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anal ytes are %(mne%'rl%l lyiftr?ngﬁggiégs a lipid bilayer with an affinity
10 119and specific to the analyte, which layer responds to the
binding of the analyte to the ligand by changes in light

absorption spectra. The change is qualitatively and
quantitatively detectable. '
Bac ound L s

15 Analytical chemistry methods for detection of most of
’ chemical and biological molecules and/or analytes are virtually
unavailable due to the destruction of the analyte
characteristics during preparation and analysis steps and also
because, typically, of the small amount of the analyte present
20 in the test sample.

While useful in their own right, analytical chemistry
methods are of limited or no practical applicability to many
biclogical materials in which assessment would be valuable.
Unless expensive and cumbersome gas chromatography methods are

25 used, 1argé quantities of analytes are generally required to
accomplish detection. Often, quantitative results are either
limited or not available.

Medical-biological systems analysis including direct
microscopic observation using various cell-staining and classic

30 pathology techniques also have limitations. Well developed

microbiological technigues, such as culturing, colony
characterization, and observation of metabolic and nutrient
limitations are used to augment these techniques. While

culturing and direct tissue observation techniques have served



acconplish detection. Oten, quantitative results are either limted or
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While costly in oth their develOpment and production,

antibodies from animals typically allow a very accurate

analysis of a number of analytes which had previously been

virtually unassessable in both research and clinical
15 situations. _

An important technical advancement in immunoassay was the
development of monoclonal antibodies. Because the antibody
itself is a small molecule, it is preferably labeled in some
way so that the binding event can be detected. This can be

20 done with a dye, fluorescent, radioactive or other 1label.
Conversely, if binding inhibition occurs between a known amount
of introduced, labeled analyte and the material to be analyzed,
the diminution of the signal indicates the presence of the test
analyte. 1f the agglutination of the antibody particles is of

25 sufficient volume and density, the formation of a precipitant
can also serve to signal the presence of an analyte.

In recent years, the research and medical communities have
come to rely heavily on immunoassay techniques to detect and
gquantify biological waterials. While successful in wmany

30 respects, the indirect nature of immunocassay methods as well
as their dependénce on antibody materials results in a variety
of complications, problems, and assay limitationms. The
development and production of antibodies remains expensive, and
these molecules are sensitive to environmental changes. Also,

35 only those materials to which antibodies can be produced can
be detected by these systems.

Many small biological molecules are notoriously difficult



devel opment of nonocl onal anti bodies. Because the anti body itself is a
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_ Certain types of analytical chemistry techniques were

15 optimized by the imm.obilizat;j.on of one or more of the

components of a reaction. For instance, if the material to be
tested is present in only a small quantity in a test sample,
the detectable analyte may be at so small a concentration that
it is beyond the detection capabilities of any normal assay

20 system. In these instances, immobilization systems have proven
to be advantageous. _ '

Many immobilizing materials such as Sephadex columns are
available. Requirements for these materials are their specific
binding properties, their relatively inert reaction to other

25 materials so that they themselves do not interact in the test
reaction or otherwise interfere with the assay for
immobilization, and their structure regularity providing
predictability in the testing situation.

Classically, immobilization has been accomplished on

30 columns, liposomes or other surfaces. The use of such
materials provides many advantages for an assay system. For
instance, these materials allow easy segregation of reactants
from the other sample components.

In a typical immobilization scheme, the analyte is

35 concentrated by adhesion to the immobilizing material for which
it has a specific affinity. The testing then takes place on
an area surface limited to immobilized surface, rather than in



applications as designer drug devel opnment and screening. A

di sadvant age of i munoassay systens is readily apparent in rapidly
evol vi ng pat hogens such as the influenza virus, 10 where the external coat
of the pathogen which is normally avai | abl e for immune reactions
constantly | I.ts anti body recognition el enents and,
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15 {(1989) and 210: 443 (1952). In these cases, classic analytical
chemistry systems are immobilized on the films in order to
improve the readout of the test results and otherwise simplify
and improve the detection capabilities of the test procedure.

Similarly, the detection of receptor-ligand interaction

20 is accomplished by indirect assays such as the enzyme-linked
immunosorbent assay. Although biotechnological functionalized
£ilms have led to molecular recognition at an interface, the

problem of translating the molecule recognition event into a
measurable signal has remained problematlc until the advent of
25 the subject invention.

Detection of the immobilized reaction products is
generally carried out by coupling the immobilized matrix to a
secondary device such as an optical fiber (Colloid Interface
Sci,, 124: 146 (1988)), quartz oscillator (Thin Solid Films,

30 210: 471 (1992)), or electrode surfaces (Chemical letters, 627
(1990)).

Some of the analytes bound to the immobilized matrixes are
detectable by the fluorescent label, where the fluorescence or
its quenched state indicate the occurrence oZ a binding event.

35 Immobilized matrixes may further be made of a bi-lipid layer
where the detection materials are embedded in the surface of
the supporting bi-lipid layer (Advanced Materialg, 3: 532
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fluid. The results are concentrated in a smaller area, and are nor e
likely to be detected. Bi l ayer filns enplaced on surfaces have been
used to 5 pwavenksssshe i nmobilization matrixes. Chenical noochiuseisnns

of these surfaces by organi c nononol ecular filnms have recently been used
in an effort to develop new materials. 5 The t echni ques of nol ecul ar
sel f-assenbl such as that described in Langnuir, 3, 932, (1987) are
used for é¥$ Yksurfaces with 10 a wel | -defined, guasi two-di nensi onal
array of nnleculzuaydlaéﬁuymeﬂm Eayms érélkmobacaoﬁchangencalbﬁ ﬁtbhibluéng

supports fog, re@Nal¥ih CiheREhEPRS  temBPafERS O3 % Yy gxg : d | g5 can

det ect nol ecul es of dia nost I C Si %d‘I fi Cance such a urea, .as
descri bed fePnEQEMARION mhensonjagassd Esck%q%g}_amn_\m' 443
(1992) 51 ngt hgse G(a.sesncl aaﬂndeanat yhagabeen ackeailsiofy thet £86e8F€h

i mobi | i zed %erwie 3 r#ﬁicgt‘_dq{hltso c&arac@§9¥€h£hgnr€ﬁ 0L OLr § 3 st

results and rove tecii on capa i es
of the testbppding peents, reseas?h#arlwe ¥BE Betdevslnp é‘fmﬁ§béét1@$1¢9 gand
i nt eracti ontRPs i phtemshdn Shiepraythiaelr applféém§uch as the enzyme-|inked

I mmunosor bent an@ywO&l_& hgggh{:ﬂjegég‘gp olﬂ ]@ace&%%g_ nal | |tze$qb%|%+%%+gs

have | ed to nol ecul af recogh
transl al? ngdmecm@mrélqdeseghﬂt%rpmﬁei fies @FtECtmgﬁr ubry smakhl has

remai ned prekeRiI®dl Candibioldflcly aledhnlds phesesb) Qﬁtmiﬂueata:aaunts

Det ecti on o t I a ts i |1y carrigd out
by coup! | ngtt haoRaRUR | 1AESILE P SLVRREREEEE Bo Beves ot Hadinglicei, o,
optical fi b@@n‘e@H@%P# fidm gupportssn a simple japyd (WdgRle) wayuset that
oscillator tH&i Pif@ing U, eht? iugt/ & e894) ), oBEe£V &K1 & Ofiganyu f Hges

(Chem ¢ Eﬁ% dé\%%?&gg( matez(z.jag.g%x)at could be éorect(iy tcﬂe?:e%rt]:alclyt es bound to

t he i MmbD ar e
It is therefore, a primary object:.ve to provide a simple

and reliable assay for detection of minute amounts of various
chemical and biological analytes using a novel polymeric film
for direct colorimetric detection of analytes.
20 . . SUMMARY
It is one object of the present invention to provide a
polymeric £ilm, useful in an assay for detection of minute
amounts of chemical or biological analytes, a method and assay
for direct colorimetric detection of small molecules of various
25 analytes using observable color changes in a moﬁomolecular
polymeric film occurring when the molecule binds to a ligand
of the film polymer bilayer.
It is another object of the present invention to provide
an assay suitable for detection of the presence of minute
30 amounts of chemical or biological molecules by directly
detecting the binding event when the analyte specifically binds
to a ligand of the polymer bilayer.
It is a further object of the present invention to provide
a method and assay for a direct detection of viruses, bacteria,
35 parasites, and other pathogens, or drugs, hormones, cell wall
fragments, enzymes and their interactions, as well as other
biologically relevant materials.



detectabl e by the fluorescent |abel, where the fluorescence or its
quenched state indicate the occurrence of a binding event. 35 Immbilized
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It is an additional object of the present invention to
provide a simple to use, inexpensive and reliable assay and a
test kit for qualitative and guantitative detection of minute
15 amounts of small molecules, which éssay is stable in a wide
range of environmental and laboratory conditions when the
analyte is mixed with a number of other materials.
It is still another cbject of the present invention to
provide a polymerized bilayer film for direct detection of the
20 presence of analyte comprising: '
a) a ligand having direct affinity for the analyte or
which functions as a competitive binder to the analyte;
b) a linear structural linker having two terminal ends,
wherein said linker is attached at its first terminal end to
25 said ligand;
c) a conjugated polymer backbone to which said structural
linker is bound at its second terminal end;
d) orienting head groups bound to the surface of the
conjugated polymer backbone in positions not occupied by the
30 structural linker; and
e) a support structure;
wherein said film undergoes detectable spectral
modification upon binding of a target analyte to the ligand
moiety.
35 B ESCRIPTION OF DRAWINGS
Figure 1 provides a schematic view of one embodiment of
the subject invention.
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changes occur asF?g{xggmét Qilustrates usefulness of the invention for
detection of the influenza virus by detecting colorimetric
response in the presence or absence of the binding inhibitor.

15 DEFINITIO
As used herein:
"Analyte” means a detectable chenmical wolecule,

biomolecule or a portion therecf which is detectable by a
specific binding to a ligand of the polymeric £ilm of the

20 invention, resulting in changes in the spectral characteristics
of the polymeric film.

"Ligand" means a hydrophilic 1ipid monomer or its
derivative to which the tested analyte binds at a specific
recognition and detection site, which can be rendered polymeric

25 by linking the 1'igand through a linking arm to a polymerized
thin bi-layer film. The ligand is typically specific either
to the individual analyte or to a group thereof. The ligand
forms a part of detecting heads of the polymeric film. The
ligand is attached to one terminal end of spacer or linker

30 molecules and is polymerizied in admixture with a hydrophobkic
matrix lipid monomer. The ligand can be monovalent or
multivalent.

"Linker" or "spacer" means a linear structure molecule
linked through one terminal end to the ligand and through the

35 second terminal end to the base film. Specifically, the linker
is attached to one of several monomers which have been
polymerized into a chromatic detection element. A structural



the specific binding of the bionolecules to the bilayer. It is an
addi tional object.of the present invention to provide a sinple to use,
i nexpensive and reliable assay and a test kit for qualitative and
guantitative detection of mnute 15 anpunts of snmall nol ecul es, which
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97/ 27386 "Polymer bi-layer" is made of BoI{he97£8MPLI11igand and
7 matrix lipid monomers, polymerized into a chromatic detection
element. Binding of the analyte to the ligand linked to the
polymer backbone induces stress within the bi-layer, changing
the effective conjugation length of the polymer backbone. The
15 matrix lipid monomers suitable for polymerization are lipid
monomers. Such moieties include: acetylenes, -diacetylenes,
alkenes, thiophenes, imides, acrylamides, methacrylates,
vinylether, malic anhydrides, urethanes, allylamines, siloxanes
or vinylpyridinium etc. Lipids containing these groups can be
20 made into homopolymers or mixed polymers. The preferred group
for use in this invention is diacetylene, due to its ﬁnique
optical properties in the polydiacetylene polymerized form.
However, other polymerizing groups could be used when they
provide an observable change in properties upon a binding
25 event.
"Ligand lipid monomers" are carbohydrates, amino acids and
such other molecules having carboxylic groups.
"Lipid monomers" are readily polymerized into polymeric
films by ultraviolet irradiation or other means for polymer
30 backbone formation. Most preferred monomers are diacetylene
monomers such as polydiacetylene and octadicyltrichlorosilane.
"Lipid orienting head groups" means lipids forming,
stabilizing and structurally orienting the polymer bi-layer to
facilitate color stability until the binding of the analyte
35 disturbs it.
"Lipid tail(s)" means a moiety serving to anchor the
polymerized film to the support surface.



Figure 2 is an optical mcrograph of one of the inventive pol yneric

films (Figure 2A) and the optical m crograph illustrating the
colorinmetric response to the influenza virus (Figure 2B). 5 Fi gure
3 shows the structures of the conpounds used in filmformation tested in
conpetiti ve wabiizté on experi nments. Fi gure 4 il ustPeK/u$s?/01291
quantification of the visible absorption spectrum before and after

i ncubation with virus. Figure 5 9|saplot of the colorimetric

response of a 10 sial qg] LJ [ i 0.LN entrations of an
I nfl uenza virus. %@E@gﬂ& the invention
for det ect i o'nhafpnmntnimmcaonmmet;yxsdeneaﬁsmg and| wethod fiox the

response igjibee w&%&%@maaéeeeewﬁ dmmawd:hapeémsw memoiécules
DEFI NI TI ONS ed. .herej n: a detectable

s,
cheni cal ﬁﬁﬁieé‘ﬁlaéytes %f cut® 8r rﬁ%)ﬁolroﬁ Fﬁgﬁeﬁu%ﬁm |"5‘ﬁ'eF§°5éPEct abl e
by a 55pesu&gcabnndehgppémen-gandlof fikw pohghruct.fi Theofinviention

i nvention, fﬁf‘éﬂé{"é&uéé}r@‘%%eéhiﬁ ﬁ:@Pyrﬁ%é 131 nCHA" REL1 E'd S eSS methoQ the
ponrrerlcf dr.o hlllcg?_ggrmno per or its

derivati vef®® RHP@HC%H% Fé%t@ﬁgﬂﬁﬂrf’efbmésfﬁ SPeR2 etectigroghi tion
and det ect vanisus eanalytods cdhroughr e:mten:ehlpdixygetda @ 25dand,i nhesrg the

|l igand thr nk : | The
i gand |s iyggln& {Df %g??fme f;% émieéﬂ e | nd'l vF&&gzl bga ﬁe“le%?hto a
group & "We q.,dhganciorr °‘égkba?r G & &9 e YS‘FI'F-HS

pol erEI’I c thimbil’hhayer fiilgand is attached to one term naI end of spacer or

| nker 30 ol gpl ChraBdnks RUH VERE! Arikidell oAU A i Nade LUUPPRYDI ©

matrix lipjid gpnoner. % can nonoval ent tival ent.
"Li nker” oPindiageof n%‘é?lsaﬁaﬂ- H%art%tﬂﬁ%t &P-Qaﬁ'ﬂl el Qbser"?‘? nEsgorghough
one ternmi nahangdstmtﬁim spgettatnchatacnmhi sties36f senemblyaderiraligmd t o

the bagg Ich@qgﬂqg-qabhm tar%ém%ﬁr omﬁés@é%]agga&ffcOmglgkuiswa'

mononers mer | zed TNk
el ement . AreFPERitien and detect:.on sites, all contained within a single

molecular assembly.

The present invention allows, for the first time, direct

detection of small chemical and biological molecules, such as
20 pathogens and drugs, using observable spectral changes in

monomolecular films. The present invention thus represents an

entirely new approach to the direct detection of small

molecules, biomolecules and analytes using color changes in a.

monomolecular f£ilm which changes occur when these materials
25 specifically bind to the target molecule.

The subject invention represents a dramatic advancement
over both chemical and immunoaséay systems as it enables both
qualitative and quantitative detection of small, otherwise
undetectable, chemical molecules, biomolecules and/or

30 identifiable analytes in a simple, fast and.practiéal Qay; The
present invention combines the advantages of both immunocassay
and chemical analysis in a single system.

