DEC 1595 |
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function in an agueous environment, whereas liposomes must Dbe
hydrated on their 1lipid bilayer surfaces as well as in their

-

interior to function in an agqueous environment afte

&1

lyophilization. Rapid rehydration with minimal loss of signal
are highly desirable characteristics for tracer reagents,
particularly when they are used in immunocapillary or

immunochromatographic diagnostic tests. ~

DETAILED DESCRIPTION OF THE INVENTION

The stabilized microspherical particles of the invention
are prepared as oil-in-water (o/w) microemulsions using
water—insoluble compounds and mixtures of amphiphiles. The
amphiphiles coat the dispersed droplets of the water-insoluble
compound and stabilize them in the agqueous phase. Dyes soluble
in the water—-insoluble compound may optionally be included. 1In
general, the microemulsions may be prepared by any of the
methods known in the art, but certain modifications are
preferred. Because the amphiphiles are not soluble in the
water—insoluble compound, a cosolvent is preferably initially
included during the preparation of the emulsions. The
cosolvent is then removed at a later stage of the preparation

Drocess.

The water—insoluble compounds which form the cores of the



| munocapi | lary or immunochromat ographic imunoassay devices conprise a
m cr oporous absorbent material such as nitrocellulose, nylon, nethyl

acet at e,
mat eri al s
ceram Ccs,
and sanpl e

met hyl cellulose or glass fiber. AIternatlver,_porous

which are not substantially absorbent

egrtaim,

may be used in such devices enploying a vc6chUhf'0wdrawﬁreaQents

into the material. To perf@rm an inmurjoassay using such a

device, a portion of the nicroporous absorbent materilal] i 23 &bGt@tted with

4

a fluid sanple such that the sanple is drawn up intqg tlhe _device by ; §

capillarity (w cking), thus bringing the sanple intd contact wth a |

capture reagent immobilized on the m croporous absorhent_at-a-posii-i-on
renoved fromthe point of contact with the sanple. The imuobilized

capture reangent S

1crosoher1cal particles are 1liquid at room temperature and
preferably have a high capacity to dissolve water-insoluble
dyes 1if the microemulsions are to be wused as tracers.
Preferably, they withstand vaporization under conditions used
for lyophilizing aqueous solutions and have a density egqual to
or slightly higher than the density of the aqueous environment
in which they will be emulsified, i.e., usually about 1.0 or
slightly highér. Water-insoluble compounds having these
properties, when stabilized in a microemulsion, behave like
solid particles when the microemulsion is 1lyophilized. The
preferred water-insoluble compound for use in preparing the
inventive microemulsions is polydimethyldiphenyl siloxane, such
as GE Silicone SF 1154 available from General Electric Co.,
Waterford, NY. This silicone £luid has a density of 1.05, 1low
viscosity and 1is non-volatile. Other silicones may also be
used in the invention, for example GE SF 1265, or Huls America
(Piscataway, NJ) fluorosilicones PS 181 and PS 182. When
fluorosilicones are used, a‘ 1:1 mixture of DMF

(dimethylformamide) and ethanol is required to bring the other

components into solution.

The continuous phase of the microemulsions may be any
aqueous compound suitable for _the desired application.
Examples of aqueous continuous phase -compounds include water

and various buffers as are known in the art.



general ly an antibody or antigen which serves to capture an antigen or
anti body analyte in the sanple by binding to it. In a conpetitive assay

f or mat ,

the ligand and the analyte are generally the”saweMWDIecuLe
analogues whi ch bind the same receptor. For a conp@vﬂﬁﬁvéwaﬁsay

B

tracer and the sanple are wi cked up into the m croporous” AbSSiEent
si mul taneously and conpete for binding %o the captu;es 5§§%@@tq£(|

sandwi ch

;. e ———————
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The amphiphiles used to prepare the microemulsions
stabilize the microparticles to the agueous environment by
preventing coalescence of the oil droplets, forming a layer on
the surface of the dispersed o¢il droplect. This 1layer 1is
believed to be & monolayer, in contrast to the bilayer
membranes formed in liposomes. This structure 1s supported by
experimental analysis shcwing that the ratio of maleimide on
the surface of the microparticles to the total amount of
maleimide in the particle 1is 1:1 (see the Examples). in

contrast, liposomes give a ratio of 2:1 or higher depending on

the size of the liposome and the number of bilayers it

contains. Preferably, a mixture of amphiphiles is |used.
Suitable amphiphiles include the lipids typically used in the
preparation of liposomes. Preferred amphiphiles are
phospholipids such as phosphatidyl choline, phosphatidyl
glycerol and phosphatidyl ethanoclamine. Mosﬁ preferred are the
distearoyl phospholipids, e.g., distearoyl phosphatidyl choline
(DSPC), distearoyl phosphatidyl glycerol (DSPG) and distearoyl
phosphatidyl ethanolamine (DSPE). DSPE may be derivatized to
include a maleimidyl caproate moiety (DSPE-MC) to functionalize
the microparticle for coupling to a ligand. The charge of the
microparticles may be adjusted for a particular pharmaceutical
or iontophoresis application by increasing or decreasing the
aﬁount of DSPG or DSPE, or by treating the maleimide with

MESEA.



assay format, the analyte is generally a receptor for the I|igand.
The analyte is captured first and the tracer is wicked up into, the o

m croporous absorbent into contact wth the captd?e o aﬂaly{E i
binding to it as an indication of the presence of;thé ..... anakyte 1 l
In one enbodinment of an immunocapillary assay device enployln it He
functionalized mcroparticle tracers oOf the |nvent|0n,,fhﬁmnrﬁugaﬂ d
anti bodi es are coupl ed to the mcroparticles for detectlon of .malarj a
antigen (the analyte) in a sandw ch assay. An exénplary assay ‘
device is an immunocapillary dipstick havi ng ani_ant.i -.nel-ar-a—"
capture antibody immobilized above the base of the stick. The end of the

di pstick below the line of capture antibody is brought into
When the microparticles are to be functionalized, it is

preferred that the amphiphilic component be a mixture of
amphiphiles which includes at least one amphiphile which can be
covalently linked to the selected 1ligand. The coupling
amphiphile may be a derivatized phospholipid which carries a
functional group suitable for covalent coupling of the Iigand
directly to the surface of the microparticle, e.g., a
maleimidyl derivative of the phospholipid or <thiocholesterol.
Covalent methods are suitable for coupling antigen, antibody.
hapten and oligonucleotide 1ligands to the microp§rticle, the
oligonucleotides preferakbly being linked through thio groups to
a maleimide function on the phospholipid. Maleimide
functionalized phospholipids may also be coupled to avidin,
streptavidin or biotin which are then noncovalently bound to &
biotin or avidin/streptavidin-derivatized ligand, resulting in
indirect coupling of the 1ligand to the miéroparticle. H.C.
Loughrey, et al. 1990. J. Immunol. Mtds. 132, 25.
Biotinylated protein or oligonucleotide ligands may also be
indirectly coupled to the surface of the microparticle wvia an
anti-biotin antibody covalently coupled to the surface

phospholipids.

