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Throughout the world, traders provide the products

they sell with a visually distinctive appearance,
packaging or labels so that customers can distinguish _
their products from those of others. As a result, their
customers learn to associate the visually distinctive
appearance with certain standards of quality, and, if
they are satisfied with those standards, will buy
products provided with that visually distinctive
appearance in preference to others. Once customers have
acquired a preference for products provided with a
particular visually distinctive appearance, the traders
become vulnerable to product counterfeiting.

A counterfeit product consists of a product that

is provided with a visually distinctive appearance

confusingly similar to that of a genuine product.
Customers seeing the visually distinctive appearance
provided to the counterfeit product buy this product in
the expectation that they are buying a genuine product.
There are many ways known of providing products

- with a visually distinctive appearance. In general, the

visually distinctive appearance is provided either
directly to the product or to an article with which the
material is associgted, for example a label, wrapper or
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There are many ways known of providing products with a visually distinctive
appearance. In general, the visually distinctive appearance is provided
either directly to the product or to an article with which the material is
associ ated, for exanple a |abel, wapper or

-2- container. The visually dlstlnct|VEbappearance may be, for exanple, a
di stinctive shape or configuration, a distinctive marking, or a conbination
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such as by fLbihk08 paRtiéATREC cRlemival FdHRAL rd Gfade by one
manufacturer, from the same chemical, with the same
formula, but made by a different manufacturer. This is
particularly so if the two manufacturers use the same
production process. For this reason, it is not difficult
for the unscrupulous to establish the chemical formula of
an active ingredient in a composition, and the relative
amounts of the various ingredients in the composition,
and then pass off his own product as that of another
manufacturer.

In addition to product counterfeiting, product
adulteration is another major problem. Product
adulteration takes place when a product is tampered with
such as by dilution. An example of such a problem lies
in the adulteration of lubricating oils, or other oil
based products, by addition of a counterfeiter’s oil to a
genuine product. Such adulteration is not only
financially damaging to the o0il manufacturer but the
consequent lowering of performance which can occur can
cause damage to the consumer and consequently harm the
reputation of the genuine product. A method of
overcoming this problem has been previously proposed
involving the incorporation of dye in the product. Such
a strategy is easily copied.
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| mmunoassay M@ﬂﬁﬁtfidﬂtlon that pentachlorophenol is added to
materials as a pesticide or a preservative. EP-A-0260829
does not disclose the identification of chlorinated
phenols in products of the use of chlorinated phenols as
marker compounds.

In a poster presentation given by M.J. Wraith et
al., at the 6th International Congress of Pesticide
Chemistry, August 10-15th, 1986 in Ottawa, Canada,
entitled "Development of Immunocassay Methods for
Pyrethroid Insecticides", there were disclosed protein
conjugates of m-phenoxybenzaic acid and dichlorovinyl
cyclopropane carboxylic acid, and polyclonal antibodies
prepared using these protein conjugates. Also disclosed
was the analysis of the cypermethrin metabolites, m-
phenoxybenzoic acid and dichlorovinyl cyclopropane
carboxylic acid in black tea, water and soil. No
disclosure was made of the use of either m-phenoxybenzoic
acid or dichlorovinyl cyclopropane carboxylic acid as a
marker compound, nor of the detection by immunoassay of
either compound in any material provided with a visually
distinctive appearance.

Summary o e Inv
In general, the invention features a method of
marking a product for identification in which a marker¢ 
composed of a hapten or composed of a hapten covalentlyg
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- The product is generally a commercial product and
may be either solid, liquid, or semisolid or gas. The
marker may be added directly to the product (e.g.,
attached to a surface of the product or mixed with the
product itself) or associated with a label, tag or other
product packaging material.

One type of preferred marker of the invention is
composed of a hapten covalently bound to a polymeric
compound, where the marker is produced by first
covalently binding a hapten to a:functional monomer, and
then polymerizing the hapten-monomer compound to form a
polymer having covalently-bound hapten. The molar ratio
of hapten to polymer present in markers made by this
method may be easily varied by varying the relative
amounts of hapten-labeled monomer and unlabeled monomer
in the polymerization mix. Preferred functional monomers
include substituted styrene and the family of acrylic
monomer.

The invention also features kits for detecting a
hapten marker(s) in a marked product. One version of a
detection kit includes a sample-receiving solid support
which has the hapten to be detected bound to its surface,
a container containing a specific binding member specific
for the hapten, and detecting.@eans for-detecting
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| abel ed antlbog%thlgecegsghglggllé shgggrt having a first specific
binding member specific for the marker bound to its
surface and a container containing a detectably labeled
second antibody which is specific for the hapten marker.
Another class of markers of the invention is
composed of a hapten marker, which may be composed of a
hapten or may be composed of a hapten covalently bound to
a chemical compound, having a detectable physical
characteristic, e.g. color. The physical characteristic
of the hapten marker is not detectable at hapten marker
concentrations present in the marked product, but is
detectable upon concentration of the hapten marker. The
marker is thus detected by concentrating the hapten
marker from a sample of the marked product to provide the
hapten marker at a concentration which allows detection
of the concentration-dependent, physical characteristic
of the hapten marker. The physical characteristic of the
hapten marker may be associated with the hapten portion
of the marker or the non-hapten portion of the marker.
In preferfed embodiments, the marker is concentrated from
the sample by immunoconcentration through either
immunoprecipitation or use of an immunocaffinity column,
using an anti-hapten antibody which specifically binds
the hapten.
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bi nds t he hapth&pten is coupled (i.e. covalently_bonded) to a larger,
carrier molecule (e.g. keyhole limpet hemocyanin, bovine
serum albumin, chicken gamma globulin), and the hapten-
carrier compound used as an immunogen, hapten-specific
antibodies are produced. Generally, haptens have
molecular weights under 1,000, and thus exclude proteins,
DNA molecules, and other antigens.

By "polymeric compound" is meant a compound,
normally a large, high molecular weight compound,
composed of monomeric units which are different from the
hapten. As used herein, "polymeric compound" is meant to
encompass polymers, copolymers, and complex copolymers.
Exemplary polymeric compounds include proteins, peptides,
oligonucleotides, polystyrene, and various synthetic
polymers well known in the art.

By "functional monomer" is meant a monomeric unit
capable of polymerizing to form a polymeric compound. As
used herein, functional monomers are capable of both
covalently binding a hapten and subsequently polymerizing
to form a polymeric compound.

By "hapten-specific antibody" is meant an antibody
which substantially specifically binds a hapten molecule.
Hapten-specific antibodies may be either polyclonal or
monoclonal antibodies.




6 The invention also features a kit for detecting hapten markers
having a detectable, concentration-dependent, physical characteristic.
-The kit includes a sanple receiving solid support which has an
anti-hapten anti body bound on its surface. By marker' is neant a
conpound conposed of a hapten and/or a hapten covalently bound to a
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ei ther polycl ogalyfis) and other chemicals; 4) tracing a product, such
as marking a process chemical to monitor the rate of
addition of the chemical to a system (e.g. a water
system) in order to optimize chemical dosage; and 5)
studies of biodegradation of a compound, e.g. in soil
biodegradation studies. Marking:a product for
identification also includes the associating a product
with a particular concentration of a marker, so to
facilitate the detection of product alduteration by way
of dilution, concentration changes, or the addition of
foreign substances.
By "physical characteristic of a hapten marker" is
meant a characteristic inherently associated with a
hapten marker, such as color, density, weight, and
optical activity.
By "concentration-dependent physical
characteristic" is meant a physical characteristic which
is only detectable at a particular concentration of a
compound. As used herein, "concentration-dependent
phygical characteristic" particularly refers to a
physical characteristic of a hapten marker which is not
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inherently asgaCadbfidmichl @ompound or polymeric compound (i.e. the
non-hapten portion of the marker) to which the hapten is
covalently bound. Specific binding pairs are, e.g.,
antibodies and haptens; biotin and avidin and ligands and
receptors.

The present invention allows the practitioner to,
for the purposes of marking a product, develop or select
the minimum chemical structure (i.e., hapten) which will
be specifically recognized at low concentrations by a
developed or selected specific binding member (e.g.,
antibody) and to chemically attach this minimum
recognizable structure to a custom selected compound to
Create a marker which provides the required
characteristics for a particular product marking
application. Such required marker characteristics may
include: (1) solubility or non-solubility in a product
or solvent in which the hapten alone is or is not '
soluble; such solubility or non-solubility can be ,
important either for efficiently incorporating the marker
into the product, or for extracting the marker for
testing; (2) stability during extremes of temperature, pH
or other physical or chemical conditions inherent in many
‘manufacturing processes, which would otherwise destroy
the hapten or hapten binding site; (3) stability within a
product or adherence to the surface of a product during
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The flexibility of binding partner selection which
is independent of compound selection also allows more
than one compound, or in fact a large group of different
compounds, to be made recognizable by attachment of the
same specific binding member to each. Such a capability
significantly broadens the number of unique markers which
can be employed in product marking and significantly

o reduces the number of unigueftest reagents (binding
pairs) which must be developed and manufactured in order
to identify this broad range of markers in use. In one
embodiment, a range of compounds each with a unique but
related concentration dependent physical characteristic
{({e.g., color) can each be used as a unique marker but can
be concentrated and detected with the same test.

In one embodiment of the invention, the attachment
of a hapten allows the practitioner to make recognizable
by a specific binding member a compound for which one
skilled in the art could not develop a specific binding
member (e.g. a compound that when injected into an
animal, either independently or when linked to common
immunogen carriers known in the art, will not elicit an
immune response specific to the compound),' This allows
compounds that otherwise could not be used as markers to



recogni zabl e structure to a custom sel ected conpound to create a marker

whi ch provides the required characteristics for a particul ar product
mar ki ng application. Such required nmarker characteristics may include: (1)
solubility or non-solubility in a product or solvent in which the hapten
alone is or is not soluble; such solubility or non-solubility can be

I nportant either for efficiently incorporating the marker into the product,

or for extracwaftfla%twéw us¥a ta%Sthi:gcer(sz,) o&t%ar{ Iémcsiweawp&ﬁawes of
t enperature, egﬁﬁé ot her S|cal chem cal 3§’|t|ons I nherent | n many
e

manuf act uri ng §§é’§'° %Yd hft Reshved 513 SPIHE IR REBARI hapt en
bi ndi ng site; pair asshyl itoy be tdssraywq)rh;dmtcmmeiﬂ'kmise.nce to the surface of
a product during . d|t|ons of use
or storage under Mhld% s%ecﬁap eﬁlg ne BF i AgFR ?e a one woul d not be
stabl e, woul diRBUNLASSAY r0CaRO e amlqmdautw tﬂe@ts;fatpmdtmt efemta on

required for phiRel Ve ReTRedtd Adbcation bﬁqyéﬂxﬁﬂvaﬁg) S ced’ @

conmpound with the m ni_mum_chem cal structure which al recogn|t|on

by a specifi cPEFREPRGImenfIPuRaRSSy s andralated dpphn kﬁﬁﬁﬁnuﬁP¢ 3sfixed
ratio to untaggndnaetﬁdmﬂiyaHdﬁ&hdﬁﬁaﬁﬂdﬁﬂdah fed R 1 SHEReHs dur i ng

a process, in falgn o] e r after | ea i n the
en5| ronment, fn%lggmman% r%\ﬁ%i %ﬁj\ﬂ I(I qu g'lglrlgea ﬁd’iﬁt e) %]fel

unt agged corrpﬁen'dthe use ofhaccupatis |nefierends miicopdimasam sHeect i on
whi ch is indepgpdeaio?ty,, CO%@.‘é”Q:o’i@l?Fegi %%filﬁ'& ¥d PELE B0 e

conpound, or in fact a’lar rou
field and the la oratory allows products to be screened

for a marker on location and/or sent to a secure
laboratory for testing, depending on which mode of
testing is most appropriate for the application.

Other features and advantages of the invention
will be apparent from the following description of. the
preferred embodiments thereof, and from the claims.

Detailed Description

Markers

The marker of the invention is capable of being
detected by immunoassay and/or by concentration of the
marker and detection of a concentration-dependent
physical characteristic. The marker should be
compatible, i.e., non-deleterious, with the product which
it marks. The marker may be composed of a hapten or a
hapten covalently bonded to a polymeric compound.
Preferably the marker will be non-toxic if used in a
manner in which the it is intended to be ingested. '
Preferably the marker is visually undetectable when
present in the product. |

The marker hapten should in general be one which
is not normally present in the chemical or composition;
for examplé)'it is not a by-product of the production



conpounds, to be made recogni zabl e by attachnment of the sane specific ,
bi ndi ng nmenber to each. Such a capability significantly broadens the nunber
-of uni que markers which can be enpl oyed in product marking and
significantly reduces the nunber of unique test reagents (binding pairs)
whi ch nust be devel oped and nenufactured in order to identify this broad
range of markers in use. In one enbodi mentyya-range of conpounds each with
a unique but related concentration dependent physical characteristic (e.qg.,

color) can eagrdifessethasmal UmueitR| ker Bdhnaapdbadaareeat Fatednard
detected with [ of _the i.,nvention, the

t est . . I . enbod t
att achnent of‘% é% S éﬁfdﬁge?ﬁ%aﬁrgg?gggbﬁénggnﬁgkgrfgsﬁﬁﬁpzable by a
speci fi c bi ndiempadiments, ctmeonarkénr cohpoundnésskresedti aut wergr Lowoul d
not devel op a RSt Kati Kkl Nde ”Enbein(éhg o@d&?”ﬁguggrrtgﬁh‘)?hﬂhﬂbﬁa ed

into an aninal, either |nd%&fn entf or 1 nke 0 CO n 1 NMuno

carriers knowPh PaHHS H9T M1iieRt e@%Ep?uﬁh Eheumarkespdfserefesably to

t he conpound) -inet witH arespeapotiedehé hpFo@hiber 'hseheodkdsBothhe weed as
markers to ctivel

used as
markers, or c&APSH NS EEATUNEEERNFRE BﬁﬂﬁB?tpVéésﬂth 58L anég %ng
speci fic bi ndineyqrtihelmsnybe ccapahleagfdbbpdinghtaeahspecific binding
specific biruﬁdgbqu r 2Yan S nnﬁp can edto test a
product for a marker |érjllsgs raenrmte 1’%‘2%*1 %fé %‘IY d ?Qﬁ?ﬁggégrxl enced
per sonnel . Imﬁﬂﬁiﬂﬂﬁxﬁ;eﬁﬂF¢QN%Eedt¥%chh¥hB§E t@u@ﬁtagtuﬁhﬁnmarkenuty

concentration s:mm@dadt.o B Ved wEFea] ¢ ah B£ 8B 8QUBy Oi nRBRh¥Eisn(§ith ERRC and
fluorinetry), aI
oduct or compound it labels. For example, where the
marker is to be detected by immuncassay, the marker is
still capable of binding to a'marker-specific antibody.
Depending on the specific application, certain
criteria must be considered in selecting an appropriate
chemical compound which is capable of performing
acceptably as a marker. Most importantly, the compound
must possess a specific molecular moiety, which is
recognizable to a specific Bindihg member (e.g., a
specific antibody). Exemplary hapten marker compounds
may typically include bulky, substituted aromatic
compounds, such as 4-amino-l-naphthalenesulfonic acid:

Ny,
7
XA

SosH

Other haptens suitable for use as a marker compound have
been found to be m-phenoxybenzoic acid and mordant yellow
7. Other preferred compounds for marking are
4-aminonaphthalene-1-sulphonic acid, amaranth, dafcol



for the use of accurate reference procedures in the |aboratory. This
conbined ability t'o test in both the field and the | aboratory all ows
products to be screened for a marker on |ocation and/or sent to a secure

| aboratory for testing, depending on which node of testing is nost
appropriate for the application. O her features and advant ages of
the invention will be apparent fromthe I»l+ow ng description of the
preferred enbodinents thereof, and fromthe clains.

Det ai | ed Dese¥?wmi ob-aminreri, l-azobgngenarier 46Fdisulphemiic acid, capabl e

of being detgpchpariy L IHEORSIPYiARSHDE Qaflaon‘mﬁka% 3f the marker and
det ecti on of conc ntration- degendent hysi cal ar ac rlstlc The narker

shoul d be cdip 1eny -3 -hphe %e?e?@?lﬁﬁgllﬁﬂ?h Fﬁéyérdd@&@ﬁH¥Xﬂ$1t

mar ks. The mﬁmxymémﬂmnton@ois@d ohrembBpbpa ¥B,arbapean qwalpaﬁdeamonded
to a polyner éf?%%?{' re th e no lc if used in
a manner e é% %ﬁ en Soﬁgﬁ ﬁgésFégogﬁ}éf t he marker

i s V|sualIy'Y#ﬁk%%iﬁ%&ﬂ%FQ%@M@@*b%@nG-|nAthesproGuthese markéfhe mar ker

hapt en shouldbipoweder fé Het Opsr¥hi 68165 PRtTABAARKLY present in the
chemi cal or caonposition. for exanple, it is not a by-product of the

producti on : process, nor mal tABEEI {y, or standard additive fo
t hat MARKER CHEMICALS TO WHICH ANTIBODIES HAVE BEEN GENERATED
M-phenoxybenzoic acid Chromotrope FB
4-Aminonaphthalene-1- Ponceau 4R
sulphonic acid :
Amaranth Ponceau S
Dafcol Brown 4’-disulphonic acid

4-Anino-1, 1-azobenzene-3, Tropeolin O
4’-disulphonic acid

Mordant yellow 7 Curcumin
4-Hydroxy-3-methoxycinnamic COniferjl alcohol
aciad . :
4-Hydroxy-3-methoxyphenyl- |Hexyl vanillate
3-buten-2-one

Vanillin Acetovanillone
Ethyl-4~-hydroxy-3-

methoxycinnamic acid

It will be appreciated that a wide range of
compounds are suitable as hapten marker compounds so long
as they are compatible with and non-deleterious to the
product being marked. Thus the use of oil-compatible,
water-compatible and solids-compatible or food grade
compounds as marker compounds is envisaged dependent on-
the product being marked.

The use of optically active marker compounds may
be particularly advantageous, as it is difficult to
distinguish between optically active forms of compounds
by conventional analytical techniques, particularly when



" chenical, or chenical conposition. In preferred enbodi nents, the marker
conpound is present in very |ow concentrations, e.g., in the order of parts
.per mllion or parts per billion. Although the marker is preferably inert
with respect to the product in the sense that it does not react with the
product which it |abels, |t nust nevertheless be capable of binding to a
speci fi c bindi ng nenber, an antlbody 13preferably a nonocl onal
anti body. Moreo t he ab|I| 0 t t he mar ker shou
adversel y aff88¥¥dt59°FnFEP35§¥& swP? %ﬁﬁe°89883 BFeCSNﬁéﬁﬁg&Ft%P§bels.
For exanpl e, ahalgstike AntﬁbbduestahuehdatecSedebylwnnﬁnuaasayrtﬁbalnarker
is still CapaB%E 8&}93”9&@&&% [?‘%e% rﬁ?:'ohhﬁ 2ah %Qdﬁrpgu tBepend' ng

on the speC|f| I on, cer criterfa nust e consli aer
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acceptabl y ascempBhkas. 1Nb§t reRGCkant |y, the conmpound nust possess a
speci fic nol ecul ar nnlet L ch |3 reco nlzqgle t%hgﬂﬂfeCIij bi ndi ng

menber (e.g., a speci¥t @ RHTHIFRSC HXbt ds may
typlcally |nchaﬂkebuhh;,asdbtbbtabaé @hgs&bad chapanﬁés;skdch as
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use as a mar keér conpound &e TPEAST e m enoxy enzoi ¢ acl
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4- am nonapht hagRRescankrh 01t orelstend® ! ABEBrbdate)! chemical
reactivity, or various characteristics which can be
detected by optical methods well known in the art.
Preferably the physical characteristic of the marker is
color or fluorescence. The physical characteristic may
be conferred upon a hapten marker by a physical
characteristic of the hapten used as (or in) the marker,
and/or by a physical characteristic of a chemical -
compound or polymeric compound which is covalently bound
to a hapten.

Preferably, detection of the physical
characteristic of the hapten marker is not possible at
the low concentrations of hapten present in a marked
product. Upon concentration of the hapten marker from a
product sample (e.g. by immunoprecipitation or
immunoconcentration) to a concentration that is greater
than the hapten marker concentration in the marked
product, the physical characteristic is readily
detectable by, for example, detection of a particular
color of the concentrated test sample. Preferably, the
hapten marker may be detected by its physical
characteristic following at least a 2-fold increase,
preferably at least about a 5-fold increase, more
preferably at least about a 10 to 10,000 fold increase in
hapten marker concentration relative to the concentration
of the hapten in the marked product. Exemplary haptens



- 12 - brown, 4-amno-1, 1-azobenzene-3, 4'-disul phonic acid,

~4- hydr oxy- 3- net hoxyci nnami ¢ aci d, 4-hydroxy-3- methoxyphenyl - 3- but en- 2- one
vani |l lin, ethyl-4-hydroxy-3- methoxyci nnam ¢ acid, Chronotrope FB, Ponceau
4R, ponceau S, tropeolin O curcumn, coniferyl alcohol, hexyl vanillate,
acetovanillone. A list of these marker Engounds is set forth belowin
Tabl e 1. TABCE 1 MARKER CHEM CALS TO WHI CH

ANTI BODI ES %YE Bﬁgg %NEB@EEQed Mgplgeau %tﬁhom(ﬂ en ¢ Chronot r ope

FB 4- Am nona éhal C aC| Anaranth
Ponceau S EB & FaérsﬂﬁraCterlstlc 1n°1“@e dﬁﬁﬂﬁﬂﬂﬂ%«%?ﬁﬁqpenﬁﬁﬂﬁﬁo 1,

1- azobenzens; 8Edlsﬁapnenﬁcna6ud4 cﬂr&ub%?@@%crmql%ndWPﬁhﬁEauﬁiﬂIWV7
Cu ' 4- a ni fer coho aci

4 Hydroxy- 3. met hoxy Tk Cea s Mfoa tREh 08 pfie cRrgepriBhy fine: ¢
AcetovanlIImnékeEtﬁympnunﬂdnsxyoaposeﬂtnGXycmmmmﬁn:whmqh is It will be
appreci al edeb il efyIBoifivEath FRURAHILE N o rtllforifed 2Pt en marker

conmpounds so | o
polymerlc compound. The polymeric compound is normally a

large, high molecular weight compound, composed of
monomeric units. The polymeric compound may be composed
of a single type of monomeric unit (i.e. homogeneous with
respect to monomeric composition), or may be composed of
2 or more different types of monomeric units (e.g. a
copolymer or complex copolymer). Exemplary polymeric
compounds include peptides, prbteins, protein fragments,
oligonucleotides, and synthetic polymers, particularly
organic synthetic polymers such as styrene, phenolic
resins, polyallylamines, acrylates, and modified
polyvinyichlgride. The polymeric compound selected must
be capable of covalently binding a selected hapten and
must be non-deleterious and inert with respect to the
product to be marked. Moreover, the polymeric compound
must not substantially affect the ability of the hapten
to be detected, e.g. to bind to a hapten-specific
antibody or to provide a concentration-dependent,
detectable physical characteristic. Preferably,
covalently binding the hapten marker to a polymeric
compound provides for enhanced stability and
immunodetectability of the hapten marker.

In a further embodiment of the invention, the
hapten marker is composed of a hapten which is covalently
bound to a chemical compound. Exemplary chemicals which
may be labeled with a hapten marker include agrichemicals
such as sulphonyl urea herbicides; industrial chemicals
such as biocides, dyes and fluorescent tracers;
pharmaceuticals; surfactants; adhesives and resins such



as they are conpatible with and non-del eterious to the product being

mar ked. Thus the use of oil-conpatible, water-conpatible and

sol i ds-conpati ble or food grade conpounds as narker conpounds is envisaged
dependent on the product being marked. The use of optically active
mar ker conpounds may be particularly ad¥ ntageous, as it is difficult to
di stingui sh between optically active fo of conpounds by conventi onal
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_ Methods for chemically coupling haptens to
polymeric compounds or chemical compounds such as those
exemplified above are well known in the art. The
compounds may be labeled with one or multiple hapten
molecules or may be labeled with a single type or
multiple types of haptens, thus providing a marker
composed of a combination of hapten labels. Thus,
multiple different haptens, each which may be fecognized
by distinct specific binding members (e.g. antibodies
specific for a particular hapten) can be covalently bound
to the polymeric compounds or chemical compounds.
Alternatively, separate molecules of the polymeric
compound or chemical compound, which are otherwise
identical, may be labeled with different haptens. Thus,
the haptens and hapten markers may be used in numerous
combinations in the marking of a product.