Additiocnally, the assay of the invention is useful for

environmental testing by detection of various analytes in their
35 most advantageous environmental conditions by the allowing
rigorous, direct analysis to occur even in very narrow
environmental ranges. The speed and simplicity of the color
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8 | i nker has a sufficient |ength and conformability to all ow bi ndi ng
of multiple sites on the analytes. The |inker may be, for exanpl e,
tetraet hyl ene glycol. "Conj ugat ed polynmer", "polyner backbone",

"conjugated 5 polyner backbone"” nmeans a | ayer of a pol ynep] . gand and
matri x nondYR ’13? Iayer assenbly able to signal binding {’ﬁ’g’gﬁoﬂﬁé at the

surface of the filmby a chromatic tragpsition. The pol yner backbone may
be, for exanple, polydiacetylene. The pol ymer backbone is bound to a
struct ur adpdridgikeindifator of" Bhlkynmibjlict ayevént ioraaee oftpolhaldmazkbl e

| i gand and mat r i X | i pi d nononers, polynerized into a chromatic detection
el enent . ¥ "the analyte to the ligand |linked to the pol ynmer
backbone i nducks genessd . vihe byesgBthinYeReion FeaNdirS§ nO RUfs ARLYELBy e

conj ugat '@&iﬁ&&ﬂcﬁi sktep . poineBleshiaekbape. eérsknayi&emt biran pittaiveder s
cet yl ncmetteromnd foe Cebt S Bed conaydBIATEh Sam S, il B 10 11
met hacr ylvémg, mild megnmaonqhennnaanﬁ%@m@e detertian af| Pmadilnes,

Si | oxanesp; ﬂcddélé"lwal Héai-tﬁar.aifal IgeRitds %Qaﬁ%ﬂhﬂmﬁf&&ﬁﬁdiﬂl&% can be
20 made |nto %om) oI er

f
use in th¥ “rl?ﬁ/i% Pgﬁeﬁﬁgeﬂpm'%tﬁgr %(;‘ei £38Gn? J%égdf&o%%ooéhpr o
properti edegraddieigol pdl aet yanadypel yneThied feature of Hoheveaubiecdter

POl YN i Z4 % O DUPS 160UaHe b%dJseﬂew?lﬁ H hepecififioyi &F aahebaeﬂgmse
change in_properties_upon a hindi

|
mononer s" 1AFRFROF IR drRELs, e} i %%55’ &Egangllm' Addlt"mqgffy' 'Rkt

inventive direct assay system avoids the expense,
complications, and increased inaccuracies inherent in the
indirect systems currently available. ‘
15 I. Polyme; )
| The polymeric film according to the invention is a multi-
layer assemblage which allows for the direct detection of the
presence of a wide range of analytes by changes in color
spectral criteria. . '
20 A. e i 1 r Fi
Polytﬁeric detection films of the invention are simple and
easy to prepare.
Briefly, monomeric lipids having hydrophilic groups, such
as carbochydrates, amino acids, etc. which groups are able to
25 bind to biological materials, are used as the ligands for
detection of these materials. Monomeric matrix lipids, having
hydrophobic groups, are used to assemble and orient the £ilm.
Both 1lipids are mixed in proportion from about 5-40% of
ligand/matrix lipids in an organic solvent, such as chloroform,
30 benzene, hexane, xylene, and others, or in a mixture of the
organic solvent with an agueocus solvent, such as a mixture of
chloroform/methanol, preferably about 9:1. The solution of
ligand/matrix lipids in the solvent is slowly added, typically
in small drops, onto the surface of the water, where it orients
35 itself by attaching the hydrophilic groups to the water and by
projecting the hydrophobic groups out of the water. During
this step, the organic solvent either evaporates or is removed



such, ot her nol ecul es havi ng carboxylic groups. "Li pid nonomers"
are readily polynerized into polyneric films by ultraviolet irradiation
or other nmeans for polynmer 30 backbone formation. Mst preferred nononers
are di acetyl ene nononers such as pol ydi acetyl ene and

oct adi cyl triyghbsRf | ane. "Lipid orienting head gre¢uessTRoemsis
| i pi ds form ng, stabilizing and structurally orienting the polyner

“bi-layer to facilitate color stabil}3ty until the binding of the anal yte
35 disturbs it. . "Lipid tail(s)" neans % ety . servi gs\éto nchor
t he pollpamingepehing thet RaPidspast asdrimdde f1im positioned)dnghhe; 314
PCT/ US97/ 03284 r surface. For better film formation9and performance, tHeTAl LED
DESCRI PTI ONLOF . THE | NVENTI ed in g (SN \VI-Ta) M aTa) Rl N
assay ando#éﬁ*gﬁ FOF The exg!c?rprlelgtd col }g‘Ir??IE)ré:'t%r%l%lcé &elxjtaegtelhon, of snal |
ot ecul es, asieanorectveicallynRim ARFressediRgSERAMIFREEHIO MAMEMEPY i ke
i Nt er acty opracisgNBagriere! op dottersicidshiof thenidphdt £ikm. THEhemyaie on
further concerns the thin po L&s Ll S gnel € ok f
pr 6duci ng El%o'f‘%'f‘?ts ﬁ#ﬂ%xﬁég]ﬁ%écé;ﬂl@ 5§?e’%’t‘%‘§’nﬂ(}f - \%g?fao%% '%%’al ytes’
t hrough t h&l Xsighti rEpaming | therabYy wiefloaking pPelymed BRicRsiger t@atd ve
i'i_r ek'r ender gl )é%{,i C-iBXngWI@éi C 'ﬁtg._é iyaiiiyﬂ@frpl‘ist bRen i ol édictiiglo® f
i nking arm.to ol ynmerize t hi - e pr ce o
t he invest iad:&aé%‘egngr yt éhaetsgg?gagﬁ?/y br%?%%%gé%ﬂ’?ﬂ% %tnaﬁ/tf e t'o ﬁcgﬂ'
| i gand 1% aissefordexampieh glaschaMGEsOBROPHE SRaSr £eldnAPAB 2Bt i @F of
the pol ymerdr, fdtn@r HirmlBappokying- btgastuss swibtly v W assased WL i
mol ecul ar an anchoring hydrophobic surfactant such as octadicylsiloxane,
or hexamethyldisiloxane, and others, wherein the siloxane group
provides anchoring. The final assembly has blue color.
15 The inventive diacetylenic lipid monomers such as compound
1 (Fig. 1) are readily polymerized in monolayers by ultraviolet
irradiation to form a conjugated polydiacetylene backbone of

alternating eneyne groups using standard art methods (Colloid

Polvmer Science, 255: 36 (1977), and J. of Polvmer Science,
20 Letters to the Editor, 16: 205 (1978)). In one embodiment

of the invention, a thermo-chromatic polydiacetylene bilayer
is assembled on a support, and then used for the detection
procedure. The polydiacetylene layer is functionalized with
a receptor specific ligand for the target molecule which is to
25 be detected. Both gqualitative and guantitative findings as to
the presence of the target material can be obtained using
various embodiments of the subject invention.
In one embodiment of the present invention, the bilayer
is composed - of a self-assembled monolayer of
30 octadecyltrichlorosilane and a Langmuir-Blodgett monolayer of
polydiacetylene (Langmuir-Blodgett Films, Roberts., Ed., Wiley
New York, (1966)). The polydiacetylene layer in this case is
functionalized with an analog of sialic acid. S8ialic acid is
the receptor-specific ligand for the influenza virus
35 hemagglutinin, as well as for other pathogens. The sialic acid
ligand serves as a molecular recognition element.
This colorimetric technology is coupled to materials whose



recognition and detection sites, all contained within a single nmol ecul ar
assenbl y. The present invention allows, for the first tinme, direct
detection of small chem cal and biol ogi cal nol ecul es, such as 20 pat hogens
and drugs, using observable spectral changes in . nononol ecul ar filnms. The
present i NWEAPVHBI& hus represents an entirely new appr oBeHUSHOIL direct
~detection of small nol ecul es, bi om)%ﬁcul es and anal ytes using col or
changes in a nmononol ecul ar fil m whi changes occur when these naterials
25 speci f bﬁ@ln%Xagg%é&cﬁi@s A 08k FRLESHE to bind a v feég%fcémdﬂve”t hon
represents a drandt] ¢ advancenent .over both chem cal and | nmunoassay
syst ens aSYPANARIMIRCHGRS, Manyenganic; hests FmAnriupion cRARIA@%XeS of
smal |, ot ity 8¢polar umeist e taxril @protientoapoundsl ecoéetsain IrciuBienl es
and/ or 30 LABBLLALAPLE BIGLKEGReL! BushMBLCrohBShindlda PR LCYediflin T
present inve ?l.on tonbi nes e advantages o I minoassay and
chermi c8 Rearpirs iSehemg n}| bayesthkggn shown tgydbe dighly, aedeqive of
t he i nvengb@BehtsUFelulodgainic sclwentonvessrs (Badéwg Qheslet gaiti.onEdf
various apalytes jn thei.r D5 advgns a nvi gnggm | .C Ltions by
the all owvgﬁai‘-' r:ll’f‘orgglso_, g’?gr ect 'anal.%%sgg%%g%%dr Ié‘\gj |n§y«g‘.r Sﬂ%%r ow
envi r onneprerounagds . afifimidpee Foanddirxpne ciand oflitkdecorbfinity for
\{\g 97/ 27ﬁiﬁtanpla_ acetonef mﬁth'ano:_l., 2-propanoX Cley&oh &éaaﬁlh h tolkuene
change indi cator { . Invention are its hall.mr
advant:"ggeg.ng water. Itrﬁ‘egg?félf aﬁef, %% %éfg&gs%?\tq'i?ﬁ'\%ﬁm R RATCHRTLY
pre- anal ygemarkaplei f gé¥enontbeepsimhbaray| tin archemindly ratahdsuren
untrai ned compound 2 on the other hand, shows a pronounced affinity for
l-butanocl over the same group of solvents. This breakthrough,
combined with colorimetric detection led to a new class of

15 chemically sensitive materials immobilized on surfaces.

Surfaces which have both .the clathration element and the
detection element built into a single supra-molecular assembly
represent a novelty of the method for direct detection of a
wide variety of environmental contaminants.

20 Clathrate-forming compounds coupled to the polydiacetylene
polymer form a new class of materials which are chemically
sensitive, robust, and have unique optical properties. These
materials offer a novel, yet simple method of detecting the
presence of organic solvents by monitoring the color changes

25 which occur in the £ilm upon binding of the offending compound.
No technical expertise is required to use such a detector; thus
it is suitable for on-site analysis by persons with little or
no technical experience. The molecular level understanding of
why clathrate-forming compounds of a given structure complex

30 with a given test molecule leads to a wide variety of
clathrate-forming polymexric thin films. All these are within
the scope of the invention.

B. The Com (o) f _the Po eric Film
The inventive assay film is composed of the base polymeric

35 bi-layer £film, whose surface contains both orienting and
detecting head groups. The detecting head groups are composed
of a ligand specific to the analyte in question, which is bound



5 observer, and the test can be conducted in ambient conditions. Very
mld testing conditions allow the detection of snall bi onol ecules in a
near natural state, providing infornmation as to their interactions and

avoi ding the_ri modi fication or degradation of the ?&?ﬁl $a291 This
feature of twgi}éﬁﬂéct 10 invention is due to the high specificity of the

| i gands I ncorporated into the detecigng film Additionally, the
i nventive direct assay system avoi ds t he expense,
conplicati Q;%S,oz@éldtém&ﬁaseénidnaﬁcuaadimairnmmmmm]l hkinkeri ndiThsct

syst ems currg&ﬁxy ayai |a -1;51:, und 'to tﬂaeﬁ%yrﬁ'nzegy%@yegec%dan

The pol ymerk I'm-dccordihg to the Lnventian 1s rgtiﬁ
assenbl age barmimad| |and: fo'Fh"’E h’éaﬂ?réé%mdépé'@ﬁf’ﬁnlﬁf @ provj r’(ff'éﬂbf a

W' de range Ghiandrikasihy BBadogsoups col or spectral criteria. 20
Freparati on °f SIS '(:iegfctlon of J’ncé | itk el Uhd 1Bl | NE

i nvent| are s y,” mononeric
| i pi ds havnn'gfd'lgtd-ro@ph-lsl Péei';rbﬁp%‘lg'é{l%l"ﬂ as carbohydrates, anmino acids,
etc. which gr oumc’éﬁﬁc&bb@nﬁﬂnéﬁlﬂﬂmdlbanal o1 porlviath dst Hydﬂbphlht@ itsed as

t he Ilgands for et ect | f ot t I r I ds,
havi ng d‘?ﬁ %%c‘ﬁafiepﬁgtgu o&;fsge%%f‘e ar%ﬁorl eg?g jhﬂ“#exlp
Both I'i pi dsnarspanexemqlmopﬂspdﬁﬂl R thensgpend Lipdd,pAtrix monewey mfiri x
lipids 1¢) afhd SEARerSY W whieh a8 hphesphebie ﬁ@ néxe.wea.ne,achﬂxama

xyl ene, ot hers r f t he en

aqueous solqlv‘é?ﬁ c{ ﬁf‘,‘ﬁ é'?r%’&%ﬁi {# re L oro”f‘g a\éolé %"R? erably
about 9:1. Adttectsicinitélemest (5) ndélrr@lmhwma(tiq ml%geqmqmeelsﬁmmtntlﬁ

sl owly addeghidyPijeal | ¥hroughn 8l ga&epaowat side, S%bhﬁ@étéﬁ ttte vmt er,

wh 3 If I
Voo b STy NSk, DT A S0 Bk Gp bR e A0S,

this st¥p, irhe:tmxgaatcasbéﬁemt aewpmrté\ﬁa:mc&p@g.owqﬂs asepovberoscopic
slide (9). Alternatively, any surface which will accommodate

the hydrophobic detection element (5) can be substituted for
the elements (7) and (9) . For example, a plastic surface could
serve in their place.

20 The polymeric film comprises a ligand lipid monomer,
optionally a compound used as a linker or spacer, and a matrix
lipid, both polymerized into the detection polymeric £ilm
having detection and orienting head groups, said film mounted
.on the support system.

25 1. Ligand Group

A ligand or its derivative is a hydrophilic lipid monomer
to which the tested analyte binds at a specific recognition and
detection site, which can be rendered polymeric by linking of
the ligand through a linking arm of the linker or spacer to a

30 polymerized thin bi-layer £ilm. The ligand is typically
specific either to the individual analyte or to a group
thereof. The ligand forms a part of the detecting heads of the.
polymeric £ilm and it can be monovalent or multivalent.

The ligand group of the present invention, seen in Figure

35 1 (1) is selected from a wide variety of materials. The main
criteria for such selection are that the ligand has an affinity
and épecificity for the analyte of choice. The ligand may be
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11 | eaving behind the lipids as a fluid filmpositioned in the wat er
surface. For better filmformation and perfornmance, the | ipids are
either applied in high concentration on small water area or, typically,
are conpr esagshrizigandwi ch-1i ke manner by 5 placing barri ergcfissgize; si des
of the lipid film Then, the | i pid nononmers are pol ynerized by, for
exanpl e, exposure to the W light fol4ing thereby a floating pol yner
which is, to a naked eye,_ visibly blue. This polymer is_ then nounted on,

or att afhERECERd ©Pca SHINGLR ERENE OF &@ §ubi56?ti zange teff dnatrdmle  as,
for exanpl gucH!| ags, wher oSComlags a&ﬁ, altledliald €5C.toOrbe as¥iyed.her

firm suppog, ﬁégg?g%% ‘%E féﬁaﬁﬁgcﬁns §§§@¥§gsw Egrboh%&nat%ns(:hq{dcrl%lc

hydr ophobi € as oc
hexanet hy| acids oﬂanenYaﬁHQEFh@mOlWﬁlél@F rwiieh sbilé&alm xpeapFors. pried des
anchori gg. ﬁseaﬁtéalammﬂfhh}énhaswwﬁn@aisy thaSSame bmﬁhagl SYE84 iwten

di tyl d 1 di |
oyt i sehipat R e B AL SRR, kel e e (d S Y
conj ugat edmpdeguleacdisy| é@’éa!bmh%lbf employederfing i %grm vauﬁ-lum ng

standard aghfriBEhL4lS st¥alingi, d includingRihoae BeEch 2héve 3fot 1966) bt J-
of Pol yner égl ence., 20, Letters to the Editor, 16: 205 (1978)). I n one

enbodi ment agFe¥hE®@nvention, a therno-chromatic pol ydi acetyl ene bil ayer
i s assdfbl ed onLigaugporare anélSPheaﬂmgenualhe deedctimonthe poremssrture.

The pol ydi agebyteos LWaker drey Ufmehmlssdcmbantwé bQﬁ&Qi-QrtSDQQiJ'C
l'i gand forg}lgﬁg‘garg t m)le uIe Whl 5 "be .detected

qualitativ GuahPrt é‘f‘is Fidi %’5%’ &s R%%’C’ge“t p’r"ﬁ:sré’i‘ﬁﬂf' gf R @y get
mat eri al chasbe mavexiiadd mﬂg is tepabeokeshesbdfernthe oprebensebpécta

i nventi on. receptor mbmeeﬁfeeanﬂI HBBEn@é 6hetﬁée§eeép¢éw%1éamé hefd | ayer
S CQ -assenb

oot adedy t PRERPERBSPLAE SRS ARAK HiiaMsioane FoRgRasRra folor. To
pol ydi -acet vheneeghraegmhiat Btlelgpathegens suRfbeet dindBdto \fihecyreceptdaw
York, (196GQb)echie PHAHALRY ! eAC diyClekf WHtr3aIC the binding is
diminished. 1In this way, the presence of a receptor molecule
is detected and quantified.
20 2. Linker
A linker or spacer may be a separate linear structure
molecule linked through one terminal end to the ligand and
through the second terminal end to the base film or a part of
the ligand or matrix. Specifically, the linker is attached to
25 one of several monomers which have been polymerized into a
chromatic detection element. A structural 1linker has a
sufficient 1length and conformability to allow binding of
multiple sites on the analytes. The 1linker may be, for
example, tetraethylene glycol.
30 3. Polymer backbone
Polymer backbone is a layer of a polymerized bi-layer
assembly able to signal binding occurring at the surface of the
film by a chromatic transition visible as a change of color
from blue to red. The polymer backbone may be, for example,
35 polydiacetylene. The polymer backbone is bound to polymer bi-
layers.

Polymer bi-layer is made of polymerizable monomers,



functionalized with an analog of sialic acid. Sialic acid is t he
receptor-specific ligand for the influenza virus 35 hemagglutinin, as well

as for other pathogens. The sialic acid | i gand serves as a nol ecul ar
recogni tion el ement. This colorimetric technol ogy is I to
material s wh¥QS727316 WD 97/ 27316 Ferioibbiio:

PCT/ US97/ 01291 12 chem cal properties
can be tailored to bind a variety of smaﬁ organi ¢ nol ecul es. Many

or gani ¢ hosgg e EQF8b1 PO LAY ¥R XBfpids WA RmUMYed RItd i cmebmﬁ ic

conpounds rtalin 1'ncl usion r at unds
1 and 2 seeﬁeFﬁc?)l‘P?éa%"ﬁ“lﬁ?tScr@’r%&Il@%a#d EB&e?ﬁ“%*Pba&'vﬁ %8‘8 i?‘%ﬁ?@sjsléﬁ‘é% ive
sorbent s fotootdenipolymererbackipyres inducss Shress| withfd the pjgilayep:
110 (1993) Lf,ang 85 CHTPEEfecEPPROWBhThdaRich leRGOROWICEEhal zgidlytn\ézf or
di oxane and e"affinity for but anol , acet one, nethanol, propanol ,
cycl ohex&nePackPaBRe 10 and water. The lack of affi ni ty to cycl ohexane is

particularly Thanr kaidmexs veam:'tﬂabla‘ m'fbar i pplymechzatioh savectlipsd
Conpound 2 ngnalﬂsrgt neraiAfhe A0 318" AORUIERS BELT QLN bfieriel i ANO!

over the sane group of so vents, ThIS bre kt hr ough g nbi ne
col ori met ri acebvaenesn | HAEEYLISBES:| as nes, chERicR F9e§en5|3c“?’ﬂ?s'

mat eri al s | a&iﬂyn.hmiddson matamndates, Swihyietheki chmakie bolydiiales,
e a0 e EREREe 2l i 11 amindlE! °B316RafbE TR Qﬂhk&p&?iﬁog 1?{3?%&% ot

supra-no ECU asse resent a novel of
AR oFR bR HQIoRRlymers

det ecti on ofipids cﬂP&élﬂéﬁ‘geFQB%? %Q?P%rﬁ’%‘ht
Cl at hr at e- f @& fifxed npolynersoupl Fhet Eriefexpedy dirmes yifere use pal ywreks f orm

a new cl assi%]:re%g.&rni ﬂsstﬂ’@i &E‘a@é@yf@ﬁgi §P$1L[¥ due to its unique optical
properties in the polydiacetylene, its polymerized form. The
15 most preferred matrix monomers are diacetylene monomers such
as polydiacetylene and octadicyltrichlorosilane, however, other
polymerizing groups could be used when they provide an
cbservable change in properties upon a binding event. The
second couwponent of the bi-layer are the ligands described
20 above. '
Lipid monomers are readily polymerized into monolayers by

ultraviolet irradiation or by other means..
4. Lipid Detecting and Orienting Groups
The 1lipids are important in forming and structurally
25 orienting the film’s bi-layer so that binding of the analyte
results a detectable color change. The detection is based on
a structuring effect of the orienting groups appropriately
stabilizing the physical structure " of the bi-layer to
facilitate color stability until the binding of the analyte to
30 the molecular recognition ligand groups happens. The binding
causes sufficient steric perturbation or stress of the
structure to result in a color change. The stability and
relative rigidity engendered by the orienting lipids unites the
bi-layer, so that a steric change in one area triggers a larger
35 effect in the surface as a whole which can be readily observed.
The observed spectral changes are due to stresses induced
by binding which change the effective conjugation length of the



sensi t'ive, robust, and have uni que optical properties. These material s
of fer a novel, yet sinple nethod of detecting the presence of organic
solvents by nonitoring the col or changes 25 which occur in the filmupon
bi ndi ng of the of fending conpound. No technical expertise is required
to use suchWO W& 6t or; thus it is suitable for on-sit®CANEIYeI221 by
persons with little or no techni cal experlence The nol ecul ar | evel

- under st andi ng of why cl at hrat e- f or ##ng conpounds of a given structure
complex 30 wth a n test nolecule leads to a wide variety of

cl at hr at e- ?%4 é%ﬁﬁimﬁw c thin filns. Al these are within t he scope
of the inventi cmaterials, sy tabiie @a@npdgprnfiodeseothng Parpwpsi i the

The i nventﬁ@séﬁ@aymféﬂﬂmdzﬁ HUMNBFBbpHi 1tike 1833AsPAETREL g 35cﬁdéoﬁ ayer
film whos L(u) cont@ §§ B@%Eporl 2&;&9 p&c detectin ad’ groups.
The det ect gr oup Q ose BF ?'%%fhd spé&?‘li ©Hro the
anal yt eSi rﬂ@@@@&’hon CHINQONHMe . ho@HgOTs, -CH(OH)Me ;WD 97/ 27316

PfCT/ U|897/ 01293 -CI-% OCOR g wherein R 1s n- CHln, n- C]@s, n- dﬁ ,,_nx’?-%auﬁdr&?' teﬂd
of a line ruc i nk i nker. 'tn i 0 the
"base fil myries™ sgt:‘*gﬁd g“m KR %ﬁ& OFhR- lsggé:)f:ﬁﬁ"m surface is al so

provi ded with -oso,md \dnex-mtn gy HeadPhyr @eCB,, p-FOHCI®BalaH, depi ction.
of one e”@f&ﬁe D&eé@ pwem znteextlocslr MeSGRMy 1IN Figure 1.