Alternatively, an amphiphilic 1ligand may be included in
the mixture of stabilizing amphiphiles which comprises the

coating on the surface of the droplet. For example,



contact with the sanple to be tested and the sanple fluid is drawn by
capillarity into contact wwth the capture anti body. After binding of any

anal yte which nay be present in the sanple to the 'capture antl

det ect abl e,

sanpl e.

body, a

conposition conprising the mcroparticle tracer |s;ﬁ & il act
with the captured malaria antigen, if present. EeveLDpnént~-eFT
preferably visible, line ofidye in thé fegion of the Ca ture
antibody is an indication of the presence of nalarla ant2 gevEG i 0% he |
In a second enbodi ment, the functlonallzed n1crospher§cal
]
cardiolipin, a four-chain phospholipid, is a suitable

amphiphile for preparation of the microemulsions and 1s also
useful as an antigen ligand for syphilis seroclogy testing.
Microparticles which include cardiolipin on their surfaces can
be used in agglutination 1immunoassays for detection of

anti—-syphilis antibodies.

Cholesterol may be included with the amphiphiles but 1is

generally not required as it 1is for 1liposomes Decause the

amphiphiles form a monolayer on the microdroplet rather than a

collection of bilayers as in liposomes. As the function of
cholestercl in 1liposome membranes is to intercalate in and

stabilize the liposome bilayers, it is optional in the present

invention. Preferably, cholesterol 1is not included when the
microparticles are used as tracers, as 1its presence may
increase background staining and baseline levels of
agglutination in certain solid phase immunoassays. It has also

been found that increased amounts of DSPG increase the surface
charge of the particles and prevent aggregation after antibody
coupling, thereby reducing background and false positives when
the microparticles contain a dye. Alternatively, treatment of
the particles with MESA (2-mercaptoethanesulfonic acid) after
coupling to the 1ligand also reduces background and false

positives.



23 particles (with or wi thout incorporated dye) may be used in
serol ogi cal agglutination assays simlar to the VDRL test for syphilis.
In these assays, an antigen associated with di sease nﬁ?‘bg* eva+entL )
coupled to the surface of the mcroparticles or incl uqled m* ;,."tTﬂB f
anphi philic nonol ayer coating on. the,.surface. M xi ng the T ] !
functionalized mcroparticles: with the serumof a pi tie B |
contains antibodies to the disease associated antigen; nresults Qﬁn’ |
cross-1inking of the mcroparticles by antibody and vrs1—+3+—e—-parllql
aggregation. Alternatively, antibody may be coupl ed to. the m cropart [ cI e}

o — .

Water—-insoluble dyes are opticnally incorporated into the
droplets of the o/w microemulsion to prepare  tracer
compositions £for detecting analytes 1in diagrostic assays.
Detectable tracers and tracers comprising dyes are well known
in the art of specific binding assays, i.e., assays which
involve binding of a 1ligand and 1its specific binding pair
member. The water—insoluble compounds of the particle core are
capable o©f dissolving the water-insoluble dyes at high
concentration, thereby 1improving +the sensitivity of the
diagnostic assay. Suitable water—insoluble dyes. are those

knecwn in the art for incorporation 1into tracers, e.qg.,

encapsulation into liposomes or incorporated into latex
particles. Different dyes may be incorporated 1into separate
microparticle preparations which may then be mixed fcr use in
assays for multiple analytes or where multisignel readouts are
desired. A preferred dye for use in the invention is Sudan

"Black B.

When Sudan Black B (S8BB) is incorporated into the
microspherical particles, it is preferred that the dyé\first be
purified. Purification and isolation of the major components
of SBB are described by U. Pfuller, et al. 1977. Histochemistry
54, 237 and U. Pfuller, et al. 1977. Verb. Anat. Ges. 71, S
1439. Using preparative thin layer chromatography with

chloroform as the mobile phase, the major £fast moving (i.e.,



and used to detect an antigen present in serum by agglutination of the

m croparticles. The foll ow ng experinental exanples are presented
to illustrate certain specific enbodinents of the invention but are not
to be construed as |limting the invention as defined by the appended
clains. . EXAVPLE 1 PREPARATI ON OF
SI LI CONE M CROEMULSI ONS - A mxture of 47 ng of distearoyl

phosphatidyl choline (DSPC, Avanti Polar Lipids, Pelham A .), 10.3 ng.
di stearoyl phosphatidyl glycerol (DSPG Avanti Polar Lipids), 1.87 ng

more hydrophobic) component can be isolated. This component is
herein referred to as "Fast SBB." Fast SBB may alsc be
isolated by chromatography on a silica column using
dichloromethane:hexane 80:20 as the solvent or from TLC plates
run 1in dichloromethane. Dichloromethane in general provides
better separation of Fast SBB from Slow SB3 than Ccdoes
chloroform. Sudan Black B commercially availlabie from Eastman
Kodak, Rochester, NY 1s supplied as 98% pure, but Fast SEB
comprises about 17% of the total weight (assuming 100% yield on
purification). The use of Fast SBB provides for a more stable
particle, incorporation of higher amounts of dye, and & more
stable maleimide function than is possible using unpurified
SBB. Purified Fast SBB will not partition into the agueous
phase either durirg particle formation or during rehydration of
lyophilized particles and is therefore preferred for stability

and intensity of the signal.

The purity of the Fast SBB preparation may Dbe
approximated after solubilization in ethanol by the absorbance

ratio at 700 and 600 nm (extinction coefficient 24000):

A700/A600
Impure SBB .23
Slow SBB .27

Fast SBB .08




di st ear oyl phosphat i dyl et hanol am ne- mal ei m dyl caproate

24 (DSPE-MC), 59 ng Fast Sudan Black B (Aldrich Chem' cal Co.,
M1 waukee, W or Eastnman Kodak, Rochester, NY) pl__
pol ydi phenyl di nethyl siloxane (GE Silicone SF 1 Effi,,ﬁ’@éﬂﬁr'al"'-'-'
Co., Waterford, NY) and 8.87 m 200 -proof ethanpl] R
mol ecul ar sieve and filtered with a M|t pore GV syir ifngE JI I ter - (PJafntum
Chemni cal Corp., USI Division, EC 1994

[SS

Electric

In one embodiment, silicone microemulsions are made by
dropwise addition of an ethanol solution of lipids, silicone
and dye (optional) into the agqueous phase while mixing on =&
vortex mixer. This method results in a gradual increase in
ethanol concentration from 0% to a finite level, usually less
than about 50%. The ratio of ethanol to agueous 1s apparently
not critical within this range. Particles -are preferably
produced by miiing the ethanol solution with the agqueous phase
to achieve a final concentration of ethanol of about 20-40%.
Most preferably, the ethanol solution and the agueous are mixed
in a ratio of about 1:2, resulting in a final concentration of
ethanol of about 30%. However, the ethanol concentration may
be as high as about 50% if it is dried (e.g., using a 4A
molecular sieve to remove IPA, benzene, water, etc.) and the
lipid concentration 1s reduced. After formation of the
microparticles, the ethanol is preferably removed, e.g9., Dby
ultrafiltration, column chromatography or dialysis. Removal of
the ethanol is not essential for coupling the microparticles to
a ligand, but it 1is preferred. If the particles are to be
coupled to a ligand, they are preferably concentrated prior to
éoupling. This method is rapid and simple for small-scale

production of microspheres, but is not amenable to large scale

production.