Alternatively, the hapten-polymer marker may be
produced by first covalently binding a hapten to a
functiocnal monomer to provide a hapten-labeled monomer.
The hapten to be covalently bound to a functional monomer
must contain a molecular moiety, or functional group,
which is capable of reacting with and covalently bonding
to a functional monomer to produce a hapten-labeled

} monomer. Exemplary reactive:groups include amino,



Preferably, detection of the physical characteristic of the hapten marker
I's not possible at the | ow concentrations of hapten present in a nmarked
product. Upon concentration of the hapten nmarker froma product sanple
(e.g. by imunoprecipitation or inmunoconcentration) to a concentration
that is greater than the hapten marker cgnggngration i n the marked product,
the physical characteristic is readily detectable by, for exanple,
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copol ynmer or conplex co
react w1th a partlcular hapten requlre at least two

functionalities: 1) a double bond capable of undergoing
free radical, addition polymerization, or difunctionality
capable of undergoing condensation polymerization; and 2)
a reactive site capable of reacting with and covalently
bonding to the hapten. In the general case of
unsaturated monomers, exemplary functional monomers
include functional monomers based on substituted styrene
and functional acrylic monomers, such as (meth)acrylic
esters. Exemplary substituted styrene and (meth)acrylic
esters are exemplified below:

_ C.Ha
.l -CH"@-GHJ-‘ ‘-L,C’“C~2*o-cﬂ ~CH-CH

@ cH o \ / :
_ — |
H;C‘CH—Qg“c‘ H'&C = C—'— C,"G‘
H Cty ©

Hol =¢ = -N=C=0

Thus, the functional monomers which may be used to
g;oduce_hapten-polymer markers are those monomers which
are capable of covalently binding a hapten and retaining



conpounds include peptides, proteins, protein fragnments, oligonucleotides,
and synthetic polyners, particularly organic synthetic polyners such as
-styrene, phenolic resins, polyallylamnes, acrylates, and nodified

pol yvi nyl chl ori de. The pol yneric conmpound sel ected nust be capabl e of
covalently binding a sel ected hapten and_nust be non-del eterious and inert
W th respect to the product to be mar Ked? Noreover, the pol yneri c-conpound
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present during polymerization, a polymer having varying
amounts of hapten may be produced. The resultant hapten-
polymer marker may be composed of a molar ratio of hapten
to polymer of from between about 1:1 to 10:1, preferably
from about 2:1 to 100:1, more preferably from about 10:1
to 1,000:1, depending upon the desired hapten
concentration in the product. Furthermore, monomers
labeled with different haptens may belpolymerized to
provide a hapten-polymer marker composed of multiple
kinds of hapten labels.

The hapten polymer conjugates can be used not only
to label surfaces, but can be incorporated into products
(either liquids or solids) as well. Moreover, the hapten
bound to the functional monomer may be used to detect
either the monomer alone or the presence of the hapten-
labeled functional monomer in a polymer.
The hapten-labeled functional monomers, chemical

compounds, or polymeric compounds may also have an
additional chemical moiety or group which can be: 1) a
second hapten, to facilitate detection of the hapten
marker and/or increase the sensitivity of the detection
assay, particularly where the detection assay is a
sandwich binding assay; 2) a signal compound, which can
be detected to allow for enhanced test sensitivity (e.q.



coval entl y-bound hapten does not substantially adversely af fect desirable

characteristics of the chem cal conpound, such as chem cal activity,
non-toxicity (e.g. where the conmpound is a food additive), and
sensitivity to degradation. Met hods for chem cally coupling

haptens to polyneric conpounds or chem’cat8 conpounds such as those-
exenplified above are well known in the a “The conpounds may be | abel ed

o ore o o T BRI S WA Shro XAl dEIRES W s e © tYPe

or nultlple ypes o téns, ng a marker osed
conbi nati on ohap&mmdamr@enme trhﬂ tmqncanem o rRQTP erand ¢el@ whi ch

may be recognis3gfa1b¥ciiiptundc botiel itd &Hd %dlﬁné?f&er& hd a{dtHEELLES
specific for a particular hapten) can be covalent boun to th%@§86¥ner|c

conpounds or Gﬁeﬁ?§§ﬁ'55ﬁb5@ﬁd§reﬁﬁqﬁ% nRATKARLY)| Tt he
pol yneric coapoancfwrcmlmlcaihmmmbleﬁy Cﬂ‘b ¥l oW mels:l?ndim@nbrcal

may be | abel e f.ere apy T]
mar kers may b%dWEE%Ey ti% %&J% :ﬁ? ons | fﬂﬁp %@§Pﬁ§ﬂﬁ$ﬁ§ pr oduct .

Al ternativel y(et.ds mm:@mmbpmd)mm-nam@ funginnsl ¢thenical
coval ently bi pijag.A dagit %zi %:éamplfémtﬁfdvlf&e B {shi¥ %%é‘ of
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moiety may react with a compound coated on a solid
surface so as to covalently bind the hapten marker to the
support.

As an extension of the ability to use small
organic molecules for the purpose of identifying and
distinguishing between batches of high added value
products, it is possible to conjugate numbers of
different polymeric compounds (e.g. amino acids) to a
given hapten to which antibodies .have been made. While
this does not alter the detection of the hapten (e.g.
binding of the hapten of the marker to an immunocaffinity
column), it renders it more easily separable by a
detection method such as HPLC or by binding to an
antibody specific for the polymeric compound (e.g. amino
acid sequence) conjugated to the hapten. Indeed, by HPLC
or immunoprecipitation, different amino acid(s) and/or
different sequences of the same amino acids could be
easily separated. The number of possible combinations is
very large as there are 20 natural amino acids and many
synthetic chemicals which can be used in such a process.
Selection of conjugates depends on their solubility in
the solvents used during binding of anti-hapten or anti-
peptide conjugate antibodies to the hapten marker.
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acid, sulfonic acid, acid chloride, hydroxyl, oxirane, hydroxyl,
r ester groups. Methods for covalently binding a hapten to a
nonormer are well known in the art. The | abel ed nononer is then

to forma hapten-| abel ed pol yner. Preferably, the
bound hapten does not substantially adversely affect that

t he nononer to pol ynerize. -M3PBe—preferably, the hapten- | abeled
nononer i s capable of formng a polynmer by polynerization with both
unl abel ed nﬁﬁ§ﬁ¥¥§§hﬁﬁzhaﬁﬁgaﬂg abel ed monomers. Sel ection of a functional

react Wit wipBrbeée ca@:ptfedsﬁatea £R4ti tReahakkest compound

functionali Hﬂg{g 13%5%8%%%3_19 g&ﬁ‘c%%%ﬁbl 4})“1‘ é_.;nder%m N fre ]géﬁgl cgl

addi tion po

condensat i owam-ymszmeomaréned: Zpmpaurel maye lm t:a'eﬂpablm oir regact i ng

with and coyghery ?pa%”@'fni APl G i IS B £ a
unsat ur at ed nnnone S exenp funct1‘onal “monomer s 1'ncl ude functi onal
mononers ba meﬁ;té’ﬂ’ ndainete om @thet Raskaging Watemibner s,

as (neth)ac

nononer s wh
nonomer s wh

such
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esters are exe

ipxfesent independently of the product, for example the
marker may be present in the product packaging or
labelling.

The product marked may be solid, semi-solid,
fluid, or gas.

Examples of solid products include polymers,
plastics, and rubbers; pharmaceutical tablets, capsules
and powders; solid formulations of agrochemicals such as
insecticides, herbicides, fungicides and fertilizers;
textiles such as clothing; designer or specialty products
such as crystal, china, and silver goods; original works
of art such as paintings and séulptures, recordings such
as gramophone records, tape cassettes, floppy discs and
compact discs; electrical goods such as television sets,
computers and radios; motor vehicle components and
cameras; paper such as documents, confidential papers,
notes, securities, labels, and packaging; chemical
products such as biocides, cosmetics such as creams; and
food products.

Examples of fluid products include oil-based
products such as lubricating oils, gasoline, diesel and
liquified petroleum products; paints and coatings;
perfumes; cosmetics; inks; drinks such as wine, whisky,
sherry, gin and vodka; liquid pharmaceutical formulations
such as syrups, emulsions and suspensions; liquid
agrochemical formulations; chemical compositions; and
industrial solvents. The fluid product is preferably

Sy el sriprednst e o mme A eanak el Beo0ce



are capabl e of covalently binding a hapten and retaining

- 17 - the ability to polynerize to forma hapten-I| abel ed pol yner.

Exenpl ary functional nononers include am no acids, nucl eotides, styrene
havi ng a hapten-reactive functionality, ethylene oxide, epichlorohydrin and
propyl ene oxi de. Synt hesi s of hapten-I| abel ed pol yners by

pol yneri zati on of hapten-| abel ed nonomgz(br‘DV| des for enhanced control of
pol ymer labelljin and can also fa |Iitate ncr eased | oadi ng_of the ﬂgpten
onto the pol SFor ’é?(%?é ?ﬁ?\g°% ‘g ?vﬁnEB’Hg@ﬁ?Fﬁt Pdts of
unl abel ed ancbatsaqn @rd&tratsobmdmomsrtsulprns&rtingiuml\g pol yneri zati on,

pol yrmer havi ng Vary, BadiIudl Se0laant %gmaebesu%ﬁkd%%a%r u%tant
hapt en- pol ynmer marKker e corposed o nolar ratio_of hapten

pol yner of frisH mwé&#%o'@maqmgio apr paxgeler 68t §- f £8F 553911 of1 to

100: 1, nore w&ttﬁfe&blp’aéﬁmgpp%ndoaﬂrt@aﬂpwa ﬁltﬂeaesabﬁagupon t he
deS|red hapten concentrajion | the roq'léh pUoBLS | abel ed
RS 48 B %

Furth erng
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mar ker conpmmmhnﬁopaﬁédple klnds of hapt en | abel s. The hapt en
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poly 5.0, preferably from -1.5 to 4.5, most preferably from 0

to 4.0. (Log P as used herein means the logarithm of the

partition coefficient of a compound between octanol and
water at 25°C). Thus, m~-phenoxybenzoic acid, for
example, has a log P of 3.9.

When the product is a liquid, the marker compound
is préferably colorless at concentrations present in the
marked product and soluble in the liquid product so that
its presence can only be detected by subsequent assay. It
is preferably also odorless at marker concentrations
present in the marked product.

Preferably only trace quantities of marker are
used. Typically a marker compound will be incorporated
with a product at a concentration in the range of from 1
part per billion (ppb) to 25 parts per million (ppm).
Preferably the concentration will be in the range of
from 20 ppb - 500 ppb. Where the hapten marker is to be
assayed through direct detection of the hapten marker- on
the surface of the product (e.g. in an ink or coating
placed on the product surface), the percent incorporation
of the hapten marker into the polymer will generally be
in the range of about 0.1% to 5% by weight.

The ability to detect concentrations of marker
compound at very low concentrations, i.e., in the parts
per billion range, is a particular advantage of the



The hapten-1|abel ed functional nononers, chem cal conmpounds, or polyneric
conpounds nmay al so have an additional chem cal noiety or group which can
-be: 1) a second hapten, to facilitate detection of the hapten marker and/or
increase the sensitivity of the detection assay, particularly where the
detection assay is a sandw ch bi ndi ng asszy 2) a signal conmpound, which
can be detected to allow for enhanced test]sen5|t|V|ty (e.q. an

anti body on a sQlid s Qrj. can be . used to bjnd t hapt en and concentrate
t he mononer %5‘1‘?%0&93’0 &Epe*r %?mﬁjo‘ﬂh B’&Hﬁi "gl ??glnorrer or

conpound det e@’@dﬁttid'-:l&@sa:}f fnw:'k:dre qmmmda ndedbdumdoehapresh mar ker); and/ or
3) a functional chen1gg&ogaig&ytgoaﬁggﬁg%fggpgbgdlQgeo- ¢BRAESBLration on a

solid supportéﬁ¥ non | rmunoj_o antib base nmeans. The
functi onal cvAdesiat Pidy &aiﬁﬂ t C%Ri'/’r%l’é"q roth 3 #RR thadde of
the overal |l hgppmeofma k.arsuachuimietse:cﬁ&me,t rm&mmmﬁwww be bound

to the suppor gt LQn td v the functional
chem cal noi eESOI%g'%?%aa?tiévﬁpﬁ?%goq{&%gm]dl%aﬁ R@ eiﬁléd TR E so as
to coval entlymeWd-ché HptSer®.mar ker to the support. As an extension
of the abllity to USCpPERbraBifaBetelBl oallRErLORrpNEnBYLAGSC1A @

identifying and distinguishing between batches o val ue

products, it chepdsalyor (ReTfaly APTRAFican cHrQﬂ‘#q%'ér-entT%I%ﬂ‘Fequsc of
conpounds (€. Gheaton@eltirdidnd 1UitHRY maNeys tih WicHh cHunifadi es have

been made. W” l %pto@:&l Oeaaq:oetllaeldt earrt-:.t r1:‘?1ednetp(?:'ct-'}ferabciy turheithar%ttei% ('e g:
e.g. in thg case where there are two markers the ratio of
concentration of one to that of the other may be 1:1,
1:2, 1:3, 1:4, etc. The total amount of marker
compound(s) added is such that each marker compound is
preferably added at a level of not more than 10 parts per
million, and more preferably at not more than 100 parts
per billion (by weight).

In one embodiment, a plurality of markers are
present these possess a common site which enables them to
bind to, and be concentrated on the same specific binding
member, while they remain separable by subsequent |
analytical techniques. Thus in some embodiments at least
one of the hapten marker compounds is covalently bound to
an amino acid, nucleic acid, oligonucleotide or
oligopeptide substituent which does not affect the
binding of the marker compound to its specific binding
member. Such substituents make marker compounds more
easily distinguishable from each other by analytical
techniques such a HPLC. For example, the 4-ahino-1,1-
azobenzene-3,4-disulphonic acid antigen may be coupled to
oligopeptides of varying lengths and the [4-amino-1,1-
azobenzene-J,A-disulphonic acid)-oligopeptides used as
markers.‘ The markers can subsequently be extracted from
thé”marked product by immunoprecipitation with an anti-




bi ndi ng of the hapten of the marker to an |nnunoaff|n|ty colum), it
renders it nore easily separable by a detection nethod such as HPLC or by
bi nding to an anti body specific for the polyneric conpound (e.g. amno acid
sequence) conjugated to the hapten. Indeed, by HPLC or inmunoprecipitation,
different amno acid(s) and/or different sgquences of the sanme am no acids
could be easily separated. The nunber of pdssi bl e conmbinations is very

| arge as ther@4a5ﬁiag-aa&uaebbemz@eea-03' Q&ﬁ%l Y HIEE] kbR

whi ch can be u I n suc rocess. Selection conjugates depen on
their solubll?ﬁﬁ FHmPHQP§8F&§&F§t&§e&@ﬁﬁqqﬁ;qﬁ%uﬁhﬁ?cﬁ e fHTEheBt en or
anti- pepti deanabyzgdt byastizeogiepariat ildie M RHEEDEBYENSE gel or b

- 19 - Produg gcf or nmarking It will be appreciated that the marker
conmpound may be aSSOCIated with the product in a wide variety of ways. Thus
t he marker -conpound rﬁn/Qnﬁpﬁnﬁk#matnonrOQntbbl1nvepaubnofathappemduct or

in or on all ﬂérﬁéftlgfaﬁ h&Qﬁ'toW%aEﬂ%fadH) i arP'i é?

mat eri al assoclateg gﬁ duct . he mar conpou 'S usua y n1xed
with the prodtBPac Prﬁﬁ§1aﬁt thodal y The &raéée hapbaray B the
product, for suhﬁal;ﬂehheyrr&libﬁalﬁﬁ)édb% ?plridd‘lﬁ.dl{ GRIGEnhd astesl N9 or

| abel I'i ng. €,-PL duct narke sem -solid, fluid, or gas.
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phar maceut i caeitheérenet ceppakddble w1th the ink formulation or do not
have good adhesion properties to the surface, it is
preferable to-provide the marker as a covalently bound
hapten-polymeric compound, where the hapten is covalently
bound to a polymeric backbone. The hapten-polymer is
soluble in the ink formulation and can still be detected
(e.g. recognized by the specific binding pair member)
after application. Preferably, the hapten-polymer marker
adheres well to surfaces such as glass, plastic, metal,
coated packaging, pressure sensitive labels, holograms
and polyester. N .

Alternatively, the hapten marker can be
incorporated into coatings which are then applied to the
surface of a product to be marked. Exemplary coatings
include paints, varnishes, plastic or rubber-based
coatings, as well as other coatings well known in the
art. These coatings can be applied to credit cards,
pressure sensitive labels, security labels, holograms,
product packaging, or other visual mark of authenticity
(e.g. a trademark or logo). The hapten marker-labeled
coatings can be applied directly to the surface of
products (e.g. electronic equipment, appliances,
photographs, glass, metal, and plastic). Detection of
the hapten marker in the coating may be performed by
assaying a sample of the product.coating. Alternatively,
the hapten marker in the coating may be detected by



and powders; solid formulations of agrochemnicals such as insecticides,

her bi ci des, fungicides and fertilizers; textiles such as clothing; designer
-or specialty products such as crystal, china, and silver goods; original
works of art such as paintings and scul ptures, recordings such as
granophone records, tape cassettes, floppy discs and conpact di'scs;

el ectrical goods such as television sets23cenputers and radi os; notor
vehi cl e conpagnents _and caneras; paper such as docunents, confidential
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is an oil -based
allow for future visualizations.

In one embodiment of the method, the hapten is
chemically linked to a polymer through suitable
conjugation chemistry. The subsequent hapten-reacted
polymer is dissolved or suspended in an ink formulation
capable of being applied through ink jet printing or
other printing methods known in the art. Once dry, the
hapten-polymer can be revealed by application of the
specific binding pair linked to a signal compound such as
an enzyme, latex bead or fluoréscent tag.

Marker detectjon

The marker haptens may be detected in a sample of
the product either qualitatively or quantitatively.
Quantitation of the hapten marker in a product
facilitates detection of product alduteration by dilution
of the original product. .

Quantitation of the hapten marker can also be used
in assessing the physical parameters of fluid systems.
For example, one can mark a known volume of a liquid
(e.g. water) at a known concentration, add this marked
sample to a fluid system of unknown volume, disperse the
marked sample in the fluid system, assay a sample from
the fluid system, and calculate the dilution effect to
determine the volume of the fluid system.



| ubricating oil, the conpound used as a marker conpound preferably has a
log Pin the range of from-2.5to + 5.0, preferably from-1.5 to 4.5, nost
preferably fromO to 4.0. (Log P as used herein means the |ogarithm of the
partition coefficient of a conpound between octanol and water at 25 C).
Thus, m phenoxybenzoic acid, for exanplg,2Qa§ a log P of 3.9. When
the product is a liquid, the marker conpound is preferably colorless at

concentrations presenjnd rhéf!?eﬂaé&ﬁ?oﬂﬁ&dé'ﬁﬁ Bad; aabyBbeatlat §¢th! gHkd

product so that its_ presence can o g%=be detect ed by Subsequent assay. It
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ppb - 500 ppbint&“ﬁ&ﬁebﬁ% kagL@iomprker is to be assayed through direct
detection of the hapten marker_on the surface of the product (e.g. in an

ink or coating pl aced® IRt o REPARGERG cR) Sanpbe pef canPreduetpbeat i on of
the hapten naaksayi fbe ahmapkleyomnpicundddie adfuebu2e sotdtidd aaqg of about

0.1%to 5% by _wejght. The ability tqQ detect _concentrations of marker
conmpound at v%§§5?2%8c8ﬁ8eﬁfrQPFSn?FePF%?§1%§%Fﬁeﬁ&%%s§4i¥eqﬁ| lion range,
is a parti cul extrdetaongefothehmarker compound from the product; - 21 -

met hod accor dgfigutfohNesl B¥eNprBRuCE VIt 3fRldous solvent;

filtration; evaporation; precipitation; and solid phase
extraction of the marker compdund, e.g. purification of
the marker compound using an ion exchange resin,
chromatography (e.g. using silica), or immuncaffinity
chromatography. 1In the case of a marked oil-based
product solvent extraction appears to be necessary.

The solvent chosen for extracting the marker
compound from the product prior to assay naturally
depends on the natures of the product and the marker.
Depending upon the natures of the product and the marker,
the solvent will in general comprise one or more of
water; hydrocarbons, for example benzene, toluene,
xylene, hexane, heptane and octane; sulphoxides, for
example dimethylsulphoxide; halogenated hydrocarbons;
chlorinated solvents, for example chlorobenzene,
methylene chloride, chloroform and carbon tetrachloride;
ethers, for example diethyl ether, dioxane and
tetrahydrofuran; amides, for example dimethylformamide
and dimethylacetamide; nitriles, for example '
acetonitrile; alcohols, for example methanol, ethanol and
propanol; esters, for example ethyl acetate; and ketones,
for example acetone. Preferably'the solvent comprises
water and/or a water miscible organic solvent. For
example, ﬁ?én testing lubricating oils marked with m-



guantities of marker conpound need to be used. Accordi ng to anot her
aspect, the invention provides an oil-based product conprising fronfl ppb
.to 25 ppmof a visually undetectable, substantially water- sol uble marker
conpound having a log P in the range of from-2.5 to 5.0. Preferably
several markers are included in a chemcal or chem cal conposition
products. The ratios of the concentrali®Ps~of the markers in each chenical
or conp05|t|on | abel |l ed.are iHen pre atios t he case
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| nunopr eci
compound may be employed in different concentrations in

different batches and each batch identified by
determination of the concentration of the marker in that
batch.

In certain preferred embodiments a plurality of
marker haptens are included in a chemical or composition.
In this case the number of possible¢permutations of
~concentration and markers is increased and batches may be
identified with increased certainty by measuring relative
concentrations of the markers.

In some embodiments of the present invention the
marker hapten is extracted from the product into a
solvent before detection. Where the detection method .
uses a specific binding member (e.g. a hapten-specific
antibody), the solvent is preferably one which is
compatible with the specific binding member.
Alternatively, where the extraction solvent is
incompatible with the specific binding member the extract
may be diluted with a compatible solvent before binding
to the specific binding member.

Specific binding members are molecules which
substantially specifically bind to the hapten marker to



- 22 - (4-amno-1, 1-azobenzene- 3, 4-di sul phoni ¢ acid] anti body. The

I mmunopreci pitated markers nmay then be further anal yzed by size separation
on an SDS- PAGE gel or by HPLC In one application of the invention,

a hapten marker is applied to a surface using an inpact or non- inpact -
printing nethod. The laid down hapten can,Re_subsequently visualized by the
application of the other nenber of the specific binding pair. Since haptens

are el ther nobeCARRALERLS i bNshlp1enbe! & Hrkee Broude. NOEdA digod
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pol yest er

ive apt en narker corp ed into
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can be appi | chots Podhpstaniianie sbiciedl Ny SiRcdieic BT ;Bgfs,
hol ogr ans, prmeémberpaskpyeferablyoaneantiibody o fregmenthdhernsafy (e.g. a

trademark or hﬁﬂ&h Zlﬁ‘iﬂ%ph‘rﬁgﬁ%h@?ebiﬁce‘i‘:i‘iﬁ%ig”Q% AN Fab)aPRided

directly to t sur ace 0 | ectroni nent appl i ances,
phot ogr aphs, BRESdcuiaray, paﬁéeﬁpa§W'@)mqaaq;gn Jﬁﬁﬁhhapt e narker in

the coating nBpeberRer bindBaghheabedy o) menbery Arel ddid raHId Youihlomg.
Alternatlvelyh solid support, such as an immunoaffinity column.

In a preferred embodiment, assay of the marker
hapten by contact with an antibody is accomplished by
competitive enzyme-linked immunosorbent assay (ELISA),
although other immunocassay methods may be employed,
including'enzyme-mediated immunoassay, sandwich
immunometric assays, immunoassays using lateral flow
devices, and other immunocassays well known in the art.

Numerous variations on each of these immuncassay
methods are well known in the art. For example, the
sandwich assay may be performed in at least three
different manners. First, the sample receiving support
may have a surface-bound antibody which specifically
binds a non-hapten portion of the marker (e.g. the
polymer, monomer or chemical compound covalently bound to
the hapten) to capture the marker on the support.

Binding of the hapten marker is then detected by the
binding of a second, detectably-labeled antibbdy which
specifically binds to the hapten portion of the hapten
marker.

Alternatively, the hapten marker may be bound to
the support through non-specific interactions between the "



t he hapten marker in the coating may be detected by Lo

- 23 - directly assaying the surface of the marked product in a reversible,
.non-destructive manner through reaction with a detectably | abel ed specific
bi ndi ng nmenber specific for the hapten marker in the coating. Once the
hapten marker is visualized ont he surtagg of the product, the specific

bi ndi ng nmenber may be di ssociated fromthe hapten marker by various nethods
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conpound such &n3k z&ﬁeg‘ISPé 1B€a&h8rsP988 EsEBREacggWith\ay ker

det ecti on chargédemohekalehtpt énersagebeofittedhedrastionamith ehet he

pr oduct elthﬁ£ gﬂl %fké ly or quantitatively. Quantitation of the hapten
marker in a pr uct aC| fates detection of product alduteration by
dilution of the ori dm@nqhhmiumariation of the immunocassay, the

support-bound antibody may be specific for the hapten of
the hapten marker and the second, detectably labeled
antibody may also bind the hapten, specific for either
the same hapten epitope or different hapten epitope. A
further variation on the detection assay uses a sample
receiving support having a surface-bound, first antibody
which binds one of two or more haptens present in the
marker. Binding of the marker to the first antibedy is
detected by the binding of a detectably-labeled second
antibody which recognizes a“second, different hapten
present in the marker. Actual detection of the result of
the assay may be by colorimetric means or by alternative
detection means such as chemiluminescence or
fluorescence. Where the marked product contains multiple
hapten markers, the presence of the markers may be
detected simultaneously by using differentially labeled
antibodies which are specific for each particular type of
hapten.