Recept or - bi ndi g‘Fﬂ: |d||g nd(,‘L f%lrophlllc in nature is
shown ¥t ached TFMughbeRedR M nif & I'B’?fﬁ' i nker or spacer nol ecul e
(3) to the secdrhe | ppefiexrcad i mavenbabs Uhitm ths pel \emplioyeti lan viiead i s

hydr ophobi grdipdaidiithe BRldtehle inveht98Adag@d matrix Iipid are pol ymerized
'nto a chromatic CH,OCONHR, or -CH,CONHR, where R, is Et, n-Bu, n-CH,,,

n-CgH,,, n-Cy,Hy;, cyclo-CgH,;, Ph, p-MeCgH,, m-MeC.H,, o-C1CH,,

15 m-ClCH,, P-ClCH,, o-MeOCeH,, 3-Thienyl, Me, Et, Ph, 1-C,H,, Et,
Ph, EtOCOCH,, BuOCOCH,, Me, Et, i-Pr, n-CgH,;, EtOCOCH,,
BuOCOCH,, Ph, or 2,4 (NO,),C¢H,0CH,, CH,CH,0H. \

The most 'preferred detection groups are taken from -
CH,COX, where X is OH, MeO or any salt thereof.

20 Materials suitable for use as matrix orienting groups are
hydrophobic lipids used to assemble and orient the f£ilm. The
groups comprising the tails of the 1lipids are of a wide
variety. Serving to anchor the polymerized £ilm to the support
surface these moieties can be any of the following: CH,-‘ CH,0-

25 , neo-CH,,0-, cyclo-CgH,;,0-, PhCH,0-, p-AcCH,0-, p-BzCH,0-, p-

_l

BrCgH,COCH,0-, p-{(PhCH=CHCO)CH,0-, p-(PhCOCH=CH)CH,0-, o-
BZCeH,NH-, p-BZCHNH-, MeOCH,CH,NH-, n-CHH,,NH-, EtO-. The
preferred group in this invention is the methyl group.
5. PFi by T
30 The supporting structure (S) to which the £ilm is attached

can be a variety of materials. The material used in certain
embodiments of the invention, such as Example 1 is a
microscopic glass slide which has been made hydrophobic by
treatment with an appropriate surfactant such as
35 octadecyltrichlorosilane. Any material which is somewhat
hydrophobic such as plastic, mica metal, ceramic or other
relatively uniform polymeric surface can be used. Glass is the



detectiion elenent (5). The chromatic detection elenment (5) whi ch is,

through its hydrophobic side, connected to a nonol ayer support |ayer (7)
which is al so hydrophobic and is, 15 in turn, attached to a support
structure, such as a m croscopic slide (9) Al ternatively, surface
which will acwewiBee t he hydrophobi c detection eIenent'Fgﬁm%HWJEb
substituted for the elenents (7) and (9). For exanple, a plastic
surface could serve in their place. The polyneric film

coMprises a 4i JAld-dd A b ARKOiRne supdiid O J;ﬂl@ cAvRRLiKh Ugsd 85 dcs

| i nker or Cer, andamatr rrerlzedlntoth

det ecti on potpwg%rqr;qxnfor eﬁé\ﬁ Ag agﬁg&f‘?oﬁ %m‘EP ¥ e‘?ﬁ"‘i”r%?%ea&%%ﬁﬁs
sai d fil m nondit ef-anspaxerthenastienpialis spst ben e@bloyed ising la geddeCGanpe

A ligand or d s a hydrophilic lipid nmonomer to which the
tested anal y'tl;%g% e Lggény"ﬁ"sepe0| fic recom ti on and det ect I'on site,
whi ch canSbe rendér ed Regeptox-Binding, Molecy Usedoag  La@andsr ough a

| i nki ng arm of t%ééﬁ&&‘-ﬂn&ﬁ@:eﬁolatﬂe’w arpolnwﬂurlm&d bhl Bhei sugface

fil The | d |

alnalmyt e or et kgaa&p :ESCEXEI ‘?ﬁ “Lﬁllﬁh a'rﬁgg{ib% t:E)JI’I%{SESt QSEEF‘E {gj gggﬂlect [ ng
heads of theto thepéF‘f#Sﬁ'—P-Eef evYeRtand ﬁetleef&hnses Fediesud eéramfﬁ vagangd.

The [i gand g@?&@pﬁf e present inventiam pronddeisnaFbEedEsib recobhitson

el oot oh®ar B1ER £6F K e porHodBle deftheot iofBlites cdild 1l b, hEGRIY]
anal yte of cgeneblcafhbfl i gaﬁée#ﬁ9dbe in the pathpgery/ 2having ObVlOUS
PCT/ USQ7/ 01284iricality to the pathogen survival. Different strains of the
same pathogen will generally not produce a false negative
result when molecules such as the ligand group in the subject
15 invention are selected. Receptor molecules tend to be smaller
~ and less complex, and often less hydrophobic.
Receptor-binding molecules such as those described above
are detectable by the current invention as an increasing number
of receptor molecules have been recbgnized, identified,
20 isoclated, and synthesized for a large number of pathogens.
Many of these receptors have been improved for use in various
analytic and treatment systems. '
A good example of the usefulness of the invention is the
sialic acid derivative used for detection of influenza or
25 malaria. Examples of the receptors for a number of pathogens
are provided in the application as Table 1. All of these, as
well as any other ligands falling within the scope of the
invention are within the scope of the subject invention.
_ Example 1 describes one exemplary use of sialic¢ acid
30 derivatives as one preferred embodiment for the use of
receptor-binding molecules.
II. Agsay Testing Conditions
The assay of the invention is performed under gentle
testing conditions sensitive to tested analytes. The inventive
35 polymeric thin film construct employs ligands and analytes
which are stable or possess appropriate binding characteristics
specifically within a limited in vitro or narrow environmental




directed to a single entity or to a broad range of materials, such as

when a class of materials is to be assayed. Appropriate |igands include
pepti des, carbohydrates, nucleic aci ds or any organi c nol ecul es which
bind to receptors. For 5 instance, all influenza strains use the sane

bi ndi ng si wesembaas bi nding to a host receptor nol ecul e. pdtruse7otise host
recept or nol ecul e i s advant ageously enpl oyed for screening for all

i nfluenza strains, incl udi ng those whi¥h have not yet been

characterized. 10 ands re al so advanta eously used in fhe present
i nvent i onT#ASA Pﬁef%’r&?‘ Bt-as S99 W “cd“‘?qfes SIS, for

i nst ance, 1ntnanions hegem within tidia edrwowhrange bEssuchteenditidnsh is to
be test edqfy g ?ﬁ&sfse%%% Oinetancéecqml%amﬂl | enrbB 285R858iShal he
mol ec

receptor bi] ayer. and, produces

pat hoge the assa
a col or. c%f"m?ﬁémél%gr%fe t$ERS 1t%r‘?t-:‘ a%’r&&gﬁ“‘éﬁﬁlﬁce %ﬁindgl ‘6°}ﬁ%“}€%eptor
mol ecube thtéeaghoet thettestizgy pwmdasduwde. the binding is  diminished. In

this way, the Bheseage 9% éﬁ:féﬁ@i@sf%ﬁfuiﬁ that Stﬁgtt?&é@zgda%galyt

quantified. 20 ker or spacer a Separate
l'i near stPE‘ct‘Eﬁl&equ»%F-ECLFF@"rqcrﬁ%ﬁ f’ﬁFBug‘?ﬂl‘%nWiXWﬁFhﬁl fe’r?d“t@ft Heh¢ i gand

fand g t hfavehtiba ardorke teslomathak E&dt Hesbaneehslityoara ¢bséreéa the
t t
' gand or ,fg &gésﬁg%%{#ctgubeen Jh%[éﬂ n %&%aa&gagéﬁgs gﬁggﬁggpgagés

several nononers polymeri
det ecflifonoal¥nehput 3Q BiRYERFral |inker has a sufficient |ength and
conformabi lityThe @resenki rmivegtabn functtiongl eedilt asrean irheeﬁﬁﬁéméfﬁ

“The llnke&éﬁ‘ﬁéﬁg coxtxaitlorlgs exanph.e, Eg getmdﬁr&&lgcolsuc’io as

Pol yner ba iS a layer ‘of a llg-e zéd
bi -1 ayer sahaswmbl@/n@blt@mp&ré#gﬁ&l ‘Eﬁfhdlbﬁg erEafil hy &pn&ﬁ@ Sf ¥ of
t he fife@abick CEGRFSISS, ttaasat:ﬁeﬂ \ansi bbehes &eﬁlﬁﬂgﬁ:e@f wotRéut

o et s S ACBLYERS JRNEP P 95 5PLSe dvaip,
Pol ymer bi -I ay@ecagsmaeé @lﬁwmrﬁ’%ﬁﬂ@%ﬁnﬁ@ﬁﬁ advantage of the’
present invention, intact cells or sensitive subcellular
inclusions are assayed without disturbing their structural
integrity. Subtle cellular development stages, such as the
20 various stages of malaria infection can be monitored.
Additionally, the association between various factors can be
tested or monitored even during the interaction process using

the method of the subject invention.
The inventive film and method are suitable for assaying
25 of wvery small biological or other molecules for which
antibodies cannot be developed. These target materials include
organic solvents or pollutants present at extremely low levels.
There are special opportunities made available by the advances
achieved by the subject inventors for drug screening in both
30 forensic and clinical applications. Inhibition techniques
applied to the subject invention allow the testings of
materials which are of a minute size or have a small number or

single valiancy.

The unexpected spectral signal achieved by the present
35 invention is due to a physical perturbation of the bilayer
which occurs as a result of the binding event of for example,
multivalent materials, such as viruses and cell wmembrane
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15 preferably ligand/ matrix |ipids polynerized into a chromatic
detection element. Binding of the analyte to the ligand |inked to the
pol ymer backbone induces stress within the bi-Ilayer changi nl% t he
effective coWPPIZIM6n | ength of the pol ymer 5 backbone. CTAUSHH291
nmononers suitable for polynerization ar eﬁi pi d nononers. The matrix
i pid nonomers are such npieties as: acetyl enes, - di acetyl enes,

al kelnet&h th £%, whibhlCPerturBaty¥bAMiRy, iBEldAEted Cising the
vi nyl et her, I C

[ anhydri des, 10 urethanes, allylanin si | oxanes .or
vi nyl pyri di fivRpestc. ’-m)/eﬂltﬂy?’&-s ®§hPheRni ng fﬁ‘lﬁe g‘i(%ﬁ'bkv%;#f’tbe TR IS
homopol yner syenerarllyi xeddcpel anpasticulaclyrstxmedresmusd dn ude iassdy s
nvention | Sdiefliacahiclt SolltBrAileibhal l Snalbddio ADlddileq SMiORA T oS
in the pol ycﬁ.ace_ yl'ene, 1ts polynerized form The 15 nost Ereferred, mat ri.x
mononer s Sr Ridildeddy| tageFoRhers BRHE °fs BiRYii%ceforanBIaRhysical

oct adi cyl t rixddcfiguratéonhofeserucobher pol ymeri'zing groups could be
used when they: Vi : bl g4 ' r | :
Y BaR/ilGaiAl o SRASAKAD! 8150P00Fa] tnb! ARAIYIE SR A

bi ndi ng event. . Sec conmponenf o ayer are the |1gands
descri bed 20@bdyvearrier may| aisg REYSeAdvARLageqys| FodinFRaasiead ithe
nonol ayer s hafficady ofathel subjecadimémnicar. bfoet hastapess.the analytel.

Form ng Hhd M d o, U dopELAHEE or the sncFie b €01 88a0iRY Alle -
of the anal yyeuld congeptgatg EEFeE%%‘gir’éﬁ @est omakge. invengiveded ohipid
based on s@rfdddICt Ubi NGRididdic of poirecnr i eNhtngaging ps tARPr ORse At AY
stabilizing jthe.; DAY LCale ShEHCHYIR: Ve LoGcadd ;! A%R{asi®nally, the
curved surface of the liposome to which the analyte is attached

15 would serve to tug the peripherally bound analytes away from
the bi-lipid surface and force analytes centrally located on
the liposome into the bi-lipid surface. This pre-binding step
then results in increased torsi_cn, perturbation and-signal
generation on the bi-layer surface.

20 The assay of the invention is suitable for detection of
weak binding analytes as well as for multivalent analytes. The
multivalent feature of the polymer-linked ligands of the
subject invention provides a heightened binding capacity in the
case of naturally multivalent analytes. Multivalency can also

25 be provided for limited valency analytes prior to the test
procedure to imbue them with this advantage of the subject
invention. The inventive exploitation of multivalency allows
a specific but weak interaction to be amplified many f£old.

A structural 1linker of sufficient length and

30 conformability aids the binding of multiple sites on the
analyte even when they are conformationally separated on a
curved surface. As a result of these special features, the
present invention can detect many ligands previously unsuitable

for assay evaluatiom.

35 The main criteria for effective indication of the presence
of an analyte is that the surface of the indicating bi-layer
be sufficiently perturbed to produce the requisite spectral



facilitate color stability until the binding of the analyte to 30 the

nol ecul ar recognition |igand groups happens. The bi ndi ng causes
sufficient steric perturbation or stress of the structure to result in
a col or change. The stability and relative rigidity engendered by the
orienting woprdsieni tes the bi -1ayer, so that a steri @CTA8PR2% N one
area triggers a larger 35 effect in the surface as a whol e which can be:
readi |y observed. The observe® spectral changes are due to

U resses LUeed s nallly RN o0 ShanaRS SHLPBAEYEC 0 UagRY O
PCT/ US97/Mi20 purpose, as it concentrates the analyte in a smgll arepo|yner
backbone ang  further Esoiaé§ éwﬁmeeda&ehbqaﬁdldeaslséwg &Fupa in the

resent inyention ro h|||c I| |d | ud -CHerr]OH, -
?:H[err] ve YCIE'HFEF% ff%il 'E) S'Cl‘-"] OCE]\IHP]h - (CHerr])
[err] @H, - ﬁla@ﬁ&eva#fﬁ@mf l@lgpods] mmmplaﬂpér illO‘-Ilse sukjEeor) Me;

-CH err] qqgg[ngirgn R ergteds Nefbipvi ey r]inn- deteblihg b
n-CH err], err]

1 H H e
n- C er r] Mptivalsgt [bgg:]"cﬁrﬁt (I—&?’P‘% & rLPPH}%rkPGﬁrJJd bR {As most
- 0Sq er r |divaintageshs diindRhgr ahd stBiricpchbthetetifteicg, yrtiereruha err],

P- C B :
mCF[C[ere:]r e”ﬁwr i Snc{é%fiﬂ]x@[eééén %&%@Herr]ﬂ&ér] the, mosr,

err
wher éith dvantagesusy Ligmd 1ec“ﬂnebﬁ%$e9¥‘e&“ﬁ&t SACEPESWASch can
be enpl oypirsonAdity g0 hysiviophtihécprps eat zé nveosiniomraf binding -

St e SREL W S the) by
cycl o- O elefaqrad ) bigandsovlish |aFe, q‘iva 1y qrtloyed in the

o-ad (er r&xh!{ﬁrdd in¥Bnbiéh @be&nhlé[cﬂrl}qhy&t@té[serpdpﬂ[ﬁers],,mmel\Mfﬁ[ng,] Herr],

A =y R el er 11,
| B qiyerde aohg | BEAT or SRR oo
Ph or 264(%&,&#]):[@%@@”]%1; f’er?ﬂ]1L lmﬁrfggf@m% fSia e

structure and morphology are shown in Figure 1 as a schematic

diagram of the polymerized bi-layer assembly. The siloxane

linkages of the bottom monolayer are not shown. Fig. 2 (a)

20 shows an optical micrograph of the sialoside bilayer assembly

between crossed polarizers. Large domains up to 150 uM are
visible. Scale: 1 cm = 20 uM.

