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For exanple, it is undes{inbre amvémenerefimatHrialsstashcesdsuldlyart for

petro'%&W'ﬂﬂeﬂééﬂf%f(bééggéses occurring in the biosphere, e.g., the
flow of water in sub-surface aquifers, the movement of
sediments etc. _

(ii) The movement of materials which have been
manufactured by man, i.e., items which do not occur in

15 the natural environment or which are natural materials
being transported as a result of man’s activities. The
former would include any item produced by man, and the
latter items such as grain and other food materials,

. mineral ores and petroleum products, such as crude oil.

20 In all these situations, there may be reasons
why it is necessary to develop specific procedures to
trace these movements. It may be that direct observation
is not possible, e.g., when following the path of an
underground stream. It'may be that it is necessary to

25 monitor the movement of goods without the direct
knowledge of the transporters or, for legal reasons, to
prove that the appearance of a material at a particular
point in the biosphere was due to the same material

.. originating from a known starting point.

30 For example, it is undesirable and in_certain

. : circumstances illegal, for petroleum materials to leak
from storage sites or transportation containers and
contaminate the natural environment. Petrol storage
tanks, e.g., at petrol filling stations, are usually

35 located underground. Should one of these tanks develop a



fromstorage sites or transportation containers and contan nate the natural
environnent. Petrol storage tanks, e.g., at petrol filling stations, are
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leakage. Cheaper remedial action can then be taken to
deal with the identified leaking tank. One feature of
this procedure is that, inlqrder to know which tank is
15 leaking, the markers added to each tank must be
different, i.e., if there are six tanks, then six
different dyes, each recognisable by some property which
can be accurately and uniquely determined, need to be .
used. The greater the number of individual components in
20 a partiéular system, the greater the number of unique-
traces that need to be used to make the necessary
distinction between the paths taken by different leaks
from different tanks.
Another example concerns the identification of
25 thé source of pollution in the sea and waterways from
spills of petroleum materials, particularly oil. The
environmental damage caused by accidental oil spills and
deliberate dumping of oil by ships, e.g., when washing
tanks, is significant and there is a growing demand for
30 the culprits to be identified and to be held responsible
for clean-up operations. One of the problems associated
with the identification of oil samples in large volumes
of aqueous media, such-as an oil slick on the sea, is
that any marker introduced into oil has a tendency to
35 partition out or be dispersed in the aqueous phase,
rendering collection and identification of the marker
" particularly difficult.
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Straightforkugtenliggggwét all, because its presence is effectively
" masked by impurities in the fuel oil. For example,
antistatic agents often incorporate chromium ions whose

15 detection is relatively straightforward. However,
naturally occurring levels of chromium in oil are often
far in excess of that. introduced by the antistatic agent.
It has been proposed to dye the oil to 1nd1cate the
presence of these addltlves, but the amount of dye whlch

20 must be added to produce a visible colour change in such
materials is unacceptable to both producer and consumef —
alike, e.g., for reasons of cost, possible loss of |
performance, potential damage to engines etc and the
amount may exceed threshold limits set by standards.

25 Another example is provided by the exemption
from value-added-tax (VAT) of fuel oils for agricﬁltural
machinery and seagoing vessels. It has been known for
unscrupulous individuals to take advantage of this
exemption, by using such fuel for purposes for which

30 " there is no exemption, such as motor cars, thereby:
depriving the government of revenue.

In addition, there are many reasons why
individuéls, corporations, public bodies and governments
nmight wish to mark materials, e.g., to monitor the flow

35 of materials along distribution and sales networks, in

" order to be able to determine the ultimate fate of that
material and/or the efficiency of a particular.
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The added organisms can be traced from their point of
addition by obtaining samples as required, isolating any
organisms in those samples, and showing that the
15 organisms originally added can be isolated from the
samples. '
International Patent Publication No. WO
87/06383 discloses a method of labelling an item or
substance which involves labelling with a macromolecule,
20 such as nucleic acid or a polypeptide. The method takes
advantage of the ability to detect the presence or
absence of molecules, such as DNA or protein per se, by
simple chemical analytical procedures, referred to as
"YES/NO" tests, which indicate whether or not the
25 macromolecule is present. For example, the presence of
DNA can be detected by using non-specific chemical agents
which bind to the DNA, such as ethidium bromide, acridine
orange or bis-benzimide (H33258, Heochst dye 33258). 1In
the case of ethidium bromide, this compound cannot be
30 detected under normal visual light wavelengths.
Labelling may therefore be achieved by providing DNA and
ethidium bromide together. The presence of the DNA
(with bound ethidium bromide) can subsequently be
detected by ultraviolet irradiation. There is no
-35 discrimination between different DNA molecules from
different sources, e.g., from different organisms.
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- genuine (marked) article. '