In a further embodiment of the invention, the
hapten marker has a detectable, concentration-dependent
physical characteristic, such as color or fluorescence.
While the hapten marker is preferably not detectable in
the product, the physical characteristic of the hapten
marker becomes readily detectable upon concentration of
the marker to a concentration greater than the hapten



Quantitation of the hapten marker can al so be used in assessing the
physi cal paraneters of fluid systens. For exanple, one can mark a known
volunme of a liquid (e.g. water) at a known concentration, add this marked
sanple to a fluid system of unknown vol unme, disperse the marked sanple in
the fluid system assay a sanple frOﬁltE fluid system and cal culate the
dilution effect to deternmine the volume of the fluid system

- 24 - ke@%&ﬁ!é?ﬂfra?ﬁ@?%@ e é&%c}} ﬁzrec?t e&'e%é‘%&@x&ﬂe oproduct in

an aqueous ITECf I um and an assay to e carried out

directly on s RRysicae herachar iatnkd éwmﬁemtr@%;%-@epﬁaﬁso‘é) sol i ds,
i f necessar yrhus haenext iidie diﬁré(ﬁh qmmehamyelb@ bgoa@bbmpmighaauayus

sol uti on. ene ducin a sa a t.to gssay for
a marker cor?po&cedqu?'%ﬂ?e g ﬁﬁ?%ﬁ" @é oﬂ“gmg? ﬁopg's?

sel ected fr(ﬁnamﬂhﬁmﬂanQipmhatxonﬁ IﬂmnnnptmnlpEMamwmd éroather product
di lution of q&f&‘gw ou f . ation;
preci pi tatldl{nélﬁ‘l dé)so | ase extract f%%?é#/% tﬁé gﬁ%oﬁﬁgﬂ%
purificati omay ken m&m@mx@ahrﬂhaﬂa@&em‘gecrﬁgmowmg

chromat ogr aply ](é%ét AIYED I lirfcheady, | 1yidy P&Q@&BQ&EPQY In
t he case of agnaé«x10|l-based R roduct’ solvent e raction appears to be

necessary. FRETEASFon MW R eherakly rakt1erst h%b‘ﬂ’éﬁ: kdr1fokPound
fromthe pradycomprioid timerseme rial Hapten depkels eondédetratioas of the

product  and diG yRRjd o JHRP THRIANS D% F A Rapled "Fn PERE EL-REY O
product. Where the detectable, concentration-dependent
physical characteristic is color, the presence of the
hapten marker may be detected by direct observation or by
use of a spectrophotometer.

Preferably, the hapten marker is concentrated by
contacting a sample of a product with an specific binding
member, preferably an antibody, specific for the hapten
marker. The anti-marker antibody may be in solution or
may be bound to a solid support. The product sample is
incubated with the anti-marker antibody for a time
sufficient for formation of immune complexes of hapten
marker and antibody. Where the antibody is in solution,
the immune complexes are concentrated (e.q.
precipitated). Upon binding of the hapten marker to the
support-bound antibody, or upon concentration of the
antibody-marker immune complexes, the physical
characteristic of the hapten marker becomes readily
apparent.

' It will be appreciated that such detection methods
are well suited to field operation, as no complex
laboratory equipment is required.

Production of hapten-specific antibodies for marker

detection



the solvent will in general conprise one or nore of water; hydrocarbons,
for exanpl e benzene, toluene, xylene, hexane, heptane and oct ane;
. sul phoxi des, for exanple dinethyl sul phoxi de; hal ogenat ed hydrocar bons;
chl orinated sol vents, for exanple chl orobenzene, nethyl ene chloride,
chl orof orm and carbon tetrachloride; ethers, for exanple diethyl ether,
di oxane and tetrahydrofuran; am des, for &kanple dinethylfornmam de and
di met hyl acetam de; nitriles, for exanple acetonitrile; alggpols, for

exanpl e nmet hanol , et Ffoh2aRten PGFkeds arg Aleqies kol hyl acetate;
and ketones, amtilsodiges emaygcbengenératedabyyadhénisteeihgcthpm 4das wat er

and/or a mateéfggéféggﬁna??ﬁghg 58$¥§E£r EBieééigP'e1 when testing

| ubricating oi'l's nmar ) . . ] - 25 -
phenoxybenzoi ¢ aci d, Sachanfiibeddes ane mpisdad oy Knovwn echniaeds a

diluent for tiaeichlaBieh feEsa88tafn BOR6C18haE Bkepe&?éﬂ'baaaol vent such
as acetonitrile,,a vent nmay also -

: qg,mater. C?tlpnally the extraction so
conprise buf f ¥t e RReGilye; Lo pRY tigHlar hapten.
hydr oxymet hyl ] ani no- aeitidedies Bre priotinss taicucsddipraitifld Wyi el ds
SUbsequent  deTRerreny SREEgNeEng "B T1AKERHE KO BRI THPhERYFRE! MRl at s the
i dentificati onesponse ckal thieféxpesureaofhtBeocénampilotiocfofeign a cheni cal
occoen o7y CEMBSIAEN YL e £° Bhade L0 BQEREKSE ETIRUEYrifity
concent r ati onk?j¥he particular compdund which stimulate their

production.

Antibody-producing cells arise in the spleen of an
animal when the animal has been immunized with an
immunogenic compound. Not all compounds are immunogenic.
In general, compounds with a molecular weight of below
2,000 are not immunogenic. However, antibodies which are
specific for such compounds (known as haptens) may be
obtained by chemically binding the hapten to a larger
immunogenic carrier such as a-carbohydrate or protein,
and immunizing an animal with the resultant immunogenic
conjugate. _

The attachment of hapten to immunogenic carrier
may be achieved using a bifunctional molecule in a two-
stage chemical reaction. This provides a spacer arm
between the hapten and carrier which may improve the
immune response. In order for the compound to be
chemically linked to the carrier or bifunctional
molecule, it should itself contain a functional group.
Preferred functional groups are amino groups, hydroxyl
groups and carboxyl groups.

When an animal has been immunized with an
immunogenic substance, a wide variety of different
antibody-producing. cells are stimulated. The antibodies



di fferent batches.and each batch identified by determ nation of the
concentration of the marker in that batch. In certain preferred
enbodi ments a plurality of nmarker haptens are included in a chem cal or
conposition. In this case the nunber of possible permutations of
concentration and markers is increased ang bat ches may be identified with
i ncreased certainty by neasuring relative Roficentrati ons of the markers.

In some enbod] f.t.h ese e ar extracted
fromthe progh€$8£§?§ & S gén? gé?ggxgge%gctlgﬁwgaﬁgréoq%%hgﬂ¥éttlon

met hod uses aasbbbbdlesblndlng menber (e.g. a hapten-specific antibody),

the solvent is prefe&%@ﬁ?IHH%FWHﬂihBéafégﬁﬁﬁiéééf3&éfhé€ea5ﬁ89tibﬁlﬁknd'ng

nmenber. Alternativel ere the extraction solvent is inconpatib
the specific S?HB?HB nBRoBPt: RLlcRindcWikhy the §ARS: SRRl Workftibl e
sol vent bef or ehat ndomgotndt heHowevet, C iki 4di poseibler to obtain Specific

bi ndi ng_membeg g 8o ¥RLEGHLER 491°H:RAPRLRR! kRl o8RG Y Nhd O the

hapt en mar ker dina
sanpl e of a nafkéuipyotioca. compophdry Thesef antbbndlmg nmebdmd\a'ptm mar ker

pairs '”ClUdem@ﬂéb?ﬁﬂXlththEdgéér5 receptor-ligand pairs (e.g. hornone

receptor-hornmone pair car rate-lectin pairs, avidin-streptavidin
pair, or other nolec ’b§%ﬁ‘bi§%r‘8"%ﬂa’rfhtﬁ‘é¢lbfm‘?m%¥%§1 nntiPeddasspecific,

i nt r anol ecul aantibodgsproaacitighcelas ke Eipgtny ektraetiedd Frowltl e of

the pair to tQBléEBOQQ gglgﬁghglggdtgnlmal. These cells are then
fused with myeloma cells to produce hybridomas. Fusion
may be achieved, for example, by treatment with
polyethylene glycol. The hybridomas are capable of
producing antibodies, like the precursor antibody-
producing cells, but are immortal; they are capable of
continuous growth in vitro. A number of myeloma cells
suitable for fusing with antibody producing cells are _
known and readily available to thosé skilled in the art.
An example of a suitable myeloma .cell which is readily
available is PX3-63-AG8~653. This cell is available, for
example, from the American Type Culture Collection,
Rockville, Maryland, USA under the number ATCC CRL 1580.

Once the antibody-producing cells and the myeloma

cells have been fused, the resultant hybridoma cells are
separated from the infused cells and cloned by repeated
limiting dilution. Cloned hybridcmas are then tested to
determine which are producing the desired antibodies.
This testing may be achieved, for example, by competitive
enzyme linked immunosorbent éssay (ELISA). Specificity
and affinity for a compound may be assessed by the
addition_of free compound to the ELISA test system to
evaluate the akility of the free compound to inhibit
binding of the monoclonal antibody to compound which is
bound to a solid phase.



pair is substantially specific. The specific binding nenber is preferably
an anti body ‘or- fragment thereof which retains antigen-specific binding
-(e.g. Fab), and particularly preferably a nonoclonal antibody. The specific
bi ndi ng nenber or nenbers are desirably bound on a solid support, such as
an i mmunoaffinity col um. In a preferred embodi ment, assay of the
mar ker hapten by contact with an anti bod2is acconplished by conpetitive

enzyme- | i nked i mmungsor bent assa ELI SA),, al though ot her imunoassay
met hods may be enpl OREE, 3 P@F&&FX‘& nByReitomabed haamhsedesredandwi ch
i munonet r i marsssElonal nintibedbys msy ngeddi By dbe f bpovadeyd CeA, 1apgdeot her

innunoassay%gng | - t Nuper ous vagi ations.on each of

t hese i mmuno ssé%rﬁggﬁgﬁ%g%#gﬁﬁe |k$$¥RwF??F?h%“%?t. ﬁ%rgﬁﬁéﬁﬁ?e, t he
sandwi ch assdiesmyaneibedies may ibe atabebbed twitk anfénzeme;nengers. First,
the sanpl e nRGGie/i Fuh S éoi‘fdai@@r%f}k‘éiﬁ?&'ﬁﬂﬂ%ﬁn%ﬁéé@?dy whi ch

specifically binds a ngn-hapten portiaon qf the _nar t he pol yner,

monomer or cheni cal TESRPIAHES:EQ I?ﬁPFV°B86hQ°%HQQQEQHa hponecdgmak e t he
marker on t lentsilpphids fHmd neompol® Awetwel IEkK6wn | o t figdsdesrel edgby t he

bi ndi ng of et ;4 abel ed. ant i body. which specifically binds

to the hapt g‘rﬁ g%%]?aoxr.]g'of ﬁ%}%’ﬁé e%ﬁﬁﬁf&;gnces in ‘ﬁﬁ‘{’]‘él? n%‘fﬂel y, the

hapt en mar kdtechnidres arel descthibed piucluddrMetiodsnos (Exzyhelogy er act i oEs

between the yolume 70 and Volume 73 Immunochemic#Y Te Os "BLEEL And the
b b or exanpl €, tTheé

support surface or a coatjng on the support surface.
hapt en nar k@(ndn«%, raspectively Edited by Van Vunakis, H and Langone,

J.L., Published by Academic Press 1980 (Part A) and 1981
(Part B), and Kohler, G. and Milstein, C, Nature, Vol.
265, p. 495 (1975).

Marker detection kits

In a further aspect of the invention, a kit is
provided for labelling a chemical or chemical composition
and/or for identifying the source of a labelled chemical
or composition by the above method; said kit comprising
at least one inert marker hapten and respective specific
binding member or members. Preferably the specific
binding member binds the hapten to form an immunological
binding pair. '

According to a further aspect of this invention we
provide an assay kit for detecting the presence of a
visually undetectable marker hapten associated with a
product, comprising means for providing a sample of said
marker in a liquid medium, immunocassay means including
antibodies specific for the marker compound, detection
means for monitoring the immunocassay and means for
comparing the result of the immunoassay with the result
expected from a genuine product.

A means for providing a sample of said marker in
liquid medium may comprise any solvent necessary for



bound to the support through an ionic interaction between the hapten marker
and the support (e.g. binding of BSA to polystyrene in a mcrotiter plate
wel ). Methods for increasing such non-specific interactions are well known
in the art (e.g. coating the support surface with a charged nolecule to

I ncrease ionic interaction with the hapten marker). I n anot her
variation of the i munoassay, the support 32oend anti body may be specific
for the hapten of the hapten marker and the second, detectably | abeled

anti body may btringbhgdthacmhrkesn indgesioliut ifcay agid s fittrabionapeans

epi tope or dlés%gﬁ&vaaeheaneaat eR9ia8 faHd e é/ﬁlcf\t;masanekefaéeismlon

assay uses a sanple rece|V|ng upport havi ng a surface-bound, first

anti body whi cFebmRE bheT orx SR, R iRing AN | 3OR @XFRARGE -
Bi ndi ng of theesiniker aochhematbgtra@myl hediiuns siedtecdedsbyicap. bi nding of a

hapten prosent i n t neThampidaly 'Bets | BE00RRPIRy S mbRecibnat (422 00
may be by calpolmolonclngahsbodxsp.alﬂmmnawmmmqngsﬁx|mnameameysab30as
chem | um ”escfﬁafuaﬁeé' HBi?&CSEC%wWﬂiW%\{%{F@ rps«?mgt gﬂgiaws

mul ti pl e hapten mar the presence of the ect ed
S|nultaneousl¥35913§PﬁgaHFFFereﬁﬁQHH¥Pqﬂi %ﬂﬁ?QE%N%QGMﬁ?EH°§F§

sPechlc for gﬁgﬂuaﬁrfégﬁlaﬁbbggem@bﬁaﬁxﬁ%$ lat%ﬁ,|dhﬁbfiﬁk§?r enbodi ment
O e e hge ThERe IS ol T2 4 ! SYmuncnppy revices
fl uorescence. fHﬁl#nalmembapca&egamhaQJ:ﬂqngﬁeuﬁﬂi@dimtxdn)ecrabbn in the
Do e BRUShARLy"RaRERY ! ridind VI QORI PRgSs TS P Y
t he hapten nitrocellulose. The sample receiving areas of the
- support have surface-bound capture reagent hapten capable
of binding to a specific binding member (e.g., a hapten
specific antibody) or surface bound antibody specific for
- a parker. Surface-bound hapten may be hapten alone or
may be a hapten-protein conjugate or other hapten-
polymeric compound which is capable of presenting an
epitope of the hapten for.binding by a specific binding
member. Surface-bound specific binding member may have
binding specificity for a hapten used as (or in) the
marker (e.g. an antibody specific for an epitope of the
hapten) or a specific binding member having specificity
for a non-hapten portion of the marker (e.g. an antibody
specific for a polymeric compound covalently bound to the
hapten) .

A detection means for monitoring the result of the
immunoassay may be, for example, means to produce and/or
measure a detectable reaction. Thus a detection means
may comprise an enzyme and a substrate for the enzyme.
Preferred detectable labels include enzymes (e.g. horse
radish peroxidase, alkaline phosphatase),
chemiluminescors (e.g. luciferin), and chromophores (e.g.
dyes, colored latex beads, dye&fparticles, pigments,




- 28 - marker concentration in the product (i.e. detection of the physical
characteristic is concentration-dependent). Thus, detection of such hapten
.markers i s acconplished by concentrating the hapten marker fromthe product
by, for exanple, precipitation, inmunoprecipitation or other methods known
in the art. Cenerally, the hapten marker may be detected by its physical
characteristic followi ng at least a 2- fold3increase, preferably at |east

about a 5-fold increase, nore_preferably at |east about a 10 to 10,000 fold
i ncrease i n hBREBL RQLKBRTEIRLES: (&t BonIPLBaPFy Eidyern@etadc 8/l ati on of

t he hapten i npapeicaekyd ﬁyeduﬁlbap\éh&aeeahhgehe_ﬁb@bI earbonr)] The f
concentration ca ar a Sst.l | coLor t he resence 0
t he hapten na9§§§8§§§E%e38§F ey g %58 98b§8r3 ibﬁpgf byt £e o8¢

spect r ophot onhgpten antibOﬂweferablyecphé hapibedyndirectedcagedmstat ed by
contacting.a ﬁﬁaphﬁtQLhépEEﬁdHﬁilwbhy a”EEQﬁ?iEECOQ'Qﬁb@%ﬁgﬁggekor t,

preferably an _anti body, Specific f en_ mar k e anti - mar er
anti body rmay GGtFﬁtéﬁPquoﬁhSr1ﬁ§9lbén§63ﬁ& porhenyleaedigpdne. The product

?anplte i's |Pcdbnydﬁomlbrihe'aH?EE'mt&eBl@ﬁEleéthﬁtt Favhitapibf E&b&nt for
ormation o cogplexes, o mar ker, an

anti body is |hm§5§ﬁ?FoﬁBL?ﬁgaFﬁﬁﬁﬁgpégﬁbPe?e§1§F8p98ﬂeénPg§FB£h?§'
prepipitated)lucbﬁarbsadln@toﬁllhebbapppneanated thathansaxperhahound

ant i body, of 4geBcEe8hCEE2LEOBueh hee aBbLBeds %ﬁatwmﬂgmgﬂmb‘é&s

t he phy5|cal characteristic of apten” mar econes fed arent.
It wili be apPFefiuPEimerar EﬁihbGeFBE@PBﬁdnetﬁBd§ha$eWﬂEIP°§uPPéH Fbefleld

operation, aseRr@stefBeest! dhernhekircaenpsBAl bt 814br €He amount
present can be determined, thus giving an indication of
the extent of adulteration of the product.

) Another embodiment of the invention features a kit
for qualitatively or quantitatively detecting a hapten
marker by virtue of a concentration-dependent, physical
characteristic of the hapten marker. The kit includes a
means for concentrating the hapten marker from a sample
of a product. The concentrating means may be provided as
a solid support having surface-bound antibody specific
for the hapten marker. Binding of hapten from the sample
serves to concentrate the hapten, thus facilitating
detection of the physical characteristic (e.g. color) of
the hapten marker. The solid support may be, for
example, a microtiter plate well, a test tube, or an
immunocaffinity column. Alternatively, the kit may
include a container containing a hapten-specific antibody
and a means for concentratlng (e.g. immunoprecipitating)
antlbody-hapten complexes formed by contacting a product
sample with the anti-hapten antibody.

The kits described above may alsoc include a means
for comparing the result of the detection assay with that
expected from a genuine product may comprise instructions
describing the result expected of a genuine product



Production of hapten-specific antibodies for marker detection

- 29 - The hapten nmarkers are nol ecul es to which ant i bodi es nay be

generated by administering themin association with a carrier nol ecul e.

Such anti bodi es are rai sed by known techni ques which all ow one to obtain

nonocl onal or polyclonal antibodies specific to a particular hapten.

Ant i bodi es are proteins produced in ani Traf § By antibody producing cells

known as B-|ypphocyte esponse._tq the_exposur l. 1o foreign

conpounds (anF$ %; iﬁﬁesg°ﬁn?Fﬁﬁﬁﬁ8$ Blﬁaigﬁgcfgagav a%§% elﬁ%}tlcular

conpound whi cbkablenoracalibeatipnodurvepn. or it maxnppuvdispr@d@@mnjaxﬂIs

arise in the éf)'ﬁélﬂééé ﬁQtéPiLH’E' 1&@681&9@ 28 FRkkBaS gRetAneMPHYaRE W th an
oun

|mmnogen| Cc CO Not al gn S are |mmnogen| c. In general

conpounds mntﬁt% h%l%ﬁﬁi&?eﬁePﬁﬁpgﬁ dgethf BnEBOVEr S2MBLe) munogeni c.
However, antibodies wite kit eisspacafera Dy pi:mdwmﬂﬂdSa(knom as

hapt b bt | I, t I
haptens) Y BEpPRhablshi bt SRoTLECNskuRIRY) R R RAUE TR R 0er
ani mal wth tpeovidedt tot thermatgeial oﬁnﬁhgagenulne proahetatt&mhﬂent of
hapten to | MUPAGSHLCefiar ki &r ngbgeﬁesmagadgmng %e@&:@é%@a@l@n gy ecul e

;
In a two- stage CfT enlcag reac rovi
a trademark with which the mater1a1 of the genuine

product is provided.

The ability to provide assay means in kit form
ensures that a man in the field, such as a distributor of
a product in an environment distant from the product
source can quickly check the authenticity of the product
without recourse to laboratory facilities.

It will be apparent that, since the marker
compound is in such low concentrations in the labelled
chemical or composition, its presence therein is not
immediately apparent to someone who is unaware of the
addition. Furthermore, it would not be'easy for a third
party to identify the marker using routine techniques and
include it in a counterfeit composition. That is because
isolation and concentration of the marker relies on the
use of an specific binding member specific for the marker
and this would not be available to anyone who was
ignorant of the identity of the marker.

The invention will now be further described with
reference to the following examples.



bet ween the hapten and carrier which may inprove the i mune response. In
order for the conpound to be chemically linked to the carrier or

-bi functional nolecule, it should itself contain a functional group.
Preferred functional groups are am no groups, hydroxyl groups and car boxyl

gr oups. When an ani mal has been immuni zed with an i nmunogeni c
substance, a wide variety of different aatibody-producing cells are
stinmul ated. The anti bodies - 30 -

produced byexambla nesponse are known as pol yclonal antibodies.
Pol ycl onal ntibodie% raised a alnst alpartlcular compound do not all bind

with the safyg— € ot #—11 is possible to
obtain anti s englq“§$ Q&Eﬁ i = 5?##%#?7 and affinity to
a conpound. s are known as nonocl onal anti bodi es. In

order to obtain such SBRpeL O8R! pAst O?PH%S%%QE&QOG% RCRHUGLR9ERRI AT ©

firstly extragted fromthe sp een an | I zed ani ma e ce are

then fused @FLR Afehartede Ir§fleé'rﬁdod:&c@¥ﬁiﬂa§&ﬁ¥s agF PR ngense
achi eved, fprepugenl by Hir@ @@deﬁﬂﬁ@ RoOlsxgtdadenaddenle The

hybri domas gre.capabl e o ntlb dles Ilke t recur.sor
ant i body- pﬁSﬁﬁXFﬁévfeFFgm égiéhﬁﬁﬁtﬂ Y conti nuous
growh in v'conf)ugAtnonbetf cthermelmmamadel SIiS:l}n m (:prfatreifmm 'then t h

anti body prg EEVQQIQF FQE gggggglgp%lkﬁgglhyca¥gwﬁ %eéoFéagﬁﬁ %kllled

in the art. An exa ma cél
monltorlng of the subsequent protein con]ugate to check

for removal of reagents and to calculate the loading of
the protein with the hapten.

i) Preparation of PBA derivatives

m-Phenoxybenzoic acid was reacted with thionyl
chloride in benzene to give the corresponding benzoyl
chloride which was subsequently reacted with 4-
aminobutyric acid in the presence of sodium hydroxide
followed by acid hydrolysis to;give a derivative a) of
the formula below

N___ /7N "
=/ \:_2
" CoNRR_

Two further derivatives were prepared by reacting
the intermediate benzoyl chloride with b) glycine and c)-
glycyl glycine in the presence of sodium hydroxide
followed by acid hydrolysis to give b) a derivative of
formula I where R is -CH,COOH and c) a derivative of
formula I where R is -CH,CONHCH,COOH.

The derivative a) of fo:mula I was also prepared
by reacting benzyl 4-aminobutyrate and 3-(3-
dizethylaminopropyl)-1-ethyl carbodiimide in agqueous

where R is -(CH,),COOH.



avai l abl e is PX3-63-AG8-653. This cell is available, for exanple, fromthe
Anerican Type Culture Collection, Rockville, Mryland, USA under the nunber
ATCC CRL 1580. Once the anti body-producing cells and the nyel oma
cells have been fused, the resultant hybridoma cells are separated fromthe
I nfused cells and cloned by repeated Iimting dilution. Coned hybridonmas
are then tested to determ ne which are” pt®dtici ng the desired antibodies.
This testing may .be. achi eved, for exanple, by.co titiye enzynme |inked

| mmunosor berte RAIVATSAYRRY LY ELYF| 3] CORRANAT PFnEPTRRLR 3 FBRBSURY mmy be
assessed by ide addition of free conmpound to the ELI SA test systemto

eval uat e the_ghil,i e .1 oy . nhiRids bi.ndi of the

nonocl onal an%@%@@%ﬁpgf&%g%ﬁ chg'lugl(}t%%r% {olwaéls%l‘{%lgﬁaase.

- 31 - pPallpgium Pnrehaxcerl gatalvah bhastetsahydreéuran #enocl onal
anti bodi es npjeI®aderivdeivs ogpiced in large quantities using well known
techniques. If desired, ,these _anti bodies may be |abelled with apn enzyne;
e.g. horse radish p@?‘&(fi&§§¥a&lvﬁsk¥%rﬁe c&%’%‘i?&" theit sc‘\‘g’c‘mi ques for
produci ng pdaktsnaihichl dissclved| readibpdinswaterp bgnpddidiane ofel

known to thqgg, Sl L.t . S .L.n ' ch
techni ques are %é&ééﬁ%kiﬁ?réﬁ?éﬁﬁi@%%gggagﬁmgé%§§%§é§§€%oPﬁnS bggﬁgnglune
73 | nmunoche¥t caatiee nd et mhydrofunan paddedeuntidl ¢ Bompgenoysvan
VU”ak'S1'ﬂf%Eh&éE&WﬂﬁasJoﬁtaigag'{??fﬁw@d ﬁ%ﬁéﬁgPSrE%ﬁéglE88QrQR@EE.A) and

1981 (Part B;z and Kohler, G eLn, . ure, Vi
i) -Preparation of Protein Conjugates

The derivatives prepared as described in i) above,
in the form of their sodium salts, were each dissolved in
water, adjusted to pH 8 and cooled to 0°C. A solution,
also cooled to 0°C of 3-(3/-dimethylaminopropyl)-1-ethyl
carbodiimide was added to the derivative sodium salt and
allowed to stand for 2 minutes to complete formation of
the isourea. carboxylate.