The initial investigations focused on the binding of the

influenza virus to sialic acid as a model system for

25 colorimetric detection. The study is reported in Example 1.
A lipid monomer contains a carbon-linked sialic acid head group
that provides a molecular recognition site for the wviral
lectin, hemagglutinin. Figure 3 shows the matrix lipid (11)
sialoside lipid (13) and lactose lipid (15) used in LB film

30 formatting and compounds o - NeuAc (17), B-O-Neudc (19), and
o glucose (21) used for competitive inhibition experiments as
described in Example 4. The syntheses of compound (13) is
reported in J. of The American Chemistry Society, 115: 1146
{1993). A carbon glycoside was used instead of the naturally

35 occurring oxygen glycoside to prevent hydrolysis by the
neuraminidase, which is also present on the surface of the
virus.



The nost preferred detection groups are taken from - CH err] COX, where
Xis OH MO or any salt thereof. 20 Materials suitable for use as
matrix orienting groups are hydrophobic |ipids used to assenble and
orient the film The groups conprising the tails of the I%grlds are of a
w de var i WO@286 vi ng to anchor the polymerized filmto t

surface these noieties can be any of the foIIovm ng: CHerr]- CH[err]O 25
, neo-CJerr]Herr]O, cyclo- C[err]H[err] , PhCH err] O,

pAcC[err]H[err] TT. M BrClerr]Herr]COCH err] O,
- (PhCH=CHCO H e
B2cl orr]Horr] NH°%r°L CFa¢  pivaRF %é&ﬁ 9 s Eaq FtgRtion £5 ies

n- ([ err] H eniddidlndssOfor débection pEechewide xangsp o ttah:igﬁtl maseriedsi s
the net hyl ‘}#ﬁn\%evﬁntﬁ 5 ?mﬁ bﬁ&ﬁ@n&&ﬁlo&'teaéglons amgﬁ'&ﬁélﬁﬂpﬁhhﬁ. gis

structure( mJs attached . can %arlet
materi al & TRingt &heal cCusEentn inyentive te GHFﬁent s 'Y h&5 n Bon, .

such as Examterlidls dpreviously osoubpdc ngaltasbe s@etiectdd chshang bvadlakde

hydr ophobi ¢ b t ADRLanLLat e o such
as 35 oct aa%%yﬁ%rl chl‘g%gﬁ}te nenwI *2\“""69““ 19.F1z'e§ spectfid &ﬁ?zh:mg

rraterla V\gf I S sonewhat
hydr ophobi ¢ viiPus they Sampl igatioRst 8I 1ppppagloBplip @eneratiqny 4t vel y
uni f or m pol yneri cnwri-ﬁgercandb@umkndﬂr@sad\anmes of the inwen®ita7316
PCT/ US9 {j(? 12 %sa}yn gystem allc%w the detecl'l,:.on and %7 ntlta‘?:rl‘%feere‘%‘aaq.utali:@.%ﬁf

errant stppo nVent | on due arency Qr ease in
readi ng t he @dlwateriaikewhighdiafe been previonsly dnachieyabdes begaugse
enpl oyed usi&g ahéefllxaﬁitamﬁens dﬁ/ptelweprmbenm niethods.B. The present

Recept or - Bi ngl gk ML Gil-e%: ety 3elh 080LFeq in a unfGEEPAOLP MEHER for

nv;
nol ecul es are® al'son
accurate detection of malaria parasitic infection as described

15 in Example 9. Development of an effective assay for malaria
in transient stages has until now proven an intractable
challenge for either the immunological assay or analytical
chemical art methods.

Iv. ualitative an uant i

20 In the subject invention and the assay, various spectral
changes to the bi-layer are used to detect the presence or
absence of the target material. The conjugated polymer
backbone of the polymerized bilayer assembly signals binding
at the surface of the f£ilm by a chromatic transition. The

25 color or other spectral transition is readily visible to the
naked eye as a blue to red color change and can be quantified
by visible absorption spectroscopy.

' The £ilm was designed to undergo color transition from
blue to red solely due to receptor-ligand interactions

30 occurring at the surface of the bi-layer. The bi-layer

~assembly incorporated both a molecular recognition site and a
detection element. This simple color-based sensor enables
rapid, qualitative detection of binding by visual inspection
of the film or quantitative detection by visible absorption

35 spectroscopy. .

As shown above, the thin £films of chemically
functionalized polydiacetylenes of the subject invention act



of a‘host cell to which a pathogen attaches itself as a prelude to the
infective event. Selecting such nolecules as the |Iigand group of the
present invention provides a specific recognition 10 site for these

pat hogens as these nolecules tend to be highly genetically conserved

in the pawPddem16 having obvious criticality to the pXCRBHEHOR vi val .
Different strains of the sane pathogen will generally not produce a
fal se negative resul t when nol ecul e€2such as the | igand group in the

subj ect 15 inyention are select or |l ecpl s tend.to.be_ s | er
and | ess ﬁnﬁ?‘@??eaﬁ °cﬁ’t“§%ﬁl§s§§ﬁ§§fq%§ﬁ%bi 'crﬁg 8¢ Elfm? aﬁeecgefﬁ‘r'? B J|ing
mol ecul es witdhaasarbobydxaterhanef Jigaad whigh espraidiicadily Bjpndgebiarrent

i nvention d?'is_,agﬁsugc = _rs%@s,d i Eag !@liﬁ.‘flﬁés. ThE eeﬁgﬁgateagbfewheﬁlihafemees f
recogni zed, i denti isolated,. ynd hesi.zed for ar er o
pat hogens."mtlalaéh’y&’gf’bt ABsEC géépg%lrlgallﬁnagslé&toeaer‘( W5 8\%8%8?" %lg%f{}%@
variouss to zhal gerivanized gmlymer sgysess? change in golpdfesdapfalof the
usef ul Dessf,g{m t)#!ﬁ;é NVSNE4PN i BhéhentensSipl b 8RbJrdBhl v ahd Veedsed1ber
detection of 1 ntluenza or 25 .malaria,. aqple €%-the receptors fogla
nunber of GREYRFRSRSS r°”ﬁ"§yprtt5\/i T a;ﬂﬁsi g i OHFYR TIPS ORI of
these, as amplifyiingastlnyspederal i gigdslf dar muantificatienscupe wellhe

i nvention ﬂwi&;htpetaﬁ,sm Qs Ebentubl 86brs NRLY d@vantagecuslyEanpl e 1
descri bes one exenpl ar uselpf §Ia|IC achd 30 _derivatives ag.one gre%erred
enbodi}ﬂﬂneWR%°XQQ3WHﬁ§(ﬁow eviedSe S0 ARRL XN §ERoPEETFRE - Because o 1.
Assay Testils Cempiticals nature Ofie &beay sifgndls | rihexs onaxs pwahyr ned

under gent rﬁur}ﬁté.sﬁgﬁﬁPmH\ftidﬂﬁ%ii nsifd Veehd (&t edranald/t geesde
i nventive polynmeric thin filmconsfruct enploys |igands and” anal ytes
which are %’Wﬁf!%‘e‘tﬁ’ AR YSESBropri at e bi nding characteristics

specifically wiirionea embaodieenicnofi the present cdnwnticmnmanbdle color
15 shift is observed visually by the testing technician. Because
of the simplicity of the reaction, such observation may easily
be accomplished by an untrained person wmaking the assay
suitable, for example, for at-home testing. Alternatively,
spectral test equipment, known in the art, may be employed to
20 determine a change in spectral color-shift beyond the limits
of simple visual cbservation, including optical density to a
particular illuminating light wavelength.
Spectral changes outside the human visual range can be
employed effectively in the subject invention by use of various
25 spectral analyzers, such as light meters, or through technician
observation of the surface using various translating devices,
such as infrared and ultraviolet detectors.
Means of amplifying the spectral signal for quantification
are well known in the art, such as scintillators, may
30 advantageously be employed when low levels of analyte are
present. Because of the empirical nature of the signal, there
are many opportunities for automating the read out of the
present inventive assay system.
For more precise quantitative measurement, the film is
35 scanned with a visible absorption spectrometer where the
relative change in the intensities at 620 nm (blue) and 550 nm
(red) is readily assessed as seen in Figure 4 (Table 2). The
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18 "range of conditions. The present invention neets stringent
limtations even within this narrow range of such conditions. Thi s

al lows, for instance, maintaining three dinmensional conf ormati ons of
sensitive bi YOHEMA ¥4l s and bi onol ecul es 5 throughout the t &SEYFFT01291
procedure. The test is extrenely,sinple in that the tested anal yte
or nolecule is contacted with the pol yme??c filmof the i nventi on and

the col or cfgq&%%?c%% i ic%&%als&b&gaheeoﬁéeayeécuy%mwﬁa fQ the

guanti tati on. ly, this process lasts 10 only about fo m nut esh,
The present SARRERGTRYICMEE; BRe MIYTRen ToF BFEPERE| §*amPLe FQVRS this
condi ti ons. tecHi®lagga\fromdiHe arenlns uoh laiodildgnostdaisi ot \wheantkalm of

Lemper at ure Gan D6l Ukl 4ohBEiok! 67 dioloriedbagl EPREL WS 1iddddy T on

and other te gques W t hout Intertering wt .he accurac r .
sensi tiviGy & t mhighal §siprecedent emigLgscioy HIRAIRG|cSBRbE | RFARIC
range advantmiflediflddie ThHEssecligandentams, simiaatlygeldexheresensot itte
subcel l ul ar 4.4l Usi ar d w Uty AiS bi t hei 4r al
integrity. §tﬂgtyfééa_‘c% yﬁilgg'fz dgegﬁggﬂrrgnt%#a}ge? suc %gasejtaﬁe g%)j:?/i;{rnﬁ%%tsfg
stages of dafegtien.nfection can be nonitored. Additionally, the
associ ati on between various factors cagriigXTy tested or nonitored even

during t i nteragtion.oroces | mﬁq Q | ect

I nventi on. fhe ™ eﬁ&enﬁ@#ﬁnmear?}glnet o%%arggéslt?’l%ta}'é'l & &P arslgeayi ng
25 of veryletsgiion mblaogery wide yamdetiopEcanalytesr These include

anti bodi es csw¥Il BeoMBYetuDes, TmRSeobsspwititi ebifalBindidg/dand otegani c

SOl vents o AL Sy e s AR IO SUBLS amguFIE'S At
subj ect i nvemate®igd®. drug screening in both 30 forensic and clinical
applicati®ns.  Ipdudiidd 68 HIRErargUSfoad appDPtalillity | Aapsetbhatticdnwuy i on
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previously proven difficult or impossible to detect by prior
art methods. Many viruses, bacteria and proteins related to
them, or infections caused by them can be detected. These
20 include such pathogens as influenza, HIV, and malaria, among
' others. Direct colorimetric detection by the inventive
polymeric £films offers new possibilities of diagnostic
application and screening for new drug candidates or binding

ligands.

25 - The present invention is useful for designer drug
development and screening. Currently, to assess competitive
inhibition of drug receptor molecules, radio-labeled materials
are typically used. However, this process is time-consuming
and requires access to and handling of radio-labeled materials.

30 Other techniques, such as fluorescence quenching, are limited
in that each test is self-contained, and therefore a large
screening effort is prohibitively time consuming and expensive.

There are many advantages to the genetically conserved
host recognition site being targeted by the embodiment of the

'35 present invention. For example, a determination of a patient’s
exposure to the f£lu will be definitive, and not limited to a
particular strain if the binding toc the influenza pathogen



The unexpected spectral signal achieved by the present 35 invention is due

to a physical perturbation of the bilayer whi ch occurs as a result of
t he bi ndi ng event of for exanple, mul tival ent materials, such as
viruses and cell nenbrane WD 97/ 27316
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conservative host binding site to identify the pathogen. Even

in comparatively large parasites, the host binding site tends

15 to be held constant over time throughout the generations of

pathogens. Additionally, parasites are usually present in the

body in a large number of diverse life stages. In well

established parasites, the immune accessible sites often vary

considerably from stage to stage, the advantage being that the

20 host organism is unable to mount an immunological response with

sufficient rapidity to avoid the entrenchment of the parasite.

In this particular application of the subject invention,

various iterations of a drug can be quickly screened for

interference with infective binding by a pathogen. Table 1

25 provides a number of examples of the host receptor molecules

which provide the site of pathogen attachment required for

infectivity. All of these examples, along with many others,

can be exploited by the subject invention for drug development

and optimization. Multiple wells which can be made on a single

30 bi-layer sheet allow many subtle iterations of a candidate drug

to be tested, such as various levels of pH titering. By using

this invention for drug testing, the current chilling effect

on drug research of expensive, individual testing for each
sample would be eliminated . .

35 The availability of high-volume inexpensive screening will

dramatically increase the speed of drug development. For this

" purpose, a naturally occurring transmembrane receptor (TMR) is



subj ect invention provides a hei ghtened binding capacity in the case of
naturally multival ent anal ytes. Miltival ency can also 25 be provided for

limted val ency anal ytes prior to the test procedure to inbue themwth
t hi s advant a&e of the subject i nvention. The inventive exploitation of
nul ti val encyWQ%7gHue a specific but weak interaction to HETAHRBIPL
many fol d. A structural linker of —sufficient | ength and
30 conformability aids the binding of Miltiple sites on the anal yte
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and steric characterrstics
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based on suedgiPatitic aseceptdwysl opapbi cipaytdedlydyophiddfil v, i%i Z€he
posi tion of ing)Pg\if&%nt and development of drugs using the present
invention. The use of naturally occurring TMR’s in the subject
15 invention has particular applications to drug screening. The
subject invention has immediate pertinence in the development
of new drugs of which biological effect depends on binding to
membrane bound receptors. For example, the dopamine receptor
binds the natural compound dopamine. In order to employ the
20 subject invention to search for new compounds that behave like
dopamine, that is, bind to the dopamine receptor, the dopamine
receptor, used as a ligand, is exposed to the tested new
dopamine-like drugs. The approach for drug testing is set out
in Example 6 as one practical embodiment of the polymeric films

25 of the invention and their applications.

Because of the ease of screening available using the
subject invention, many small changes can be made in the
candidate drug structure and analyzed immediately, providing

- great speed and flexibility in drug development and

30 optimization. By noting the area of wmodification which

provides the greatest changes in effectiveness, the critical

structures of the drug can be rapidly identified. This allows

a critical focusing of the drug modification effort which will
greatly increase the speed of drug development.

35 Basic research of drug interactions, optimization, and new

drug development is also made practical by the present

invention. Existing drugs can be analyzed to determine which



site,r and conflicting affinities vis-a-vis the analyte to be det ect ed.

Li gands whi ch are advantageously enpl oyed in the subj ect invention

i ncl ude carbohydrates, peptides, nucleotides, 15 heterocyclic conmpounds,
and ot her organic nol ecul es. The inventive polynerized bi-Ilayer
assenbl i esvd b Structure and norphol ogy are shown i n go@sEo®etheofS a
schemati c di agram of the polynerized bi-layer assenbly. The sil oxane
| i nkages of the bottom nonol ayer are @t shown. Fig. 2 (A) 20 shows an
optical mcrograph of the sialoside bilayer assembly bet ween crossed
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Bg:é??grég ference in activity can be determlné% and amellorate;. get
eliminated prior to expensive and lengthy animal or human
trials. _
is Another important application for the subject invention
and method is the inexpensive, accurate assaying of infective
states and other medical conditions. Por instance, antibody
levels to a specific pathogen can be easily and inexpensively
monitored through competitive inhibition of a set amount of
20 pathogenic material placed in the analytic solution.
Additionally, certain antibodies can be detected through their
direct and specific binding to the inventive membrane.

A large variety of biologically related materials is
advantageously susceptible both to quantitative and gqualitative

25 analysis using the subject invention. Infection by wvarious
' pathogens can be tested long before clinical manifestations are
obgsexved. This is of a particularly critical advantage in
patients with depressed immunity, such as in newborms,
chemotherapy patients, donor organ recipients, and AIDS

30 victims. ,

In testing for pregnancy, human chorionic growth hormone
is assayed using the present invention. A rise in luteinizing
hormone heralds the onset of ovulation for both the achievement
of pregnancy and for use in natural birth control methods.

35 Because of the simplicity of readout, the subject
invention is highly suited for home use. For example, it
enables multiple testing at low cost needed in natural birth



One of the advantages of the subject inventionis its useful ness for
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bi ochem cal reactions anenable to analysis 5 using the current inventive
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i nventi on adis the monitoring of patients with chronic illnesses such as
diabetes. For instance, insulin blood levels can now be
regularly monitored at home using the subject invention. This

20 allows diabetics to tailor their insulin administration to more
accurately follow the insulin requirements. It also allows
them to quickly differentiate early symptoms of a transient
illness such as flu from undue variations in insulin levels.

The present invention also allows for the production of

25 a simple, at-home test for cholesterol levels allowing patients
to determine their cholesterol levels in the privacy of their
own home, encourages the more reticent to test their
cholesterol 1level and be aware of this often c¢ritical
information. For patients with known hypercholesterolemia, the

30 present invention represents an ideal means to closely monitor
the palliative effects of treatment efforts. The multiple well
test kit made possible and practical by the present invention
is particularly useful for weekly or even daily monitoring of
these levels.

35 The monitoring of drugs and drug levels is a fertile area
of application for the present invention. Patients typically |
display a wide range of metabolic levels and liver activity.
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22 as sinple colorinmetric biosensors. These filns are derivatized
wi th a carbohydrate-based |igand which specifically binds bio- or gani sms
such as viruses. The conjugated polyneric filmis initially blue in

col or. Bi ndovgmisa virus or other analyte 5 to the deri vaidpeshredoy mer
causes a change in color of the film fromblue to red. The intensity of

the resulting red coI or corresponds?ﬂr oughly to the quantity of the
virus. Means of, |, i f t he spectral signal for quantification are
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o o U AR 2evegPRSE Wi A P 355 BT 2 e
Means of wu ryphglyh@sa%@pﬂalbxsu ghal bmatqmmphymmam using the
~ present invention. This information prevents potentially
15 harmful treatment for overdose by drugs which display the same
symptoms as those of the actual overdose substance.
Additionally, 1less draconian detoxification measures can be
taken if lower than suspected drug levels are detected using
the subject invention. Conversely, toxic levels can be
20 detected even when the patient is not displaying symptoms which
would alert the clinician to the actual danger level.

The subject invention is further useful in a wide variety
of industrial applications. For instance, industrial enzymes
can be monitored as to their binding strength, as well as to

25 their presence in a media. Their loss can be monitored in an
effluent, and their appropriate dispersal can be monitored in
feedstock and media. _

The invention is very useful in determining optimal
conditions for enzyme activity on any particular substrate.