A large-scale method for production of the microspheres



Tuscola, IL) was heated at 55[err]C for 1 hour. The et hanol
solution (1 part) was then m xed wth water (3 parts) using a Zymark Corp.
master |aboratory station with 10 and 25 m  syringes controlled by stepper
motors. The fluid streans were mxed in a "Y" conné;é‘gj;o;n;;;re,sfetl_g_i._ in

i nstant aneous particle formation. After formation of<t/ne m{ENGeRRiLET pbns,

ethanol was renoved by dialysis against #6 mv EDTA and tﬁ@“ﬁftrneﬁ%lsions

were concentrated by dialysis against a dessicant. [The QQg?Etha}h

4
particles, as determ ned by analysis with a Coul ter lOo,‘rp. i“al’ éah,

nodel N4 MD sub-micron particle analyzer, was aboyt ~I87m—Aby |
uni nodal anal ysi s. The phosphorous concentration was determ ned to
be 3.4 pMPi/m, and the nmualeinide was determined to be 988 Tt

of lipids to silicone, the concentration of lipids and silicone
in the ethanol and the ratio of organic volume (ethanol
solution) to agueous volume determine the particle size of the
microemulsion. These ratios are adjusted to obtain the desired
particle size during the formation of the microemulsion as, in
contrast to liposomes, the microparticles cannot be resized
after they have been made. Most preferably, thq microemulsions

have a particle size under 200 nm.

The organic cosolvent is a water miscible organic solvent
which performs the function of solubilizing éll of the
components. Examples include short chain alcohols such as
ethanol and dimethylformamide (DMF) . Individually, the
components are either insoluble in each other or insocluble in
the organic cosclvent. For example, 1) lipids are not soluble
in silicone and 2) DSPG and DSPE are not séluble in ethanol.
However, as a combined system these components are soluble.
The water-insoluble dye, if present, is soluble in silicone or
lipids. It has also been found that the silicone allows
incorporation of as much as ten times the amount of dye which
can be incorporated without silicone (mM dye/pM Pi without

silicone = 0.3, with silicone = 3.0).

Preferably, when functionalized microparticles are to be

coupled to a ligand they are typically first concentrated to



EXAMPLE 2 COUPLI NG OF M CROPARTI CLES TO ANTI BODY The
m croparticles prepared in Exanple 1 were coupled to_rabbit .

anti-reconbinant HRP Il antibody. These antibodies &fen ACEMENT SHE T
directed against the histidine rich protein 1] ”‘ﬁLﬂ&énJAQﬂif'

Pl asnmodi um fal ci parum the etiologicalt” agent of Falaria. ]
i
o4

| | 23 DEC 1994
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about 100 nM maleimide per ml to increase the efficiency of
coupling. The particles may be concentrated by dialysis,
lyophilization and reconstitution or other suitable means known
in the art. If desired, microparticles may be coupled to the
ligand wusing appropriate protocols as described above,
including forming a covalent linkage to a maleimide function on
en amphiphile in the particle coating. When a protein is to be
coupled, thiols are reduced pricr to coupling. This protein
may be the ligand itself (direct coupling) or it may be avidin,
biotin or antibody for use in noncovalent coupling of the

ligand to the microparticle.

In a preferred embodiment for producing a reagent for
immunoassay, an antibody 1ligand 1s coupled to the particle at
pH 8 and remaining free antibody 1is removed by column
chromatography. A SEPHAROSE FAST FLOW column (Pharmacia LKB
Biotechnology, Inc., Piscataway, N.J.) equilibrated in 30 mM
MOPSO (3-[N—Morpholinol-2-hydroxy-propanesulfonic acid), 10 mM

EDTA, 100 mM glucose, and 0.2% NaN pPH 6.8, 1is preferred.

3¢
This buffer gives a good yield as a result of minimal sticking
of particles to the column. Sucrose may be substituted for
glucose in the buffer without adversely affecting subseguent
lyophilization and reconstitution of thé particles. Additives

such as glycerol/DMSO should be avoided due to unsatisfactory

performance in assays after lyophilization and reconstitution.



Ahti-HRP Il antibody was dialyzed into phosphate buffered saline
(PBS), pH 8, resulting in a concentration of 2.47 ng/m as determned by

absorbance at 280 nmwth an extinction coeffigcient of-1.-35- X ng
of antibody was derivatized with SPDP (3-(2-pyridyk @f‘t l'\Cﬁuh o pHERT

acid N hydroxysuccinimde ester, Sigma Chem cal Cd. “"'LO'ET["S’""WQ) for
30 nin. using a solution of 1.5 ng SPDF¥ in 15n1 mé i,a\pl 2A 60 ipl).

1 M sodium acetate, pH 4.5 (280 pl) was then added iand we’a j 36 pl
of 1 Mdithiothreitol (DIT), resulting in a final DOTT._concentrati-eA gf 33

mVM  The solution was stirred at room tenperature flor an additional 30
mn., then applied to a SEPHADEX G 25 colum (Pharraecta—tiKB

Bi otechnology, 1Inc.) to renove free DIT and place the derivatized

anti body i ntbeyptt & coupl begabuhférots0 pdoyl s Badedexd riil sadd i eeet afes
50 mM

optional and do not adversely affect performance of the

particles after lyophilization.

The microparticles may be lyophilized for storage by
freezing  the microemulsion and lyophilizing it. The
microemulsion may either be frozen slowly (e.g., at about
-:0°C in the lyophilizer) or more rapidly in liquid nitrogen

, o s e _ . _ .
(about -150-C). In one embodiment, <the frozen microemulsions

r{

are lyophilized such that warming from about -20°¢ to +25°C
occurs over a 4 to 12 hour period under vaccuum. The vials are

then held at +25°

C until the 1lyophilization is complete.
The lyophilized ©particles show improved ©performance in
dlagnostic assays when the vials are closed under vacuum in a
low humidity environment after lyophilization. Conveniently,
this can be done in the lyophilizer. This procedure reduces
the background when the microemulsions are used as +tracers in
specific binding assays, thereby improving assay sensitivity
and providing a cleaner system for evaluating and optimizing

assay parameters.

The particles are preferably lyophilized in the presence
of at least 1% of a stabilizing protein to improve stability of
the functionalized microspherical particles during storage or

treatment at elevated temperatures. Preferably the stabilizing



sodi um chl oride and 1 nmM EDTA). The concentration of anti body
was determ ned by absorbance at 280 nm The anti body preparatlon was
m xed with the m croenul sion, which had been brought to [
i mmedi ately before use, at a ratio of 1 ny_ anti body per
The nixture was incubated for 2 houts. The functfi
particles were then separated fromfree antibody on a S PHAR@SEVEA, FLCN%
col um (Pharnmaci a LKB Bi ot echnol ogy, ! 1

- —— o,

protein is at 1least 1% BSA, more preferably 5% BSA (Pentex
Fraction V BSA, Miles Laboratories, Kankakee, IL), but other
proteins known in the art for this purpose are alsc suitable,
e.g., casein. Particle concentration and the ratio of
particles to stabilizing protein affect the level of background
seen in diagnostic tests using reconstituted microemulsions.
It has been noted that too little or too much BSA (13% or more)
increases the background in the melariaz test described in
Example 3. The ratio of stabilizing protein to particles
(quantitated by the amount of Pi) is preferably greater than

28 mg protein/1 uM P, and less than 200 mg/1 uM P, .