The uniqueness of DNA to each species and,

15 | indeed, each strain within a species; together with the
technical capacity to hybridise unique DNA molecules
provides a more sophisticated form of'labelling than a
simple "YES/NO" test. For each strain of organism, the
"DNA (or RNA) molecules are unique, although different

20 strains of the same species differ by virtue of small
variations in sequences of bases. It is possible'to
recognise the DNA of different species and different
strains of the same species by examining the DNA with
labelled DNA probes. An item or substance may be_

25  labelled with a "signal DNA" comprising a sequence
capable of'hybridising with a specific "probe DNAY". Both
the signal DNA and the probe DNA are kept secret. Where
analysis of the labelled item or substance by means of
the probe DNA reveals the signal DNA, the item or

30 substance is genuine. If not, the item or substance is
an imitation. _ _

_ This marking technique is primarily intended
for labelling articles, such as luxury goods, e.q.,
watches, perfume and clothes; films and recordings; bank

35 notes; art works; documents such as passports, and |

| machinery and parts, e.g., for cars, although reference

is made to labelling pharmaceuticals and other chemicals,



5 The resolution of the system may, however, be considerably inproved by
t aki ng advantage of the ability of macronol ecul es, such as nucleic acids
and -proteins, to be recogni sed unequivocally by a second conpl ementary 5
macry onol ecul e to provide a unique marker.  Accordingly, it is possible to
determ ne the authenticity of an itemor &ubstance, by labelling that item
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substance is polymerase chain reaction technology. The polymerase

chain reaction (PCR) procedure is disclosed in, e.g., .
15 U.S. Patent Nos. 4683202 and 4683195, and European Patent
Publication Nos. 258017 .and 237362, and allows for the
-enzymatic amplification, in.vitro, of specific DNA '
sequences using oligonucleotide primers which recanise
all or part of the DNA molecule used as .the taggaﬁt. The
20 use of PCR technolbgy enables the DNA molecule to be
amplified exponentially, e.g., 25 complete cycles of
amplification enables a single DNA molecule to be
increased 3.4 x 10 times. | _
Also disclosed is a kit designed to tag and
25 monitor substances comprising a nucleic acid taggant and
a polynucleotide complementary to the taggant which can
be either a signal probe, capture probe or a primer for
the PCR method. Reference is made to the kits .containing
‘"signal means", such as enzymes, radio-isotopes and
- 30 fluorescent labels, but no further details are- provided.
Substances which may be tagged are said to
include air pollutants, organic solvents (such as those
from dry cleaners, chemical factories, airports and
' petrol filling stations), explosive compositions (such as
35 plastic explosives and gunpowder), paper goods (such as
newsprint, money and legal documents), pharmaceutical
products (such as medicaments), inks, pérfumes and paint
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conpl ete cycl eo0fwW091/7265 also dlscloses a method for tracing the
origin and movement of materials, both liquid and solid,
which comprises: adding to the material a microtrace
additive comprising DNA molecules; sampling the resulting

15 material after movement thereof, and detecting the
‘presence of the microtrace additive in the sample.

In a preferred aspect of the invention, the

material being monitored is a liquid hydrocarbon, such
as oil, and the microtrace additive is designed such

20 that it cannot be easily removed from the hydrocarbon
by agueous washing, e.g., following an oll spill at sea.
In mixtures of water and hydrocarbons, any DNA present in
the hydrocarbon tends to move to the aqueous phase. The
partitioning of DNA under these conditions is due to the

25 negative charges associated with the phosphodiester
groups of the DNA and the ability to form hydrogen bonds
with water molecules and an inability to do so in a
hydrocarbon environment. Various methods are proposed
for ensuring that the DNA remains in the hydrocarbon

30 rather than partltlonlng to any agueous phase, including
covalently linking the DNA to hydrophoblc beads,
typically of from 1 to 5um diameter, designed to be
soluble in hydrocarbons and nct the agueous phase.