30 -'Additionélly, the enzyme can be easily engineered for
optimization, including tailoring for specific uses or working
environments. This is done in a manner analogous to designer
drug evaluation as explained elsewhere. Thus, tolerance for
extreme pH environments, concentrated feedstock, cold and heat,

35 interfering additional materials, and other desirable tolerance

' can be developed for industrial enzymes and other active
materials. The ability of the present inventive films to



are well known in the art, such as scintillators, my 30 advantageously be

‘enpl oyed when | ow | evel s of analyte are present. Because of the
enpirical nature of the signal, there are many opportunities for
automating the read out of the present inventive assay system

For nore pre@dogzyaéntitati ve measurenment, the filmis 35 sREHNSYARNh a
vi si bl e absorption spectroneter where t rel ati ve change in the
intensities at 620 nm (bl ue) and 550 nm (red) is readily assessed as
seen in Fi e 9
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detection of a vari et anal ese i nc
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difficult mas»snppsgtypmetw&t%crtquWW#% to on- sxte field analyszs
because of the analytical turn around time, high cost,
impractical equipment for field use and the need for
technically experienced personnel. The sensor which would be
15 wuseful in field work analysis therefore requires material which
is chemically sensitive and can specifically bind the analyte
in question, and a simple, user friendly method to detect when
binding of the analyte has occurred. In-line monitoring of
public water supplies (e.g. swimming pools, drinking water,
20 waste water streams, etc.) for contaminants can be developed.

~ EXAMPLE 31

Ye i o ilm i irus

This example illustrates the procedure used for
preparation of a polymeric film suitable for detection of

25 influenza virus.

A polymerized bilayer assembly shown in Figui'e 1 composed
of a self-assembled monolayer of octadecyltrichlorosilane (OTS)
and a monolayer of functionalized polydiacetylene was prepared.

The films were prepared by a modified LB technique in

30 which the carbohydrate ligand detection group is presented at
the surface of the bi-layer. Mixtures of 2% to 5% of
glycolipid monomer (13) seen in Figure 3 and matrix 1lipid
monomer (11) were spread on the water surface of a standard LB
trough.

35 The matrix lipid uniformly dispersed the sialoside lipid,
which allowed optimum binding of the virus. Sialoside lipid
1% to 5% gave maximum binding of the virus to polymerized



art methods. Many viruses, bacteria and proteins related to them  or

I nfections caused by them can be detected. . These 20 include such

pat hogens as influenza, HV, and nal aria, anong ot hers. Direct
colorinetric detection by the inventive polynmeric filnms offers new
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groups of the matrix lipid (11).
Films prepared in this manner exhibited a high degree of
15 order over a macrosdopic range (50 to 150 uM) as evidenced by
optical microscopy with the use of crossed polarizers as shown
in Figure 2. The films were further characterized by angle- -
resolved X-ray photoelectron spectroscopy (XPS) and
ellipsometry. The XPS results indicate that the amide nitrogen
20 atoms and the carbonyl carbon atoms of the head groups are
localized at the surface relative to the methylene carbons of
the lipid chains, demonstrating that the sialoside detection
group is presented at the surface of the film. Ellipsometric
analysis of the polydiacetylene monolayer coated on HF-treated
25 silicon indicated a film thickness of ~40 A, in agreement with
the expected value based on molecular modeling. The bi-layer
assembly had a visible absorption maximum of 620 nm and
appeared as a blue film.
EXAMPLE 2
30 ive D i Vixrus Bi
This example illustrates the detection of the binding of
influenza virus to the polymer film of Example 1.
When the £ilm obtained in Example 1 was incubated with X31
influenza A virus in phosphate-buffered saline (PBS) buffer,
35 at pH 7.41, the binding' of the viral hemagglutinin to the
sialic acid residues on the surface resulted in a blue to red
color transition.
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so limted that the inmune response.is elimnated. The
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Shaet ol Moo bERpa s BrialSy| Sniho Atz B, BARaTRg, (e APk eRtoRtans

such as vari vathérvehan dfhexwali ta@maaglnsy(nhengochrommnﬁ i nvention for drug '

testing, the currgplyfhihd | 5p8afds eﬁave shsnnd&uatrwer&%sof SR VéE

i ndi vi dual sting ,for each e would be eli m ted 35 The
avai | abi 11y TPAT T o ARGt SETEMRe or SMRTHP R | PLoC. £, i 1 2295

i ncrease t hechpage owhen ughekehexd opEtEent70 Ryr whiish copnegpsmdsa tat urkes |y
occurring st r ARSAPHRLALE (L5810 YD 13Did chain melting. Lipid chain
disorder and tangling decrease the effective conjugation length
of the polydiacetylene backbone. Similarly, Fourier transform
infrared and resonance Raman spectroscopy as well as X-ray data
demonstrate that lipid chain packing of the réd form of the
20 polymer is different from that of the blue form. Thus,
conformational changes in the lipid chains affect the optical
properties of the polymer backbone. Binding of the wviral
hemagglutinin to the s:.alos:.de bi-layer assembly appears to
affect the lipid chain conformat:lons in a manner analogous to
25 thermal annealing.
EXAMPLE 3
Ouantitative Detection of Influenza Virug Binding

This example describes the quantitative detection of

binding of influenza virus to the polymeric film of the
30 invention. _

In addition to qualitative evaluation by +visual
inspection, the degree of color change is readily quantified
by standard visible absorption spectroscopy. The wvisible
absorption spectra of a bi-layer assembly prior to (solid line)

35 and after (dashed line) viral incubation are shown in Figure
4. The bi-layer assembly was inserted into a quartz cuvette
containing PBS buffer (pH 7.4), and the absorption spectrum was



VO 97/ 27316 _ PCT/ US97/ 01291

25 reconstituted i-nto a lipid bi-layer where the lipid layer is
constructed from the polynerizable nononers. This is particularly
applicable to the inventive conpounds that have the two triple bonds in
t he chai n. wo@nmmia he receptor is 5 incorporated into the RTNSY7/0128¢ |ipid
Is irradi ated and polynerized to lock the TMR in place. Bi ndi ng of
snmal | nol ecul es to the b| nding site3#n the TMR produces" a

conf ormati gnal, chang ich affects the i ds_ and cayses a
col or charRp¥ai e % Wﬁ% %’gﬁs}lﬁz%m héf}epéégkh“ %‘?ﬁ' atRsh .7 aaLfTNR' s
i ncl udi ng *esules] deur et r chsematir | twshsditien phgllovimycad 30-megul ating
[ CCEDLOT 8.3 A ARG HeUlcRY. Y AMSRh th il colldPHRYEIC o Hhng

n:t d;r ugs

devel opne using the presént I nvention use of naturally
occur ri ng iR jseqandss BFeEt e.’tB°FH¥%n'E‘P oYRFRE iR (M afesafstunéatticons to
drug scg eqsld Nthe ERerageS ulemgeh bEV Eflink OfedpabrédTESH ailfe [OR W&t fa t he

d I f ff ds di
S N T T A g e

pam né rece bi nds
t he nat ur atepaaeRng (%p&ﬁ R8%¥.|n order to enpl oy the 20 subj ect invention

to search for ngw sauBouBUsrédatilweNaveili kene) benri@rrtne e u:d‘éd:ob' nd to

t he dopami ne regceptor he dppam ne ecepto used a gan

exposed t e’ ’t’@'gﬁ'edh‘ﬁ%mf sggﬂ%%aﬁ*’ﬁgr#k%n (ﬂ’%%mu‘ﬁ'h%t §56055‘ gr adr ug
testinyoi swestem@bsorptienEatnp$e mnas Aditerpdacubshionmpith nigriluginzehe

pol ymeric 4 2Raahelghe 1L A¥ENT i HN cﬁ‘gnét}l%' r cﬁaﬁbécaiﬁontche v:n.s:.bleBecause

of the ease %Fscreenl ng avai Fabl e ﬁ ésect I nventi on,
smal | charRRECTRH P SREFE* IR ?%%‘rre ca BFd&?’é" F’F’Bc’?‘ﬁr’é‘%sﬁg | yzed
i mredi at elwi tlpreovioticayrent @taaassapeadthedndxmmlam 620 mm drxegpuledgiocopment

and 30 opi) i 23ld UblorRM @cﬁhng the area of nodification which provi des
t he greatest. changes, i n eff ectlv es%ﬁthe critical tructures of the

drug chd be rapitiSFIeRekts FTHARtsE FERPonBse, ofy & e BsiHY St t he
drug nodi famadntono£f fdxusyhite wwisible spectrum of the film before

exposure to virus was analyzed as equation
1. B, = Tgo/ (Iss0+Ig20)
where B, is defined as the intensity of absorption at 620 nm
20 divided by the sum of the absorption intensities at 550 nm and
620 nm. After exposure to influenza, the equation was
2. B, = Tg0/ (Isspt+Igzo)
where B, represents the new.ratio of absorption intensities
after incubation with the virus. The colorimetric response
25 (CR) of a film is defined as the percent change in B upon
exposure to virus:
3. CR = [ {b,-B,)}/B,)) - 100%
The colorimetric response was directly proportional to the
. quantity of influenza virus, measured in hemagglutinating units
30 (HAUs), where 1 HAU is defined as the highest dilution of stock
virus that completely agglutinates a standard erythrocyte
suspension.
Figure 5 shows a plot of the colorimetric response of a
sialoside bi-layer assembly versus successive additions of
35 influenza virus. A blue film containing 2% of sialoside lipid -
13 (Figure 3) and 98% matrix 1lipid 11 (Figure 3) was
preincubated in PBS buffer for 30 min., after which successive



greatly increase the speed of drug devel opnment. 35 Basi ¢ research of

drug interactions, ‘optim zation, and new drug devel opnent is al so nade
practical by the present i nvention. Existing drugs can be analyzed to

det ermi ne whi ch WD 97/ 27316 _

PCT/ US97/ 01 2@ 9727316 3 26 st reEVUPESI e Of
the greatest inportance in their therapeutic effect. These structures
can then be optim zed, and.even transposed onto a mor e ‘bi ol ogi cal |y

acceptable, smaller, or | e expensi ve _non-actiyv rucgture.., Such
qual i ties a3ligRePLs a‘b’?l:ﬁ{:?:‘;/ %’béf‘i‘ g YHES o 5t c}e#’ba?#feerf’c]a“h e
conferred. incubated ifiort 80 miirf f €oddpwdnggsach addisibae viigust handrigae ment
of 2 Ui Se8sfnd Nl iIeiEhll BpERRrR A Y 2REARE0 aCt TNt YoR'S| fides

t he technol ogi/ 0 e subj ect invention. ThenL,thel r active siies, can be -
i ncor por at ef3leeirted acFrEddpg£O AFYAERBRA 1 yL1RBRT HOTERESAPR NP ETAF es

whi ch  opti 8f z@heaEirgitt wixc adatdepointsaipgives i at ellppesicfudt.caB ofx? the

new hybri do g%élp Any . interference in activity can be determ ned
and anel i orated of elimnated prior to expensive and |engthy ani mal or
human tri al sSatiwration efother COlREimERTiapFEFPARFBNCFERIEh& s hfQct

i Pant i Ond ﬁztagénd ﬂgéxhstd;l iirfy tg!hg keaxaie:miwmt;as:qsmrf&teet @ﬁ'&ﬁki Moofiﬂﬁl)ecz ive
states an er .nedl condal tli S.., FOr _|.nstance,. ant.d 0O Vel S 0O a
Shoer i o e M g Seb ndplRS il R rd i BECend BllloRnop | (RS
conpet i Liovethahstrudmiradf chapgesawipigh wssuls ipatie@elos changeiappedr aced
in the angbybCirsebeidiBle undeddehbbonabhdicand ai n antibodies can be

detected through their - direct an |fjc bi-nding to the inventive
Competitive Inphibition Ass For Influenza Virus
Specific Detection
15 This example illustrates utility of the invention in

competitive inhibition assays.

The specific nature of the interaction between the
influenza virus and the sialoside film surface was confirmed
by competitive inhibition assays. Figure 6 shows that the CR

20 of the film can be inhibited by compounds that bind to viral
hemagglutinin. Incubation of a sialoside bi-layer assembly
with 32 HAUs of influenza virus produced a colorimetric
response of 22.6%. However, the same concentration of virus
in the presence of 17.3 mM concentration of compound 17 (K, =

25 2 wM) (Figure 6, column 4) completely suppressed the CR to less

. than 0.5% due to competitive inhikition. The CR was not
diminished in the presence of 17.3 mM (Figure 6, column 5)
concentration of compound 19 (X, > 50 mM) or compound 21
{Figure 6, column 6) that do not compete for binding to viral

30 hemagglutinin. The known  inhibitor of influenza
hemagglutination, compound 17 see in Figure 3, has dissociation
constant K, of 2 wM as determined by a standard
hemagglutination inhibition assay (HAI). Incubation of the
sialoside bi-layer assembly with influenza virus in the

35 presence of the known binding inhibitor 17 resulted in no CR
{CR < 0.5%) and the film remained blue. This result
demonstrates that the inhibitor effectively competed with the



A large variety of biologically related materials is advant ageousl y
susceptible both to quantitative and qualitative 25 analysis using the
subj ect invention. Infection by various - pathogens can be tested |ong
before clinical manifestations are observed. This is of a particularly
critical adwamépgysie n patients with depressed i mmunitypcTashr@aser n
newbor ns, chenot herapy patients, donor organ recipients, and Al DS 30

vi ctims. In testing for pregn&Acy, human chorionic growh hornone
i s assayed using the present invention. A rise in |uteiniZzing hor none

heral ds’ t heislreidoPuséarat ton Hading: kotthe yéarevettan the biupfddmncy
and for usgas Nesfigd@ltobhehsanet gudntiheds induenza :.IBeQQélsgﬂ'eéanet he

S|an|C|ty of readou h I nvent 1 gbl'y uited for
home use. °f F8r ’@P&ﬁ% é’iw% Figy e%’gblgefs TRt #’gSt?(ag £|+ ¢ost needed
i n nat ur algbicase, compound 21 M0the/ egdan change was 1dentz.cal toa film

PCT/ US94/ 0dgHsed to influenza alone. 27 control nethods or

for assessing ferti tQ t ze_ t nces achi evi nancy.
The i nexpensi ven?nﬂrlqeby'é 'ees#l hg c%%%%?’t’s}tdf h'éh?) fo pr ?&%‘Etﬁ"&n nmade
possi bl e t¥alusglofimKkd £pk eamalrlsibdroa,sthegl ER bras mekayredsfieeta mexdiedes an
excel | ent ACEREINLEPT cEAEEABANARA | Y The déke%l:QEaQLd PLEIRNear

Det ect i ng F egnancy pri or {o & m ssed period 1's I np i A"avol di ng
exposur e tEASERR ul (Factor®;295) witigh aldéc&’FPFP-Bal ‘F%n‘f%#é}%nsoutq;orre in

the fizst fimswilshyese 17. ofmtnwmrmoﬂ bfl shabsplotmey CRNE m#\eghxaes)rteﬁnant
o o b DESRCBAORRELb] DrB IR LA DRGSR
devel opi ng"#’éﬂ!’ﬂstQheﬂ'tear’F‘F’é%acel'-heséu&lsse‘é%Jése cEfpPresents "the ‘minimum
inhibitor concentration required to effectively compete with
the sialoside surface. The value obtained, 2.5 : 0.83 mM per
15 4 HAUs of virus, is in agreement with the value of 2 + 1.1 mM
obtained by a standard HAI assay and 2.8 + 0.30 mM as obtained
by nuclear magnetic resonance spectroscopy.
- The inventive inhibition assay described here is direct
and easy to perform. This approach avoids the need for red
20 - blood cells, which are used in the standard HAI assay. In
addition, the subjectivity of reading microliter plates in the
standard HAI assay is &replaced by a quantitative
spectrophotometric method. This methodology could be applied
to screening for new drug candidates or binding ligands.
25 EXAMPLE 5
Non-specific Adhesion
This example illustrates the non-existence of non-specific
adhesion interfering with the assay of the inventionm.
In order to assess the CR due to non-specific adhesion,
30 two experiments were performed. In the first experiment, f£ilms
incorporating lactose lipid (15} (Figure 3) were incubated with
the influenza wvirus. Lactose was mnot a ligand for the
hemagglutinin lectin. Incubation with 100 HAUs of the virus,
which is a concentration corresponding to a maximum response
35 in the sialoside films, show only a small effect (CR of 2 to
4%) . In the second experiment, £ilms containing sialoside lipid
13 were exposed to concentrated solutions of bovine serum



i ncl ude rubella, toxoplasnosis, and other pathogens. The pr esent
i‘nvention allows for sinple and i nexpensive screening 15 for such di seases.
Anot her inportant application for the present.invention is the
monitoring of patients with chronic illnesses such as di abet es. For

i nstance, i wa72mi6l ood | evel s can now be regul arly nmoRETEFEPIE hone -
using the subject invention. This 20 allows diabetics to tailor their
insulin adm nistration to nore accurat el y follow the insulin

requirements,. It also_ allo h i ekl i enti ate |
synpt ons of 2ePYidhsi Z’ﬁam‘ WF“FI ﬁ%‘gé %E%%Paéswfv{aé %Pgr%%ﬁgﬂe vari a'tﬁ?%rs!)sé in
i nsul i n | eveémults indicat@Hehaly asensPeavEht iadhegion of VaxasioF Ruatelin

production of 35 #i3"RLErads -dHUE noeShré@ics Ml airanat it axslcr alHamsieng
patients to determ ne their choles the privacy of their

el terof, Ie\{flﬁ)s P
own’ hone, ePRERFVRFA LR SRECE LG FEERPYD 13882 R2PFIRI- chol esterol | evel
and be apare of this often critical EXAMBLE & nmation. For patients with

known hyperchol esterol em a, the :ﬂ}_ﬂﬂggg?% ention represents an ideal
means to closely nonitor Jthe palTrative effects of treatnent efforts.
The mul tipl e welThis exaapielillugifatiss &hg Bkt ofc Ehe 1P IR Fo¥sent
invention grudSadaslidgmdntr.ly useful for weekly or even daily nonitoring of

th I ls. 3 T ls .0Q: d ' ertil
coe evelS, o anoepi AL LBl oSt sl

area of appl I nventr on. trents
di spl ay1@ vbimdingmgmobtcyisladenown |t dbe tavPiverrinciheiphysiological  yp
97/ 27316  regulation of interest were selecteBCT/MPPild2f§ partner was
28 This,is particul ally, 1he BRenabe! PSR LOCE-AQRP {d Example 1.
In the case of neurotransmission and neurological drug
developinent, for instance, a dopamine receptor was employed.
15 In the case of drug development toward pathogens such as
influenza, for instance, the viruses hemagglutinin receptor
were employed. The binding partnei' incorporated into the £ilm
was dopamine, or a dopamine ahalog or sialic acid or sialic
acid analog, respectively. The goal of the assay was to select
20 a drug which interacts with the binding site in a way which
effects physiological functionms. _
When the described receptor was present, it caused a color
change when allowed to bind to the inventive wmembrane
incorperating the binding partner.
.25 A candidate drug was then introduced into the system. If
. ‘the drug bound to the receptor or modified the binding
partner's' binding capacity, there was a concomitant decrease
in the color change cbserved in the subject inventive membrane
due to competitive inhibition. The ability of the candidate
30 drug to influence binding was quantitated by observing the
degree of decrease in signal as compared to the control.
Variations of the above approach are used to suit
different systems. In some cases it is necessary to organize
the receptors into large assemblages such as incorporation into
« 35 polymers, liposomes or membranes. This arrangement amplifies
the film changes when the receptors bind. However, when a
candidate drug is introduced which binds the receptor as above,



situation. Because bl ood drug |levels cannot be easily det erm ned,
the clinician is often forced to under-nedicate a patient who could
benefit from higher levels of adm nistration. 5 Unfortunately, the doctor
must err on the side of caution to avoid the possibility of toxic levels
bei ng reackedlora3tkhe present invention allows a nore ageafbretzéi eri ng
of drtlug adm nistration, allowing better pain relief and other drug
benefits. 10 The present inventi3®& has inportant application in drug
abuse. \Wen a patient suffers froma possible overdose, the actual bl ood
| evel s of theredisip Arpcsamisantsdpgepeee yl%aﬁheo@bserveﬂycebfar&@amessed by
the treating phystkéanvapisgiddiethat pIesEHbl idWTE | €. thid hisvend Dsarat i on