The lyophilized microparticles, stored in closed
containers, may be rapidly reconstituted (i.e., resuspended) in
any suitable agqueous medium, for example water or a buffer.
Suitable buffers include, for example; MOPSO/glucose,
MOPSO/glucose/BSA and borate Dbuffers. The reconstituted
particles are similar in size to particles which have not been
lyophilized. An appropriate dilution of particles for a
desired application can be obtained by adjusting the amount of
acueous medium added to reconstitute the particles. Samples in
vials which have been closed under wvacuum in a low humidity
environment after lyophilization reconstitute especially

quickly.



Inc.) equilibrated in 30 MM MOPSO, 10 mM EDTA, 100 mM gl ucose, and 0.2%
sodium azide, pH 6.8. Mles Pentex Fraction V BSA was added to give a
final w v concentration of 1% EXAMPLE 3

| MMUNOQASSAY USI NG TRACER M CROSPHERES | miiA
for detecting malaria antigen were preé arelel-

devi ces

Api Ay s assay
l&g@g WS A 2.8

cm X 15 cmstrip of 8 micron nitrocel It ose (Schiefcher and Schukel{,

Keene,

N.H ) was |am nated onto plastic. A nonocl ond 3 eapt e dnﬁibody

raised in response to an 18-ner peptide with an bnjno aci d Sequane

] '

Microparticles which include 1ligands according to the
invention are useful in a wide variety of assays known in the
art which utilize specific binding between a ligand and its
receptor for detection of an analyte. Such assays include
immunoassays and nucleic acid hybridization assays wnich can be
performed in several different formats, as 1is .known 1in the

art. Certain of these assays include a tracer which becomes

-

(=]

the ligand to

associated with the complex formed by binding o

its receptorand thereby facilitates detection of <the complex.
Detection of the complex 1is an indication of the presence,
absence or guantity of the analyte, depending an the a&assay
format. Conventional tracers comprise a ligend (an antibody.
antigen or oligonucleotide) coupled to a detectable label such
as a dye, a fluorescent compound, & radioisotope or an enzyme
which can be reacted with a substrate to produce a colored
product. The tracers of the invention, in.contrast, comprise
functionalized microparticles having the ligand associlated with
the surface such that it is capable of binding to & receptor,
and a dye included in the hydrophobic liquid core. While the
tracer microspheres may be substituted for conventional tracers
in essentially any of the known immunoassay or nucleic acid
hybridization assay formats, solid phase immunoassays are
preferred because separation of reagents is faster and simpler
than 1in other assay formats. A preferred solid phase assay

jevice is an immunocapillary or immunochromatographic assay



derived fromthe tandem repeat sequence of HRP Il was spotted onto the

nitrocellulose using a 1 ng/m solution of the R

2 anti body

whi ch produce the antj-18nmer anti body have been deposi t--e-d

applied at a rate of 1 pg/cnferr] [f

American Type Culture Collection (Rockvill%, M.) unflef Acce55| on""'
HB 11111 and HB 11112. The menbrane strips were theh intiMsated at] 45 C

for 15 m n.

| act ose,
Ca.) and

and blocked with a solution of 5 f EDTA, 5% bgt
.2% NaNerr], 0.2% ZWTTERGEN 3-10 Cal bi ochény " ~tadolfl a,
1% BLOTTO (nonf at dry mlk). The bl ocked- strips were placed

at 45C overnight. The prepared nenbranes were applied to a 7 cmX"15 cm
strip of | amMewaiesl, pl asti chand iorenkapyed ofi t Itiee 4. dyem o 1dr, cmlpe eaediced
gl ass fiber (Gel man Sci ences, Ann Arbor, M) to

background and fewer false ©positives associated with the
microspherical tracers provide particular advantages in these

types of assays.

Immunocapillary or immunochromatographic immunoassay
devices comprise a microporous absorbent material such as
nitrocellulose, nylon, methyl acetate, methyi cellulose or
¢lass fiber. Alternatively porous materials which are not
substantially absorbant, such as certain ceramics, may be used
in such devices employing a wvaccuum to draw reagenfs and sample
into the material. To perform an immunoassay using such a
device, a portion of the microporous absorbent material is
contacted with a fluid sample such that the sample is drawn up
into the device by capillarity (wicking), thus bringing the
sample into contact with a capture reagent immobilized on the
microporous absorbent at a position removed from the point of
contact with the sample. The immobilized capture reagent 1is
generally an antibody or antigen which serves to capture an
antigen or antibody analyte in the sample by binding to it. 1In
a competitive assay format, the ligand and the analyte are
jenerally the same molecule or analogues which bind the same
receptor. For a competitive assay the tracer and the sample
ire wicked up into the microporous absorbent simultaneously and

compete for binding to the capture reagent. In a sandwich



assist in drawmng fluids into the nitrocellulose. The strips were cut
into 7 mmw de test sticks and stored dessicated. _____ For the assay,

the malaria test sticks were placed in a test tubt—';-'~
human serum (NES) containing various dilutions of el

t he anal yte.
fol |l ow ng

am no acid sequence, SEQ ID NO 1: |

i1k ofinpar mal
h%ﬁHEr pentrge as
The 18-mer is a unique syﬁ%hetlc pépﬁlde conprising fhe
SNEC25 1 |
i

t

e U, |

assay format, the analyte is generally a receptor for the

ligand. The analyte is captured first and the tracer is wicked

up into the microporous absorbent into contact with the

_ . e s F
captured analyte, binding teo it as an 2ndicatlion ot the

presence of the analyte.

In one embodiment of an immunccapillary assay device

employing the functionazlized microparticle <tracers of the

invention, anti-malaria antibodies are coupled to the

nicroparticles for detection of malaria antigen (the anal yte)

in a sandwich assav. An exemplary assay device is an

immunocapillary dipstick having an anti-malaria capture

antibody immobilized above the base of the stick. The end of

the dipstick below the line of capture antibody is brought into

contact with the sample to be tested and the sample fluid 1is

irawn by capillarity into contact with the capture antibody.

After binding of any analyte which may be present in the sample

to the capture antibody, a composition comprising the

microparticle tracer is drawn into contact with the captured

malaria antigen, if present. Development of a detectable,

preferably visible, line of dye in the reglon of the capture

antibody is an indication of the presence of malaria antigen ‘in

the sample.