Each of the derivatives was then bonded to one of
the following proteins dissolved in distilled, deionized
water and filtered: '

bovine serum albumin (M.W. about 68,000)

chicken gamma globulin (M.W. 125,000 to 750,000)

keyhole limpet hemocyanin (M.W. 3,000,000 to

7,000,000)

The loading was carried out by adding the solution
over one minute to the protein with stirring and the-
mixture kept at 5°C for several hours to complete the
bonding. pH was adjusted to pH 8 as necessary. The
loaded protein was dialyzed with saline phosphate buffer
pH 7.3 for from 5 to 7 days with daily changing of
dialysate and the loading determined by %c radiocactivity
measurement.



265, p. 495 (1975). Mar ker detection kits In a further aspect of
the invention, a kit is provided for labelling a chem cal or chem cal
-conposition and/or for identifying the source of a | abelled chem cal or
conposition by the above nethod; said kit conprising at |east one inert
mar ker hapten and respective speC|f|c blngéng menber or nenbers. Preferably
t he specific binding nmenber binds the haptén to form an i mmunol ogi cal
bi ndi ng pair. Exa%?%s_épcordlng to a further aspect of this invention we
provi de an assay Ki or detecting the presence of a visually undetectable
mar ker hapten YL &d oy MengclonalcAntahedlied ng neans for providing a

sa{rplbedof sai d rr?r kel’Al e?ﬁgﬁqaut dofreﬂsmnananngvf?ﬁétsaaér{maaibhfﬁihwmt

ant i bodi es speci.fic _fqr the er un etection neans, for rnonitoring
the i mmnoassg?lgﬁdpﬁgaﬁfrf #@or‘?ﬁaﬁ :%9911?3 RS, (Usest %%@F?ﬂﬂﬁﬁ)a%té%y with

t.he result expa@h@dme@m a Then PBAe bovighec tserum albuhirearss fmrepamad di ng a

sanpl e of sal dgTRKYer'idatidy &) Lﬂ?a@.ecqrmp' 5% Hh %Jg'o J}i ece sary

f or nglng
sol uti on and/ &%ampler dt(iidd -neans to renove unwant ed solids and/or SO|Id

phase extraction col uss A{G6 EHAIB)E, CALHATE) PBEE! DhitngBaton exchange

resin or a chro rap nmedi,um such _as si_lica). An |nnunOQ§say

means may enp Hg%H8%H€PH%&V UPt a 1:1 emulsion of complete Freund
adjuvant and PBA conjugate (0.1 ml, SO0 upg). Each animal
received a further 3 injections at 3 weekly intervals but
with incomplete adjuvant. Under a similar regimen, a

further six animals received a higher dose of conjugate
(200 pg). Serum samples from the twelve animals were
tested for specific binding to PBA by means of an enzyme-
linked immunosorbent assay (ELISA).

The spleen was removed from the animal producing
the highest serum concentration of antibodies and the
splenocytes used in a fusion with PX3-63-AG8-653 myeloma
cells (available from the American Type Culture
Collection, Rockville, Maryland, USA, under the number
ATCC CRL 1580). Hybridoma cells were distributed into ten
96-well microtiter plates. Following cell growth,
supernatant tissue culture fluids were tested by ELISA
for antibody production. Specificity was assessed by the
addition of free PBA to the test system to determine the
inhibition of binding of the antibodies to the solid
phase PBA target in the ELISA method. Cells from several
positive wells were grown to produce cell stocks and
then cloned by the limiting dilution technique. :
Following further cell growth the resulting supernatants
were tested as above and the contents of several positive
wells grown-up and cloned again. The cells in wells
identified as positive, following the second cloning,
were grown-up to prgduce supernatants containing



pol ycl onal anti bodi es. The i munoassay neans nmay al so include a solid or
sem -solid support having sanple- receiving areas. Exenplary
sanpl e-recei ving supports include test tubes, mcrotiter plates, dipsticks,
menbranes, |ateral flow devices (e.g. imunoassay devices for snal
nol ecul es (e.g. drugs of addiction) or for pregnancy tests), resins, PVC or
| at ex beads, and nitrocellul ose. The sanpB& receiving areas of the support
have surface-bound capture reagent hapten capable of hinding to a specific
bi ndi ng nenbefutéigient ReperedossdciafitdbeidesodPr &F hAFRRYnNt i body
specific for aevelbpmenturface-bound hapten may be hapten al one or may be a
hapt en- protei n conju e thher hapten- £l C. C ich is
capabl e of presenti ngﬂ%n“g%?‘ioo%% ) %t%agﬁtﬁﬁbég%iﬁgﬁﬁéfgvgg specific
bi ndi ng nenbeant$beflies- forntesiiam-ftiesmh nedivig ementer, fayclanal ekl ng
specificity f : n d I0.) e $ ' y
specific for g%bgfilatag%g gg§§h§%§%?{arﬁogoﬁg ?ﬁ%ﬁtéggﬁ g’(fl ﬁd&%gn%dé?dhavi ng
specificity fsich AsRikest £Aude-t i Ferof PristinecPrimedy. fanaf B/ c
Zptecizic for ﬁi@f@' tSE?rhSrtlﬁ-Q_Hbﬁxﬁ?gw@Q-‘éa'eth&H %ﬁ.n?%lﬁt"e@the hapten)-b f A
etecti on neaps,for I tor resu e, noass may be, for
exanpl e, mean nFBaBFgggegeahggbﬁl §§r§°a%8gtggpﬁgg§mPe Eiﬁﬁﬁ. Thus a
det ecti on neaAscikescfipidse weree hapvested ,a poolsdt and fstroxtdde deaep/ ne.
Preferred dEtE%B?Qh? | abel s include enzynmes (e.g. horse radi sh peroxidase,
a

al kal i ne phosp ase), chem |umnescors (e.g. luciferin), and chronmophores
(e.g. dyes, colored [Antibodies veredalse tprepared byregrewing hybridoma

cells in vitro in stirred tissue culture vessels.

A sample of one of the clonal cell hybridomas has
been deposited with the European Collection of Animal
Cell Cultures (ECACC), PHLS Centre for Applied
Microbiology and Research, Porton Down, Salisbury SP4
0JG, United Kingdom, with effect from 10th January, 1989
under accession number 89011001.

Example 3
Assay of a Marked Lubricating 0il

A marked lubricating oil was prepared containing
10 ppm of m-phenoxybenzoic acid. A series of 2 ml
samples were prepared containing varying percentages of
marked oil and unadulterated oil.

PBA was extracted for assay from each oil sample
by the following method. ' '

i)  Extraction of PBA from 0il

1. The oil sample on which the authenticity
check was to be carried out was placed in a sealable
vessel. Five volumes of hexane and 1 volume of 20%
acetonitrile in 0.05 M Tris/HCl pH 7.5 were then added to
the o0il and the vessel sealed. The mixture was then



- 33 - netal sol particles (e.g. gold or silver netal sol particles), dye
encapsul ated |iposones, carbon). The detectable | abel may be attached to
.the hapten, the anti- hapten antibody, or a second antibody directed
agai nst the anti-hapten anti body. Exanples of substrates for the detection
of the | abel include o-phenyl enedi am ne di hydrochl oride; Anmerlite Signal
Reagent (avail able from Amersham I nt ernd®ional PLC); p-nitrophenol

phosphate; and luciferase. It will be appreciated that an external
det ecti on delpkensfier gueamipBter 8pAotbReresuldRonSHEPENSIPT | uori net er
may be enpl gyeéwedntbhsepapiteot ThiY tbekesppirexdmatieliyhsonmseomndsanpound

but al so the anount, present_can. he determ ned I Vi | bdi cation of
the extent of adul t&rat | Q;iqqé§rﬁ?ﬁh&§2en fréQuéggt ggg%ﬁ%%%ggeﬁ of the
i nvention ftheusepazaked héxtywel usdngyvel dispogadie pdaistdlop ddpetiting a
hapten mar kgpabpyh ibdCa! a93CAACRR" BbhaEdaRCBANNN REKS16A!
characteristic of the hapten_marker? The kit includes a neans for

concent r at i A¥CRARIRIFEEANRPRBRN; PHYRL NedFremyJOReS oduct . The

conpgn;ratiagr?ﬁaa?gﬁapﬂyyﬁprmnbded eaoipbkiraunfaﬁb @@@ﬁg@,surface-bornd
anti body spggific t he_hapt en rker. .Bindi,ng of. hapten fraom sanpl e
serves to cghfgﬁgpa € ﬁ’@lngst EX, %ﬁuel"?&gr"‘ﬁ%ﬁ’?\ oF gé't%@(,sﬁrgn a&dt R‘ﬁ‘éa
physi cal chaolutmarthencwashed wikbhr # of 1t md RAjgotsacfedistidled i d

support may,be..for exanple, a mcrotiter plate well, a test tube, or an
I mrmunoaffinrty colum. Alternatively, the kit may include a container

cont ai ni ng a hapt e spe¥he CcHHMMFRS Fhen eberRd reitRohdahtPht&ng (e.g.
i mmunopr eci bl atiBf) o2nbi, B8Ry (HIRY erweeMPOXen saniNe.by Thakt acting a

pr oduct sangli wi,th the anti-hapten antibody., The&ﬁ descri bed
above may aP9oUFHEP YERQVEEaADY P“Pgnﬁgﬁ'ngEPﬁg FESAVET det ecti on
assay W th sbautésnewasdthenmsabjettiede tior edmpetini veonzyme ilivkedt i ons
describing § g h&3ukbeR¥PEEEEY TErT BT Yy ¢nR ¥449bwing method.

ii) © Immunoassay Method (with detection by colorimetric
means)

1. A plastic well/tube was coated with a fixed
level of a PBA~-chicken gamma glbbulin conjugate prepared
as described in Example 1. To achieve this coating, a
measured aliquot of 100 pl conjugate, at a concentration
of 10 ug/ml was placed in the well/tube. This was then
incubated at a carefully controlled temperature for a
fixed time and a reproducible level of coating was
achieved by adsorption. After the coating period, the
wells were washed and could be stored at 4°C.

2. The PBA~containing solution to be assayed was
placed in a pre-coated well in the presence of a limiting
level of specific monoclonal antibody prepared as
described in Example 2. The sample of antibody was used
at a dilution of 1:1000. The basis of the assay is the
competition for binding of this antibody between the PBA
in solution and PBA which is immobilized on the surface -
of the well as conjugate. After a fixed period of time



- 34 - (conprising, for exanple, a colour chart, calibration table or
calibration curve), or it may conprise a sanple of marked nateri al

i dentical to nmarked genui ne product (to be anal yzed al ongsi de the unknown
sanpl e) . The kit is preferably provided with a representation of the
visual ly distinctive appearance provided %@ the material of the genuine
product. For exanple the kit may be provitied with a representation of a

trademark w tdhdlEfd {n B CERG! wal1 ! PEsIPEHLICAPLAA Chel BelnOWaliiba.

The ability tQ provide assay ngans In a man
field, such a2 Qﬂ%&?QQXn matning, taythe| wehh afitrrowashing dsathat om

t he product sehirate Waund)uta ktlye cimdsbimzaat benyi ﬁhby 1@ireuh©fp addiYody

t hout b f t th t,
\év:ncgut he marier corn%u‘r)frélallli 2 %aﬁ%ﬁs?#)% E’éﬂggﬁf'?ﬁf‘f“&n§° ﬁgﬁhg VEdelted
chenmi cal or<§§ﬁuﬁhl¢hnwa$tprgweeumty phesenb in fivkei sodditdbal.y apparent
to soneone who is “ngmﬁrergoﬁﬁigﬂﬂbe‘E& Y RS _éﬁéﬁgyld not be

easy for a third party to identi e mark using r T he echni ques and
i ncl ude it iFoRiugatiewas taddedobetthe. Wtht i Theesagondi eptibody and

concentrat i orerffyrid &dfyidite Qld&s Qﬁsti‘&cUESlﬁéli‘ﬁeS?ﬁSb,ghﬁtQ!sEd' ng member

specific for ,t.h rker’ d, this uld n® e aval anyone who was
i ISnor ant of tlﬂésﬁeg’grﬁcft %1; r@%’ﬁ?‘k‘é\lse immunoghebpipianéi UnaWPP-IlaF?é\ﬁ be
further descmﬁmninﬂnfBIuﬁdgxﬂEIsIOathB:i@bboﬁinﬂtﬂéﬁﬂpheaul per well.

This conjugate binds to any of the primary antibody which
has remained, bound to the immobilized conjugate in the
well. The second antibody-enzyme conjugate was added in
excess and, again, unbound material was removed by
washing. After washing, the level of second-antibody-
enzyme conjugate remaining in the well is directly
proportional to the level of primary antibody bound in
step 2 described above.

4. A solution containing a.substrate for the
enzyme of the second antibody-enzyme conjugate was added
to the well and the level of enzyme present was
determined by measuring the formation of colored product.
The substrate was p-nitrophenyl phosphate disodium salt
(available from Sigma Chemical Co. as Sigma 104
phosphatase substrate) at a concentration of 1 ng/ml in
10% diethanolamine buffer pH 9.8. The formation of
Yellow colored product was measured at 405 nm using a
vertical beam visible light absorption spectrophotometer
(MR610 Microplate reader - Dynatech).

Two sets of results of the colorimetric assay of
the o0il samples containing varying percentages of marked
oil_are given in Table 2 below. The results are
expressed as a percentage of marked oil in thé sample.



- 35 - Exanple 1 Preparation of Protein Conjugates of PBA _

(m phenoxybenzoi ¢ acid) Intended For Use as a Marker Conpound A
-series of protein conjugates of m phenoxybenzoic acid (a hapten, referred
to hereinafter as 'PBA') were prepared by firstly preparing a suitable
reactive derivative from PBA by chem cal éépthesis fol |l owed by conjugation
of the derivative with the protein. The i'vatives were prepared with a

14C r adi ol abel |J ow nmonitoring of the subsequent protein conjugate to
check for renoval of reagents and to calculate the | oading of the protein
W th the hapt ecsample i# 1 Prepasati ol of BBA derivati vess 9 10

n}PhenoxybenzoLﬁﬁucid was reacted with thionyl chloride in benzene to give

the correspondi Foyi® chtdr f8® whi ch #8s” sBbseqddnt | yoPeadPed SRith 4-
am nobut yri ¢ abisdrvda t hespr esengeo of osodi ggn hygr oxi de f olibewedgby 43ci d

hydrol ysis to §gtv® a derivative a) of the fornmula bel ow [err]
Observed 76 33 93 0 55 0 22 118 31 S5
Set B
Example 4

Assembly of an Assay Kit and its use in an Assay of
Marked Lubricating 0il

An assay Kkit, suitable for testing up to three
possible counterfeit samples of lubricating oil, was
assembled. The kit comprised:

(1) 5 plastic tubes coated with a PBA-chicken gamma

globulin conjugate (prepared as described below) ;

(2) 5 ion exchange resin columns, (3 ml NH, Bond Elut

columns, obtained from Jones Chromatography);

(3) 5-10 ml volumes of extracting solvent, consisting of

8 ml hexane and 2 ml of 40% dcetonitrile in 0.05 M

Tris/HCl, pH 7.5; -

(4) 1 sample of lubricating oil containing 10 ppm of m-

phenoxybenzoic acid (representing a sample of a marked

genuine product);

(5) 1 sample of lubricating oil containing no m-

phenoxybenzoic acid;

(6) 5-2 ml volumes of PBA-Specific monoclonal antibody

diluted ten-fold in phosphate buffered saline (PBS,

available in tablet form from Oxoid) containing 0.05% w/v
-« Tween 20 (polyoxyethylene-sorbitan monolauraté, available

from Sigma Chemical Company, Catalogue Number P1379);

(7) 1 volume of antibody-enzyme conjugate (comprising

horse radish peroxidase conjugated rabbit immunoglobulins

to mouse immunoglobulins, available from DAKO Limited,

Catalogue Number P161);



where Ris -(CHerr])[err] COOH. Two further derivatives were
reacting the internedi ate benzoyl chloride with b) glycine and

prepared by

c) glycyl glycine in the presence of sodium hydroxi de foll owed by acid
hydrol ysis to give b) a derivative of formula |

where Ris -CH err] COOH and

c) a derivative of fornula | where Ris -CH err] CONHCH err] COCH. The
derivative a) of fornmula | was al so pr'ep"aﬁ'e'a by reacting benzyl

4- am nobut yr af.e d 3-(3' - di Y, L. Dopr op - 1a vk odL L1l in
aqueous f@) Peni umlneéégﬁélé&%@é&&%e_Y%%e%lfﬁgt%éﬁﬁégogéégﬁg?é gi ve
a conpound @&vidahilen frowmcirersham - TIDeFBOO0DRRPHPLEG) | Gabalogue
hydrogenolyghﬁﬁmgttghrxﬁdgﬁiun1on charcoal catalyst in tetrahydrofuran to
yield derivative a). The deriyvatjves were converted to their  sodi um

salts (whi cHi sdAShEILHE9T, | FoRRieEIng 0540 PP8n (B Vit BVERPoRRL AR

amount s of sxadiine biseyjponate or carbonate in water and tetrahydrofuran

added unti |

dryness. ii) epa n Proviat

0@4’.\?0”5‘1%% ution %(\s/a%ﬁbba' ?ggségiig&e%ggﬁevggar ation to

érrvati ves

prepared as {dd9cri benstrudcYicmoskeetn the formof their sodiumsalts, were
each dissolved in water, adjusted to pH 8 and cooled to O[err]C. A

solution, also cooled t
car bodi i m dé
for 2 m nut &

- 1- et hyl

(0]

Oferr pr opy|

of

Plastic tubes were coated with a fixed level of a
PBA-chicken gamma globulin conjugate prepared as
described in Example 1. To achieve this coating, a
measured aliquot of 500 ul conjugate, at a concentration
of 20 ug/ml was placed in the tube. This was then
incubated for 3 hours at room temperature and a
reproducible level of coating was achieved by adsorption.
After the coating period, the tubes were washed with the
saline/Tween solution (ST), described in Example 3, dried
and stored desiccated, preferably at 4°C, until required.

ii) Use o ss it t sSS k

1. In order to carry out the assay, the first step
is to prepare the chemiluminescent substrate, following
the manufacturer’s instructions.

2. The two samples of lubricating oil belonging to
the kit and three "unknown" samples of lubricating oil
are extracted using the 5 volumes of extracting solvent
and 5 ion exchange columns, according to the method of
Example 3. The columns are then washed with two 2 ml -
aliquots of column wash.

3. Each of the columns is then eluted with one 2 ml
aliquot of wash solution into small glass bottles
containing the 2 ml volumes of PBA-specific monoclonal
antibody.

helaBl B2AY t o stand



‘the isourea car boxyl at e. Each of the derivatives was then bonded to
one of the follow ng proteins dissolved in distilled, deionized water and

filtered: bovi ne serum al bumn (MW about 68, 000) chi cken
gama gl obulin (MW 125,000 to 750, 000) keyhol e |inpet henpbcyanin
(MW 3,000,000 to 7, 000, 000) - 43 The | oading was carried out by

addi ng the solution over one mnute to the  protein with stirring and the

m xture kept at 5[35r%ﬁéfﬂétﬁf¥eﬁéﬁfaﬂgésaf8 £RAR! Rigelhe HanthQEﬁQ@ was
adjusted to pH 8 as_necessary. The [ oaded proteln was |afyze w th saline
phosphat e buf P@PApHETOR eafhiehtetd piyhpsesi in BEARGLerERdi kg &he

di al ysat e andeive pba.dt'ﬁ@_'d@bef na:;\geﬂe&ywiehrAbt@r-aﬂ:iezéhi qhhﬁazgawmm?t- f
- 37 - Exa uct Q nocl ona nt1bogLes . conj ugate o
pBA and bovi FECRLRERERT b AP s RERELERRkngoro RiFLSEE tpotbenFiRBE ecd Lo
produce t he aaxéebbipped away RBAd btlhéntubesuwasheédnbnceawiphepashd usi ng
derivative a)g@Qiu le 1(i) in the procedure of Exanple 1(ii). Si x

mce (Balb/c, female) were inmmuni zed subcutaneously with a 1:1 enul sion of
conpl ete Freund' s 2dj 0%t @hda FEplebipngaf ethe. ankibodp-eneypg). Each

ani mal recei véénjudatéhes Saddd oedi @asnhadr tHECkhbesNt eA¥8LE RUE Wi th

'nconplete adpvapl 3 i85kt ol Thd Ao hLLE "o %t he tubes are tipped
away and the tubes are washed 5 times with wash solution.

. 6. The chemiluminescent substrate, 1 ml, is then

added to the tube and after 2 minutes the light output
measured, following the manufacturers instructions for
use of a portable, battery powered, tube liminometer
(available from Dynatech Laboratories Ltd.). The read-
out of the instrument is a 3 digit number in the range 0-
999,

7. The reproducibility of the method has been
assessed over a series of 35 assays, carried out by two
operators, over a four week period. The inter-assay
coefficient of variation (CV) for this series of
experiments was 9.1%. It was found that if the assay had
been performed correctly, the ratio of the positive
control (lower reading) to the negative control (higher
reading) was 0.612 * 0.056 (i.e. * 1 Standard Deviation
(SD). For an "unknown" oil éwvalue-oﬁ.0.725 or greater
indicated a "possible counterfeit" sample.

Example 5
ssa arked gasol.

13 ml samples of leaded and unleaded gasoline were
marked with 3 levels of PBA (10, 5 and 2.5 ppm). They
were extracted with Tris buffer (2 ml, 0.05 M, pH 7.5).
The extracts were assayed as described in Example 3 and
PBA quantified using a calibration curve of standards



further six animals received a higher dose of conjugate (200 [err]g). Serum
sanples fromthe twelve animals were tested for specific binding to PBA by
means of an enzyne- |inked i mmunosorbent assay (ELI SA). The spl een
was renoved fromthe ani mal produci ng the hi ghest serum concentration of
anti bodi es and the splenocytes used in a fysion wth PX3-63-AG-653 nyel oma
cells (available fromthe American Type Afttare Col I ection, Rockville,

Maryl and, US t ) i.do

Rt L gfgggé'g?gs EXE%PFOWI nn%%%‘%s?”\?g‘{v&q}?
super nat ant tf3ERted VetiRe PrEPa¥edeFentaindngpyadiprda 1%§ﬂﬁé%ody

Pro?ucti?n. f@ﬁ@b{iﬁ@?yxu?ﬁc&§6ﬁ$é?ﬁibieh?gggdgbtb@nsgrﬁ&ﬁggfﬁBegkp t?e o
est system ermne the.inhibition o inding_o e antipodies to the
Sol1 o phase PRoAERE: SPRbARISER BakiBRRoaLSeEvea° ARG eRBREEAT JR e e
wel | s wer e 5grBe resplbsuarecshbwat dnkTabde Bhen cloned by the limting
dilution technique. Follow ng further cell growh the resulting
supernatants were tested as above and the contents of several positive
wel s grown-up and cloned again. The cells in wells identified as positive,
foll ow ng the second cloning, were grown-up to produce supernatants

cont ai ni ng - 38 - sufficient nonocl onal
anti bodies for prelimnary assay devel opnent. In order to generate
sufficient nonocl onal antibodies for nmediumtermrequirenents, 5 clonal
cell hybridomas were chosen for the production of antibody-



rich ascites fluid. Ten, pristine-primed, female Balb/c mce per hybridons,
were each inoculated intraperitoneally with up to 10[err] hybridona cells.
-Ascites fluids were harvested, pooled and stored deep frozen.
Anti bodi es were al so prepared by grow ng hybridoma cells in vitro in
stirred tissue culture vessels. A sanpl e of one of the clonal cell
hybri domas has been deposited with the European Coll ection ofgAni mal Cell
Cul tures (ECACC), PHLS Centre for Appljgd M crobiol ogy and Re3egarch, Porton
Down, Salisbury SP4 QIG United Kingdom wth effect from 10t4+January,
1989 under accession nunmber 89011001. Exanpl e 3 Assay of a ked
Lubricating Q| A ma d lubricating oil was prepared Zentaining 10
ppm of mphenoxybgnzoi c aci & ©A serites of22 nl Kanpl & were pgdhared
contai ning varyi nj percentagpg of ma ked®il ant unaftul terat €@l pi l .

PBA was extractedSfor assaye #&om each oi | sanpl e by the foll ewighg net hod.
i) Extractionsof PBA from Q| 1. The oil sanpl e ®m which the
aut henticity check was to be jarri e¢ out was plgced ign a sealf e vessel.