By taking advantage of recent advances in

35 téchniques, such as PCR technology, for the detection of
DNA at exceedingly low concentrations, only small
quantities of DNA, typically in the concentration range

T
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layer (5ul) removed -and 1paded 1nto a standard Tag
polymerase PCR-reaction vial and reaction mixture (100ul
containing KCl (50mM); Tris-HC1l buffer (10mM; pH8.4);
MgCl, (1.5mM) ; gelatin (100ug/ml); two pBR322 DNA primers
15 (0.25um) ; deoxyribose nucleotide phosphates (200ug of
each of 4ATP, 4CTP, dGTP, 4dTTP), and Tag polymerase (2.5
units). Following automated PCR cycling, the reaction
mixture (10ul) was loaded onto agarose gel (2% w/v) and
electrophoresed under standard conditions. The completed
20 gel was stained with ethidium bromide to visualise the
amplified DNA. No bands appeared in various negative
controls. '
Whilst DNA is particularly suitable for use as
~ a unique marker, there are many instances where all that
25 is required is a simple "YES/NO" test of the type
described previously, e.g., to indicate that a particular
fuel oil has been treated with a certain additive etc.
In such circumstances, DNA is a less effective marker, as
the DNA must either be present in prohibitively large
30 amounts for it to be detected by non-spécific assays,
such as ethidium bromide staining, or PCR techniques are
‘required to increase the amount of DNA to a level which
can be detected. Thus, there is a continuing need for an
accurate, reliable and cost-effective method
35 of marking a ligquid which is capable of providing a
WYES/NO" test, and which does not rely on the use
of complex, time-consuming analytical procedures or the
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hydr ocar bon bysequeousacesptaglyehioh ievebsief) marksy. spill at sea. In

mxtures of water and hydrocaEbens. i RRINERYaphesENd ddkd SEREdOoN
tends to nove to the am’ueoyas phase, The Part"ﬁii g\j ng of l}mer t hese

u
sondi ti ons i sinuelinieak baborataples; YeiHsSE & S Wiec e
phoa phodi est etylgifamﬁy oén t dvet DDAapnOdhavinaba | specifid drimdirdy coffi s
with water nolecul es_ and an jnabilit o] o, J \/
anivi r onfrent . i%u%a%??‘lo’&%i%\?léi%ro%b et o%'aelj}\%ﬁelrbngﬂ{%g%éﬁe X remains
in the hydrocshboin B0 antibodprwasanapsedi tinmrder camdenfudls phase,
i ncl udi ng cov, + LIk ' taygdcal 1y of
g gﬁf}%%ﬁ%%@%%ﬁ gte hypeapiwbig D n tygdeal |y

from1l to 5[err . gned”to.be sol upl e in hydrocarbons and not
the aqueous permele By Thgibioredehivgonetesitents KRLER LOYRLed to the
t echni ques, sgghrace RSR 4 ariepbpeyd, f 0h dhdefletecinareade Bie atoteadeedi ngly

concerifati orfvartke rda Rini LAPTS: Eo1SHRAURT MO MO A ot her

i quid, are usedfaciliieate ctiérsepardtionvef Faundxandet nphlagdilepHBR322

DNA (2x10[errigdly, ShosfleP&saysesPAE RE1 88 Ped O'since they can easily
be immobilized, e.g., on a filter. Such ' :
beads are typically formed of a polymeric material,

15 and generally have a diameter within the range from
0.05 to 100um. The beads may be provided with a label,
such as a fluorescent label, radiolabel etc., to provide
.signal means. Other beads are magnetic to aid their
separation from the test sample, e.g., a magnet can be

20 “used to pull the beads into one region Qf'the test vessel
from which théy can be physically separated. Magnetic
beads can be prepared by dispersing particles of a
magnetic material, such as magnetite (Fe;0;), into the
polymeric material used to form the particles. '

25 Such microbeads are widely used in several
fields of biochemistry and medicine, including the
isolation of cells ard target molecules from whole blood,
tissue extracts, tissue cultures, enzyme digests and
solid tissues; tissue typing; the isolation of PCR or

30 Klenow DNA fragments; as carriers for pharmaceutical
préparations} the separation of cancer cells from healthy
cells; to provide a ready prepared template for genome
walking, and the selective enrichment and/or isolation of
pure and viable micro-organisms or smaller target