B ® RRkELes tilad "chr SiLpl &2 OB orf e WAL ARG Po WOl OF

di splay t ual ~~ over
subst ancea knomlchrwmn i P9§§1§ﬁ§ébrﬁfa&?ﬁ@ado>tl0f |t(b§t Edhmnetsempesoxan be

taken isf fgper ddiaitsSuspeanied ééﬂgﬂeevﬁé&rﬂiﬁéiﬁde%?d leRding t:ﬂeesubj ect
i nventi on. Conver se

éb\é t oxi c | evel ? ?rl i det ect €d even @;1 t he
patient | SSRBPLOF &7 APPHICRSMGR BFEOfhtRF11m BB meﬁ?‘%‘?“flqme‘aﬁl Hithen to

t he actuanﬂeggfmglemumple for blﬁﬁmmgsprGOErshventaﬁnersthewfimn iseful in
a w de va i a n FQah. .l N [ 19{;1;# i al
enzynmes Jbbfgé{e e nonitore ashfgﬁ'? el r‘é%fn?f thelr %R?ﬁ gaséwe é%s to 25
their pr e§éﬁéén9ri°%r?&%ﬁsat§¢ﬁe iptpgact é*%ﬁ)ﬁﬂ‘\?f’églFﬁ daRecepteXs | yent,
‘and thei r aappoppingtihelifider, sgiving tisentoi theecoler changeedsinckhibsnd

medi a. dDE LNSIMAHL |cart Yo/ d13RUNY BACLALA! DLOG PRLLIRLys

condltlonsaYbr enzy ne activit on any art u stra
Addi t i onapiyingha Bﬁﬁy%‘r%aﬁ# -‘@ﬁ?qnfeeﬁgthéﬁr éaanoabsence)mi Q2T on,

i ncl udi ngchanhyel i 8¢ {wrekgriehiioussvardatienki ng environnents. This is
-.done in a manner anal ogous to desi%wdrug eval uation as expl ai ned

el sewhere. Thus, tol erance for pH envi ronnent s, concentrated
f eedsfldck, cold and heat, 35 S§ jonal materials, and ot her

desirable tol eﬂ'ﬁi@%xampl@aﬂlbﬁsms)ﬁéﬂefﬂl uﬂQu&yrbﬂlth@nzﬂmm:d ot her

active Mt gLhdrSe £1{f £0' hhbY ShetlCeRL CSSRa1AS VEIHAS T1d Bep
constant and an intermediate linking moiety is varied to.
accommodate an ancillary novel binding partner.

20 A film which has biotin on its surface binds the protein
streptavidin. This protein is tetravalent, therefore in its
bound state it still has one or more sites available for biotin
binding. Novel binding partners'are derivatized with biotin
to attach themselves to the £film surface through the

25 intermediacy of the streptavidin protein. Only a single
biotinylated film is prepared, and built up in a sandwich
fashion with streptavidin, the biotinylated test binding
partner. Exposure of this assembly to the test receptor gives '

the desired color change. - As in the previous example
30 competitive assays are performed to identify new drug
candidates. |
- EXAMPLE 8
Ent Detection of Small O

This example shows the development of a new class of

35 functional materials which specifically trap small organic
compounds and report the entrapment event by a colorimetric
change which can be detected visually. These materials act as
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29 detect small nol ecul es using TMR s as described in the drug

devel opnment section above al so has excellent use in industrial’ and
environment al applications. Noteworthy among TMR s to be used for. this
pur pose are $vpprekfiactory TVMR s. These can bind 5 snmall odoranussiz®iul es
and have i nportant applications as an envi ronnent al sensor, anong

ot hers. The need for chemical séfsors to nmeasure anal yte
concentrations for industrial process control  applicatiops, for rnlng

and saf ety simplkansolior -basPAFARSRS deyisefsyRichqetact féegPE%Een‘E?
cheni cal angbmshiinds Waithaasgesl edrtairogthphytoxic A utpaCE DEdiy ar e not
conduci ve to on- S|te fleld anal ysi s because of the analytical turn

around ti me¥ ?ﬁ’ﬁ % s inpractical equipnent for field use and the need
for t echnl caIlee énp'em mdnﬁ@ﬂyeﬁn@pe syrsbgehs ot WAPER drFetwpkens

Uﬁef ul I? q& r@r?{d)rﬁ i%&é%%}%ﬁt‘.‘ﬁ'}n \/mi.’rfel?ne 1 B}St
chenical Ty sen5| | ve and_can ifica in e, ana uest i on,
and a si npl eLaRREALINY ﬂ?ﬁ ‘F’h‘&p‘f ebte}ile]ct ST * 1t b'%ﬁhedl?lﬁl?ﬂt?

anal yt e hasgoowpir r eThe émanummqalrlwguu& estEquf- | penkbacesadiyrioiss
(e.g. sw nmjogy @Oiﬁaéud rﬂsnhyagowisfea 205 ARG deRLAT pEL6REAS E%egvﬁautrpr

cont am nants can E 1l
Pr epar at i ont %fa#GPyﬂ%r4F|Fﬁ?ﬁ&?rﬁﬁFﬁﬁ?laﬁe FePATRERA 8nd) Fhe ester is ppg
exanpl e10i | hydiobyred tichehipabdaktate asaliogs & and 6 pr dpar ethph e;zfters

ol ymor i zectbE) S05heS, Bad AR | ip aehpldid (Ebagetd UEo pive the
- assenbl ed m%@e?’hﬁaec{l%egyﬁ?ﬁ‘mﬁ?ogoﬁnpar?e (OYSflatm%nanatPGncﬁ ayer
of functi ongroues PeBult dectywede vasietepsf edw materials The dhich thes e
prepared byéﬁegl)ﬂé'i&ﬁ:zla%r&e%\:h@.ag)%iigties are reviewed.
| 15 The monomer-lipid clathrate is ordered and. compressed on
the water surface using a Langmuir-Blodgett film apparatus.
Polymerization of~the monolayer by UV irradiation yields the
blue colored material as previously described. The is lifted
onto a hydrophobized microscope slide. The ability of films
20 of 7 and 8 to entrap dioxane and l-butanol and to undergo the
expected color transition was tested. Because the technique
can be generalized, appropriate derivatives of 1 and 2 are
selected and tuning of the chemistry to specifically detect a
particular small molecule is determined. To date, little is
. 25 known about why the materials 1 and 2 are highly selective to
dioxane and l-butanol, respectively. By examining a series of
compounds, a variety of solvents was screened using the
colorimetric detection. technigque to determine which solvent
forms the most suitable guest eompound. By using computer
30 modeling, cavities were engineered to be of the specific size
and shape to bind to analyte molecules. The uncomplexed and
complexed f£ilm with a variety of ‘standard surface techniques -
were fully characterized. These include XPS, Auger, Leed,
ellipsometry, Raman spectroscopy and STM. All of these enabled
35 determination of the structural reguirements of the clathrates"
in order to rationally design new materials with specific
clathration properties.



30 which the carbohydrate |igand detection group is presented at t he

surface of the bi-Ilayer. M xtures of 2% to 5% of gl ycol i pid nononer
(13) seen in Figure 3 and matrix lipid -nmononer (11) were spread on the
wat er surface of a standard LB trough. 35 The matrix lipid

uni formy-di t he sial oside |ipid, whi ch al | owed ‘ﬁﬁ’dépﬂ@ ndi ng
of the V|ru‘§8%;l§7$%5|de l'ipid 1% to 5% gave maxi num bi ndin Pih

virus to polynerized WO 977316

PCT/ US97/ 01291 30 | i posones. | deal

m xi ng of the two conponents was deggarpngds by anal ysis of ‘the Langmuir
i sot her ns. Vari ous I’atlé)S of ogers_( 12_ an 13) give i sot her ms
whose limting areas and in direct proportion
to the nole 5 Thiacekamplbs destrikescxpectidmeorndsieyidiitiiong useg®honi xed
monol ayer it efeBACSS Ol BAEL D HauBYdked on the vater surface. The

floatin olyneri zed_fjIl mwas |ift he hor|{ zont touch net

onto a gﬂgssysl rhe pff%%‘f‘%us?‘iptaﬂ’teéd \ﬁg‘?ﬁrlg sBfF+C- s were. nBFERakg oI ayer

of OTS. Thddeestchlby bo-thyse mﬂﬁqd 1ith qxam'mé.lets. anTaer filog were
bohyd I d I

carbonydr a ?cp :Qﬁ” ?f £hrd c:c::iﬁ:“@ini(r.c_:t Lt Qﬁ!se“ng ?689 gQacer

in sialosi rves exten drate beyond
the car boxWF@ZQéFGShea@fte-’" g?‘fﬁﬁﬁl?&t tPREPIRHTY D i "p“%l Path ogens the
Films prep&igasi bebhiné phnkeinecudldu ! edrite hhgivrlegisponet IGR) oiflceaetker a

macr os (e rang ( err]M as evidenced by optical m croscopy
wth the us?gsgf oggg;é?%]‘?gﬁzers as shown - in Figure 2. The filnms were
further characterized by angl e- resolved X-ray .photoelectron

spectroscopy (XPS) and



ellipsometry. The XPS results indicate that the am de nitrogen 20 atons

and the carbonyl carbon atons of the head groups are | ocal i zed at the
surface relative to the methyl ene carbons of "the |ipid chains,
denonstrating that the sial oside detection group is presented at the
surface of thedmbsr Ellipsonetric anal ysi s of the pol ygCa®snaze
nonol ayer coated on HF-treated 25 sili3®n indicated a filmthickness of
-40 A, in agreenment with t he expected val ue based on nvol ecul ar

nodel i ng. The bi -l ayer assenbly had a visible absor p,;l on_maxi mum of 620
nm and appeared as a blue film a e, EXAMPLE 2
30 Qualitative Detection of Influenza Virus Blndln:%; ” Thi s
exanple illustrates the detection of the binding of nflﬂenza virus to -
the polyner filmof Exanple 1. Wien ‘the filmob®ai ned in Exanple 1
was incubated w tuh X31 i nfluenza A virus in phosphat®-buffered saline
(PBS) buffer, 35-3at pH 7.41, the binding of the viral hfamag lutinin to the
sialic acid residdes on the surface resulted in a bl ue tp r ek col or
transition. L D 97/ 27316 .

PCT/ US97/ 01291 ¢ % 31 B F'\;gure (2)B
shows the colorir@tric r sponse of the film supporte‘zl onga gl ass

m croscope slide, «readi I§ visible to the - naked eye fot quilitative

eval uati on of thel" presenge of the virus. The filmon %he ®eft (blue) has
been exposed to ngl ank & solution of PBS. Bhe filmon the rigght (red) has
been exposed t4 100 HA\Us of virus (CR = '§70/() A col OrngEtBI c response of
~15% was observed® vi sualiy No col or change @as observedcvvheﬁ t he bl ue

fil mwas incubated Wlth@. bl ank sol ution of §PBS ,g -'-'g
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buffer- This result denonstrates a pol ydi acetylene color 10 transition
arising fromaffinitybinding (affinitychrom sm rat her than thermal
anneal i ng (thernochronisny. Previ ous studi es have shown that LB
films conposed of lipid (1), Reaction Schene 1, undergo a blue to red
col or chevigeodign heated at 70[err] C, which correspondgchisbiifiach®

endot hermal transition for lipid chain nelting. Lipid chain di sor der
and tangling decrease the effective comspugation |length of the _

pol ydi acetyl ene backbone. Simlarly, Fourier transform infrared and
resonance Ranmaiiagueept pxfschfpy (22850el | as X-ray data denonstrat e t hat
lipid chain pacciengenf2usheraedrdsarm of the 20 polymer is different from
that of the bl ggoéomarr. adddissei. veynbos mBid angdaychanges in the lipid

chai ns af fect thecOmlb u_a_@_&m_ pj@,peﬁ;jggs(lggo)t he pol ynmer backbone. - Bi ndi ng
of the yiral o Bemygof ULIN NsiO0 e 8 akesi qe.dyy-| ayer assembly appears to
af f ect the6 | plmb_@%iﬁﬁ'l—(ﬁs In a manner anal ogous to 25 thernal
anneal i ng. - Quantitative

Det ection of | He+tefsuroseience Resgarsh, 18: 102- J““"I’hﬁlg‘”éxarrpl e describes the-
quantitatifre dSEBSiLiebkerss 211: 3 Nd2n@98T) i nfl uenza virus to the polyneric
filmof the 30 gehVeldE: B35-865 (1989) I n addition to qualitative evaluation
by viswmalio. denspset isznrsdzheradepree of col or change is readily quantified

by standargd. vi sgbiesabsaquggwmgapgct roscopy. The visible absor ption
spectra ofna blﬁa.:@,)éersﬁssg’g)kyl qubgg) to (solid line) 35 and after (dashed
line) vir i NQUD a hown u T | ayer assenbly was
inserted ?lnto %l él NEEL is 750 |%|§n57ﬁ3§7 E’fegfg) (pH 7.4), and the
absor ptj ont* Spe@ﬁ 2 }21985)\\0 97/ 27316 :

PCT/ usb'-"// 01f291 Cell, 56: 725-728 (1985)
. g, Virol, 63: 3991 (1989)

17. Inas, 86: 10100 (1989)
18. Virel, 176: 337 {1990)

19. ed, Microbio. Imm., 179: 105 (1990)
20 20. Infect. Imm., 24: 65 {1879)
21. Proc, Soc. Exp. Bio Med, 162: 299 (1979)

22. Virol, 172: 386 (1989) ,
23, J. Clin, Inv, 86: 2565 {19%0)
24. J__Virol, 64: 2569 (1590)

25 25.  Science, 248: 1410 (1990)
26. Pebs Lett., 277: 253 (1990)
27. Infec, Jmm., 57: 2378 (1589)
28, Microb. Lett., 57: 65 (1989)
.29. Infect. Imm., 40: 2060 (1990)

30 30. Infect. Imm,, 25: 940 (1983)
' 31. Med. Viyol, 8: 213 (19839)
32. J. Virol, 64: 2582 (1990)



32 . Obtained. Addition of influenza virus in PBS buffer (pH 7.4)
resulted in a chromatic transition following a 30-m n. i ncubati on
period. Although the film color began to change Wit hin seconds after
exposure to virus, 30 min. was found to 5 be the average length of tine
required for whe8¥316 0 reach a pl ateau value in a nonstiPECHESH®IIM on.
These spectra represent a CR of 509%8% The bl ue-colored film
(solid line) before the exposure to the virus, had a strong absorption
maxi rum at 620 nmand a 10 weaker absorption at 550 nm After incubation
wi th influenza virus (dashed line), a dramatic change in the visible
absorption spectrum occurred. The maxi num at 550 nm i ncreased wth a
concurrent decrease in the maxi mumat 620 nm resulting in a red-colored
film 15 In order to quantify the response of a filmto a given

anount of virus, the visible spectrumof the film before exposure to

Vi rus was analyzed as equation - 1. [err] where B[err]
is defined as the intensity of absorption at 620 nm 20 di vi ded by the sum
of the absorptlon intensities at 550 nm and 620 nm After exposure to

i nfluenza, the equation was o 2. - [err] where B[err]
represents the new.rati o of absorption |n§bn5|t|es after incubation
with the virus. THE Blorinetric responsg 25 (CR of a fllnlls defined as
t he percent change an B upon exposuregt 0 Vi rus: 3.

[err] The Gl ﬂlnetrlc response wgs directly proportional to the
quantity of influe Virus, measured in flemaggl utinating units 30 (HAUs),
where 1 HAU is defise as_the hi ghest dil ytion of stock - virus that

conpl etely aggluti standard erythrqcyte suspensi on..

Figure 5 shows colorimetricu esponse of a si al osi de

bi -1 ayer assenbl écessiVe'addrtnons of 35 influenza virus. A
blue filmcontaijnfng 2% of |si al oside |ipi & :
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13 (Figu rix lipid 11 (Figure 3) was prei ncubated in
PBS bufflﬂl ﬂE l Wﬂ”fter whi ch successi ve i WO 97/ 27316
01291 ¢ o ' 33 THISISREET AASBEEN
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i nfl uenza A virus mere added The fil mwas i ncubat e for;ﬁ@Lﬂch

follow ng &g
was reco
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Ig.”gﬂddtlon of virus, and the visible a

rde CR was cal cul ated according to equation 3.

Li near regreSS|on analy5|s 5 of the figast six data points gives a slope of
err] = 0. 985). Saturation of the colorinetric response
cﬂﬁIMs HAUs. Incubating the red filmwth a buffer blank (no

for houchga i liéaélﬂlt 1 P'e% EeiH’ foPfaifetblddeeelith of THUS,

truct Ural resu in the col or change appear

to

be

the REEERNFRS “t“r SRmprising: EXAMPLE 4

ve I nkpbidi ngéﬁday:buiﬁmﬁshngl detezt¥ngusyroup having direct
THRERILGNEAR rhe addiaR L AMURCLLLHS 14814 Toliddr bty

Ive | i'tion assays

err

e0|£|c nat ure
tter £bei ana HF%@en t he |nfluenza virus and the S|aI03|de film

surface was cophi GMdnearbyteaspatal | Venkaihitivinen tags aesmihalueads, shows

Cgﬁﬁﬁdpuﬁﬁﬁ 11Pkgﬁb§F|Q€t&$Q% S|:ﬁ%%?dﬁggﬁ?ﬁggﬁ%hgggeﬁgng tO\M

32 HAUs owaldfﬂagazd.V|rus produced a colorinmetric  response of 22.6%

the gang coMhesH f@]yﬁﬁr%&é&ébone itd WhecRrasNeerabtifal MM
Hda%7

seand terminal end;

d) orienting groups which are bound to the surface of the
conjugated polymer backbone in positions not occupied by the
structural linker; and

inker is

e} a support structure;
wherein said film 1undergoes detectable spectral
modification upon binding of a .target analyte to the ligand.