Fi ve vol umes of hgxane ana ol une pf ZQ,%acetf);nitri'le in O.Q%MTris/HCI
pH 7.5 were then g‘dded tﬁ% oil and the vessel sealed. The friwxture was
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- 39 - shaken for one mnute and the resulting suspension allowed to
separate. This took approxi mately 30 seconds. 2. An al i quot was
taken fromthe | ower phase of the separated m xture using a disposabl e
pl astics pipette and applied to a 3 mMl NH2 Bond Elut colum (an ion
exchange resin colum obtained from Jones Chronmat ography). The sanpl-e of
extract was passed through the colum by t4f application of pressure and
t he col unm the heclsvmth4x1m aliquots of distilled water. 3.

The col um was JIIRIT &5 .e_ g lution of 0.05% (v/v) Tween 20
M&I ALked Rh r%%%%cjigBA Each recovered PBA sol ution
was then SUbJ ect eﬂaiﬂeaoﬁﬁﬁbuEbV%femelﬂa%ﬂd 'aE@t'&(iﬁ toEﬂf&rg{ aS%Wni(l@—' SA)

by the fol |l ow t | mmunoassa I\/Ethod (wi ection
colorimetric P@%&nﬁu ler arld anW pﬂ’%’é‘??b"v\% ept L RPANAREIXER &Ft H°§ f| xed

:Egvel I of 1a _I?B&tﬁro:il&ﬂ gab- tn OhahmAt SON aqeth) meparpﬂepargescrl i)ed in
ample 1. To tin sur i guot .o e

conj ugate, at aci@ar%ghrﬁlafq CRPanbf %‘?eﬁ? ﬁ\gjso%f aégdélaégt ﬂ% é/él %Ffﬁbe.
This was then addaﬁoatceoﬂ.oatmh @ﬁrHWTwewn(descmeér@eraxwpleoﬁ) aifi aed
time and a re C Y. r After
the coating pg"{l y #ah ?‘l’t%re%ﬂéﬁﬂaﬁdﬁéﬁﬁ dﬁge&s?%gé Qié err] C.
2.  The PBA- éfﬁﬁeall?ﬁ'%%‘%ﬂ K9 rbekh raterigts- wiEhe| hekbles ‘ae’é?e coat ed

vell in the prefBiXed Wvernidht 6 épeadceoftBeerns | tntd e opBs /2RbeR0dY
prepared as defs rlbe.d |n Exanmpl g 2. was used at a

ant i bod
dilution of 1: t¥on a‘é’%‘z&sn?‘gf’(ﬁ% r3beEtaliBY for binding
of this anti b(nhnﬁmitﬁ/wtidsm Rinp Ye sol idots a(zls GEL) \Mslfcbhes i mobi | i zed

on the surfacegle e At |sSfuCPMd Gl e J04EE Eo 28650 PSE PEACLpLETRIC
antibody and analyzed using an assay kit, similar to that
described in Example 4.
| From the results presented in Table 4 it was
demonstrated that the marked pharmaceutical were cleariy
distinguishable from the non~marked pharmaceutical.

TABLE 4

Drug Upmarked#* Marked* Ratio (%)

Paracetamol 400 288 72
394 275 70
377 283 75
378 278 74
281 206 73
266 203 76
386 303 78
398 267 67
517 . 357 69
480 378 79
469 379 80

Mean Ratio-74 S.D.=4.2 C.V.=5.7%



. 40 - the solution in the well was renoved and the wel | washed. The
anti body remaining in the well after washing is that which bound to the
-inmmobilized PBA, the |evel of antibody remaining is thus inversely

proportional to the |evel of PBA which was previously present in free
sol ution. 3. A solution of secg_ng anti body-enzyne conjugate was
added to the well. The second anti body enzZyne conjugate used was |gG

(al kal i ne phosphatase |inked to rabbit anti-nouse inmunogl obulin G -

avail able from I CN Biol ogicals) at 1:1000 dilution, 100[err]l

per well.

Thi s conj ugat gaprasteént 0 any of thesgad mary antibgdy which has gegenai ned,
bound to the i mobilized conjugatesgs the well. 38w second antgdbody-enzyne
_ was7¥ enoved by
washi ng. After washing, the |level @fi3dsecond-anti2®&ly- enzyne cjugate

conj ugate was added in excess and, 3®$i n, unbourakamateri al

remaining in the well is directly @&7®ortional t18% he |evel

of66r

I mary

anti body bound in step 2 described28%ve. 228 A sol uti &t cont ai ni ng
a substrate for the enzyne of the 2&%nd anti bodP4enzyme conj t

added to the well and the |evel of 24Pzyne presed®3vas determ
measuring the formati on of col oregRgroduct. The substrate was

E&RF S g -Ehd&in-dal  Co.CAE

phosphat e di sodi um salt (avaiM%%T‘

€ Was

by
S 00"

phosphat ase substrate) at a concentration of 1 ng/m in 10% di et hanol am ne

L o AR SRR A o Y SR i
- nat ec .

M cropl at e reader

It is likely that the nature of extraction solvents
and eluent solvents would be dependent on the nature of
the chemicals chosen for spiking individual substrates.

However, the results described here show that

it is

possible to add low concentrations of small organic
molecules to pharmaceutical products and to use

immunocaffinity chromatography to identify and distinguish

between batches of the product.

Example 7
Assay of marked perfume

A sample of ‘Eau de Cologne’ was prepared containing
20 ppm of PBA. 2 ml of this marked material and 2 ml of
the unmarked material were placed in small glass test
tubes and evaporated in a gentle air stream to incipient
dryness. 2 ml of PBS/Tween (described in Example 4) was
added to the oily residue and the tube contents mixed
vigorously by vortex mixing. The insoluble, heavier than
water, oil was then separated by centrifugation and
sample aliquots of the supernatant'solution were analyzed
as described in Example 6. From the results presented in
Table 5 it was demonstrated that the marked perfume ﬁas
clearly distinguishable from the unmarked equivalent.?



Two sets of results of the colorinetric assay of the oil sanples containing
varyi ng percentages of marked oil are given in Table 2 below. The results
are expressed as a percentage of marked oil in the sanple.

- 41 - Table 2 Sanple # 1 2 3 4 5 6 7 8 9 10
Calculated 75 25 100 O 50 0 33 100 10 50 Observed 47 14 100

0 50 100 0 42 Set A (bséBBved 76 33 93 0 5 0
22 118 31 E%EEE Exanpl e 4 Assenbly of an Assay Kit and its use in
an Assay of a e% Lubricating G| An assay kit, suitable for

testing up toRehfwmepossible cdhnﬁaﬂﬁatl sanp&gﬁ_gi_lubrlggziggigll, was
assenbl ed. The kit conprised: (1) 5 plastic tubes coated with a PBA-chicken
ganma gl obul i FAR o%¢ UGt RINBr epar ed8§§ descri bed 394 ow); (2) 5 3%2n exchange
resin colums, (3 m NH2 Bond El ut 824l ums, obt #i4ed from Jon&®
Chronatography) (3) 5-10 m wvolu of extracti g'solvent c&ﬁélstlng of 8
m hexane and 2 mM of 40% acetonit ein 0.05-% 'is/HCI, pH 785; (4) 1

sanpl e of lubricating oil containi 210 ppm of 36 25

Mean Ratio=20 S.D.=6.2 C.V.=31.6%

*Values indicated were read from the tube liminometer
described in Example 4.

As an alternative approach marked and unmarked Eau de
Cologne were diluted ten-fold with PBS/Tween and assayed
directly as outlined in Example 6. The results are
presented in Table 6 and show that this alternative
method also permits clear distinction between unmarked
and marked perfume.

TABLE 6 . .

Perfume Unmarked#* Marked* Ratio (%)

Eau de Cologne 736 499 68
760 522 69
494 324 66
382 267 ’ 70
401 233 58
385 257 68
352 210 60
484 307 63
640 426 67

Mean Ratio=65.4 S.D.=4.2 C.V.-6.4%



phenoxybenzoic acid (representing a sanple of a marked genui ne product);
(5) 1 sanple of lubricating oil containing no m phenoxybenzoic acid; (6)
-5-2 m volumes of PBA-Specific nonoclonal antibody diluted ten-fold in
phosphate buffered saline (PBS, available in tablet formfrom Oxoid)
containing 0.05% w v Tween 20 (pol yoxyet hyl ene-sorbitan nonol aurate,
avai l able from Si gma Chem cal Conpany~ @% al ogue Nunber P1379); (7) 1

vol une of antibody-enzyne conjugate (conprising horse radi sh peroxi dase
conj ugat ed Ex@mRle @unogl obul i ns to nmouse i munogl obul i ns, avail abl e from

DAKO Limte QJ . 161) : '
42 - (8) Ch : ite Sigral R oo
from Aﬁeishaﬁmiug?ﬁﬁigﬁﬁ |§§Ei%%§é§a§aﬁa Fe“REnBEPLRRRAA TR PPosh

sol ution, c@osipzm mf EBAL. 05%e \nianjkéla/\a&mﬁ(y land a |cm:-z(é§rpqn4ilﬂg Ool um
wash, consig&?&g Llotditild | ( 4l 1)
Preparation o astttjc tut’)’lggggggétcg %ﬁ’ %A :I*".{ﬁh’s“'t{en‘I ggén%g@f%%yl I n
conj ugate PBS/Imesn jand gampleeald ignatal (45041 Wkl anadkyzed ysing

PBA- chi cken tghmiie tH o ddStrSBid 9 emRinied &l asriie ¥dd Wtk ipréaantée 1. To

achi eve thi coa ng,
S 15 g7i%emonstrate that the marked whisky is clearly

distinguishable from the unmarked whisky.

TABLE 7
Drink Unmarked* Marked#* Ratio (%)}
Whisky 375 119 31
396 158 39
381 180 47
449 110 25
435 : 104 24
427 109 26
431 a5 22
421 116 28
387 117 30
440 . 86 19
412 . ¥22 30
386 122 32
353 107 30
474 115 24
452 106 23
446 111 25
Mean Ratio=28.4 S.D.=6.9 C.V.=24%

*Values indicated were obtained from the tube liminometer
described in Example 4. It was noted in this Example
that the signal generated took approximately 20 minutes
to develop.

Example 9

Covert Surface Marking
In one application of the invention, it is desired to

apply the hapten molecule to a surface using an impact or
non-impact printing method. The laid down hapten can be
subsequently visualized by the application of the other



measured aliquot of 500 [err]l conjugate, at a concentration of 20 pg/m
was placed in the tube. This was then incubated for 3 hours at room
tenperature and a reproduci ble |l evel of coating was achi eved by adsorption.
After the coating period, the tubes were washed with the saline/ Tween
solution (ST), described in Exanple 3, dried and stored desiccated,
preferably at 4[err]C, until required~ s0i+) Use of Assay Kit to Assay

Mar ked Lubricating Ols 1. In order to carry out the assay, the first
step is to mempareof hehehspetifiicebiadingupatirat e Sihald tuptershare

manuf act ur eé:.??] Psﬁ&-‘c& t1b1¢ wétth{l.ﬁet ‘inS%EEng%]aQbr' R GRf | oi |

bel onging to e kit ree nown" sanpl es o |cat|ng o'l are
extracted 3R ‘ICPFEd 53%?%% BYopRritiesi #9 $bevsirfase s litodsexchange

col umms, acam@&meéOnédsesgaﬂﬁodooiaoﬁaaﬁaleenapteﬁh%oc@l YN d hen washed
wth two 2 h of the colums is then

uot s_of col
eluted wit t‘P%‘Hé"’Z‘ aT}?ﬁuB?pg?ntQSrmﬁFutl?oﬁ°}Hg’gesH’é’l [thg & pot t | es
contalnlng tdemilatiowl andscah #BA13pbei Fiecognieedoby! tae! ispedific

t t e | east H00[err]l
from each ol?lﬁlgtgﬁf%u*%%ﬁ% g%ﬁsgéﬁ g omﬁ‘ gP g%ng‘Sug"t es coated
wi t h PBA- cladhesiverpropeobiesntooshv§aces Aﬁchr as gilasises pillastde wixi ons in
the tubes gg&edi pped away and the tubes washed once wi th wash

In one embodiment of the method, the hapten is
chemically linked to a polymer through suitable
conjugation chemistry. The subsequent hapten-reacted
polymer is dissolved or suspended in an ink formulation
capable of being applied through ink jet printing, array
jet printing, flexographic printing, lithograplLic
printing, screen printing, hand stamping, or any
conventional printing. Once dry, the hapten-polymer-can
be revealed by application of the specific binding pair
linked to a signal compound such as an enzyme, latex bead
or fluorescent tag. 7

The hapten polymer conjugates can be used not only to
label surfaces, but can be incorporated into products
(either liquids or solids) as well.

Below is given a specific example of hapten-polymer

conjugation.
SOBPP
SoaH . coo\d
' EvC ” \
Z b \ > S
N - NHE (0)
' _

(LA CHIN
l-Amino-4-naphthalene-sulphonic acid (ANS) (220 ng)
and polyacrylic acid (1.4 g) are dissolved in HPLC grade



sol uti on. 5. 500[err]l of a solution of the antibody-enzyne conjugate
I s added to each of the tubes. After a 5 mnute incubation the contents of
.the tubes are tipped away and the tubes are washed 5 tinmes wi th wash

sol uti on. 6. The chem | um nescent substrate, 1 ml, is then added to
the tube and after 2 mnutes the |ight output neasured, followi ng the
manuf acturers instructions for use of a-pBrpteble, battery powered, tube
l'im nometer (available from Dynatech Laboratories Ltd.). The read- out of
the instrunenvatera(35dnd)+ nDimethydamipopunap¥loetbydcarbodiimidp

reproducnblIlkyo@fmgvelgeaaeddhiﬁ b@eagagsfeisﬂsoaeéralsabue§ of 35 assays,
carried out b erators over I nter- assay

coef ficient o¥d1%?Fég90ﬁh?CE¥ FBrstﬁléwégplés gy@iﬁ&??ﬁﬁﬁ?s a8l 196 1t
was found t hatftért 8achsadiibidnbeethpesbautidncasr eabkggquehelyati o of the

1 \ . ) eadi
hes 0. é‘ich’gﬁ%?%%@2‘3&?.{"3395?gér—é%a%?ﬁt%@@?%#ﬁﬁg?EE?&%P%H%BEEZ‘O'WR?’)
oi | a val ue othe.reacbioyrwixturendscdisdyzedpagsinst HBLAt gradet wvagsgwpl e.
Exanpl € 5 Assgyi b Eﬁﬁésdagagaétnﬁ llteré3eHE?S€ﬂBE So@&r'ﬁagéglgadof

unl eaded gasol I ne were nmar l'evel , g
They were extfh¥eedaypeh FThesrpanitingodiplysabs e SFF?ZSTdr#ﬁg &RFract s

were assayed ggogg&geli bed in Exanple 3 and PBA quantified using a-
calibration curve of standards

Example 10

Preparation of immunoaffinity columns for hapten marker
detection

An immunoaffinity resin is prepared by reacting
cyanogen bromide Sepharose CL-4B resin (Pharmacia Ltd).

» with a hapten~-specific monoclonal antibody (ratio 1 ml
resin to 2.5 mg of antibody). Cyanogen bromide Sepharose
CL-4B is activated by swelling in 75 ml/g of 1 mM HCl.
The resin is then washed with 5 ml/g of coupling buffer
(100 mM sodium hydrogen carbonate, 500 mM sodium
chloride, pH 8.3). The antibody is diluted to 1.56 mg/ml
with PBS followed by diluting with an equal volume of
coupling buffer. This mixture is reacted with the
swelled, washed resin for 1 hour at room temperature with
mixing. The resin is filtered and mixed with
ethanolamine (1 M at pH 8.0) for 1 hour at room
temperature. The resin is washed and stored with PBS
containing 0.05% w/v sodium azide at pH 7.4. Aliquots of
the finished resin (0.04 ml settled bed volume) are
supported between porous frits in plastic columns. These
columns are examined for their ability to bind control
samples containing'known amounts of a hapten marker. The
control samples are applied in 50 ml of PBS and eluted
with ‘acetonitrile (2 ml). Quantification of the hapten



- 44 - prepared in an unmarked gasoline extract. Corresponding sanpl es
were prepared containing radiol abelled PBA enabling extraction
efficiencies to be determ ned and al | owi ng conpari son between observed
and expected values. 5 The results are shown in Table 3. [err]
- 46 - Exanple 6 Assay of marked pharnaceuti cal Mar ked Sanpl es of

“Par acet anol (acet ani nophen - a nild paiTi RBITer and anti-pyretic agent) and

Naproxen (a ngleSteEoLeghe R by LAL' 20TBHA" ¥<742Mcho 1T Rl B3P M C

analysis.
Example 11
, Preparation of [4-amino-1,1-azobenzene-3,4-disulphonic
Ty — T <

The following solutions were prepared and cooled to
0°C: 1) chicken gamma globulin (CGG) (72 mg) dissolved
in PBS (20 ml); 2) a filtered solution of the color-coded
antigen 4-amino-1,1-azobenzene-3,4-disulphonic acid
(Butterfield Laboratories, King's Lynn, Norfolk) (144 mg)
‘in 1 M HC1l (10.0 ml); and 3) a NO, solution (10%, 50 ml).
The three solutions were mixed under rapid stirring at
0°C. After 10 min. the solution was dialyzed against
distilled water (5 x 5 1) for about five days. The

supernatant was lyophilized and the product was stored at
-20°C.

Example 12
Preparation of [4-amino-;.1-§zobggzene-§,4-disulghogic
acid]-DMG-BSA used for screening.

A DMG-BSA conjugate was prepared by adding
3,3-dimethyl glutaric anhydride (DMG) (1.0 g) to a
rapidly stirring solution of bovine serum albumin (BSA)
(1.0 g) in phosphate-buffered saline (PBS) (50 ml). The
PH of the solution was monitored and continually
re-adjusted to pH 7-8 by addition of 1 M sodium
hydroxide. After the first half hour of stirring, the pH
was checked every 30 minutes. The pH change was less
than 0.2. The reaction mixture was stirred overnight at
room temperature. The pH was checked again and adjusted
if needed. The sample was dialyzed against distilled
water (5 x 5 1) for about five days, lyophilized, and
stored at -20°C.



containing 20 ppmsolid PBA. Portions of each (1 g) were added to 10 ml of
PBS/ Tweefh (de8critbed in Exanple 4) in a 20 nl glass bottle. Sinmlarly
. non-mar ked assay bl anks were prepared for both materials. The bottles were
tunbl ed overnight to extract the PBA into the PBS/ Tween. Foll ow ng
separation of undissolved material by centrifugation, sanple aliquots
(250[err]l) of the supernatant solutions S®re added to 250[err]| of PBA
specific antibody and anal yzed using an assay kit, simlar to that
descri bed in Exanpfeamino-l1privazehentzenetrds4pdisedpbanis 2ghfe (25 BI)as

dermonstr at ed $iat addeq 86 KEUmPREGFBCEE! i CathyeLg-¢beaimptdiy3t i ngui shabl e

fromthe non-marked pharmaceutical ., T 4 Dru Unmar ked*
Verkedr | FBRTRORSHOYL pErtbpeiipide) |(EbE) *4gy hof ana pyggmsa 72
394 P9® mg) in PBS7(010.0 ml). The reactiofi7mixture was283
75 . 7 74
281 ffﬁfred ove§3§9§t at rooﬁ éempera?ure.26ghe sample 585
76 dialyzed agaimpst distillggdiwater (5 x %gl) for about
288 £fve days, £§8§Kilized, %?% stored at ?%3'C. The 357
469 eonjugate of 4gamino-1,1-azobenzengrl,4rdisylphonig acigd -
C V.=5.7% to DMG-BSA was shown to have an incorporation ratio of
40.
Exam 3

Immunization of mice with the [4-amino-1,1-azobenzene-
3.4-disulphonic acid]=-CGG conjugate and antibody
screening

The freeze-dried {4-amino-1,1-azobenzene-3,4-
disulphonic acid}=-CGG conjugate was dissolved to 2.mg/ml-
in phosphate buffered saline pH 7.4 (PBS), then mixed
with an eqﬁal volume of Freund‘’s adjuvant. The mixture
was thoroughly homogenized to form a stable suspension
and either immediately used for immunization or stored at
2 to 8°'C before use. Ten mice were each immunized by
intraperitoneal injection of up to 300 ul of the
{4-amino-1,1-azobenzene-3,4-disulphonic acid]-CGG
suspension, which contained up to 300 ug of the

" conjugate. Two to three weeks after the first
immunization the mice were immunized a second time. 'A
serum sample was taken from each mouse two weeks after
the second immunization.

Serum samples were analyzed by titration ELISA to
determine the amount of circulating antibody in the
mouse, and hence the magnitude of the immunological
response to the conjugate. ELISA plates were coated with .
a 1 pg/ml solution of [4-amino-1,1-azobenzene-3,4~
disulphonic acid]-BSA conjugate solubilized in PBS
solution to a concentration of 1 ug/hl. A 50 pl portion



- 47 - Napr oxen 517 350 68

503 337 67 355 260
73 313 226 72

279 185 66 269 . 220
81 269 204 76

245 153 64 - 54 - Mean Ratio=71 S.D.=5.7

C. V=8. 0% Val ues i ndicat re read fromthe tub

descri bed |ﬂfE§éﬁpF8nZug e°%aly | BS€ %ok FRCH e"‘r‘i‘atc{?r (r)%sg g& Fuction
sol vents aptlateutat providet §0wngl dfbe:od!ep@at@mpaxn weid .natdursexifes t he
chem cal s Cgfsﬁﬂ%ﬁﬁédsQb?hﬂgshﬂg'l‘ébdlwé}res'é%ﬁlé.?f%o tiuever, the results

descri bed here s 0SS ow concentrations of snal
organic nol#écamésord., 6ﬁéFHHG§§FF65Pvﬂﬂﬁ%ﬁﬂk?@%ﬂ}q(9QEQ§ “BSAn R ni ty

chromat ogr aphytées. i dssunky séﬁdmd asxmwu‘ds vié@:té/\@%ltétﬁié‘dlﬁw cﬁmmﬁ@r oduct
e o coneRPRThAtEoShateh Bhan Faho A o AR S
of the unnBikddngatér hel peroxidasesdabeledhlantgissi e stas

visualized by the addition of the tetramethyl benzidine

(TMB) substrate. The reaction was stopped by the addition

of 20% v/v sulphuric acid. The maximum dilution of the

serum sample that gave an absorbance value of at least

0.2 absorbance units at a wavelength of 450 nm in the

ELISA was recorded.

In order to assess the affinity of the circulating
antibodies, suboptimal dilutions of the sera (as
determined by titration ELISA) were analyzed in a
competitive ELISA using varying concentrations of
4-amino-1,1-azobenzene-3,4~disulphonic acid. Prior to
application to the ELISA plates, 4-amino-1,1l-azobenzene-
3,4-disulphonic acid was solubilized to a concentration
of 1 mg/ml using PBS, then diluted to a series of
microgram concentrations using PBS containing 1% w/v BSA.
The concentration of the 4-amino-1,1l-azobenzene-3,4-
disulphonic acid required to reduce binding of serum

- antibody in the ELISA by 50% was determined (ICg,) for
each sample. .

The results of the analyses described above were
then used to select a mouse for fusion and hybridoma
production. A mouse considered suitable for fusion was
required to have a maximum titration of at least 1/10,000
and an-ICso of 3 ug/ml or less. The serum from the mouse
selected for fusion had a maximum titer of 1/20,000 and
an ICgn of 1.3 ug/ml.

The immune response of the selected mouse was priﬁed
by intraveédus inoculation of approximately 100 ul of a



tubes and evaporated in a gentle air streamto incipient dryness. 2 nl of
PBS/ Tween (described in Exanple 4) was added to the oily residue and the
-tube contents m xed vigorously by vortex m xing. The insoluble, heavier
than water, oil was then separated by centrifugation and sanple aliquots
of the supernatant solution were analyzed as described in Exanple 6. From
the results presented in Table 5 it wassglenonstrated that the marked
perfune was clearly distinguishable fromthe unmarked equival ent.