35 compounds like soluble antigens, e.g., as disclosed in.
British Patent Publication No. 2017125, U.S. Patent Nos.
4035316, 4105589, 4138383, 4186120, 4224198, 4259223,



anplification of this nolecule are commercially 5 avai | abl e, was added
to Arabian light crude oil (100err]l) and mxed. To subsequently extrgct
the DNA, dirstTt17éd water (100[err]l) was added to the oil and the m xtUre”
t horoughly m xed to extract the pBR322 DNA fromthe oil into the aqueous
phase. The oil-water m xture was 10 - camtrifuged (10000xg for 5 m nutes)
and t he aqueous phase |ayer (5[err]l) renoved and | oaded into a standard
Tag pol yner aset 7R IeactIA008 al4 AL A6acdtdi 183 718 x 41O 2440 0 UEBOPISE /

Colnt ?! ni (”%05[%53&5@33 4T§5§31§R3€52€3Eﬁ2 ¢ Msa&ljlg-ﬁs)smzlgng[g%mho%%- 5m\) ;
gelatin err ), A0 priEr.s : err ;

deoxyri bose mﬁﬁ%&"ﬂd'e %7&% e4558(92"(ﬂ7['er41'7]8933 e 48783 4dA‘I‘%,GZ P, dGTP,
dTTP), and TagqrdsaBrase 21020} tea)d Huddpamem Padendnddd ieGRionc Nosg, t he
reacti on. m xt Lng4é3].0[ﬁd’dé éaﬁ’@sld d onto agarose gel (2% w v) and

el ectrophor esed under standard ‘con i'tions. The conpleted 20 | gel was .
stai ned with ethidi um bitkgxfbeasis, ibaaning flvworassent dabels axe bands

appeared in V%Edrﬁﬁb’ixl’yag?ééé’ %&‘Hﬂfg‘ﬂ,s -ca\'iyliﬂz?atteD%d TR dppahk iyl t abl e
for use as a unique narker, there "are nany instances where a that 25

is required | SUFkaf|uonesqgnce JYCTSRes Zie Fdo¥ cydemEteFSous| y,
e.g., to indicale had diguliddeiliar Ul Faitentadidsaenr 2ussbed 4uiulesa,

certai ddi ti\e: I ci an i l.ess ive
mar ker tﬁh(gs the4\ee[ﬂ?°r¢ﬁ!st4n7e’iﬁ#‘h%ﬁ}r' b4e pr eslefnt% %lser? 1%hi4%il? i°\9el'y 5@3?8?30
anmounts for it5Q73488 ,daEIHE BN 2Sdfi ¢ assays, such as et hidium

brom de staining, or PC{LGiddiRS 3ventad 'dKs0 topreRifel Ba amount of
DNA to a | evel which can be ‘detected. Thus, there is.a caonti r?ui ng need for

an accurate, rgiteatige) ngRok ik thfe MretHeY of lidudfsyarking a Iiquid
whi ch is capabl e of prowdldiiithg to one aspect of the invention there .

15 is provided a method of marking a liquid and subsequently
‘detecting that the liquid has been marked, which method
comprises:

adding to the liquid an additive comprising a
plurality of particies in an amount no greater than 1

20 part by weight of particles per 10° parts weight liquid,
the particles comprising signal means to aid their
detection and not being visible in the liguid to the
naked eye; '

sampling a portion of the liquid containing
25 said additive, and
detecting the presence of particles in the
sample, with the proviso that said signal means does not
consist solely of a nucleic acid tag.
In the context of the present invention, any

30 reference to the particles "not being visible in the
liquid to the naked eye" is to the individual particles,
when dispersed in the liquid, not being visible without
recourse to optical aids, such as microscopes.

' The term "liquid" should be construed

35 sufficiently broadly to encompass viscous and semisolid
materials, such as tars, bitumen resins, paint products,
syrups etc. It should also be construed. as encompassing



"YES/ NO' test, and which does not rely on the use of conplex,

ti me-consum ng anal ytical procedures or the 9 use of unacceptably high
| evel s of marker.
|-aboratories utilise a bioreactive nolecule, typically an antibody, having
a specific binding affinity 5 for a tdrlget nolecule, e.g., the antigen
in respect of which the antibody was raised, in order to identify and/or
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mi crobeads are widely ufie iterseVdnsrdgashen'biisite Rericonskraed medi ci ne,
including theyroagly as relating to any organic compound having as a

15

20

25

30

35

major component thereof carbon and hydrogen, thereby

encompassing not only compounds consisting solely of

carbon and hydrogen, including both aliphatic and

aromatic and saturated and unsatu:ated compounds, but

also

compounds containing heteroatoms, such as oxygen,

nitrogeh, sulphur, selenium, vanadium etc., e.q.,

alcohols, ethers and the like.