In 2 second embodiment, the functionalized microspherical



Cys-A@ y-Al a-Hi s-Hi s-Al a-H s-H s- Al a- Al a- Asp-
Al a- Hi s- Hi s- Al a- Al a- Asp- Al a. The n1cropartke¢enLLacer.prepaLed I n
Exanples 1 and 2 was diluted 1:3 with MOPSO buf f eff €@ MING T%BSA and

40pl of

the diluted tracer was added to2the tube frer “the: seruwhs~nple

had been wicked up into the test stick. After allf % ,;racersto be
nj (%l? B

drawn into the test stick, 40 pl of a wash sol uti

Uaﬁate buffer

with 0.2% ZW TTERGEN 3-10) was added and al so all med-Lo~MLnk upb The
degree of color in the area of the capture antibody Iine was V|suaUIy
determined and assigned a subjective nunber based on the-int-ensi-ty

Endpoi nt s

for detection of the signal were t |caII at antl en dil IO
particles (with or w1%hout incogg%rate dye) be LEELOTh

serological agglutination assays similar to the VDRL test for
syphilis. In these assays, an antigen associated with disease
may be covalently coupled to the surface of the microparticles
or included in the amphiphilic monolayer coating on ‘the
surface. Mixing the functionalized microparticles with the
serum of a patient which contains antibodies to the disease
associated antigen  results in  cross-linking  of the
microparticles by antibody and visible particle aggregation.
Alternatively, antibody may be coupled to the microparticles
and used to detect an antigen present in serum by agglutination

of the microparticles.

The following experimental examples are presented to
illustrate certain specific embodiments of the invention but
are not to be construed as limiting the invention as defined Dby

the appended claims.

EXAMPLE 1

PREPARATION OF SILICONE MICROEMULSIONS

A mixture of 47 mg of distearoyl phosphatidyl choline
(DSPC, Avanti Polar Lipids, Pelham, Al.), 10.3 mg. distearoyl
phosphatidyl glycerol (DSPG, Avanti Polar Lipids), 1.87 md

distearoyl phosphatidyl ethanolamine-maleimidyl caproate



of about 1 X 10 , indicating a highly sensitive assay. The test

results are summari zed in the foll ow ng Tabl e. Preparati on
A (the mcroparticle tracer) is conpared to a |iposone tracer
encapsul ati ng sul forhodam ne B (Lot 002) 24 PARTI CLE NHS

D LUTI ON PREP. 10-[err] 10-[err] 10-[err]
10-[err]

(DSPE-MC), 59 mg Fast Sudan Black B (Aldrich Chemical Co.,
Milwaukee, WI or ©Eastman Kodak, Rochester, NY), 236 ul
polydiphenyldimethyl siloxane (GE Silicone SF 1154, General
Electric Co., Waterford, NY) and 8.87 ml 200 proof ethanol
(dried with a 4A molecular sieve and filtered with a Millipore
GV syringe filter - Quantum Chemical Corp., USI Division,
Tuscola, IL) was heated at 55°C for 1 hour: The ethanol
solution (1 part) was then mixed with water (3 parts) using &
Zymark Corp. master 1laboratory station with 10 and 25 ml
syringes controlled by stepper motors. The fluid streams were
mixed in a "¥Y" connection, resulting in instantaneéus particle
formation. After formation of the microemulsions, ethanol was
removed by dialysis against 10 mM EDTA and the microemulsions
were concentrated by dialysis against a dessicant. The size of
the particles, as determined by analysis with a Coulter Corp.
(Hialeah, Fl.) model N4 MD sub-micron particle analyzer, was
about 187 nm by unimodal analysis. The phosphorous
concentration was determined to be 3.4 uM Pi/ml, and the

maleimide was determined to be 98.8 nM MC/ml.

EXAMPLE 2

COUPLING OF MICROPARTICLES TO ANTIBODY

The microparticles prepared in Example 1 were coupled to

rabbit anti-recombinant HRP II antibody. These antibodies are

REPLACE

A

| i
| B
2 3 DEC 159¢ l |




A 4 3 2 1+ Lot 002 VK+1
4 3 2 1 These results dem)ﬁs%-r at-e --{ hat- -t he
assay using the mcroparticle tracers_detects a ch¥ ni’@&ljy_ ‘--leI evsafr’)t

qg
amount of malaria antigen and is conparéble in perfd)rlrrance to a- Ilposorre

tracer encapsul ati ng dye. |
LYOPHI LI ZATI ON AND RECONSTI TUTI ON E L:?XJIA\Imllttlzzf-%@é’AHTI CLES

M croenul sions prepared as in Exanples 1 and 2| Wefe——siéered iin MOPSO
buffer with 1% M1l es Pentex Fraction V BSA. Ali quot?s of 166 pI vere
placed in vials with 333 pl of LT T e

directed against the histidine rich protein II antigen of

Plasmodium falciparum, the etiological agent of malaria.
Anti-HRP II antibody was dialyzed 1into phosphate buffered
saline (PBS), pH 8, resulting in a concentration of 2.47 mg/ml
as determined by absorbance at 280 nm with an extinction
coefficient of 1.35. Six mg of antibody was derivatized with
SPDP (3-(2-pyridyldithio propionic acid N—hy@;oxysuccinimide
ester, Sigma Chemical Co., St. Louis, ¥o.) for 30 min. using a
solution of 1.5 mg SPDP in 1.5 ml methanol (60 ul). 1 M
sodium acetate, pH 4.5 (280 ul) was then added and followed
by 86 ul of 1 M dithiothreitol (DTT), resulting 311 a final

DTT concentration of 33 mM. The solution was stirred at room

o

temperature for an additional 30 min., then applied to
SEPHADEX G-25 column (Pharmacia LKB Biotechnology, Inc.) to
remove free DTT and place the derivétized antibody into pH 8
coupling buffer (50 mM Tris Base, 50 mM sodiﬁm acetate, S0 mM

sodium chloride and 1 mM EDTA).

The concentration of antibody was determined by
absorbance at 280 nm. The antibody preparation was mixed with
the microemulsion, which had been brought to pH 8 with Tris
immediately before use, at a ratio of 1 mg antibody per 100 nM
maleimide. The mixture was incubated for 2 hours. The
functionalized particles were then separated from free antibody

on a SEPHAROSE FAST FLOW column (Pharmacia LKB Biotechnology,



MOPSO buffer/1% BSA. Stoppers were |oosely placed on the vials.

The vials were frozen in liquid nitrogen and placed on—a _frozen  shelf
in a |lyophilizer (The Virtis Co., Inc., Gﬁrdlmﬁppyiipﬁ)gﬂ Thq:m
| yophi l'i zation cycle was controlled such25that the |sjel et -red -,--‘-"frbm

-40C to +25[err]C over a 12 hour period under vacupmn The condens;or
remained at -40[err]C The vials were held at 25'0[”% IPRhEF run Was
conplete, a mnimum I

i o

Inc.) equilibrated in 30 mM MOPSO, 10 m¥M EDTA, 100 mM glucose,
and 0.2% sodium azide, pH 6.8. Miles Pentex Fraction V BSA was

added to give & final w/v concentration of 1%

EXAMPLE 3
IMMUNCASSAY USING TRACER MICROSPHERES

Immunocapillary assay cdevices for degécting malaria
antigen were prepared as follows. A 2.8 cm X 15 cm strip of 8
micron nitrocellulose (Schleicher and Schuell, Keene, N.H.) was
laminated onto plastic. A monoclonal capture antibody raised
in response to an 18-mer peptide with an amino acid segquence
derived from the tandem repeat sequence of HRP II was spotted
onto the nitrocellulose using a 1 mg/ml solution of the
antibody applied at a rate of 1 pg/cmz. Two hybridomas
which produce the anti-18mer antibody have been deposited with
the American Type Culture Collection (Rockville, Md.) under
Accession Numbers HB 11111 and HB 11112. The membrane strips
were then incubated at 45°C for 15 min. and blocked with a
solution of 5 mM EDTA, 5% beta lactose, 0.2% NaN3, 0.2%
ZWITTERGEN 3-10 (Calbiochem, LaJolla, Ca.) and 1% BLOTTO
(nonfat dry milk). The Dblocked strips were placed at 45°¢
overnight. The prepared membranes were applied to a 7 cm X 15
cm strip of laminated plastic and overlapped with a 4.7 cm X 15