2. The £film of Claim 1, wherein the analytes are
biomedical materials, .pathogens, drugs, or industrial
materials. |

3. The £film of Claim 2, wherein said biomedical

materials are selected from the group comprising pathogens and
cells infected by them, drugs, hormones, blood components,
disease indicators, cell components, _antibodies, lectins,
enzymes, genetic material, and their metabolic derivatives.

4. The film of Claim 2, wherein said pathogens are
selected from the group comprising viruses, bacteria, parasites
and other pathogens.

5. The film of Claim 4, wherein said virus is selected
from the group comprising influenza, cold, rubella, chicken
pox, hepatitis A, hepatitis B, herpes simplex, polio, small
pox, plague, HIV, vaccinia, rabies, Epstein Barr, reovirus,
rhinovirus, and mutations, strains and/or ligand recognizable
parts thereof.

6. The £ilm of Claim 4, wherein said bacteria are

selected from the group comprising E. coli, tuberculosis,
salmonella, streptococcus, and mutations, strains and degraded

(T

Il



colunn 4) conpletely suppressed the +hah
0 5% dzg,lﬂhi %ﬁ“’ nhi bi ti on. The CR was not h1$J§#5ET|H4\St$EEN

presenc re_ 6, colum 5) - concentration of cdRERLAGED19
(K[err] > 50 mM or corrpound 21 (Figure 6, colum 6) that do not compert
for bi-nding mowviz7alé 30 henmaggl uti nin, The  known  PEATUSPTHIN  of

I nfl uenza hemaggl uti nation, conpound 17 see in Figure 3, has

di ssoci ati on constant K[err] of 243mM as determ ned by a
standard hemag%_ll utination inhibition assay (HAI). [Incubation of the

si al osi de bPaﬁrl'a%/éif ly with influenza virus in the 35 presence of the
known bi ndi ng i nhi bi tTe £¥1measiiCladmi 4, nhe@Rin saidRaxras@tE%)and mthdre

filmrenai Sfﬁk%s argh's%le'éﬁﬁﬁl terom Elﬁémv\%:%{x t%ﬂ?ﬁ%lha‘e ha A% 0T

effectivel
PCT/ US97/ 019baeping s:.ckness, river blindness, an §&:xop1asgpﬁp.63| de surface
for bi ndsng to tde ViTnes £ilhest tdiain ag fvhé:ne:.n saiak 1égpndetls tprdvicieshne

quantity o | an ue%akrﬁ\?{holg‘eogr gs Qﬁﬁo%en ?&Oﬂl nhi bitor (Figure 3,

conmpound 1 %’ nd 21), .the col or change was
i dentical to a fSH m Thefidgeaf t©lain mewéara}@r@e analyte igm gfigas 4 o

test the capabi |1éy Ofnd 18 1 |dB maairedl Cihbhe saldvﬁgﬁhd)flé((?béﬁctiﬁﬂ
i nhi bitor, Ehe was neasured ries

f
concentrati thergToup ??\'&?’é’é |e|?l eF'“ﬁ% a$rov9:h F%g%o Po:( ‘faecrcr n:.a
.995) &bt hana[bxt@aaqegiylsbnl;mc reagentor §or ixphind ppadytey. cmlreumtat i on

of this ploped E&fo&% sVES, BA®r analy, bbé@é s&f@:eéitgﬁt té&ebhéi for
conpl etely gre‘\’/ents bi neg Wﬁ o sz% 15 ’ This val ue
represents FTRRVIFHE ARG YLey o %o ﬁf’?’éﬁ‘%n I?%jc;’[ﬁ‘? ecP?]&%f‘f’é‘a"tsl vel y
Corrpete W theceptor for polio virus analyte, trisaccharide analyte for

' cholera toxin analyte, tetrasaccharide for neutrophil analyte,

15 and derivatives and analogues thereof capable of associating

with analyte. - | | |
11. The film of Claim 8, wherein said ligand is sialic

acid and its derivatives and analogs which bind to corona

virus, influenza virus, encephalomyelitis virus, chlamydia,

20 sendi virus, mumps virus, newcastle disease pathogen,
myxovirus, encephalo-myocarditis virus, meningitis wvirus, or
malaria virus. _

12. The film of Claim.8, wherein the ligand and analyte
pairs are tetrasaccharides and neutrophiles, cell adhesion

25 peptides and target cells, trisaccharides and bacterial toxins,
or transmembrane receptors and hormones.

_ 13. The film of Claim 8, wherein the ligand provided to
detect HIV analytes is selected from the group comprising CD4,
sCD4, CD26, vasoactive intestinal peptide, peptide T, and

30 sialic acid, and derivatives and analogues thereof capable of
associating with HIV.

14. The film of Claim 1, wherein said polymer comprises
of polymerizable lipid monomers.
15. The film of Claim 14, wherein said monomer is

35 selected from the group comprising acetylenes, diacetylenes,
alkenes, thiophenes, imides, acrylamides, methacrylates,
vinylether, malic anhydride, urethanes, allylamines, siloxanes,

T
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the si al Y face. The val ue obtained, 2.5 0.83 nM per
vi rus, |’m WE@ tw,ulth the value of 2 [err] 1.1
standard 8 [err] 0. 30 nmM as obt ai ned

I
magneti ¢ resonance speltroscopy. The inventive_ i ﬂ‘m assay
descri bed r‘%%ﬁ ﬁdl rect and easy to perform This ap ds t he
need for red ¥ ood cells, which are used in the standar ass
In addition, the subjectivity of r@gdl ng mcroliter plates in the
standard HAI  assay S repl aced a quantitative

spect rOph@fxﬁ'I&hlédeﬁ?w@ﬂe%T%h@ m;mqq@hémmaﬁul d 36‘ applied . to
screening for new i dat i.nding Ligan

EXAMPLE 5 187 “rhd £iTh'GE"CTady t%Spg BPeih 8R4 ndfimer backbepe,
exanpl e i lisusomptrésedhet n@mmﬂm@momm-spem fic adhesi on

interfering wgh thergassanwiof h@lbﬂﬁfeﬁlt | QRerein said b&l@h@@ﬁgt Qegasess
the CR due to non-specific, a two experinments vver %}’ orned. In

the firdt FOHes &Rt 1 YfiFPﬁblglc' |‘ﬁ{:%?p5}i’%t‘??%a It chDe“}‘ﬁthﬁa& IPPgure 3)

wer e i ncuhmtardgent bond. the influenza virus. Lact ose was not a ligand for

the hemagglyyt i nipfo | @§4jnN o! 'lci'é & 190 ek e300 JHAUS o‘l‘f:.ehle.e..%é' Hé%dh

which i's a concentratiof corresponding to a maximimTesponse
si al osi de FHAUPS, aFOVPIRSESL sf*i%ﬂ"!‘ E}"fegF"'(lERc@F‘sistng of 4 CHPR: t e
second exmsL,b08Nkrhf i | WEHCOCONHEY Ny SCH|MB(ELY dCONE®h,  -LQHMpoHexpesed to

conce tio i ne WO 97/ 27316
PCT/ U /(ﬁggéﬁaﬁ éﬁzo%nﬁﬁ¥ Scrdue] CH(OH)Me?,S al bunin. Again,

the sane smal | -CR9fCR0b¥ReTREM R, 18 Nrifely, n-CHesuPtSsFhndicBidlhat
non- speci f¢ gu Cfaphesalgthfnya:zr,ué,ophprpmw or o- HO,theH,t | m surface-does not

produce the ra'sgb'ﬁ,c%h%&e‘i@;a%gels Ph, p-MeC.H,, p-FCH,, P-ClCH,, p-
BrC.H,, p-MeOCH,, m- CFacsH,, 2- cm‘H,, or Me;
1s -CO,M, wherein M is K,HNA, or Ba/2; or
-CH,OCONHR, or -CH,CONHR, where R, is BEt, n-Bu, n-CH,,,
n-CgH,,, n-Cp,H,, cyclo-CeH,,;, Ph, p-MeCH,, m-MeCgH,, o-ClCgH,,
m-ClCgH,, P-ClC.H,, o-MeOCgH,, 3-Thienyl, Me, Et, Ph, 1-CH,, Et,
Ph, EtOCOCH,, BuOCOCH,, Me, Et, i-Pr, n-CgH,,, EtOCOCH,,
20 BuOCOCH,, Ph, 2,4(NO,),CH,0CH,, CH,CH,0H.

19. The film of Claim 17, wherein said orienting head
group is a carboxylic acid.

20. The film of Claim'l', wherein the orienting group of
the monomers is selected from the group CH,-’ CH,0-, neo-CgH,,0-,

25 cyclo-CgH,,0-, PhCH,0-, p-ACCeH,0-, p-BzCeH,0-, pBrCH,COCH,0-, p-
(PhCH=CHCO) C¢H,0-, p- (PhCOCH=CH) C;H,0-, 0-BZCH,NH-, p-BZCH,NH-,
MeOCH,CH,NH-, n-CgH;,NH-, or EtO-. 21. The film of Claim 20,
wherein the terminal is a methyl group.

22. The film of Claim 1, wherein the £ilm is addlt:.onally

30 provided with a support.

23. The £ilm of Claim 22, wherein the support is selected
from the group' comprising plastic, mica, metal, ceramic, glass,
and other polymeric surfaces and hydrophobic derivatives
thereof. '

35 24. The £ilm of Claim 23, wherein the support is a
hydrophobized glass slide. '

25. A test kit comprising a container incorporating the

—
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obser.ved from specifi : -1jgand binding. 5 1€ HEET HAS BEEN
EXAVPLE 6 mmjmmmi" l umug Devel opnent THIS 5 ABKgTD €
illustrates the utili gysar on - for drug devel op

A receptor and its reciprocal binding partner (receptor- 10 bindin%

nmol ecul e) krwome®ide i nvol ved in the physi ol ogical r e RHTAHIOHP23%

I nterest were selected. The bindi ng partner was I ncorporated into the
i nventive filmaccording to Exanpl e 1. 43 In the case of
neurotransgiisiOE d. neur ol ogi cal drug devel opnent, for instance, a
dopani ne ré&tePtd éih?%e | oyed. 15 In the case of drug devel ognent toward

pat hogens such 26. The nfestekis, of oF1aigt e @hegedny pr 8844 hBREREHRES ni n

receptor . oVesEa atP¥edsidhs Di reittedant he SNERIROGE eHel Pilnithe film:
was dopam he, or a ngan1ne analo% orh3|allg cid ?@_SE?L'C gild

anal og, reBPE¥iferSLl HIFUGSRFesr VPASR3ER,A % "ed € MPEEME28r By whi ch
interacss with ghe bimditegtskit of Gladay 28hi wherein efafidc kit phystaimey cal

functions. . h | 4 ; ' d a
gﬁgﬂg:én%rg\rg}‘;a]%ek ﬁéé@ﬁﬁﬂlQﬁQ E8OSPLRb1 BRSNPAESEH of LtheCOYSE

col or 'owed to bind to the i1 nhventive nenbrane

i ncor por at PRGCEABY®; ndi ng partner. 25 ° A candi date drug was then

i ntroduced intozghe mysralytithl devid¢ddndorgobatingtihe fdlmeof ptaimr
nodi fied the binding partner's binding capacity, there was a
concom t ant "decr ease in the color change observed in_the subject

i nvent 2®e nenbrafe The apalybieahpBeVir§e SinrFiAiT oR8: Tivhexgim t524 the
candi date ga@icHrug providddieneh Ahnahtgnavsl ¢hrvhmatayedphicobssdvoug t he
degree of decrease.in signal as conpared to the control. -

Vari ati ons SSMPPRE™&bove approach are used to suit. di fferent systens.
In some cases i B0is Teeesvalytierbr device of Claim(gfeptwhersim osaid ge

AooomD) 20°8eTHED £5 pRRAARAI ALR A BlRORRCRA AT HanD0SAgESoRoReab! Anes.
g eg108 Boptififons refdifiddl o BM3966° St 6F, 1GERLLL P! It

Fbmeveﬁ, I'nt’r 6duce € receptor
as above, samples.

31. A method of making the polymerized bi-layer assay
£ilm of Claim 1, comprising the steps of: '

a) attaching a receptor binding ligand to a first terminal

20 end of linear structural unit;

b) attaching a monomer to a second terminal end of the
linear structural unit to produce a monomer-linear structural
unit ligand moiety; . '

c) attaching an orienting head group to monomers,

25 . producing an orienting head group-monomer moiety;

d) mixing said  monomer-linear structural unit-ligand
moiety with a plurality of orienting head group-monomer
moieties;

e) spreading the mixture of step d) on a surface; and

30 f) polymerizing said spread mixture.

' 32. The method of Claim 31, additionally comprising the
step of transferring the polymerized mixture to a support.

33. The method of Claim 31, wherein after the step of e)
said spread mixture is compressed.

35 34. The method of Claim 31, wherein after the step d)
said mixture is spread on a water surface.
35. A method for the direct detection of an analyte,
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WO 97/°27316 PCT/ US97/ 01291 :
36 t here !m!m Mmm decrease in the observed ¢ ru. ' E
Anot her varia ﬂm,ll cable to this invention ﬁ@mp E%e
receptor portion be ‘at t"acied*to the film - A known receotor A lent]
attached t aow¢bg278id m at one or 5 nore points. Thi s can DTAssdRORbi shed by
appendi ng the receptor to the nmononer prior to filmpolynerization (as
in the f or egoi ng exanpl e for bindingépartners) or after-the filmis
pol ymeri zed throu modi fication of the films surface. ~ Binding partners
t hen i nt ersadd \mettgm@héc’fnﬁﬁbﬁﬂ‘ﬁ’z%‘be?%tept ors 10 distorting the film
giving rise toa)he eohtactirangebe | polpmerizedalyi - 1apdr cassizylafeé3mcaf be
directly reened ) h_r r S il esponse rat her
G090 ks S&ﬁgig ¥hich Uit BOSLhAYGLL) | M4

t han absen previ ous vari-ation.

EXAVPLE 7 15 b) assessmg “the G@héﬁ“alﬁ"feoa ASPRBgen in its opficadyanpl e
il Iustrgatqﬁ.ﬁﬁrﬁrl@ls ut i lity of the invention. Ceneric filmis nade
wher e t he bindi partne nsy n nki ng
noiety is  vari éf-t o The mﬁ%% kcefoktlglgngghcﬁ%me:& gg\%e ﬂ’%’l’ dfﬁ)(yogéa%tt er. 20
A film whiodservediist ancbange tur#@k@r bi nds the protein streptavidin.
This protein i g-et gwahephod! GEICILI® 36) wherein ERGNEbIBAlchdrgeStiisl | has
one or nore sites availahle for biotin bi ndi ng. Novel binding partners
are derivatFo® e"\Metﬁ%FS i'n to attach themselves to the filmsurface

t hroughot he 25 38.nt @heedieabypd obf t Glain r3ht shedeAnptbe e¢glor dabdngea isi ngl e
bi oti nyl at r r [ ' Ngwh Chm. fashion with
streptavi dlfénkéééhdﬂlbl oa'ial E&Iéatﬁg‘éet es Q%i#l%j?nvngdon nﬁp??t gg?.HmExposure of this .
assenbly to the test receptor gives the desired color change. As
in the previous exanple 30 conpetitive assays are perfornmed to identify
new dr ug '

heet Has Been Replaced -
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candi dat es. EXAMPLE 8 | Ent rapnent and

Detection of Small Organic Ml ecul es Thi s exanpl e shows the
devel opnment of a new class of 35 functional materials which specifically
trap small organic ~conpounds and report .the entrapnent event

by a
col ori netri cwoe72mhénge whi ch can be detected visually.-Theggxmﬁg@ﬁFﬁls act
as © WD 97/ 27316

PCT/ US97/ 01291 37 si mpl e col or-based
sensor devices whi-ch detect the presemui&ﬁ conpounds such as sol vents
or other toxic pollutants in air or wat er streans. -The first

step involves the synthesis of |ipid diacgtylene 5 anal ogs of conpounds 1
and 2 a seen in Reaction SAH@@H1 by ellaborating the secondary net hyl
group into the or ggion - gQoup. The gnantionetrically pure ester of
pentacosadiyhﬂ?c I i s hydroAyl@ated via nol ydenum per oxi de
oxi dati on t(&é dners dqre separated and the ester is 10
hydrol yzed to I s 5 and 6. The ethyl esters are

fornmed and treated with” Gignard regpgents jto give the desired chira
lipid analogs 7 and 8. Variation iR the groups result in a wde
variety of new materials in which t - specific entrapnent capabilities
are reviewed. 15 The nononer - | zi t hr is ordered and conpressed
on ~the water surf ace using a LaRgir-Blodgett film apparatus.