The term "oil" should be construed as

describing any water-insoluble, liquid, including those

derived from petroleum, coal, shale etc., by

distillation, cracking and chemical treatment, and fixed

(or fatty) oils obtained from animals and plants, such as

olive oil, palm oil, rapeseed oil, sunflower oil, whale

oil etc.

The method of the invention provides an

accurate, reliable and cost-effective method of marking a -
ligquid, which may be used as a simple "YES/NO" test or,

if desired, as a more specific test for tracing the

origin and/or movement, from one location to another, of

liquids. The method can be used to mark substantially

any liquid, although for most purposes it use will be

confined to more valuable liquids, such as crude oil,'

fuel
fuel

oils, e.g., petrol, diesel oil, paraffin, aviation
etc. In addition to hydrocarbons, the present .

invention finds utility in the marking of liquids as



isolation of cells and target nolecul es fromwhole bl ood, tissue extracts,
ti ssue cultures, enzyne digests and solid tissues; tissue typing; the
i solation of PCR or 30 Kl enow DNA fragnents; as carriers for
phar maceutical preparations; the separation of cancer cells from healthy
cells; to provide a ready prepared tenpl at&2for genone wal ki ng, and the
sel ective enrichnment and/or isolation of pure and viable m cro-organi sns or
snal | er target d38erse agnpeyfymesi kdnksl upr&NEnPFadRstse. g., as discl osed
in British Pat gﬁhrﬁaébhﬁibhqa Nad 3@hét2sheliSalfat eiéh NoS. fdB8hBibers,
4105589, 4138383, 4186120, 4224198, 425%223 . 10 4267234, 43@6008,
4369226, 44103R6FPA61H974, PE558636°54580007 920882895V S NEB354R° 9622362,
4654267, 46543B8Qschndaz7 fréa’Eattprde8930efings8s8p6, pde@@B8o8dati1e688023,
5028545 and 50 a r an Patent Publication Nos. 5 91453,
10986 ang 1068%§2%%F5rg gggsgggéring fluorescent |abels are commonly used
to align, calibrate and 36Fpsdingpar at §8rthgrhagReft uof ckhkent’vantieBcopes
and flow cyt omghgis, i8. Provadedi %Chﬁgﬁ(idi BobtSinPag cath ANoEitHe@4359,
4714682, 10 4767206, 4774189, .4857451, 4868126 d4Q%8004 5073497,
5073498, 5084398NRRASENG323RIUFARL LY 08 PRFITENET o1AdeR LD (31 pFBOYRE BA
al ternative neggedtéer thha napkirtgbyf weightdef parvicdles per obhe® yspect of

the invention there,15. . .iS,_provi  ar ki L guL d.and

subscqualt 1y ¥ESRbEng ERAE T hEe Fantachel bOBRr 2ot Foat hediy e8

conpri ses: aid their detection and not being visible in the liquid
to the naked eye, with the proviso that where said signal

means comprises a nucleic acid tag, either the particles
. further comprise a second different signal means or said
15 additive also comprises particles having signal means
comprising other than a nucleic acid tag.

The choice of particles for use as the additive
is primarily dependent on the type of liquid being
marked. For example, different considerations arise when

20 marking crude oil when compared with perfume, both in
terms of the nature of each material, e.g., viscosity
(specific gravity), hydrophobicity, opacity etc., the
mannef in which the material is treated, stored and
transported and the purbose to which the material will 'be

25 put. Obviously, there are far less restrictions on what
can be added to a shipment of crude 0il for refining than
to a perfume, and the logistics of marking a 250,000
tonne shipment of crude oil are very different from those
for marking 250ml bottles of perfume. For example, in

30 the former case, it is important that the particles are
evenly dispersed throughout the entire cargo if it is to
be used to trace the guilty party in the event of an oil
spillage, whereas in the latter case, the bdttle of
perfume need only be shaken prior to sampling when

35 testing, e.g., the wares of a street trader suspected of
peddling stolen goods.