cm piece of glass fiber (Gelman Sciences, Ann Arbor, MI) to



of approxi mately 18 hours. The vials were then stoppered in the

| yophi lizer, under vacuum and at |ow humdity, by filling a bladder under
the tray with roomair. The stoppered vials were stored for 11 days at
45[err] C. To reconstitute the m cepemul sions, the stopper was

renmoved and a vol unme of MOPSO buffer/1% BSA was added to correspond to the
desired dilution of particles. For use in the i munoassay of Exanple 3,
500 pl of buffer was added to reconstitute the m croenul sions.

Rehydrati on occurred quickly, formng mcroenul sions containing 238 nm
particles. Activity of the reconstituted m croenul sion tracers was
deternined inan . MHNGRSee®t LIS AR dhe THE-LSSM 101000 & amnd OLLOYS:

were cut into 7 mm wide test sticks and stored dessicated.

For the assay, the malaria test sticks were placed in a
test tube with 40 upl of normal human serum (NHS) containing
various dilutions of the 18-mer peptide as the analyte. The
18-mer 1is a unique synthetic peptide comprising the following

aminc acid sequence, SEQ ID NO:1:

Cys-Gly—-Ala-His-His-Ala-His-His-Ala-Ala—Asp-

Ala-His-His—-Ala-Ala-Asp-Ala.

The microparticle tracer prepared in Examples 1 and 2 was
diluted 1:3 with MOPSO buffer containing 1% BSA and 40pl of
the diluted tracer was added to the tube after the serum sample
had been wicked up into the test stick. After allowing the
tracer to be drawn into the test stick, 40 pl of a wash
solution (pH 7.5 borate buffer with 0.2% ZWITTERGEN 3-10) was
added and also allowed to wick up. The degree of color in the
area of the capture antibody line was visually determined and
assigned a subjective number based on the intensity. Endpoints
for detection of the signal were typically at antigen dilutions

7

of about 1 X 10 ', indicating a highly sensitive assay.

The test results are summarized in the following Table.




+4

NHS 1X10[ err] 1X10[ err] | X10[ err] 1X10[err] ACTIMTY + --
+2 +1

+/ - EXAMPLE 5

CARDI QLI PI N' M CROSPHERES Phosphati dyl choline (10 ng, either DSPG
Avanti Polar Lipids or L-al pha mxed chapgs, Sigma Chemical Co.) was m xed
with 1 ng DSPG 40 pl SF 1154 silicone, 50 pl cardiolipin (Sigm Chem cal
Co., 5.2 mg/m in ethanol) and 1.5 m ethanol. DSPG is optional. The

sol uti on

was heated at 55[err]C for 1

Preparation A (the microparticle tracer) is compared to a

liposome tracer encapsulating sulforhodamine B (Lot 002).

PARTICLE NHS ) DILUTION

PREP. 104 10-5 10—6 10~7
A - 4 3 2 1+
Lot 002 WK+1 4 3 2 1

These results demonstrate +that the assay using the
microparticle tracers detects a clinically relevant amount of
malaria antigen and is comparable in performance to a liposome

tracer encapsulating dye.

EXAMPLE 4

LYOPHILIZATION AND RECONSTITUTION
OF MICROPARTICLES

Microemulsions prepared as in Examplés 1 and 2 were
stored in MOPSO buffer with 1% Miles Pentex Fraction V BSA.
Aliquots of 166 ul were placed in vials with 333 pl of
MOPSO buffer/1% BSA. Stoppers were loosely placed on the
vials. The vials were frozen in liquid nitrogen and placed on
a frozen shelf in a lyophiiizer (The Virtis Co., Inc.,
Gardiner, N.Y.). The lyophilization cycle was controlled such
that the shelf warmed from -40°C to +25°C over 'é 12 hour
period under wvacuum. The condensor remained at -40°C. The
vials were held at 25°C until the run was complete, a minimum
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30
filter

hour, then added dropw se through a Gel man 4450 0.2 pm 13 mm
to 4.5 mM water mxing on a vortex. The resulting

m croenul si ons contained 174 nmparticles. The mcroemul sions were
di al yzed i n SPECTRA/'POR 2 di al ysis bags &Spectrum Medical |Industries,

I nc.,

Los Angeles, Ca., 12-14000 MW cutoff) against 10 nmM EDTA overni ght

to renove et hanol. Comrercially available VDRL antigen (Difcc
Laboratories, Detroit, M) contains 0.03%cardiolipin, 0.21%1lecithin and

of approximately 18 hours. The vials were then stoppered in
the lyophilizer, under vacuum and at low humidity, by filling a
bladder under the tray with room air. The stoppered vials were

stored for 11 davs at 45°¢C.

To reconstitute the microemulsions, the stopper was
removed and a volume of MOPSO buffer/1% BSA was added to
correspond to the desired dilution of particles. For use in
the immunoassay of Example 3, 500 pl of buffer was added to
reconstitute the microemulsions. Rehydration occurred quickly,
forming microemulsions containing 238 nm particles. Activity
of the reconstituted microemulsion tracers was determined in an

immunoassay as in Example 3. The results were as follows:

NHS  1x10% 1X107° 11078 1x10~7
ACTIVITY ) +4 +2 +1 +/—
EXAMPLE 5

CARDIOLIPIN MICROSPHERES

Phosphatidyl choline (10 mgy either DSPG, Avanti Polar
Lipids or L;alpha mixed chains, Sigma Chemical Co.) was mixed
with 1 mg DSPG, 40 pul SF 1154 silicone, S50 ul cardiolipin
(Sigma Chemical Co., 5.2 mg/ml in ethanol) and 1.5 ml ethanol.

DSPG 1is optional. The solution was heated at 55°C for 1




0.9% chol esterol in ethanol. This ethanol solution was added to

f or mal dehyde buf f ered sal i ne, formng a col | oi dal suspensi on.

The suspension was centrifuged and resuspended in 0.02 M phsophate buffer,
pH 6.9 containing 0.2% nerthiolate, 40% choline chloride and 0.1 M

EDTA. This preparation was referreg to as "USR reagent. Bot h the USR
reagents and the microemulsion were used to test sera for reactivity
agai nst cardiolipin as an indicator of exposure to syphilis. One

drop of the m croenul sion or USR reagent delivered through an 18 gauge
needl e onto a ringed glass slide containing 50 pl of saline, serumor
serumdiluted in saline. The slide was rotated at 180 RPMfor 4 mn., and
agglutination was read mcroscopically at 100X magnification. The

hi ghest di |wdiaon then added dropwise through a Gelman 4450 0.2 um 13 mm

filter to 4.5 ml water mixing on a vortex. The resulting
microemulsions contained 174 nm particles. The microemulsions
were dialyzed in SPECTRA/POR 2 dialysis bags (Spectrum Medical
industries, Inc., Los Angeles, Ca., 12-14000 MW cutoff) acainst
10 mM EDTA overnight to remove ethanol.