- 48 - TABLE nig/2X fasolution of thénpdkesino-1, 1 Mzdestizene-Raaéo (% Eau

de Col ogne 43 . N 4. . . . 851
243 dliﬂgﬁﬁgklc a?ld] Céé)conj%ggfe. ]f%ls ﬁiﬁ.fllter ' 16

722 stexgilized using@ 0.2 um filter prior td(Oinoculation26

18 The fu51on wégﬂberformed thPfee d(?s aftéé 1ntrav%n? Mean
Rati 0=20 S..D V. =31. 6% *Values I ndi cated were rea romthe tube

l'i mi nonet er &% lﬂfe’d’ Nn Sdaqfiells 1solated Lxrom the wRleRN ¥e¥Feach nar ked
and unmar kedtusmd e toltign P3xe3ngE J sl B treTonhsl veih PR Taeea and

assayed ratio of 20:1. The fusion product was cultured in HAT
'~ medium containing 20% v/v FCS, which allows selective
growth of hybridoma cells. The fusion mixture was )
distributed across twenty x 24-well tissue culture platés
(480 individual 2 ml cultures). A sample of unfused
cells served as a negative control. The cultures were
maintained at 37°C, 5% v/v CO,, in a humidified incubator
until clones of hybridoma cells were visible.
Samples of the growth medium were taken from each of
the 2 ml cultures (480 in total) and tested in a
competitive ELISA for the presence of antibody with an
affinity for 4-amino-1,1-azobenzene-3,4~disulphonic acid.
4-amino—1,1-azobenzene-3,4-disu1phonid acid was
solubilized to a concentration of I mg/ml in PBS, and
diluted to concentrations ranging from 10 ug/ml to
1 pg/ml using PBS containing 1% w/v ovalbumin. Each
fusion culture was analyzed by placing an undiluted
sample in a well of the [4-amino-1,1-azobenzene-3,4-
disulphonic acid]-BSA coated ELISA plate in either the
presence and absence of 4-amino-1,1-azobenzene-3,4-
disulphonic acid solution. The concentrations of
4-amino-1, 1~azobenzene-3 ,4=disulphonic acid used were 1
and 10 pg/ml. .
In the present example, 4.3 x 108 splenocytes were
fused with 2.15 x 107 myeloma cells to produce an average
of 6.46 hybridoma clones in each of the 480 culture
wells. A total of 35 fusion cultures were selected using
4-amino-1,1-azobenzene-3,4-disulphonic acid in the
competitive ELISA screen. Cells selected for further



directly as outliped in Exanple 6. The results are presented in Table 6 and
show that this alternative nethod also permts clear distinction between

unmar ked and mar ked perfune. TABLE 6 Perfune Unmar ked*

Mar ked* Ratio (% Eau de Col ogne 736 499 68
760 522 69 - 56 - 494 324

66 382 267 70

ggl %%&elopmen%ggé@e those %ﬁﬁociated witggérowth medifn’

484 #pmples which ggave absorbance readinggggreater thappg.o

67 in tHeaELIER | 9c65ed thDché. dbsence. Y- @~4fino-1, 1~

or epar ed_oont SRR S BTo e PhARLfopREd” aAREk s ARAR ESECPYeBRE R ng-
sanpl e of the WharmrdkGt hi@ky meg/mldofuseandnbolldlnazbbeBseReedn4and sanpl e
LS, (ZSCeralindRe ASRERdae Sembpe s PRLEoadiger bod 0 Examle 6
clearly Cells from 19 of the fusion cultures were
re-suspended and cloned by limiting dilution. CcCell
suspensions were adjusted to six viable cells per ml and
distributed across one 96-well culture plate, 100 xl per
well, containing a feeder cell layer. Once the clones
were visible, supernatant samples from each of the 96
wells were assessed by ELISA for the presence of antibody
capable of binding the [4-amino-1,l-azobenzene-3,4-

disulphonic acid]-CGG conjugate. Wells containing a
single clone that produced an anti-{4-amino-1,1-
azobenzene-3,4-disulphonic acid] antibody were selected
as monoclonal cell lines. These cell lines were
gradually expanded in culture through a series of culture
vessels which contained a splenocyte feeder layer. After
the clones were expanded to a 10 ml culture flash, the
hybridomas were weaned off the splenocyte feeder layer.
Nineteen monoclonal cell lines were isolated that
produced antibody that binds to the [4-amino-1,1i-
azobenzene-3, 4~-disulphonic acid]}-BSA conjugate in the
ELISA. These were successfully expanded into stable cell
cultures.
_ During expansion of the cell cultures, media samples
from the cultures were monitored for antibody production.
These samples were analyzed by titration ELISA as
described above. Culture media samples were analyzed as
a series of five-fold dilutions, and the maximum dilution
that still gave significant color in the ELISA (maximum
titre) was determined. In addition, the affinity of the
antibodies produced by the cell lines was determined by :



.distinguishable fromthe unmar ked whi sky. TABLE 7 Drink

Unmar ked* Mar ked* Ratio (%9 Wi sky 375, 119
-31 396 158 39

381 180 47 449 110

25 435 104 24

427 109 26 - 57 - 431 95

22 421 116 | . 28 .

387 gompetitive ELIS§A. A suboptimal dilutjom of the antgdody

19 was selectedlfgom the tiZZation ELISA 3hd applied t?y;he

336 ﬁE%SA plate4§2 %he pPresence of differeg concentrations

452 of64-amino~-1,128zobenzene-3, 4-disulphofdc acid. ThEl _ g
25 | QF28. 7649 V=249 * [idi cate
wer e obtainedc??gﬁg?ﬁgtgﬁbeerigiégggpég' eggPngge¥ﬁ éxﬁhﬁfg@fﬁﬁ°ﬁ¥mas

noted in thisaekdnphat: reduend angikprdyekinding byoil0%pdnotheaEIILSA0

mnutes to dewsgoaetermgﬁaapkgc?bﬁpvert_Surface Mar ki ng I n one
application of the_inven &Oiiﬁi Is_desired to a%ply t he hapten nolecule to
o

a surface using antPfpSe 8ndfrEact YBEi selRGLRe: £o. furshex; woFdwn
hapt en can beomubhegbasisyofi antlibadg pyothetipiltycdh enlthriehand ke

affinity of the antibody to 4-amino-1,1-azobenzene-3,4-
disulphonic acid. Culture supernatant from the 4A2E12
cell line contained antibody with a maximum titre of
1/3125 and an ICgq of 9 ng/ml.

A master cell bank (MCB) was produced from which
working cell banks (WCBs) are created. Working cell
banks serve as a readily available source of cells for
antibody production. Aliquots of the 4A2E12 cell line
were prepared for long-term storage. The cells were
expanded in HT +10% v/v FCS medium, pelleted by
centrifugation, and resuspended in freezing medium. The
suspension was aliquotted into 12 cryovials, each
containing at least 5 x 10® viable cells (determined by
the exclusion of a vital dye). The vials were sealed,
insulated and stored at approximately -70°C for seven
days. Vials were then immersed in liquid nitrogen for
1on§ tern storage.

A single vial was retrieved from the MCB and the
cells expanded in culture and used to prepare a WCB using
a similar method to that described for the MCB.
Supernatant retained from the culture was used to set up
the WCB for analysis of antibody content by ELISA.

A single vial of cells was retrieved from the WCB
for evaluation. A sample was taken directly from the
thawed vial and incubated in tryptose broth for
assessment of sterility. The remaining cell suspension



- 50 - nenber of the specific binding pair. Since haptens are either not
conpatible with the ink fornulation or do not have good adhesi on properties

to the surface,

it

i s sonmetines necessary to bond the hapten to a polyneric

backbone. The hapten-polyner is soluble in the ink formulation and can

still be recognized by the specific binding pair nenber when applied. It
shoul d show good adhesi ve properties to-s®®faces such as gl ass, plastic or
nmet al . I n one enbodi ment of the nethod, the hapten is chenlcally I|nked

to a pol yner Was oeigpanded abncanbibiighirofreReRPIily. TRWOs GRYSyaste
hapt en-react efe©PL &¥R1, | SeTl S60ANETiLy GHEPABHeEsed BY eRcluaion aif an

bl f b lied th
[ exogr aphi o FHERL, 8 850 AhEgialel Db LEL B0 EA9.Rtl Bk Lt o 1
st anpi ng, or Emwopemne@olbaatlpnlnflAglméncsealypuﬂNHrnaptéﬁuﬁmhyﬁhnntan be

reveal ed by agpl

'&ﬁ‘éiﬁ&l@fof hﬁ{/écgﬁg HS ?‘éhﬁﬂnﬂ%%n‘ I n@d 10 _a signal

conpound such as an %@0 g
pol yner conj UeREELevesd %s%henHFBoﬂﬁyetEaFEEéPn§Grﬂ&c@ ash, €

| uor escent The hapten

i ncor porat ed $@£-0appfdy£ﬁ§té£ytmo gyl dSDﬁi'J.ﬁ@' tHik @iméel lthe Bel ow is
given a speci ] C e R fry’ of 2BhS B 1L P hnEIBbdS br-dduckiViky by
application of culture supernatant to ELISA), and the

division rate of the cells were monitored.

The monoclonality of the 4A2E12 cell line was

determined by repeating the limiting dilution procedure
described above. The cells were diluted to a
concentration of six viable cells per ml and placed in

five 96-well tissue culture plates containing a layer of
splenocyte feeder cells. After approximately two weeks,
the position of clones on the culture plates was
recorded. Samples of culture media'yere taken from each
well and applied to ELISA plates coated with the
{4-amino-1,1-azobenzene~-3,4-disulphonic acidj-Bsa
conjugate. The percentage correlation of the position of
the clones and wells containing antibody was determined.

The maximum concentration of antibody in culture

supernatants of the 4A2E12 cell line was 30 ug/ml as
determined by ELISA. Two days after retrieval from
liquid nitrogen the cells were 94.3% viable. The
monoclonality of the cell line was assessed at 98% with
an accuracy of % 5.96%.

e 14

Bulk Production and Purification of the 4A2F12 Antibody

The 4A2El12 cell line was weaned from HT medium

containing 20% v/v FCS into HT medium + 5% v/v Nuserum
medium. The cultures were expanded up to a volume of
approximately 200 ml in large culture flasks in medium



1- Am no- 4- napht hal ene- sul phonic acid (ANS) (220 ng) and polyacrylic acid
(1.4 g) are dissolved in HPLC grade - 51
.- water (25 m). D nethylam nopropyl -ethyl carbodiimde) (300 ng) is added
in 50 nmg portions over 1 hour, adjusting the pHto 5.5 (with 1 M
hydrochloric acid) after each addition. The solution is subsequently
stirred overnight at roomtenperature. FEolggowi ng this, the reaction m xture
i s dialyzed agai nst HPLC grade water (five times against 5 liters each
tinme) over a pyppdemsntfed oviddyS% Ther nemsrumg dite ysalteares fwemge- dri ed

for storage. greXAMRlitnk RPRAUAL-Alt 4 IR 9] |01 Yoo QLTTSd OFpds o

mar ker det ection n I munoaftfinity resin I's prepare y reatirng

cyanogen br ontFdnge e fLadchiidd nuincig¥a) mcikn 1ani)oxkbitak shaker

hapt en- speci f ica1tRRec! alchathiltade ) atiese Mwo culture systems were
established by the transfer of the cell suspensions from
the three 200 ml flask cultures prepared above. The
antibody productivity of these cultures was determined by
HPLC using a protein A affinity column. The
antibody-containing medium was harvested from the
different culture vessels, pooled, clarified by
filtration (0.2 pm), and concentrated by ultrafiltration
using a molecular weight cut-off of 20 kDa. The antibody
was then purified from the concentrate by ammonium
sulphate precipitation. The concentration of antibody
(determined by protein A HPLC) in each of the three
culture systems ranged from 10 pg/ml to 1.5 mg/ml. Such
levels of antibody productivity in the culture systems
used are considered to be highly satisfactory.

Example 15

Preparation of Tagged Polymers: Synthesis of
Polvallylamine Tagged with Mordant Yellow 7

1-ethyl-3~(3-dimethyl aminopropyl carbodiimide)
(EDC) (5.0 g) was added to a solution of polyallylamine
(10.0 g) in distilled water (100 ml). A suspension of
Mordant Yellow 7 (20 g) in distilled water (50 ml) was
added under vigorous stirring. After stirring for
30 min. at room temperature, an additional portion of EDC
(5.0 g) was added and the mixture was left stirring
overnight. The remaining solid was removed by
centrifugation (20 min., 2000 rpm). The supernatant was
dialyzed against distilled water (5 x 5) for about
five days. The sample was then removed from the dialysis
tubing and the liquid was removed under-reduced pressure



resin to 2.5 ng of antibody). Cyanogen broni de Sepharose CL-4B is activated
by swelliny¥in 75 m/g of 1 MM HA . The resin is then washed mffﬁ*E“n1/g of
coupling buffer (100 nM sodi um hydrogen carbonate, 500 mM sodi um chl ori de,
pH 8.3). The antibody is diluted to 1.56 ng/mM with PBS fol | owed by
diluting with an equal volune of coupling buffer. This m xture is reacted
with the swelled, washed resin for 1 hour & -Toomtenperature with nixing
The resin is filtered and m xed with ethanolamine (1 Mat pH 8.0) for 1
hour at room USHRGr & FoFaryh@VaRITATA wadhetrtdl P ed Fth PBS
cont ai ni ng 0. haPten«1a0dlen goldmer Wit Hroddtedupy stinisthethodl shed resin
(0.04 mM settled bed volune) are supported between porous frits in plastic
colums. These colums are exam ned for their ability to bind contro
sanpl es cont aiExampllenddn anounts of a hapten marker. The control sanples

are applied i gﬁ(&%@s;%f ﬁh@&ﬁéﬂﬁ&ﬂ (o PARLP A GLEE GPEH] irorgagt
CuantlflcaL|0Q§91 & napten - -
mar ker retaine y e colum is acconplished by HPLC anal ysi s. Exanpl e
11 Preparation of [rhedfidldokihgHMIEENes vdrdi srépapdde ag) dh-protein

OLerrTC 1) off: BB n G o GebeShy Eatifs °FRAEH 4L a8d ° 10
tetrahydrofuran (THF) (8970 ul); 2) a 100 mg/ml solution
of isobutylchloroformate (950 pl) and THF (9050 ul); and
3) ‘a solution of Mordant Yellow 7 (1.3 g) suspended in
THF (100 ml). The solutions were cooled (~5°C) using a
salt ice bath. The triethylamine (6250 pl) and
isobutylchloroformate solution (6250 pl) were added to
the Mordant Yellow 7 suspension under stirring. Stirring
was continued for 25 min. at -5°'C. A solution of
phenolic resin (10.0 g) dissolved in 33%
pyridine/distilled water (90 ml) was added to the
mixture. The reaction mixture was kept at 4-6°C for
30 min., allowed to warm to fOOmctemperature, and stirred
overnight. The sample was dialyzed against distilled
water (5 x 10 1) for five days, from the dialysis tubing,
and dried under reduced pressure using a rotary
evaporator. This method yielded about 13 g of
hapten-labeled polymer.

Example 17
ed Po er _into i e
Cover Surface Marking
The composition of a typical ink for inkjet printing
purposes containing tagged polymer is as follows:

Methylethyl ketone or ethanol 31% v/v
Acetone 50% v/v
Binder such as phenolic resin 17% w/v

Sodiumichloride‘ 2% w/v



in PBS (20 m); 2) a filtered solution of the col or-coded antigen

4-am no- 1, 1- azobenzene- 3, 4-di sul phonic acid (Butterfield Laboratories,
-King's Lynn, Norfolk) (144 ng) in 1 MHO (10.0 m); and 3) a NJerr]
solution (10% 50 m ). The three solutions were m xed under rapid stirring
at O[err]C. After 10 mn. the solution was dialyzed against distilled water
(5 x 5 1) for about five days. The supernajant was | yophilizegsand the
product was stored at -20[err]C. Exanpl e 12 Preparation of

[ 4- ami~nes 1, 1- azoberpzam;cjhdzl pb Bl ais cadati xdd V-t dlseel f @dmpes PENOM Y.

A DMG BSA | t hydrid
(DM (10 gy 3 &SP it A0 o 5UTRA o A GEnATe (Bsy
(1.0 g) in phasims @ﬂ)@fm Mﬂtﬁ;‘(PBS)e (Shddotivitiey p#f cdintimk sol uti on
vas, moni Lor ed UG A L9 U LIS R drd A pdd i n of 1 W

sodlun1hydrOX|de After, the first hour tirrin t he pH was checked
every 30 m nufERURRIHLY 1of, Jdt %?*%%%S%Vﬁftf Andrify ‘fjéﬁ?fr W R&t4ire was
stirred overnu@ﬂtxpoﬂszaw1tenperature The pH was checked agaln and

adjusted if needed qﬂ&lq}ﬂﬁ?dgi dﬁgﬁ%a nst, dis %§1 (5 x5

1) for about five (?ays I'yophiT1ze eaﬁ}/ rtg%aaﬁ bez(?[ wv@t

- B3 - include flexographlc or lithographic inks, gravure inks,
intaglio inks or any other surface coating 1nclud1ng
paints, polymer films, etc.

Example 18
Admixing of the Hapten-Polymer Marker into a Product

The tagged polymer prepared as described above in
Examples 15 or 16 is admixed with a polymer preparation
such as PVC chips or nylon granules. The polymer is
melted and extruded into a form such as a door or window
frame or a textile. The hapten-polymer marker
incorporated into the extruded material can be detected
by dipping the marked item (br a fraction of the item)
into a solution containing a specific binding member.

Example 19
Detection of a Marker in a Marked Product by Binding of a
Specific Binding Member

The following solutions are used in the detection of
a hapten-polymer marker, where the hapten is 4-amino-1,1-
azobenzene-3, 4-disulphonic acid:

1. 0.5% Tween/PBS.

2. 4-amino-1,1l-azobenzene-3,4-disulphonic acid
antibody (the neat sample (18.4 mg/ml) may be diluted 10
fold using 0.5% Tween/PBS).

3. Rabbit anti-mouse antibody conjugated to
peroxidase (diluted 10 fold using 0.5% Tween/PBS).



4- am no- 1, 1- azobenzene- 3, 4-di sul phonic acid (75 ng) was added to a m xture
of 1-ethyl-3-(3-dinethyl am nopropyl carbodiimde) (EDC) (81 ng) and-
DMG BSA (80 ng) in PBS (10.0 m). The reaction mxture was stirred
overnight at roomtenperature. The sanple was dial yzed agai nst distilled
water (5 x 5 1) for about five days, |yophilized, and stored at -20[err]C
The conjugate of 4-anmi no-1, 1-azobenzene6d, #- di sul phoni¢c acid to DMG BSA was
shown to have an incorporation ratio of 40. Exampl e 13 | nmuni zati on of
mce with the [4%ani nBeYe1oreshHERIN o3 forydehiestdnc ofcitd® CGG conj ugat e
gnd ?n}]i bodyeﬁﬁjéﬁcﬂééglabel (Ths Eumead d:;el Rg.t[ 4wdua>;1~m1abc&aﬂwmza§peh .h -3, 4-
I sul phoni c 1 d] - 5 kugate was di ssolved to 2 ng I n phosphat e
buf f er ed sa??ﬁen%Hcggzgggggﬁ, then m xed with an equal volume of Freund's
adj uvant . The m Rher fohdewihgr stighisy arenpgafiozaed ¢ dgehectsttiis e

suspensi on ppd.giLhes | ' eq. | I+ ' Ql; at 2to 8
C before usg{i] al'g%ﬁﬁi %éi\i\!g?gbggghﬁieum%%i ze%ut}g | ntlgtgﬁlat]oﬁeawé}?ect I on of
up to 300 [BREKErsf the [4-am no-1, 1-azobenzene- 3, 4-di sul phoni c aci d] - CGG
suspensi on, whi ci, confyasAednePshapi@0 iheir. b Qwddny pay) ugate. Two to three
weeks after the first_i nizatron the_m ge re i ni.zed ,a secqond tinme. A
serum sanpl e masztakeﬁngggﬁkga%henﬁﬁggkﬁmi %ﬁH2${ﬁﬂi?%ﬁﬂﬁiﬂ}-
| mmuni zat i cazobenzeferaisdishdéphonmie acddy)zahtipddyt sailutida IfeX t 0
det erm ne t?e?ﬁﬂpunt of circulating antibody in the nouse, and hence the

e

magni t ude o i munol ogi cal response to the conjugate. ELISA plates were
coated with a 1 Perr]Hagh tbeushroplel agaiznilno 01 5% Txeen/A8%e- 3, 4-

di sul phoni ¢ aci d} ; BSATagAbHEa! ehelkdhivhie? 8¢ ithePPartilidasd labeled,
concentration of 1 Lenrkg/ni. A .50 ggrr | portiOn )
rabbit anti-mouse antibod ‘solution for 5 min.
5. Wash the sample in 0.5% Tween/PBS.
6. Develop the sample with the developer solution

for up to 5 min.

Example 20
Preparation of a Hagten-Lgbeleq Functional Monomer

A hapten-labeled functional monomer is prepared by
reacting glycidyl methacrylate with 4-amino-i-
naphthalenesulfonic acid. This synthesis is conducted by
dissolving 22.3 grams 4-amino-l-naphthalenesulfonic acid
in 100 grams methylene chloride and slowly adding 14.2
grams glycidyl methacrylate with stirring. After
reacting to completion, the hapten-labeled monomer
product is recovered by vacuum stripping to remove the

. volatile solvent.

Exanmple 23

Preparation of a Hapten-Labeled Polymer Marker by
Polymerization of a Hapten-Labeled Functional Monomer

The hapten-labeled functional monomer from the
previous paragraph is copolymerized with a unlabeled °
monomer to produce a hapten-labeled polymer. For



- 54 - of the conjugate was used to coat each well of a 96-well plate to
provide 50 ng of conjugate per well. A series of diluted serum sanples were
. applied to the [4-am no-1, 1- azobenzene- 3, 4-di sul phoni ¢ aci d] - BSA coat ed
pl ates. Bound serum anti bodi es were detected by bi ndi ng peroxi dase-| abel ed,
of a rabbit anti-nmouse anti body. Binding of he peroxi dase-| abel ed
anti bodi es was visualized by the additienef-the tetranmethyl benzidine
(TMB) substrate. The reaction was stopped by the addition of 20% v/v
sul phuri c aciexampbe nesf vern &4l s$01vingf 18N cgxans nef JHpe cieRaRey9dduat

absorbance vadegepibed ix@aﬁialﬁb]?e abéoamnf@o Ul 416 aﬁeﬁhy\@Vﬂé‘Eﬂﬂbhymﬁté50 nm
in the ELI SA was é cord der to fseess th gp % @ éé of the
circulating a®i® %’s'amiu%%p??%?nﬁf IE‘P?O?]?; RrieRighe2ty ternined by
titration ELISjluer e Tinen yzewe i gramcofipeénzoyk petr&Gbidei hg addgdngo

concentrat|OQ§1 f %E%ﬁgﬁgrls%lggf gnzepglgﬁé%g%%gigpogécagfag%d %IOF to

application to enzene- honi ¢
aci d was solu@¢¢¢§%® o %Q%Bh%%h@ﬁa(ﬁohzdhoqrﬁb/n1AG§¢th¢EEingheﬁ €iluted

Lo a series oogb Ly Ak CPECOHMESL! B adding £’@§ffeﬂéﬁtnwaeeﬂ=%w/v BSA

The concentration,of -the 4-am no-1, 1-azobenzene- 3, 4-_di su|l phonic ac¢id
required to rEEEE%PhF%B?ﬁﬁh%fpﬁ%§%ﬁ¥an€?%%ﬁwe¢rPYkE@%EF%#G ¢ SYRSRARY
determ ned (l&h@rdtyihgr each sanple. The results of the andl yses

descri bed above were then used to select a nouse for fusion and hybri dona
production. A nouse considered suitable for fusion was required to.have a
maxi mum ti tr dExampbé 22 | east 1/10, 000

Preparation of a Hapten-Polvmer by Derivitization of a
Pre-Formed Polymeric Compound

An un-labeled copolymer is first prepared and then
derivatized by reaction with a suitable hapten. For
example, a solution copolymer is prepared by .
copolymerizing 100 grams methyl methacrylate and 100 .
grams glycidyl methacrylate in 800 grams acetone, as
described above. Then, 4-amino-l-naphthalenesulfonic
acid is added to the copolymer soiution to form a
hapten-labeled polymer.

Example 23
Detection of a Hapten Marker by Detection of a Physical
haracteristic t e

A sample of gasoline is assayed for the presence of

a Mordant Yellow 7-polymer marker by first extracting '
with solvent and aqueous buffer. A sample of gasoline
having a known amount of the Mordant Yellow 7-polymer .
marker is used as a control. The extracts are applied to
an immunocaffinity column containing bound anti-Mordant
Yellow 7 antibody. The column is then washed with 4 times
with distilled water. The bound Mordant Yellow 7-polymer

. marker is eluted from the column with a solution of 0.05%
(V/v) Tween 20 in saline. The sample is then evaporated



and an ICferr] of 3 [err]g/m or less. The serumfromthe nouse sel ected
for fusion had a maximumtiter of 1/20,000 and an IJerr] of 1.3 [err]g/m.
The i mmune response of the sel ected nouse was primed by intravenous

i nocul ati on of approxinmately 100 [err]l of a .

- 55 - 1 ng/m solution of the [4-am no-], 1-azobenzene- 3, 4- di sul phonic
aci d] - CGG conjugate. This was filter stér?4iied using a 0.2 [errImfilter

prior to inoculation. The fusio s perfo ree.d er avenous
i nocul ation. &N Eﬁﬁlgf?iﬁﬁ%?eagf¥%ﬁ1?ﬁﬁdiéﬁggﬁ&$8§e7fﬁéggﬁ%%tﬁa?ggg

P3X63Ag8. 6. 5.&=tgmmbned cky | corparison tat theofontrel FamPlesi oWhgreduct was
cultured in HAje n@sthpie COSHEA DhE0tREYMY L ahESYeMbih 78pboyResehaTkiere

growt h of hybridoma cells. The fusion m xture_was dlstrlbutgd acrg:s twenty
X 24-wel | tisSife LYRRIFRtel FRUPL{28BPPRAYSi 084PT29y HOPEEr 88F1TR%anpl e of
unfused cel | stiserirctensity nefatheecodotr bk. alhdyeeldt byes were mai nt ai ned at

37[err]C, 5%yv/yVv | LALLl LN a ti of

hybri doma cel%éfﬁéﬁéﬁééé?%+gF§'anth%%ﬁggéoﬁﬂghégéPg%thkngégggi&ere t aken
from each of YéklownT-polymersninBeri present) innttheeproduch.a conpetitive
ELI SA for the presence of antibody with an affinity for

4-am no- 1, 1- azobenzene- 3, 4-di sul phoni ¢ aci d.