addi-ng to the I|qU|d an additive conpr|5|ng a plurality of particles in an
amobunt no greater than 1 20 part by weight of particles per 106 parts .
wei ght liquid, the particles conprising signal neans to aid their detection
and ‘not being visible in the liquid to the naked eye; sanpling a portion of
the liquid containing 25 said additiveé3 and detecting the presence of
particles in the sanple, with the proviso that said signal neans does not
consi st solely of a nucﬂ&@:Qﬁnﬁﬁtxmpflﬁthﬁﬁﬁﬁﬂﬁhﬁﬁ ist advantegeansly

i nvention, a%a?&ned wlieraees if‘ﬁ: @rawpdyesO e tl@.'diﬁ.d“b%fﬁge in the
liquid to the naked | es, when dispersed in

is tot dIVI art
the 1iquid, d‘!a%dngé/‘?n%‘fs’tﬂ’ff v"\ilﬁﬁ)tﬁ ﬂ's’e i ONC Agdeds as
m croscopes. T tkigquid, qtamii'nsm&:dl;beimmsithum Ihroughauftf ithieent | y

broadly g0 enclar%gtsds V'}Fo%?e%?e@”&r?%%fﬂ lr%; et{ 1a|%arﬁté%h t ?\rk%'r bi t unmen

resins, “paint ucts,” syrups’ € “const
enconpassi ng seutuqmm Wdtlerb%l@wti@?ﬁ%ﬁ@ ish Smee i bens Me@umgspor ted

or used in soldfy Aol Ys GEHé)réHmf‘og EveK i@ ibutiopdue gpet c. The
sanpl es need not be drawi fromthe neln body of the liquid, but from

the environmerUPQEtant (gonsidenation "&Fs"%e'ofe & oifit 45 Ant 4EX he
sanpl es have iqidwuraddiefiagapiactivitiel, ewh ashelack waste nateri al

?2@05; | |1 egﬁl !‘Rlet di scharg | S%aosl{ihneg sootl ldll e{:rg)l es (%f seeaarte crps}yot%e
where the llquld is subsequently to be divided into
smaller volumes.

The particles should be compatlble with the
liquid, e.g., when marking oils and other hydrophobic

15 #aterials, the particles should be of hydrophobic
(lipophilic) character to minimise the possibility of
their partitioning into the sea in the event of a
spillage. The particles advantageously do not dissolve
in the liquid, but form a very fine dispersion to allow
20 their subsequent separation from the liquid.

The pafticles may have any size or shape
appropriate for the intended purpose, e.g., they may be
solid or hollow, of fegular or irregular shape etc.,
although for most purposes Ehey preferably constitute a-

25 homogeneous population of substantially identical size,
shape, density etc., such that the behaviour of the '
particles in the liquid can be predicted.

| The particles are added to the liquid in an
amount no greater than 1 part by weight particles per 108

30 parts weight liquid, although it will be appreciated that
it is sometimes necessary to add the particles in greater
amounts, e.g., in the case of a concentrate, in
anticipation of subsequent diiution. The particles are
preferably added in an amount no greater than 1 part by

35 weight per 10® parts weight liguid, more preferably in an
amount no greater than 1 part by weight particles per 10'
parts weight liquid. The particles are typically addéd



10 . time has expired, and anal yzed. The term "hydrocarbon” is to be
construed broadly as relating to any organi ¢ conpound having as a maj or
conponent thereof carbon and hydrogen, thereby enconpassing not only
conmpounds consisting solely of 15 carbon and hydrogen, including both
aliphatic and aromati c and saturated-and udrsat urated conmpounds, but also’

conpounds cont ai ni ng heteroatons, such as oxygen, nitrogen, sul phur
sel eni um vanaBpukhetbiquidgin 30 HHIIRE Uk Herl ARPUhe IRAEE Welght

The term"oil" éP@yéﬂebepgﬁnﬁﬂ’ugsjras wesght bl hgu byt oved iesut msqi»aubtt eby
l'i quid, |nclud|n ved fra 1@etr

t
distillation, g%??ﬁéaeﬁﬁhc 2Rl re%? 'tlbn} dla#ht ek "glr&T ;t ty) 0| l's
obt ai ned from anl mal s mmmmlmcnanaéoezsformed)lﬁxeanﬁ Isuigalrhepinion-

rapeseedsoil, SHOLheSE by il Abindity IHRAMPIAAS ddiiment on

prOV|des an actur at e and cost-effective method of nmarking a
liquid, which hE?l%@lMeﬂma% pot i ited/ kgNOPHgRte i C maferialg desired,