-

Commercially available VDRL antigen (Difcc Laboratories,

Detroit, MI) contains 0.03% cardiolipin, 0.21% lecithin and
0.9% cholesterol in ethanol. This ethanol solution was added
to formaldehyde buffered saline, forming a colloidal
suspension. The suspension was centrifuged and resuspended in

0.02 M phsophate buffer, pH 6.9 containing 0.2% merthiolate,
40% choline chloride and 0.1 M EDTA. This preparation was
referred to as "USR reagent.” Both the USR reagents and the
microemulsion were used to test sera for .reactivity against

cardiolipin as an indicator of exposure to syphilis.

One drop of the microemulsion or USR reagent delivered
through an 18 gauge needle onto a ringed glass slide containing
S0 ul of saline, serum or serum diluted in saline. The slide
was rotated at 180 RPM for 4 min., and agglutination was read
microscopically at 100X magnification. The highest dilution
showing wvisible agglutination was determined to be the titer.

Representative data is shown in the following table:




showi ng visi bl e agglutination was determ ned to be the titer.
Representative data is shown in the follow ng table:

31

M cr oemnul si ons USR

neg Antiserum 114
Antiserum 115 pos 1:2
pos 1:8 pos 1:8

anti serum of known

Antiserum 110
Antiserum 114
Antiserum 115
Antiserum 119

These results
reactivity, in most
preparations exhibit

Silicone
Anti seraim 110 neg
neg pos 1:2
pos 1:2 Antiserum 119
These results show that, wusing
Silicone )
Microemulslons USR
neg neg
neqg pos 1:2
pos 1:2 pos 1:2
pos 1:8 pos 1:8
show that, using antiserum of known
cases the <cardiolipin microparticle
reactivity similar to - the standard,

commercially available syphilis serology test.




reactivity,

LI STI NG

in nost cases the cardiolipin mcroparticle preparations
exhibit reactivity simlar to the standard, commercially avail able

syphilis serology test.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: BECTON, DICKINSON AND COMPANY

SEQUENCE

(A) NAME: Becton, Dickinson and Company

(B) STREET: One Becton Drive
(C) CITY: Franklin Lakes

(D) STATE: NEW JERSEY

(E) COUNTRY: US

(F) ZIP: 07417- 1880

(ii) TITLE OF INVENTION: Stabilized

Methods of Preparation

(iii) NUMBER OF SEQUENCES: 1

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC compatible

Microspheres and
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(1) GENERAL | NFORMATI ON: (i) APPLI CANT: BECTON, DI CKI NSON AND

COVPANY (A) NAME: Bect on, Di cki nson and Conpany (B)
STREET: One Becton Drive (© CTY: Franklin Lakes (D)
STATE: NEW JERSEY (E) COUNTRY: US (F) zIP: 07417- 1880
(it) TITLE OF |INVENTION:. Stabilized M crospheres and Methods of
Prepar ati on (i11) NUMBER OF SEQUENCES: 1

(O8]
w)

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25
(v ) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION: -
(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Cys Gly Ala His His Ala His His Ala Ala Asp Ala His His Ala Ala

1 ' 5 10 15

Asp Rla




(1v) COVWPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk
(B) COWUTER: | BM PC conpati bl e
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1. A composition comprising microspherical particies, the particles
comprising:

a) a hydrophobic liquid core, and;

b) an amphiphilic compound covalently linked to a ligand, the amphiphilic
compound forming a layer on the surface of the particles such that the ligand is
capable of binding to a receptor for the ligand.

2. The composition of Claim 1 wherein the core further comprises a water-
insoluble dye.

3. A method for detecting a receptor for a ligand comprising:

a) capturing the receptor by binding to a first ligand for the receptor;

b) contacting the bound receptor with a tracer composition comprising
microspherical particles, the particles comprising a liquid silicone core, and a layer
on the surface of the core comprising an amphiphilic compound covalently linked to
a second ligand for the receptor such that the second ligand is capable of binding to
the receptor;

c) binding the particles to the bound receptor through binding of the second
ligand, and,

d) detecting the receptor by means of a water-insoluble dye contained in the
core of the bound particles.

4, The method of Claim 3 wherein the bound receptor binds to particles
comprising:
a) a core selected from the group consisting of polydimethyldiphenyl

siloxanes and fluorosilicones, and:

b) a layer comprising phospholipids selected from the group consisting of
phosphatidyl choline, phosphatidyl glycerol, phosphatidyl ethanolamine and
distearoyl derivatives thereof.

S. A method for detecting a first ligand comprising:

a) combining a sample suspected of containing the first ligand with a tracer
.composition comprising microspherical particles, the particles comprising a liquid
silicone core and a layer on the surface of the core comprising an amphiphilic
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(©) OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln

Rel ease #1.0, Version #1.25 (v ) CURRENT APPLI CATI ON DATA:
(A) APPLI CATI C]\l NUVBER: (B) FILING DATEH"I I (O NCE
Gpssinenan (2 inecen o cer sco o o NI N

compound covalently linked to a second ligand which competes with the first ligand
for binding to a receptor for the ligand;

b) allowing the combined first ligand and second ligand to compete for
binding to the receptor, and;

c) detecting the bound second ligand by means of a water-insoluble dye
contained in the core of the particles, thereby detecting the first ligand in the
sample.

6. The method of Claim 5 wherein the sample is combined with a tracer

composition comprising particles comprising:

a) a silicone selected from the group consisting of.polydimethyldiphenyl
siloxanes and fluorosilicones, and;

b. a layer comprising phospholipids selected from the group consisting of
phosphatidyl choline, phosphatidyl glycerol, phosphatidyl ethanolamine and
distearoy! derivatives thereof. B

7. A method of making microspherical particles comprising:

a) preparing a solution comprising a water miscible organic solvent, a liquid
silicone compound and an amphiphilic compound having a functional group for
covalent coupling to a ligand;

b) combining the solvent solution with an aqueous medium to form an oii-in-
water microemulsion having as the dispersed phase niicrospherical particies
comprising a liquid core, the core comprising the silicone compound, and a layer on
the surface of the core comprising the amphiphilic compound;

c) covalently coupling the ligand to the amphiphilic compound, and;
d) isolating microspherical particles coupled to the ligand.
8. The method of Claim 7 wherein a solvent solution comprising a water-

insoluble dye is combined with the aqueous medium.

S. A method of making functionalized microspherical particles comprising:

a) preparing a solution comprising a water miscible organic solvent, a liquid
silicone compound and an amphiphilic ligand, and;

b) combining the solvent solution with an aqueous medium to form an oil-in-
water microemulsion having as the dispersed phase microspherical particles




(B) TYPE: am no acid (D TOPOLOGY: |inear (i) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ I D NG 1: Cys

YR MO e e s

comprising a liquid silicone core and a layer on the surface of the core comprising
the amphiphilic ligand.

10. The method of Claim S wherein a soivent solution comprising a water-
insoluble dye is combined with the aqueous medium.