Pol ynmeri zation of -the nonol ayer by U irradi ation yields the bl ue
colored material as previouslyggescriied. e i ifted onto a

hydr ophobi zed ni H; o HO '5?1'4)

ydr ophobi zed m croscope e ke A Ot Y 20 =43 .
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20 of 7 and 8 to entrap di oxane and 1-butanol and to undergo the

expected color transition was tested. Because the technique can be
general i zed, appropriate derivatives of 1 and 2 are - selected and tuning
of the chem stry to specifically detect a particular small nolecule is
determ ned. TougoyPmid ittle is 25 known about why the materi CI/USIANWRIL are
hi ghly selective to .di oxane and 1-butanol, respectively. By exam ning a
series of conpounds, a variety of solvents was screened-using the
colorinetric detection technique to deter@4® which sol vent forns the
nost suitabl e guest conpound. By using conputer 30 nodeling, cavities
were engi neered to be of the specific size and shape to bind to analyte
nol ecul es. The unconpl exed and conplexed filmwith a variety of
standard surface techni ques were fully characterl These incl ude
XPS, Auger, Leed, ell ig ooTe : S Al of

t hese enabl ed 35 det er nils e SOof t he
clathrates in orde L g N N {207 ! Aspeci fic

clathration propertieg
PCT/ US97/ 01291 :

EXAMPLE 9 Thi s
exanpl e descri bes the pf mal ari a
merozoites. 5 Th R L - - ! ’ pr epar ed
identically to those o B A R nosed t 0

eryt hrocyte contai ni ng




merozortes. After overnight exposure to the pathogens the films becanme
pink in color. The col or response (CR) in each 10 case was nearly 100%

WO 97/ 27316
PCT/ US97/ 01291 - 39 [err] WO
97/ 27316 WO 9727316 PCTPCEIBS970119 1
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41 [err] :
REPLACEMVENT SHEET ' 42 CLAI M5
1. A polynerized bi-layer filmfor direct detectl on of
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) 5f‘h/e presence of analyte conprising: a) g.ligand conprising %'qu45,(
det ecfti ng group tavimg—direct affinity for the araRgPEACEMERT éﬂﬁﬁ- ons as a
[

corrpetl e anal yte wherein said | ijggre—eerprse Dt i n,
anti bo m m‘“ﬂ m m no acids, inclusion cofpgu [zgegﬁe%”dm,

prot ei nS* reu drugs and conbi nat i ons {t . : b) a

| i near structural |inker having two term nal ends, wherei n sajd{!linker
is attached-at its first ternminal end4d sai d Iigand; 10 C) a
conj ugat ed pol ymer backbone to which said struct t+ad linker jgf bound at
its seconGLg 1 nal end,; d) orienting groups which are bound to

t he surface ofithe A polgaenigaiccdipdbyeer fhaakbonedi fe@osddte@td onobs
occupi ed QXetgges?n éStc;f"%“g tel léyfn r’n.sq 15 e) a support structure;

wherein SRE t?.%.tfr‘ggdlflalctlon
upon bi ndi_ng of) at]’§? Foﬁﬁﬂégg ECS §r%p E‘g irect atlint éor T8

d ai m g1, TUgeEPRS AS AneompRiitye e app grgin s3id ligap |C§mprlsiy%bwggens
drugs;  entibadigsuzaceptars, zmmqmi@ m&h@mn compounds, peptidesproteing, puclgic acidsaj m
2, wher eidigssaidconibimationg thereof, materials are selected fromthe group
conpri si ng pathbgendinerir strgetusal nfiekeyr havitnenywarueyminedr mpdes, bl ood

conponent Ghereinds8E@SEi hEH CAE OiStaditdd £ONDONER] Ssr AU LDA1CSnd €6t 1 NS,
25 enzynes, neti¢c material, and their netabolic derivatives. 4,
The film &% i ’ig wherein said pathogens are sel ected fromthe group
conprilgi ng vir a$es,cdrgcigatied) ppdyasktpackbonartd etlieh paidogensstural

5. The fl'lhmle i & gé,m,& ay\hﬁglg\e&ﬁﬂj e@ﬁﬁ%alls egﬁl ected 30 fromthe group
conprising influenza, cold, ru eII I cken hepatitis A,
hepatitis B, h& p‘é‘él‘“s‘?m%ﬁr%’(ﬁq g, 1§}C}BFFG bO“er»FP gﬁérf?-ﬁ/ of, %8¢ ni a,

r abi es, praheugaBadrpolpnarrhackbone r i nposxtmonsarndom&@&upima}, b3t rtdlens

and/or [i t}qc;._ggggnigﬁpég andgParts thereof. 35 6. The fil m of
Claim4 erein said bacteria are sel ected fromthe group conprising

E. col}5 tuber &) 8sFUPPOTE SEXWERMIS/A, streptococcus, and mutations,
strains and deghadefin said £ilm wundergoes detectable spectral

modification upon binding of a target analyte to the ligand.

2. The £ilm of Claim 1, wherein the analytes are

biomedical materials, pathogens, drugs, or industrial
20 materials.

3. The £ilm of Claim 2, wherein said biomedical
materials are selected from the group comprising pathogens and
cells infected by them, drugs, hormones, blood components,
disease indicators, cell components, antibodies, lectins,

25 enzymes, genetic material, and their metabolic derivatives.

4. The £ilm of Claim 2, wherein said pathogens are
selected from the group comprising viruses, bacteria, parasites
and other pathogens; |

5. The film of Claim 4, wherein said virus is selected

30 from the group comprising influenza, cold, rubella, chicken
pox, hepatitis A, hepatitis B, herpes simplex, polio, small
pox, plague, HIV, vaccinia, rabies, Epstein Barr, reovirus,
rhinovirus, and mutations, strains and/or ligand recognizable
parts thereof.

3s 6. The f£film of Claim 4, wherein said bacteria are
selected from the group comprising E. coli, tuberculos_’is.
salmonella, streptococcus, and mutations, strains and degraded



- 7. The filmof Claim4, wherein said

pat m,"mm w ed fromthe group conprising malaria, sl eepi ng

si ckness, dness and toxopl asnosis. 5 Claim
1, wherein said Ilgand i's provided for the detecti PLAFE@E%LA‘T’EE@n
analyte . The filmof Claim8, wherein the analytelsa ijrus.
10. The film of C|a|m8 where said ligand is selec{efl 26 Bubn®998e lgrloup

conprising pidermal growmh factor for vaccinia 10 anlal yte, acetyl ghdline
recept or fertsabhese@hal yte, conpl enent receptorffo Ep_ST-h_'BH'ﬁEI T

anal yte, beta- adrenﬁhslﬁlrn%@ptmalﬁaf wherzeqw éhlid
Rhi novi rus _apal rus pO|IO V] rus an

tri saccha®?g °§§3Fyta§:ef o?ei/ec'éﬁgl gtr&% g%’ﬁ §ﬁ§’|uft T%Y’r%’@cc'ﬂ%ig’a’ea'f or
neut r ophi Isl§naﬁ-;&9ési¢‘5naﬁ@h det veut hlindresis ar%tid)nggﬂaamflscapabl e of

associ af i ng Wi tbhé”@imﬁ ©f Claim 1,ldheFBenfidia ﬁgnﬁ' %fﬁéﬁ\*ﬂﬁi &n the

| i gand and. ana re tetrasacchar des an utrop Tel
adhesi on f“pébﬁ §8§e§ﬁa°?a?€e‘? PRFPIeR 203 Br i des and bacterial toxins,
20 or transnenbr.aneThecgpimref atkhiwoBnowherein the analyk? ithg ¥itug of
Claim8, wherein th I o] t naI es i1s | ect ed
fromthe group™c |3 ?Pél QQT%DQ% Y%%;g %ng’ﬁte\?gsggégl ved e%fl ﬁ%ﬂ‘e%ﬁ)‘fl de,

25 pepti dEXpm aha %Pwa%q%% spafegned gmvtebffmmlferovaassm ating
with Ho/. analyte, adétyldhisl ine Mddeptor ol rabpsLidha33icd , POLYPREn&RP! | Ses

of pol y”erzle%:%glt%rl fcpf %p@@ﬁgpéirr analyte, beta-adrenergic receptor for
reovirus analyte, ICAM-1 for Rhinovirus analyte, polioc virus
receptor for polio virus analyte, trisaccharide analyte for
cholera toxin analyte, tetrasaccharide for neutrophil analyte,
15 and derivatives and analogues thereof capable of associating
- with analyte.

' 11. The film of Claim 8, wherein the ligand and analyte
pairs are tetrasaccharides and neutrophiles, cell adhesion
peptides and target cells, trisaccharides and bacterial toxins,

20 or transmembrane receptors and hormones.

12.  The film of Claim 8, wherein the ligand provided to detect HIV analytes is
selected from the group comprising CD4, sCD4, CD26, vasoactive intestinal peptide,

25 peptide T, and derivatives and analogues thereof capable of associating with HIV.

13, The film of Claim 1, wherein said polymer comprises

of polymerizable lipid monomers. '
14:, The f£film of Claim 13 , wherein said monomer is
selected from the group comprising acetylenes, diacetylenes,
30 alkenes, thiophenes, imides, acrylamides, methacrylates,
vinylether, malic anhydride, urethanes, allylamines, siloxanes,

35



.14 . m!l" u@t’} , Wherein said nononer is selected fromthe.
group nes di acetyl enes, 30 al kenes, tHi apPER®REN ~
acryl am E“'! B vi nyl et her mal i ¢ anhydri derr ..mfﬂﬁﬁxe@;ﬂ:‘ﬁ

al Iyl am nes, sil oxanes,

44 ani K nes, pyrrol es and vi nyl pyridi ni um ' 1?6 JHe 1999 nf of
Cl aim 14, wherein said polyner backbo I's conprisedf{ol_di acetyl ene '
nonoNers. - 16. The fil m of aim1, wherein sphid orienting nead

5 gr oupsa@{?uka/éir cwwd&s \ernthmg»lg Ragihyuko nutual | y-erm-an
hydr ogen bond

t
head gr oup&ar eTkEEelfét}Fb(?Ef Fgﬁﬂ"hi gr‘ff{]ﬁr%’cfhsﬁi’t‘? %ercﬁsgﬁ g, oo
CH[ er r ] OCOBIHRbmprideld exfr |A0EOHIFLene- @bhemek€H (Et) OCONHPh,
-(CH er r] )[errheH - v f@'ﬂ[‘r\ercfﬂ & 1 %ﬁ&f&%‘é‘% oxSBhet h Ohsaq

- CH( 'er‘?l]‘ii'r[éi’} wher ei.n R[ergwtls n-err]Herr],

n- C[S:) 5] HEEPYPS ﬁr%:H[*bé#ﬁ Rig ‘c3pacity tg 1y, form a
n-J err] Hhedrdgem-Kgdredr | H err], Ph, PhQ or o- (qurr]C)C[err]H[err];

“Sqerr]Rerrh, mﬁr@@lﬁae ]ci fhlsp W %o'r E‘fksrrllek'ée”h
P-dderr]HerrT, err errf
m CF[err] SF@P??HFEPr]self"GF@rr 19 the SF°NE C?BSlstlng ek, wherein M

is K, HNA, cg;ocBnﬁ&h Or -CH,0CONHEt - CHEtEH{C]I{mHNHEbﬂHPh or- 6@#5 gou,] CONHR err ]
\r/]\hg[r grlr%][ H[:Eé[]for cyc IC% % Nﬁc]‘% j[][ H[rgrr CHI\/%HMM] u[ Sr_lg]e”]m MeClerr] H err]
o-adderr] H[errFHzOCORzr whereln —Cs ue n-CH,s, n-CyH,,, n-C,,H,;, n-
CyHyy, D-CyHy,, n-CyH,s, Ph, PhO, or o-(HO,C)CH,;
-0SO,R,, wherein R, is Ph, p-MeCH,, p-FCH,, P-ClC.H,, p-
BrCH,, p-MeOCH,, m-CF,CH,, 2-C,,H,, or Me;
1S -CO,M, wherein M is K,HNA, or Ba/2; or
-CH,0CONHR, or -CH,CONHR, where R, is Et, n-Bu, n-CgH,,,
n-CgH,,, n-C;;H,;, cyclo-CiH,,, Ph, p-MeC/H,, m-MeC.H,, o-ClCH,,
wm-ClCH,, P-ClC¢H,, o-MeOCgH,, 3-Thienyl, Me, Et, Ph, 1-C,H,, Et,
Ph, EtOCOCH,, BuOCOCH,, Me, Et, i-Pr, n-CH,,, EtOCOCH,,

20 BuOCOCH,, Ph, 2,4(NO,),CH,0CH,, CH,CH,0H.

18. The film of Claim 16, wherein said orienting head
group is a carboxylic acid. .

19. The £ilm of Claim 1, wherein the orienting group of
the monomers is selected from the group CH;-’ CH,0-, neo-CgH,,0-,

25 cyclo-CgH,,0-, PhCH,0-, p-AcCH,0~-, p-BzCH,O-, pBrCH,COCH,0-, p-
(PhCH=CHCO) C(H,0-, p- {(PhCOCH=CH) C(H,0-, o-BZCH NH-, p-BZCH,NH-,
MeOCH,CH,NH-, n-CH;,NH-, or EtO-. :

20.  The film of Claim 19, wherein the terminal is a methyl group.

21 The film of Claim 1, wherein the film is additionally

30 provided with a support. _

22 . The £ilm of Claim 21, wherein the support is selected
from the group comprising plastic, mica, metal, ceramic, glass,
and other polymeric surfaces and hydrophobic derivatives
thereof. ’

35 23 . The film of Claim 22 , wherein the support is a
hydrophobized glass slide.

‘

24 . A test kit comprising a container incorporating the



—

‘.mCEI--.C[err]H[err], P—CIQ[err]H[err], o-MeOCJerr]Herr], 3-f

A

Ph, I-Cerr]Herr], Et, Ph, EtOCOCH err], - BuOCOCH Er ‘ﬁ?’%‘f\%ﬁm §E§ET
i - Pr EtOCOCH[err] 20 BuOCOCH err], Phj
2, 4( ﬂl!ﬂlﬂllllﬂﬁlﬂllh Herr]OCH err], CHerr]CHerr]OH | | 26 JUL 989 Ths

m Of I'm 16, swherein said orienti head group § sf a carboxylic
aC| d. 19. The filmof daiml, wherei n t he orientrnmg-group—of
t he nono ml SgSelgghefl, fromthe group CHerr]-' CHerr]{O
neo- C[er??? errlH er

p-AcCerr]H g;HSg e{'BLBE %r‘?’]‘ixlc%f?ﬁ im 61%#0[" FFHPePrf&e-)gll[ %T'F‘]“EF“r?)
( PhCH=CHCPKotided]| i e rdx3fiqes (ﬁh@ﬁﬁbb@l—bnqm rduf fidel Of, the film to

o-Bz( err p [ rr

n-Clerr] H%er r ?E};‘_'\Uéll %Fégﬁﬁfié" ﬂﬁﬂ\%reo anaI]TYtM?bﬁr:r‘l[ 0 ég_{ e%g’\'l wher ein
the tedm nal i6a nBhaytesfk du: of Claim 24, wherepie spiidnkét cpntainer

wher ei n t hasbi { Aitbfpaieitidd Andlhyict3Bns oW eApleiBnaSIPRYLE the test

22 . The filmqf CI aim 21, wherein the support is selected fromthe
group comprise % Prastic, nica, netal, ceramc, glass, and ot her

pol yneric surf&Jes Andamwmmbld@vd@el iacpyperating theerfidin of3Glaim 23 .
The filmaf Caim22 , wherein the support is a hydr ophobi zed gl ass
sl i de. 24. . A test kit col r|5|n ont aj |ncorporat1ngthe
DO R @8geThe EnalvIal, o ot “Claty “2hye whake il (58190 ai m
24, wher eidevacsolisdpsovidedreith aptcanmldamd hhmon:faltogsaph:.f:l tead-ouc t he

surf ace ofcot,‘;g,%nghltm to provi de well struct ures V\/ni ch are analyte fluid
i mper meabl e. 26. he test kit , of C al \herein said kit
cont ai ner aI 2o i RBGr FRENEE G st FEEEFEnSasC | enefhieigioh &ridhe

t est prazoeicer és provided with Am anabxynateélswlqyle:mainm.ahgota&xbaﬂeﬁhe film

of Claign to allow continuous readings on a flow stream or a series of

samples.
30. A method of making the_polymerized bi-layer assay

film of Claim 1, comprising the steps of:

a) attaching a receptor binding ligand to a first terminal end of linear structural
unit wherein said ligand comprises biotin, antibodies, receptors, amino acids, inclusion
compounds, peptides, proteins, nucleic acids, drugs and combinations thereof.

b) attaching a monomer to a second terminal end of the

linear structural unit to produce a monomer-linear structural

20

unit ligand woiety;
_ c) attaching an orienting head group to monomers,
25 producing an orienting head group-monomer moiety;

d) mixing said monomer-linear structural unit-ligand
moiety with a plurality of orienting head group-monomer
moieties;

e) spreading the mixture of step d) on a surface; and

30 f) polymerizing said spread mixture.

31. The method of Claim 30, additionally comprising the
step of transferring the polymerized mixture to a support.

32. The method of Claim 30 , wherein after the step of e)
said spread mixture is compressed.

35 33. The method of Claim 30, wherein after the step d)
said mixture is spread on a water surface.

34. A method for the direct detection of an analﬁte,



N Wnal ytical device of Claim27, wherein said devi ce

i's an aut omat ed chromat ographi c read- out
29 m evice of Claim28 , wherein said
arf aut o

W t h* rrpl e handling conponent 15 to all¢wfconti nuous
readings on a flow streamor a series of sanpl es. 26 JULOPR npt hod
of making the.polynerized bi-layer assay filmof Claifm 1, conprisihg}
the steps of-. -, a) attaching a receptor bindigng Trgand to a Ti1rpt
term nal end of linear structural uti® wherein sai i i f

biotin, anti b.(gl ES ?%%’%r glngnisgnggl ds, inclusion 20 conpounds,

pepti des nuc aci ugs and conbi nati ons thereof.
b) attachi ng a rﬂinonepnt-ecél%@c&hﬁ RALYMeHizedd bif- ayer assayneklm of

str Utct ural e sm tlo)ﬁrc?guc%aa\pmnmem bBﬁ&éﬁﬁ& (rjé'ﬁté&ﬁﬁiyit ana t | gand
noi ety; c) attachi,ng ap, or n ea [oup to mononers
produci ng an ori®¥nti r?gssi?engd‘rgr m)eﬁg‘t’fb 9 gh nde ' 2 QFh@aJSal d

nmononer -$i nEaspestrivect.ur al unit-Ilgand m)lety with a plurality of
orienting head gjgur)mﬂ@'hod of "®1£ih ©$i, wherein tﬁ"é cHiiead ggoﬁgfty
m xture of step rface;, and 30 f) pol yrrer|2| ng said spread

mxture. observed 3s anchangendd® §P1€Fai m 30, additional |y conprising the
step of transfer36| ng THee meadhorke Kifz €3 admx3sly, ewherais udpordolor change i82.

The et hod g }%g@erel n after the step of e) said spread

m xture is co resse The -net hod of O aim 30, wherein after
the step9d) Hai d Th&matdad %fptcé&d“‘ori”a WaeEP1R FheyGolor change igy A
nmet hod for teeedtdlsld dettdnd ivavelfermirhafalopnt 620 nm to 550 nm.



46 , said nmethod conprising.steps: a) contacting tRedFORYIT Hreld

bi -1 ayer assay fil m of Caiml with a sanple which contains an anal yte,
and b) assessing the filmfor a change in its optical _5 058
properti es. 35. The nethod of C ai m 34, where| n the n"’ 5
property obs s a cha e in color. The me L bof Claim

35 , wherein th or chang¥ %ﬁ%t%cﬁ”gﬁm“lo A The
et hod of ;ﬁﬁmﬂ‘ﬂﬁfﬁbgmﬁeﬁﬁlﬁﬁw DRDER THE PATERT E@@bﬁﬂ'ﬁoﬁtmmw ®CT)

wavel e ﬂf -0—550
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