~as a nore specy irhétﬁéﬁts?&ihéﬂi?@'dlg ﬁétaxﬁlry rbamiz‘mrng‘yqvemramd‘ rom one
| ocati on to anot her

uids. Th can
Subst anti al |y BRYSFIaLE o, STREHEHART Btk Y. dRRERa prgyise.
confined to nntnatzatuam:&rtiqlmsjsa,rsmm, ct-ud-e gidn-3mctive,udio dibles,

ﬁygrbcar (r)(rjl!s ﬁﬁgéﬂrlekgée%t P‘?l%/@%létﬂi gn il rﬁﬁézﬁﬂf r@eﬁlap]ishle&%%%f oféﬁ)l qU| ds
as and examples of suitable polymeric materlals include

are not limited to): polyether sulphones; polyimides,

such as polyimide-amides and polyether imides;

polysulphones; cellulose esters, such as ethyl cellulose,

15 cellulose acetate, celulose acetate hydrogen phthalate,
cellﬁlose acetate butyrate, cellulose acetate propionate,
cellulose triacetate etc.; polyvinyl resins, such as
poly(vinyl acetate), poly(vinyl chloride), poly(vinyl
pyridine), poly(vinyl alcohol) etc.; polyacetals, such as

20 poly(vinyl butyral), poly(vinyl formal) etc.; polyesters,
such as poly(ethylene terephthalate), poly(ethylene
naphthalate) etc.; fluorinated polymers, such as
poly(vinylidene fluoride), poly(tetrafluoroethylene),
poly (tetrafluoroethylene-hexafluoropropylene) etc.;

25 . polyacrylates, such as polyacrylic acid, polymethacrylic
"acid, polymethylmethacrylic acid etc; latex and other
rubbers or gums; polycarbonates; polyolefins, such as
polyethylene, polypropylene, polystyrene etc; polyamides,
such as nylon, and dextran, starch and other

30 polysaccharides.

' | In a preferred embodiment of the invention, the
particles comprise microbeads or microspheres. Exemplary
microbeads/spheres are commercially available from Dynal
(U.K.) Ltd. of Wirral, Merseyside, U.K., under the

35 generic tradenames DQNABEADS and DYNASPHERES. The
preparation of these beads is disclosed in, e.q.,
European Patent Publication Nos. 91453, 10986 and 106873



di verse as perfunes, inks, paint products, pharnmaceuticals and ot her
chenical s,” such as fertilisers, herbicides, pesticides and organic

sol vents, waste discharges fromfactories, refineries, power stations,”5
nuctear waste etc. According to a further aspect of the invention there is
- provided a liquid containing an additive copprising a plurality of :
particles added in an anpunt no greater than 1 part by weight of particles
per 106 parts a@d U.sueibgitderiti dloisd 4 usl6a 20ar #B580886coAPFBERAgaBfgnal neans
to aid their dg%gg&%gn.and not being visible inthe liquid to the naked

eye, with the provi'so'that where said signal neans conFrises a nuclﬁiﬁeacid
tag, either the particl eFhieupadd cdgfparee PxeLeraRyY JPFREPBRL SUFRniPakeans

or said 15 htﬁ‘é@ﬁi ¥R a:lnS;av@_%@rei Zfb‘-t ﬁ@&ﬁeihtheﬁl mambnfgastgaaésnpeFSml
conprising other than .a nucleic acj . _The_choai Q rii r use
as ‘the ad8ditive@Li 3H9iar F‘!"Sredé’;?@r#&gr#i%n nPIrremW'Se%g?nl Fggl éa%%?%ée%ar ked.
For exanpl e, digbfremantofcQiguier aidomostr psefetrablgobetweanr ki andci0@e oi |
unen compar ed b LR O I (250t N Ty g18h SEPpTERSr i o
e.g., viscositPATESF CHAUNTY) Y r Ophobi City, bpacity ettr. the
manner in whi chamouatnabeutalld pantdsles reomdd and transported and the

purpose to which the nat afjedlpatitilcle Ry haveUhny Shyeossliyablbegerare far
| ess restrictions gn what can be added to_ a shi prent gﬁ %rud .9L1 for
refini nd0t han' thea IEENGRE PP Wodifst sPEBVﬁﬁPkl 8 alﬁéﬁ,ﬁeﬁagonne
shi pment of cr gde-tdidled eherild didt dreentisfibdm t(linseheol iquid) njo28be
R N T ik
is to be used mott coeatere than @by Sen grehsudfahleofornmept

purposes. The particles preferably have an average size

15 of from 0.01 to Sum, more preferably 0.05 to 1lum, with a

typical size about 0.25 or 0.5pm. '

The particles may advantageously be of such a
size that they exhibit Brownian motion in the liquid.