4- ani no- 1, 1- &%ARLen4 3, 4- di sul phonic acid was sol ubilized to a

concentrati orpéfedt iGN ofi & EBStendafkedt BYd deteehiont b&t aOPAYEdBALNG from
10 [err] g/ nl ¢iwadacterigtic oF! BRe PBSpEent al ning 1% w v oval bum n. Each

fusion culture was anal yzed by pl aci ng an undil uted
A sample of gasoline to be tested for the presence

of the Mordant Yellow 7-polymer marker is extracted and
passed through an immunocaffinity column as described
above. The sample fraction which bound to the column is
then eluted. The presence of the Mordant Yellow 7-
polymer marker is then detected by immunoassay. The
samples are placed in a tube which has surface-bound
anti~-Mordant Yellow 7 antibody, incubated for 5 min at
room temperature, and then washed. with 0.5% Tween/PBS.
The color of the test sample (as a result of the binding
of Mordant Yellow 7-polymer to the assay tube) is
compared to that of the control samples to determine the
presence of the Mordant Yellow 7-polymer marker. The
amount of Mordant Yellow 7-polymer marker present in the
sample is determined by spectrophometric analysis.



sanple in a well of the [4-am no-1, 1-azobenzene-3, 4- disul phonic acid]-BSA
coated ELISA plate in either the presence and absence of <
. 4-am no-1, 1- azobenzene- 3, 4- di sul phonic acid solution. The concentrations
of 4-am no-1, 1- azobenzene- 3, 4-di sul phonic acid used were 1 and 10
[err]g/m. In the present exanple, 4.3 x 10[err] splenocytes were
fused with 2.15 x 10[err] nyel oma cel +sé6o-produce an average of 6.46
hybri doma cl ones in each of the 480 culture wells. A total of 35 fusion
cul tures weRBFEBRENEECHISTYI ng 4-ani no- 1, 1- azobenzene- 3, 4-di sul phonic acid in
the conpetitive Ebh§ér5ﬁr.?e%1d%llllsbsﬁ:l er%@tfl%tf‘H”“(ﬁlrgvg) The

- 56 - develoggpnt were those associ at éd ﬁ&romﬂ nedlun1sa | es which
gave absor bERZEMLLATKEE &F‘E‘HP@F"FP&HtlAésPN t(FLISA)3A de /e
absence of Abstiraets, bf Nickopaate- apﬁdbawmim@mamadal@udrdwhl bited by

nore than 9 1 o] n di_sul phoni c acid
in the corrpgf%gl vghagggjoge' EJ“&@"}‘ S3‘1"?0 égll%f %hg, |(ﬂ1 aﬁelyﬁr es were
re- suspended andO@hsweembpdumnntSngre|Mdthom Unalsqnpﬁp@ﬂéﬂéns wer e

adj usted togghiowiall 8188hkss per m and distributed across one 96-wel |l
culture plate, 100 [err]l per well, containing a feeder cell layer. Once
the cl ones were visible, supernatant sanples fromeach of the 96 wells were
assessed by ELISA for the presence of antibody capabl e of binding the

[ 4- am no- 1, 1- azobenzene- 3, 4- di sul phoni ¢ aci d] - CGG conj ugate. Wl ls
containing a single clone that produced an anti-[4-am no-1, 1-
azobenzene- 3, 4-di sul phoni ¢ acid] anti body were sel ected



as nonoclonal cell Iines. These cell lines were gradually expanded in
recder 1 ayer . A ver NONHIPM AL 5 ancea " oo somstiont g Fragh, ¢ he

hybri domas were weanell off th& spl ehocyte feeder l\ayer . REPL

nonocl onal cell lines were isolated that produced y that binds to
the [4- an1ngéé%ﬁg_azobenzene 3, 4-di sul phéfiit aci d]-BSA conjugate in the
ELI SA. Thes

Successfullé expanded into stable ceII cul tures.
Duri ng expansi on ¥ th® BethoguPfumaskipgdraPERANFEs TPFom t he cul tures were

moni t or ed fOidétﬂtibﬂdatméﬁdueamnme{heaecaaﬁahesw@eaesaa:alay:zie@ aiid tration
ELI SA as descri

d,_aboye. Cult d I I '
of 1 et of CHPTGTFoRELRARGHe hEe e BRI ot RoflorRaEabEs aptlh © °°7! €S
si gni ficant @@V@lenhlthOEndsnp(aanpmpnundbrsplﬂamaukegrmhﬁe@eﬂnM'addition
t he afflnltyafgeégg Eg%bgggtga ggﬁugﬁg g¥ohB€tCE|| | i nes was determ ned by

- 57 - conpetitiv optlna I luti.on of the anti body was
selected fromthe titration ELI SA and applied to the ELISA plate in the

presence of dlffeﬁ?”t Qﬁécﬁéthaalaﬁscmﬁlm 1, whereln said compound is
concent,r at,i on of

4-amno-1, 1-az n g honi ¢ _ag %

4-am'no-1, 1- ﬁig ﬂ?g grgm4t Fng HBnF8n§&? ipgapPEr 89RESF 1SR 0d) bi ndi ng
by 50% i n t heh&ih&deuticdet bymacedvel Epapohihd, an agirechemichilne ahA2E12 was
ool P b ER pHOEGRRCh RS R7SEAECARL, DOt BRUYCH, Yl el oUl LT e

and the affini amno-1I/1-az nZéne-'3, 247
addltlve and a process chemical.

3. The method of claim 1 wherein said compound is
a polymeric compound.

4. The method of claim 3 wherein said polymeric
compound is a synthetic polymer.

5. The method of claim 3 wherein said polymeric
compound is selected from the group consisting of a
peptide, a protein, and a oligonucleotide.

6. The method of claim 3 wherein said marker is
the product of the polymerization of a functional monomer
having said hapten covalently bound thereto.

7. The method of claim 6 wherein said functional
monomer is selected from the group consisting of a
substituted styrene and an acrylic monomer.

8. A method of marking a product for
identification, said method comprising associating a
hapten with said product as a marker, wherein said hapten
is-not already associated with the product and has a
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di sul phoni ¢ aci'd. Culture supernatant fromthe 4A2E12 cell |ine contained

anti body wt ' ikl of 1/3125 and an Iferr] of 9 n . A
. master cell Hmummwl"mloduced from whi ch FI-CE s BaaRs} (WCBs)

. ) 15}

are created. \WorkKing ctlls banks serve as a readi IV‘%\?@Q%J
cells for antibody production. Aliquots of the
prepared for long-termstorage. The cel b8 were expanded in HT +10% v/v FCS
medi um pelleted by centrifugation, and resuspended_ in freezing nmedium The
suspensi on RR¥sirpiuehprackerasticcwpighars detertadieailmi Ag at least 5 x
10[ err] vi agbRiceftratidat-aepenadnkymhtieexcl usion of a vital dye). The
vials were seal ed, insulated and stored at approximately -70 C for seven
days. Vials were then inmersed in liquid nitrogen for |ong term storage.
A single vial wa8.retThevedthpdnofhelhiB anwhereinesladdexoyadeadtily cul ture
and used tObBﬁﬂHaﬁgggfne ?ébﬂ ofind' tb %&iEﬁtQQthga 2 fh described for the

N
MCB. Supernatant r romthe culture was used o set up the WB for
anal ysi s of cav¥aiepByycbaued: hpg g pPh¥sical chagpgiegistic yhicd 118 was
retrieved faegetBabYEBihoh evabeatiratioh-dapRhaendsmaaher.directly fromthe
thawed vial and incubated in tryptose broth for assessnent of sterility.
The remai ning cell suspension - 58 - was
expanded in anti bhdoti A hethodedfudetéatitgya ambtrkerr énr nemalrkedel
viabi |ty Wgaoassessed By ng¥kbstapelsdny hohatiten 6r5aMRapeah the cell

culture wa .
bound to a compound, said marker having a physical

characteristic, wherein detection of said physical
characteristic is concentration dependent, said method
comprising concentrating said marker from a sample of
said product to provide a concentration of the marker
which allows for detection of said physical
characteristic. '

11. The method of claim 8 or 9 or 10 wherein said
physical characteristic is color or fluorescence.

12. The method of claim 10 wherein said
concentrating is by immunoprecipitation or
immunocaffinity.

13. The method of claim 10 wherein said marker is
solvent extracted from said product prior to
concentrating.

14. A kit for detecting a marker in a marked
product, said marker comprising a hapten or hapten bound
to a compound, wherein the said hapten or said compound
has a physical characteristic detectable upon
concentration of the marker to a concentration greater
than the concentration of the marker in said marked
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Eur opean CDII Cul tures, Porton Down for analysis of
Mycopl asma co mﬂﬂmnﬂﬂmﬁ ret rieved from the WCB vvere mal ntained in
flash culture erX|nat y 120 days. Duri ngrthts—t Te

nonocl onal ity of the cells, antibody product|V|tyTH§5g””: EEE?BHNjf culture
supernatant to ELISA), and the division rate of the cdf&A t or ed.
The nonoclonality of the 4A2E12 cell |ife®8as detern1ned by repeating the
limting dilutio on $ ocedure dgscrlbed above. The.c s were diluted to a
concent r at i onPBHPEER Fabt e IFgmBEFsﬁPgaﬁdsBPE&gd eﬁeﬁy&ggégqﬁgqrﬁlssue
culture pIaIenavnngaansngfacéayenndfsppbeﬁucybenﬁea@ememﬂdnsspﬁduﬁlc

appr oxi nat el yg ¥0s¥f8kﬁ thg_ position of clones on the culture plates was
recorded. Sanples o ure media were taken fromeach well and applied to
ELI SA pl ates coated with the [4-am no-1, 1-azobenzene-3, 4-di sul phonic
aci d] - BSA conj ugat e. The percentage correlation of the position of the

cl ones and wel |l s cont | bod det erm peg. The maxi num
concentration of anti qgﬁ?éié%%ﬁhﬁﬁrﬁ&%@ﬁks 9t he 4A2E12 cell line
was 30 [err]g/m as det er r(ianed D \cduindéecidlvwpriogectli havingtassveiatedm
l'iquid n|trog§£t%h gells were 94. 3% vi abl e. The nonoclonality of the cel
line was asses at’98% with an accuracy of 9.96% Exanpl e 14 Bul k
Production and PurificatidiPlof & markericowprisiny a haptier anoxzihapten
line was weangdvhioAtty BBEhEME0R! BbRpBUnd) Wi hapten erkaredi um + 5%

v/ v Nuserum nmedi um The cyltures were expanded up ,to .a vol une ,of

appr oxi mat el ycoppoynd |haYéP§eac8P¥§F€aﬂl&§E§3Fﬁ%ﬁ%ﬁ§hﬁf wherein

detection of said physical characteristic is

concentration dependent, said marker not rz2ing normally
associated with said product.

16. A method of monitoring or tracing a process

chemical or specialty additive, said method comprising:

(a) associating said chemical or said
additive with ‘a marker, said marker comprising a hapten
or hapten covalently bound to a compound, said marker
being not already associated with said chemical or
additive;

(b) obtaining a sample from the process or
product in which said chemical or additive is employed;

(c) measuring the concentration of the
marker in said sample by subjecting said sample to an
immunoassay specific for said hapten.

17. The method of claim 16 wherein said process
chemical or additive is selected from the group
consisting of biocides, water treatment chemicals, food
additives, plastics additives and petroleun product
additives.
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- 59 - supplenented with 5% v/v Nuserum The cultures were grown either in

a Techne- st ““‘E“mﬁr cul t ure—Lhaoth using the batchfill principle) or
in an orQ&‘Rm‘\g ‘m iBure (bat giTHSIBEEE®YAS BREST tWo cul ture systens

wer e est ed by the transfer bf th&kBeehtgsuspensi ons fromthe three 200
m flask cultures prepared above. The antibody—preductivity of these i
cul tures was determned by HPLC using=aéfrotein A affinity colum. The

ant i body- cont ai ni ng_ medi um was. harvested fromthe different cu%tur

(5]
vessel s, pool ed, cla®rfiTaepPernrd, afi 6hatB. 2 VBRFRAP, SARH DBREERt St ed by
ul trafil tratdthen pradugta o el lcuvalerghtbinidingf fobfa 2agden Hdiea gotebody

was then purd fi g}bgg e by ammoni um sul phate precipitation
The concentfg%?%%'%%ﬂ'n |bég3g%§g%g%%ined by protein A HPLC) in each of the
three culture systens ranged from 10 [err]g/m to 1.5 ng/m . Such |evels of
ﬁntLPody PFOSUCE'V'iy.'nTﬁEeTéﬁhgaéﬁf5&§&$ﬁ51Ui?d¥ﬁﬁéhg§E§PdQ&QﬂeEgiB$h _

i ghly satisfactory. .Exanpl e reparation of Tagged Pol ynmers: Synthesis
of Pol yal | ylagﬁieﬁet)%aéﬁé?(\ﬁr’%? ‘dant Yel | ow 7 1- et hyl - 3- ( 3- di net hyl
am nopropyl carbodiimde) (EDC) (5.0 g) was added to a sol ution of
polyallylamne (10.0 g) in distilled water (100 m ). A suspension of
Mordant Yellow 7 (20 g) in distilled water (50 m) was added under vi gorous
stirring. After sti20ingThermgbhadnofacladoni®eipewhichesadd adgkeronal
portion of BLC{3k4 9itiPsANuEd e mixture was left stirring

overnight. The remaining soli1d was renmoved by centrifugation (20 mn., 2000
rpm . The supernatant was dial yzed against distilled water (5 x 5) for

about 21. The method of claim 20 in which said product
is a liguid.

22. The method of claim 21 in which said product
is a petroleum product.

23. The method of claim 19 in which said product
is a solid and said hapten is applied to the surface of
the product. '

24. The method of claim 23 in which said product
surface is selected from the group consisting of a
hologram, a security label, a pressure sensitive label, a
shrink wrap, and a visual mark of authenticity.

25. The method of claim 23 in which said markér
is applied to the surface of said product by printing.

" This Sheet Has Been Replaced

AR



five days. The sanple was then renoved fromthe dialysis tubing and t he
| iquid was renoved under reduced pressure
- 60 - wusing arotary evaporator. A total of 5 g of hapten-I|abel ed pol yner

was produced by anpl e 16 Synt hesis of Phenglic in
Pol yner Tagged M““Mﬂﬂmﬂﬂ“w"ﬁ; The f ¢ITBWSHEEBBABBEENS| wer e
prepared: 1) a 75 ng/nt sblutidn of trheﬂhykanlno (1OREPLAEEDR| ) an
t et rahydr of ur an (THF) (8970 [err]l); 2) a 100 nmg/ M sol ution of

i sobutyl chl oroformate (950 [err]l) and THF (9050 [err]l); and 3) a solution

ggorgéd?ng[z$L|OMIZsfﬁ BQQ?ZIt I ce ggfLEI%%E %}?gtﬁh}gﬁrﬁgl?ogggk%gfﬁff;e
RS MECEEILEEY

and i sobutyl 8 oPor §°§GFUFPOH 8961 sackin o“t he Mordant

" Yell ow 7 suspeathdi prodader. stirring. stirring was continued for 25 mn. at
-5[err]C. A solution of phenolic resin (10.0 g) dissolved in 33% -
pyridine/distilled water (90 nl) was added to the m xture. The reaction

m xture was kept at 2Z6[ rhgked pooduat corpriedngs warmto room
tenperature, and stirred fagrrﬁgéﬁmm&&aﬁ”ﬁfsd&eé Hadingcdsaadiatea
distilled water (5 x 10 1 or five days, fromthe dialySis tubing, and
dried under Wédbcads préessure using a rotary evaporator. This nethod yiel ded

about 13 g of . (b) a marker comprising a hapten covalently
bound to a polymeric compound, wherein said marker is not
normally associated with said product. £

10 28. The markel product of claim 27 wherein said

marker is added to said product.

29. The marked product of claim 28 wherein said
marker is mixed with said product. ) ..

30. The marked product of claim 29 wherein said
15 product is a liquid. . R

31. ' The marked product of claim 30 wherein said
product is a petroleum product. ”

32. The marked product of claim 28 wherein said
product is a solid and said marker is attached to a
20 surface of the product.

33. The method of claim 32 wherein said marker is
attached to the surface of said product by printing.

34. The marked product of claim 32 wherein said
product is selected from the group consisting of a
25 hologram, a security label, a pressure sensitive label, *
and a visual mark of authenticity.
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hapt en- | abel ed pol yner. 'Exanpl-e-17 Formul ati on of a Tagged Pol yner into a

Suitabl e Ink for -Cover Surface Marking The conposition of a typical
ink for inkjet et N mﬁl“ﬁ“(anajning t agged polyner is-as—fpl | ows:
Met hyl et hyl ket a m\r“mlm . 31% v/ v| THIS SAEBT HA8 BEEN

50% v/ v Bi I such &s phenolic resin RERIARED Sodi um
chl ori de 2% w y1 -

-61- A tagged polyner is adm xed in the above conposition at a

sui t abl e concentratifn andkit i ferdarscting a fhaptensimarker i ikjat printer.
The conduct j yi o Lk & i k <:nkj.et printing preferably has a
conductivit%X%#¥E1%689P%?6S%g&gr%gkaﬁgmég&fég Sity of 4 centi poi se.

Ot her inks that the pol yf@&y carfaPigriisQeivind SHrPoxfe BR¥XRYr aphic or

Iithographi§ufgg§e-gbaﬁarﬁabﬁ§a; intaglio inks or any other surface coating
i ncl udi ng paints, polymey, filnms, etc, Exaqglf 18 Adnixi%g of the
Hapt en- Pol ymer Mar ker i nt® a Preftfdiner coptaintnd A tPSTef 15 epared as

descri bed abindinhg member specific for the hapten; and
(c) detecting means for detecting formation
of complexes of said specific binding member and said
support-bound hapten.

36. The kit of claim 35 wherein said specific
binding member is an anti~hapten antibody or a fragment
thereof capable of binding said hapten.

37. The kit of claim 35 wherein said detecting
means comprises a detectably labeled antibody which
specifically binds said anti-hapten antibody or
specifically binds said hapten.

38. The kit of claim 37 wherein said detectably
labeled antibody has a label selected from the group
consisting of an enzyme, a chemiluminescer, a
fluorophore, and a chromophore.

39. A kit for detecting a hapten marker in a
marked product, said kit comprising:

(a) a sample receiving solid support having
surface~-bound specific binding member specific for the
hapten;

(b) a container containing a detectably-
labeled hapten;

(c) detecting means for detecting formation
of complexes of said specific binding member and said

‘' detectably-labeled hapten. ’
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Exanpl es 15 or 16 is adm xed with a polynmer preparation such as PVC chips

is nelted and extruded into a formsuch as a

or nylon granul es

door or w ndow EH‘@EE‘“ENEE!“ The hapt en- polyner marker jnco
into the extru be det ect ed by dijpPHISRGHERE Hdr et
fraction of the item) into a solution containing a spBEFHACEDDI ndi

r por at ed
tem(or a
g nmenber.

Exanpl e 19 Detection of a Marker in a'wﬁﬂked Product by Binding o
Speci fi ¢ Bi ndi ng Menber 0 sol utjons .are used
detection of a hapt¥h: pdt b {%Fké ﬁﬁé?’g ghBaxksredn @ Pk
azobenzene- préddesy| phdd maxkied: comprﬂs:mg Gatb%idasendimBhapten 2.
4-am no-1, 1- e ul QQH|§ gf sa
g/ m) may 886§EF§§: gg E%u?qd §>usaLlO ng q‘\/\een *B@?E éé&grggﬁgRa

anti-nouse anti body conj (ht cd sampdeoxeeedying suppOrto bpyinaysi

a
t he
-1, 1-

nmple (18.4
bbi t
ng 0.5%

Tween/ PBS) . surface-bound first specific blndlru% Wenber specffic Beyel oper

solution for detection qof the per.oxi dase | abel {TMB substrate kit
Labor at or i e§31g;Foppound $¥0(§Pe°1f1c HRr 13 hapkeny <t e%%l‘&r’éa’f)’éﬂ’

detect the hfdam no-1, 1-azobenzene- 3, 4-di sul phoni ¢ aci d] - pol ymer
_ (b) a container containing a detectably
labeled second specific binding member specific for a
- hapten of said marker.

41. The kit of claim 40 wherein at least one
said specific binding members is an antibody or a

(Vect or
orned to
mar ker :

of

fragment thereof which retains binding specificity for a

hapten of said marker.

42, The kit of claim 40, wherein said marker

comprises a first and a second hapten which are different
from each other, wherein first specific binding member is
specific for said first hapten and-said second specific

binding member is specific for said second hapten.

43. The method of claim 1, wherein said marker

comprises at least two different, detectable haptens.
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1. Wash the sanple in 0.5% Tween/ PBS. 2. | ncubate the sanple in the
anti-[4-am no-1, 1- azobenzene- 3, 4-di sul phoni ¢ acid] anti body solution for 5
m n. 3. Wash the sanple again in 0.5% Tween/ PBS. 4, | ncubat e
the sanple in the peroxidase | abel ed, rabbit anti-nobuse anti body sol ution
for 5 mn. 5. Wash the sanple in 0.5% Tween/ PBS. 6. Develop the
sanple with the devel oper solution for A% to 5 mn. Exanpl e 20
Preparati on of a Hapten-Label ed Functional Monomner A hapt en-1 abel ed
functional nmononer is prepared by reacting glycidyl nethacrylate with
4- ami no-1- napht hal enesul foni ¢ aci d ABRIRACGE/nt hesi s i s conducted by
di ssol vi ng 22 MARKINGS Of PRODUCIS ao HAlAIaSH FyEr 6 AND sHfkcE ans
nmet hyl ene chl oride and slowy adding 14.2 granms glycidyl nethacrylate with
stirring. After reacting to conpletion, the hapten-I|abel ed nononer product
is recovered by vacuum stripping to renove the volatile sol vent. Exanpl e
21 Preparation of a Hapten-Label ed Pol yner Marker by Pol ynerization of a
Hapt en- Labellad genreeilondheMinvemition feafherelsajat ar-thalde|cefd rfatkdtmiconal
mononer {1 B LBk ieys 182h30¢30R :%CAROLATRH 28thatidd 2 JUHFAREl P
nononer to produce a hapten-Iabeled polyner. or

of a low molecular weight hapten covalently bound to a

compound, is associated with the product. Where the marker
is non-deleterious to the product, inert with respect

to the product, and not already associated with the product.
The invention also features hapten markers produced by
covalently binding a hapten to a functional monodmer-and
subsequently polymerizing the hapten-labeled monomer to
form a hapten-labeled polymer.



in Exanpl e 20 and 100 grams nethyl Olﬁaﬁl{ql/é?;@ln 800 grans of acetone,
the sol uti ofmil Shelt @RS Bdn R1EQS | UX. Then, jone gr of ben4o
ph an K HE R RGeN et oaHERT

added to the tion. Polyne ron s all oy

conpl etion (ﬂmwmﬁl mrter cooling, the é‘éﬁ yrrer I § r[ECOVEread by
addi ng suffi preci pi P ol lfovedy gyjhmrmg&lioﬂ,
washi ng and dryi ng. Exanpl e 22 Prepara Eﬁﬂc% a Hapt en- Rol yrer by
Derivitization of a Pre-Forned Pol ywere—Conpotmnd An un-Tabel ed
copol yner | I]:Afﬁ prepared and then deriéfati zed by rea¢tion with a

sui tabl e haB%eﬁ——%or exanpl e, a solution copolyner is prepared by

copol yneri zi ng 10@. graanEehbﬁloﬁembaknygaaepanduQDOfgrahﬂeﬂFy@%ﬂ??lon'
nmet hacryl ate in.,800 S a Biejauct with a

4- am no- 1- naff ﬁllﬁal‘&ﬁ ?B oni aC| agt,%%ggg@gg hgéléé% YPPr solution to
form a hapt emakckel e@mp@m?malg a dE%@ﬁ*ﬁPBlQ3hE‘EF%EtFBﬁ @‘F S YeRe R MEP KB by

Det ection_of ggﬁ.%@&%ac ﬂ%%\ﬁ@ epdBhr Of shhe hiapker not béimmnpleeafly

gasoline is assaye resenc a Mordant Yellow 7-pol yner marker
by first ext ﬁﬁ@ﬁcﬁ@t\ﬁ@t WisHy g@ﬁt p‘éﬁ’g‘lﬁﬁueous buffer. A sanple of gasoline
havi ng a known anount of the Mordant Yellow 7-polyner nmarker is used as a

control. The extracts %he apphiodd oifo cir immiynedieredint ysadisl wompowmadi bsng
bound ant"“@&f@@&ed from the group consisting of a pesticide, a

- 63. - exanple, after dissolving 1%% grams of the nononer adduct descri bed

pharmaceutical by active compound, an agrochemical, an
industrial chemical, a surfactant, an adhesive, a food
additive and a process chemical.

3. The method of claim 1 wherein said compound is
a polymeric compound.

4. The method of claim 3 wherein said polymeric
compound is a synthetic polymer.

5. The method of claim 3 wherein said polymeric
compound is selected from the group consisting of a
peptide, a protein, and a oligonucleotide.

6. The method of claim 3 1 wherein said marker is
the product of the polymerization of a functional monomer
having said hapten covalently bound thereto.

7. The method of claim 6 wherein said functional
monomer is selected from the group consisting of a
substituted styrene and an acrylic monomer.