1. A conposition conprising mcrospherical particles, the particles
conpri si ng: a) a hydrophobic liquid core, and; b) an

anphi philic conpound covalently linked to a |ligand, the anphiphilic
conmpound formng a | ayer on the surface gf the particles such that the

ligand is capable of binding to a receptor for the |igand. 2. The
conposition of Claim1 wherein the coQgsi c%her conprises a water-
i nsol ubl e dye. 3. A net hod for ecting a receptor for a ligand

conpri si ng: a)

for the receptor;STABI A g-t-he—BEiRndot d ¥th a tracer
conposition conprising mcrospherical particles, the particles conprising a
liquid silicone core, and a | ayer on the surface of the core conprising an
anphi philic compound covalently linked to a second Iigand for the receptor
such that the second ligand is capable of binding to the receptor; c)

binding the particas;iprohe Roupdecentan t ool Mading, ol e eroand; o

| i gand, and; detectin efrecéeptor by neans of a water-inso

dye contai negrifytheorobe BEepltelound PRAGLGER/ater microemulsions.  The

particles are stabilized by a surface 1layer comprising an

binding to a first |igand
o] PRERA “"h’

amphiphilic compound and may be functionalized to allow
covalent coupling of a ligand to the surface of the particle.
When used as tracers in assays, a water insoluble dye may be

incorporated in the core liquid of the microparticles.
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4. The ingijhogh g)‘@l’gﬂﬁ wherein the bound recept o%p,g ng‘s. ,tremﬁa:ﬁvtv T s

conpr|5|ng selected fromthe group congiigti: ;;:f‘
polydlnethyLde enyB“%Lioxares and fluorosilicones yer
conpri sing phospholipids selected fromthe group consﬂsilngaaifpﬁozphg dyl
chol i ne, phosphatidyl glycerol, phosphaBidyl ethanol a 1 and distea
derivatives thereof. 5. A nmet hod for detectingja“ftrst=TTgant
conpri si ng: a) conmbi ni ng a sanpl EL&d¥Bected of cqntaining the firs
ligand with a tracer conposition conprising mcrospherical particles, the
particles conpr|5|n a liquid silicone core and a | ayer on the surface of
the core conprilsi ng%a FPraRPsitigmcpmgrising microspherical particles, the particles

comprising:
a) a hydrophobic liquid core, and;
b) an amphiphilic compound covalently linked to a ligand, the amphiphilic
compound forming a layer on the surface of the particles such that the ligand is
capable of binding to a receptor for the ligand.

2. The composition of Claim 1 wherein the core further comprises a water-
insoluble dye.

) 3. A method for detecting a receptor for a ligand comprising:
a) capturing the receptor by binding to a first ligand for the receptor,;
b) contacting the bound receptor with a tracer composition comprising

microspherical particles, the particles comprising a liquid silicone core, and a layer
on the surface of the core comprising an amphiphilic compound covalently linked to
a second ligand for the receptor such that the second ligand is capable of binding to
the receptor;
Q) binding the particles to the bound receptor through binding of the second
ligand, and;

d) detecting the receptor by means of a water-insoluble dye contained in the
core of the bound particles.

4, The method of Claim 3 wherein the bound receptor binds to particles
comprising:

a) a core selected from the group consisting of polydimethyldiphenyl
siloxanes and fluorosilicones, and:;

b) a layer comprising phospholipids selected from the group consisting of
phosphatidyl choline, phosphatidyl glycerol. phosphatidyl ethanolamine and
distearoyl derivatives thereof.

5. A method for detecting a first ligand comprising:

a) combining a sample suspected of containing the first ligand with a tracer
composition camprising microspherical particles, the particles comprising a liquid
silicone core and a layer on the surface of the core comprising an amphiphilic
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include, as examples, antigens or haptens and antibodies,

complementary nucleic acids, biotin and avidin/streptavidin,

and carbohydrates and lectins.

The Japanese Patent Abstract corresponding to JP-A-1-
148338 describes treatment of a highly hydrophobic core
substance with a surface active high molecular weight compound
having plural hydrophilic groups which are carboxyl, amino,
amido or guanidino groups. A coacervate is struck to the
outside of the core substance to form wall membranes and
produce microcapsules. Paraffin wax or silicone o0il are

suggested core substances.

Methods for production of the microspheres of the
invention are similar to the ethanol injection methods
previously known for the preparation of liposomes. However,
such methods have not heretofore been adapted for the
production of particles with hydrophobic 1liquid cores and
amphiphilic monolayers on the surface. The ethanol injection
method for production of single bilayer liposomes encapsulating

an aqueous medium is described by S. Batzri and E. Korn (1973.

Biochim. Biophys. Acta 298, 1015) and in Liposomes - A
Practical Approach (IRL Press, R.R.C. New, ed., pg.63). U.S.

Patent No. 5,100,591 describes methods for production of



phosphati dyl choline, phosphati d'yI gl ycerol, phosphatidyl et hanol am ne and
di stearoyl derivatives thereof. 5. A method for detect ik CEpE

Cre
| i gand conpri si ng: a) combi ning a sanpl e suspected of contai n| ng !’FFT
first |ligand W“i‘h"’a" racer mctrmjay tion conprising mcrospherical parti cI es,
the particles I"(I iSrﬁg\ ar‘.lit]h d silicone core and a |ayer on the surface

of the core C(nﬁr|5|ng an anp I philic conp aliquid
silicone core d Iayerc he surfaga of the core /! m un
anphiphilic lig ? JThe met hod of Claim?9 M@Hﬂf
sol ution conpt | s-r-ng~a wa*ref*- ngol ubI@_Aqu i s combined with thd afjuebus
medi um

-1 A ccmpasiticn ccmprising microsgnerical particles, the particles
comprising:
a) a liquid silicone core, and;

b) an amphiphilic compound covalently linked to a ligand, the amphiphilic
compound forming & layer on the surface cf the particies such that the ligand is
capable of binding to a receptor for the ligand.

2. . The compoasition of Claim 1 whersin the core further comprises a water-
insoiuble dye.

3. A method for detecting a recactor for a ligand ccmprising:
a) capturing the recepter by binding to a first ligand for the receptor;
b) contacting the bound receptor with a tracer cempasition comprising

microspnerical particles, the particies comgrising 2 liquid siliccne core, and a layer
on the suriace of the cara ccmperising an amghighilic compound covalently linked to
a second ligand for the recaptor such that the seccnd ligand is capable of binding to
the recepter;

c) bincding the particles to the bound receptor through binding of the second
ligand, and;

d) detecting the recaptor by means of a water-insoluble dye contained in the
core of the bound particles.

4, The method of Claim 3 wherein the bound recepter binds to particles
comprising:

a) a core selected from the group consisting of polydimethyidiphenyl
siloxanes and flucrosilicones, and;

b) a layer comprising phosphalipids selected from the group cansisting of
phosphatidy! choline, phosphatidy! glycerol, phosphatidy! ethanolamine and
distearoyl! derivatives thereof.

5. A method for detacting a first ligand comprising:

a) combining a sample suspected of containing the first ligand with a tracer
composition comprising microspherical particies, the particles comprising a liquid
siliccne care and a layer an the surface cf the care camprising an amphiphilic