8. A method of marking a product for identification,
said method comprising associating a hapten with said
produét as a marker, wherein said hapten is covalently
bound to a synthetic polymer and is not already associated
with the product and, as_bound to said polymer, has a

L
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Yel | ow 7-anti body. The colum is then washed with 4 tinmes w th
wat eér. The bound Mrdant Yellow 7- pol ymer marker is eluted frjo ﬁ@?ﬁéé%%ﬁﬁnﬁHEfr

with a sol utjany v/ ) Tween 20 in sallne The sanpl g ik then

evapor at ed QetHng ced S ShERT 64~—----gnd t he [presénicegAdf 1998

the Mordant Y mwmumm mar ker HePE bP;gHﬁﬁfmari son jt ol the control
E=Yak

A

sanpl e. \Were ntains th - pol ynmgr marker the
evapor at ed sanpl e appears col ored. Were desired, the intensi of the
color is analyzed by spectrophotonetry tobdet ermi ne the anount of Mordant
Yel | ow 7-pol yner marker present in, the product. | e, 24 Detection of a

Hapt en Mar kePh¥s isale @B ?ﬁe5?$ﬁ§§|EB%CEhé?aQ?E?FEFP eofint Re Hapt en
A sanpl e of gaentdntardtoide-deséndehtrmahfept esence of the Mrdant Yellow
7-polymer marker is extracted and passed through an i nmunoaffinity colum

as descri bed above. The sanple fraction_which bound {o the colunn I S ihen
eluted. The presefce offbeh g jbreAnClvef 1t 71 phoRett mids FeveheRtly

detected by bmaoam;en Tdae gwm nwhithbgaddi dingtesn is
surface- bound an QW 7 an ncubat ed f £ Qom
t enperature, © 5‘ Wity 0?55 \ﬁel«?ry?llP %ﬁaﬁcét%ﬁjr%%l%f hr‘lle%t est
sanpl e (as adeesatabdé uheabcqncegtnatAmmfﬂﬂpendﬁnunmahqﬁﬂjyner to the assay
tube) is
10. A method of detecting a marker in a marked
product, said marker comprising a hapten or a hapten bound

to a eewmpewnd sgynthetic polymer, said marker having a
physical characteristic, wherein detection of said physical

characteristic 1is concentration dependent, said method
comprising concentrating said marker from a sample of said
product to provide a concentration of the marker which
allows for detection of said physical characteristic.

11. The method of claim 8 or 9 or 10 wherein said
physical characteristic is color or fluorescence.

12. The method of claim 10 wherein said
concentrating is by immunoprecipitation or
immunoaffinity.

13. The method of claim 10 wherein said marker is
solvent extracted from said product prior to
concentrating.

14. A kit for detecting a marker in a marked product,

said marker comprising a hapten or hapten bound to a

eeompeund synthetic polymer, wherein the said hapten or said

eempeurnd polymer has a physical characteristic
detectable upon concentration of the marker to a

concentration greater than the concentration of the marker

] HIIIIII llllll Illll HIII ll ||Il
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conpared to that of the control sanples to determne the pri

Mordant  Yelth@WhelripQ hYTRL MBI ker . TheqpgmuptT ahs MBENant Yel | 3? ﬁg@g@/’h@f S“‘”FT
mar ker pres m is determ rqe;i:x,hy:&spectr phonetfi ¢ anal ysSTS.
t

_ 65 - REFI Vol | er A——BiyeeD. E__IBartlet} A 1(3Lo/m) 19%8he|
Enzyne Link Assay Ide Wth Absgracts of

M cropl ate Appllcatlons Avai | abl e From-Dygmt-ech Eur ope, Borpugh Hosue, Rue
du Pre, GQuernsey. Q her enbodiments are within the sco of the

following clahmgaid marked product, said kit compfﬂéln al- saffpiBLhOd
of marking a prodqugt for identification, said method ¢ npr|5|ng associ ating

sai d product FREEAVATHarREPI PR Eing & 6%F§€F§MQPWHQH%PF%%§%FeﬁﬁP?lﬁaund
to a synt het nempelyepecifacdforr ke dnbapbehng al ready associated with the
product, wherein said coval ently bound hapten or synthetic polynmer to which
said hapten is coval ently bound has a physical characteristic which is
detectable in a 15. A marked product comprising:

(a) a commercial product having associated with
it;

(b) a marker comprising a hapten or a hapten
covalently bound to a -eewpewmd sgynthetic polvmer, said

hapten or said eempewnsd polymer having a physical
characteristic, wherein detection of said physical

characteristic is concentration dependent, said marker not
being normally associated with said product.

16. A method of monitoring or tracing a process
chemical or specialty additive, said method comprising:

(a) associating said chemical or said additive
with a marker, said marker comprising a hapten or hapten
covalently bound to a ecewmpewsmé gynthetic polymer, said
marker being not already associated with said chemical or
additive;

(b) obtaining a sample from the process or
product in which said chemical or additive is employed;

(c) measuring the concentration of the-
marker in said sample by subjecting said sample to an
immunoassay specific for said hapten.

17. The method of claim 16 wherein said process
chemical or additive is selected from the group
consisting of biocides, water treatment chemicals, food
additives, plastics additives and petroleum product
additives.
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concentratibﬁ“dedendent nanner. 2. A nmethod of __narklng a

product Rk s a sai d net hod l-st-AY ass )
with said pr &Qﬁ? “n , vvher-.l_r‘llS edthayst BEN § cov IRﬁﬁMA@ WElih HEEEi
synt hetic poI t already ass@epiat@® withithe duct—art;

bound to sai a physi Cad= acteristic whic

i|s 1d¢t ?&nqggw n
a concentrati on- dependent manner . - P06 -A nmethod o detecting a _
marker in a nmarked product, said rmarker conprising a hqptem or a naptéen
bound to a synthetic pol yner, said narker having a physicgl characteristic,
wherein detection of id ct [ tkQn
dependent, said nmethod” coarrglﬁ SI ng concerﬁ Cﬁtq{al %l inc%} k%g?:%%%égalﬁgl e
of said prodad@edo o A% ERChedokecat Fadi Or Bﬁ°¥h§gn§F§8FlﬂﬁF€h“alIoms for
det ection of gsadiad pyeRie®] characteristic. 4. The nethod of claim1l
or 2 or 3 wherein said physical characteristic is color or fluorescence,

5. The nethod of claiml1l or 2 or 3 wherein said synthetic polyner is
selected fromthe gra@p canﬂanka@;pﬁodnqnxndmpnisiugpharnaceuticaI by
active conpound, an agroc cal, r ' - t, an
adhesi ve, n% f ood addltlveqpa % grog@eégyﬁfr# ﬂ@rﬂﬁin%éaé#%éi‘%té od of
claim1 or 2wdth3d itherein said narker I's the product of the polynerization

of a functional nonomer(y)aviag neaikdrhapicapréaiabentl yhapusd t bewatiently
bound to a gynthetic polymeric compound, wherein said

marker is not normally associated with said product.

10 28. The marked product of claim 27 wherein said
marker is added to said product.

29. The marked product of claim 28 wherein said
marker is mixed with said product. ' £

_ 30. The marked product of claim 29 wherein said
15 product is a liquid. . *

31.  The marked product of claim 30 wherein said
product is a petroleum product. -

32. The marked product of claim 28 wherein said
product is a solid and said marker is attached to a
20 surface of the product.

33. The method of claim 32 wherein said marker is
attached to the surface of said product by printing.

34. The marked product of claim 32 wherein said
product is selected from the group consisting of a
25 hologram, a security label, a pressure sensitive label, "
and a visual mark of authenticity.
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67 7. The nmethod of claim6 wherein said functi ofig] -
sel ect ed f rChis 3heptHapBoenReplasedi st i ng_of i styr E%ngﬁhgcﬁ“%ﬁrc
nmonomner . hod of {chaisnSHEERH; seén s%i d congéntrating 1s by
i munopr eci pi noaf finjty. REPLACERS _ Tde nefhad fof ¢ARIIESS
wherein said marker is solvent extracted fromsaid produg¢t jprior to

concentrating. 10. A kit for deteckting a narker i h a marked product)
said nmarker conprising a hapten or hapten bound to a synthetic polyner,
wherein the sai dsBapt @ik $@ird qRekyithghas 3 RQ¥§éﬁg%r8@§E?,Ct§r

det ect abl e ugog concentration of. the na?k on greater than
t he concent P&FfrGh LSipp g, dekeghablephaghen, ggvalenthy doound chapai sj

a sanpl e-r egghthegisuppbybrhaw INSREHIfd @driprdisaagrenber
specific for said hapten. 11. A marked product conpri sing:

(a) a commercial product (w@yvi g semPreéateseiwihgi support havingb) a nmarker
conprising a hag;gn_gg %dhﬁgt%gngovarently bound to a synthetic polyner,

sai d haptewn%ﬁr £V polymer ﬁéV|ﬂg a physical characteristic, wherein
detection of said physi calbkhar seertatnéx ¢entahningratspacific

binding member specific for the hapten; and

O

(c) detecting means for detecting formation
of complexes of said specific binding member and said
support-bound hapten.

36. The kit of claim 35 wherein said specific
{} binding member is an anti-hapten antibody or a fragment
.
thereof capable of binding said hapten.

37. The kit of claim 35 wherein said detecting
means comprises a detectably labeled antibody which
specifically binds said anti-hapten antibody or
specifically binds said hapten.

38. The kit of claim 37 wherein said detectably
labeled antibody has a label selected from the group
consisting of an enzyme, a chemiluminescer, a
fluorophore, and a chromophore.

39. A kit for detecting in a marxked product, a hapeen

marker compriging a detectable hapten covalently bound to a
synthetic polymer in—a-maxked—produet, said kit comprising:

(a) a sample receiving solid support having
gurface-bound specific binding member specific for the
hapten; .

(b) a container containing a detectably-labeled

hapten;
(¢) detecting means for detecting formation of

complexes of said specific binding member and said
RO
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detectably-labeled hapten.
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depéndent, said marker not being normally associated with said hapten.

12.- A nethod of monitoring-or.tracing a process chemcal or[s arT
‘addi ti ve, d nethod conpri si ng: (a) associating éﬁ%ﬁAEE@éNgaﬁHEET
or said add| @ﬂ@mﬂhpkea havi ng a physical characteris{i'¢, Wierein
detection of gm Nchar act er Sﬁﬂwsmmcms@amqtion :le%eﬁd?“llxmgﬂ& a
I ng a hapten orggraptem coval entl
mar k

mar ker, said ound to a
synthetlc polyner er bei ng™Tot—afready —associajed wih sard
chem cal or -7 - 68 additiye;

(b) obtaining a sanple fromthe process of “product in which said chem cal
or additive is enployed; (c) neasuring the concentration of the

marker in said sanple by subjecting said sanple to an i nmunoassay specific

for said hapten. 40. A R3c fiGe a@tiékﬁxdlﬁ £ rRel? Whet eﬁarrlse’ﬂ bAEREES,S
chem cal or adqétlv elected from

9r Qu i.stin i des
Cator i oot ihEd hficds SSnpELEfhd AT {05 O NP AR AR Ko I BAEN | cum
pr oduct addltwv@seeﬁﬁeaﬁé Svntlets oymdiotheaf, skddnmkitoro@pois8ngherein said

marker is the product of)thg cayghent diddi gy okuBpbAPt 88ving surface-

bound first specific binding member specific for said
compound or specific for a hapten of said marker; and

(b) a container containing a detectably labeled
second specific binding member specific for a hapten of
said marker.

41. The kit of claim 40 wherein at least one of
said specific binding members is an antibody or a

fragment thereof which retains blndlng specificity for a
hapten of said marker.

42. The kit of claim 40, wherein said marker
comprises a first and a second hapten which are different
from each other, wherein first specific binding member is
specific for said first hapten. and-said second specific
binding member is specific for said second hapten.

43. The method of claim 1, wherein said marker
comprises at least two different, detectable haptens.
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to a preforned polyneric conpound. Lo el 2 mm& gff*@éT

3 in which said marker is added to said produq‘t D&’S’LH/D 16,

claim15 in which said marker is mxed with said prpdu%m 17. The
method of claim 16 in which said product is a |iBypdctrts 19 4 THENMD810
of ¢laim 17 in which said product is a petroleum ocmg.m 19. The
met hod of claim 15 in which said product i% a solid an Laid hapten is

applied to the surface of the product.

20. The nmethdd of claim19 in

whi ch said product surface is selected from the group consist ng
a hol ogram a securhé yihedretiom gilres ustgensid ikde |falreldetaecthimion haptam

and a vi sual

whi ch sai d narker

fol AHERSAY 11V aetectardl, Mol ol ABA A
physical characteristic. The kit includes a sample
receiving solid support which has an anti-hapten antibody
bound on its surface.

By “marker' is meant a compound composed of a hapten
and/or a hapten covalently bound to a chemical compound,
preferably a polymeric compound.

By “hapten' is meant a low molecular weight molecule
which does not elicit a significant antibody response when
used as an immunogen alone. When the hapten is coupled
(i.e. covalently bonded) to a larger, carrier molecule
(e.g. keyhole 1limpet hemocyanin, bovine serum albumin,
chicken gamma globulin), and the hapten-carrier compound
used as an immunogen, hapten-specific antibodies are
produced. Generally, haptens have molecular weights under
1,000, and thus exclude proteins, DNA molecules, and other
antigens.

By “polymeric compound' is meant a compound, normally
a large, high molecular weight compound, composed of
monomeric units which are different from the hapten. As
used herein, “polymeric compound' is meant to encompass
polymers, copolymers, and complex copolymers. Exemplary
polymeric - compounds include proteins, peptides,
oligonucleotides, polystyrene, and various synthetic

polymers well known in the art. Ags used herein, a

“synthetic polymer' is meant to encompass a polymer which
does not occur in nature.

By “functional monomer' is meant a monomeric unit
capable of polymerizing to form a polymeric compound. As
used herein, functional monomers are capable of both
covalently binding a hapten and subsequently polymerizing
to form a polymeric compound.

By “hapten-specific antibody' is meant an antibody
which substantially specifically binds a hapten molecule.
Hapten-specific antibodies may be either polyclonal or
monoclonal antibodies.




69 applied to a surface of said product by printing. ved
of .claiml1l or 2 or 3in which said narker is added or attamgﬁg@wgﬁ[%ﬁ

packi ng associated with said product. 23. A marked| pfoduct
conpri si ng: (a) a commercial product having asspciaped N Hgg?t_;
(b) a marker conprising a hapten covalently bound to a syhthetic polyneri

conmpound, wherein said nmarker is not nor® |y associated W th saiﬂ product
Setectanl o 1+ cdncand BEEBRe RReRREh L naroatce ST etk helaey
product of salidi nMmet23od wheangrisisy daprokbating adseid t preodudtpr wiuht . a g
25. The mark d L L2l Al ' | | ' 4 t.h sai
oroduct. | erBEeChEhotiofhd! I A 00ERELE, BRCOTRGRLR 10 S £R0E 4
li qui d. sypbhethe palvesrprsaidt marker angt 2beimer already daprodirteds a

petrol eum pr@gyst the prodifet,ThhdBdicedsRi@deelia®bnehdl Modhafitidh sakd-

i ' [ I,s.attached to a surface
product i's as%%thtgg p% b%egaE%?uﬂich séi&“%apten is covalently bound

has a physical characteristic which is detectable in a
concentration-dependent manner.

2. A method of marking a product for
identification, said method comprising associating a
hapten with said product as a marker, wherein said hapten
is covalently bound to a synthetic polymer and is not
already associated with the product and, as bound to said
polymer, has a physical characteristic which is detectable
in a concentration-dependent manner.

3. A method of detecting a marker in a marked
product, said marker comprising a hapten or a hapten bound
to a synthetic polymer, said marker having a physical
characteristic, wherein detection of said physical
characteristic is concentration dependent, said method
comprising concentrating said marker from a sample of said
product to provide a concentration of the marker which
allows for detection of said physical characteristic.

4, The method of claim 1 or 2 or 3 wherein said
physical characteristic is color or fluorescence.

5. The method of claim 1 or 2 or 3 wherein said
synthetic polymer is selected from the group consisting of
a pesticide, a pharmaceutical by active compound, an
agrochemical, -an industrial chemical, a surfactant, an

adhesive, a food additive and a process chemical.

6. The method of claim 1 or 2 or 3 wherein said
marker is the product of the polymerization of a functional
monomer having said hapten covalently bound thereto.

T
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of the product. 29. The nethod of claim28 wherein Ld.narkek—iS——

attached to the surface of said product by printing. REFQ ACTHIENTES

product of claim 28 wherein said product is selected fromn the—group

consisting of a hologram a security |abel, a pressure s n,iSigeJﬂﬁgggg
! 7

a vi sual

havi ng
physi cal

conprising: ponome

hapt en;

speci fic forstheth

mark of authenticity.
31. Akit for detecting in a narked prod®#, a marker co@pr;s
det ect abl e hapten covalently bound to a synthetic-polynen sa

v

n o

ooy

Nnq

<
d

d mar ker

physi cal characteristic, wherein detection- sard

char act eFi.st i Thei smettlwrt eptfr atlaim depenetenin ssdidd fuketional
(a) | e- el \ t Qﬂﬁl : f - bound

gb{: is cgr??'g?%gg cofLI?gll n?{:rll%ga élspegl fic éfl%lﬁ‘g rreatr%jgerg

B

a
ed: shygene and an Feuydia aamgtireans for detecting

formati on of conpl exes of said specific binding nenber and said support-

: ' I, erejn sajd specifjc pindin
bound hapt en 8. S%heTg%t%b% %&‘¥f2£83 w. erein sai c ncenéraging 9
is by immunoprecipitation or immunoaffinity.
9. The method of c¢laim 3 wherein said marker is

solvent extracted from said product prior to concentrating.

10. A kit for detecting a marker in a marked product,
said marker comprising a hapten or hapten bound to a
synthetic polymer, wherein the said hapten or said polymer
has a physical characteristic detectable upon concentration
of the marker to a concentration greater than the
concentration of the marker in said marked product, said
kit comprising a sample-receiving support having a surface
bound specific binding member specific for said hapten.

11. A marked product comprising:

(a) a commercial product having associated with
it;

(b) a marker comprising a hapten or a hapten
covalently bound to a synthetic polymer, said hapten or
said polymer having a physical characteristic, wherein
detection of said physical characteristic is concentration
dependent, said marker not being normally associated with
said hapten.

12. A method of monitoring or tracing a process
chemical or specialty additive, said method comprising:

(a) associating said chemical or said additive,
said marker having a physical characteristic, wherein
detection of said physical characteristic is concentration
dependent with a marker, said marker comprising a hapten or
hapten covalently bound to a synthetic polymer, said marker
being not already associated with said chemical or
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menber is an anti-hapten antibody or a fragnment thereoffca Farl
sai d hapten. 33. The kit of claim 31 wherein sai dﬂi@igéﬁ}“%%ﬁl

conprises a detectably | abelled anti body which specifi cal binds said
anti-hapten anti body or specifically binds said hapten. 2 4 HUN 1998 ki

of claim 33 wherein said detectably |abelled antibody has{a | abel sel e
fromthe group consisting of an enzyne,gﬁ;cheniluninescig, a fluorophore,

and a chronophore. 35. A kit for detecting in a rked product, a
mar ker conppAdiihdgvaidet ect abl e hapten coval ently bound tG a synthetic
polymer  said rmarkqp) hapeBdning aPh¥ahpak Chasmct ehésStpfocesber kn
detection of . said Eh I cal, chgracte Istic .isS, cqncentratE@P
dependent, PERAYCEt R v 6%%r?§?ﬂg? emical or gdgitive, 18 employieding solid
support havi ng surfacdd)oumntaspedntyi ¢hki pdhbgnheabtonspécthecmbhpkerhén
hapt en; : . ; N ( I ner
cont ai ni ng g’a&gt e%?“é%ﬁ/- Pgbe?lf%%e%%lprf%n?ald s:lample (85’ det e(g%n}nﬁgognggé for

detecti ng f spegtifds §br said hapten.

13. The method of claim 12 wherein said process
chemical or additive is selected from the group consisting
of biocides, water treatment chemicals, food additives,

plastics additives and petroleum product additives.

14. The method of claim 1 or 2 or 3 wherein said
marker is the product of the covalent binding of a hapten

to a preformed polymeric compound.

15. The method of claim 1 or 2 or 3 in which said
marker is added to said product.

16. The method of claim 15 in which said marker is

mixed with said product.’

17. The method of claim 16 in which said product is a
liquid.

18. The method of claim 17 in which said product is a
petroleum product.

19. The method of claim 15 in which said product is a
solid and said hapten is applied to the surface of the
product. .

20. The method of claim 19 in which said product
surface 1is selected from the group consisting of a
hologram, a security label, a pressure sensitive label, a
shrink wrap, and a visual mark of authenticity.

21. The method of claim 19 in which said marker is
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conpl exes of said specific binding nenber and said detectably-I|abelled

hapt en. 36. A kit for detecting a marker in a marked i
mar ker conprising at | east one hapten covalently bound to a ?E%ﬁggmgﬁ? éhEET

pol ymer, said nmarker having a physical characteristic, whefein ghﬁgtlon
of sai d physical characteristic is concentration deppndedt! 1308
kit conpri sing: (a) a sanple réeéeiving support hayi bg.surface-

bound first s jfi c b|nd| nmenbe speC|f|c for_ said,synthetic polyner or
specific for® égiﬁi %ﬁkﬁ Fﬁg g, groduct by beygénﬂanLainnr

containing a detectably | abel | ed second specific blndlng menber specific

for a hapten of s ke 3 The kit of |n136 ein a
| east ong of sai dﬁés egﬁsl CFHSI F%Sd 9f (fzr%aelr“é ?s ©an égm?lrb dyl%rwgnf:;’ d’f?e’r#
t her eof mhld%ﬁﬁ%Q%Jh% Bﬁﬂéﬁngrsp§§aﬁhgdty0f@rEQQanepaQKlngmabsunjared
38. The kit witklsdia Ioroesei n sai d marker conprises a first and a second
hapten which are different fromeach other, wherein first specific binding
menber is specific for said first hapten and said second specific binding

menber is specifizsforAsméﬂk@@g@ﬁﬁﬁhﬂpkﬁm@rls1ng 39. The nethod of claim

raproeee 1 S31 d MRIKer (SPTPLT 888kl SPohrbilcl! HhSiRE' aslelith Al Sien
it;

(b) a marker comprising a hapten covalently
bound to a synthetic polymeric compound, wherein said
marker is not normally associated with said product and, as
bound to said polymer, has a physical characteristic which
is detectable in a concentration-dependent manner.

24. The marked product of claim 23 wherein said
marker is added to said product.

25. The marked product of c¢laim 24 wherein said
marker is mixed with said product.

26. The marked product of claim 25 wherein said
product is a liquid.

27. The marked product of claim 26 wherein said
product is a petroleum product.

28. The marked product of claim 24 wherein said
product is a solid and said marker is attached to a surface
of the product.

29. The method of claim 28 wherein said marker is
attached to the surface of said product by printing.

30. The marked product of claim 28 wherein said
product is selected from the group consisting of a

hologram, a security label, a pressure sensitive label, and

a visual mark of authenticity.
* c L M S *
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31. A kit for detecting in a marked product, a marker
comprising a detectable hapten covalently bound to a
synthetic-polymer said marker having a physical

characteristic, wherein detection of said physical
characteristic is concentration dependent, said kit
comprising:

(a) a sample-receiving support having surface-
bound hapten; _

(b} a container containing a specific binding
member specific for the hapten; and

(c) detecting means for detecting formation of
complexes of said specific binding member and said support-
bound hapten.

32. The kit of claim 31 wherein said specific binding
member 1is an anti-hapten antibody or a fragment thereof
capable of binding said hapten.

33. The kit of claim 31 wherein said detecting means
comprises a detectably labelled antibody which specifically
binds said anti-hapten antibody or specifically binds said
hapten.

34. The kit of claim 33 wherein said detectably
labelled antibody has a label selected from the group
consisting of an enzyme, a chemiluminescer, a fluorophore,
and a chromophore.

35. A kit for detecting in a marked product, a marker
comprising a detectable hapten covalently bound to a

synthetic polymer said marker having a physical

characteristic, wherein detection of said physical
characteristic is concentration dependent, said kit
comprising:

(a) a sample receiving solid support having
surface-bound specific binding member specific for the
hapten;

e )
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(b) a container containing a detectabity=1abelled
hapten;

(¢) detecting means for detecting formation of
complexes of said specific binding wmember and said
detectably-labelled hapten.

36. A kit for detecting a marker in a marked product,
said marker comprising at least one hapten covalently bound
to a synthetic polymer, said marker having a physical

characteristic, wherein detection of said physical
characteristic is concentration  dependent, said kit
comprising:

(a) a sample receiving support having surface-
bound first specific binding member specific for said
synthetic polymer or specific for a hapten of said marker;
and .

(b) a container containing a detectably labelled
second specific binding member specific for a hapten of
said marker.

37. The kit of claim 36 wherein at least one of said
specific binding members is an antibody or a fragment
thereof which retains binding specificity for a hapten of
said marker.

38. The kit of claim 36 wherein said marker comprises
a first and a second hapten which are different from each
other, wherein first specific binding member is specific
for said first hapten and said second specific binding
member is specific for said second hapten.

39. The method of claim 1, wherein said marker
comprises at least two different, detectable haptens.
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