This phenomenon may be used to aid the formation of a
20 substantially uniform distribution of particles
throughout the liquid.

The signal means to aid the detection of the
particles in the liquid may take a wide variety of forms,
but is preferably of the type that will allow the person

25 testing the liquid to determine the presence or absence
of the particles relatively quickly, preferably within a
few minutes and certainly within a few hours. The
detection procedure preferably does not involve the use
of complex .analytical procedures and techniques, although

30 some experimental manipulation is inevitable. The
testing procedure is preferably such that it can be
conducted on site, i.e., on board a marine.tanker, at the
site of a storage tank etc., without sending samples to a
laboratory.

35 The following recitation is provided by way of
example only and should not be considered to be

exhaustive: -



spillage, whereas in the latter case, the bottle of perfune need only.be

shaken prior to sanpling when 35 testing, e.g., the wares of a strget
trader suspected of peddling stol en goods. 13 The density "of t he -
particles is advantageously matched with the specific gravity of the liquid
bei ng marked to ensure that the additive well, once added to the |iquid,
remain evenly distributed throughout the 5 I'iquid. However, in

relation to oil carried MM t Alec partsietlids mgywiblel mbgh@@d@ter&c&@mpﬂ@ sone
extend DYy punmp £ A & | RN otfh%o(iﬂ;ra FinghBGndidl! pUkeN oS A
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be of hydrophaiurc t(é |qmsph|ﬁq @)ald.ha:rrmcﬂa@radsoum enee regdopoosi hlei testf
their partiti Qpé le' S52 £ hreg% é;%’}%l%faliysg'fgﬁﬁ%ed-rhe particles

advant ageousl 'y no |sso ve in but “fo a ver}éﬂ i ne
di spersion to Sa-li‘lmhlzo magnetis P%@q@m@@ﬁ&l&ﬂﬂéfﬂaﬁﬁé € X% d. The

particles may fawe a{l)’ 16)Ztd. YR raRar OIMelz@sTeQSfla@ t e .Nt Qh@%(i- IQH@IDOSG
e.g., they may be so

d or hol | ow, of_regular irrequla pe _etc.
al t houg‘H’for e hG fgade e %A&H:?cﬁ%f coﬁ‘?fil fafetase o2l

e.g., U.S. Patent No. 4654267. Apparatus for the
separation of magnetic microspheres is likewise available
from Dynal (U.K.) Ltd., under the trade names MCP-1, MCP-
6 and MCP-E. |

15 (2) The particles may have a known size or

shape distribution to allow a particular batch to be
identified, by determining the frequency of particles of
one size or shape relative to the other. Particle size
(volume) can be determined by the Coulter principle based
20 on the change in electrical impedance due to each
particle, and can be used to distinguish particles of
identical or overlapping size ranges, provided the
particles have different impedance'characteristics.
Labels providing significant differences in electrical
25 impedance, e.g., metal particles, such as gold, may be
used to provide such a signal. Thus, particle4bésed
assays can be performed using a Coulter counter without
having to separéte the particles prior to testing.
(3) The particles may be coloured, e.g., by
30 dispersihg'appropriate pigments into the beads during
their preparation, although this is generally only
practical for larger particles. The additive may
comprise particles of a single colour or a number of
colburs, with the distribution of the differently
35 coloured particles selectéd to allow a particular batch
to be identified,'by determining the frequency of the

.different coloured beads in given sample.



25 . honngeﬁeous popul ati on of substantially identical size, shape,
density etc., such that the behaviour of the particles in the liquid can be
predi eted. The-particles are added to the liquid in an anount no great'er

tthan 1 part by weight particles per 106 30 parts wei ght |iquid, :
although it wll be appreciated that .it isl3onetinmes necessary.to add the
particles in greater anbunts, e.g., |n the case of a concentrate, in.
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following exposure to exciting radiation. "Luminescense"
describes the emission of light under the influence of

15 various physical agents, e.g., chemical'agents
(chemiluminescence) etc. "Phosphorescence" describes the
emission, usually after a defined interval, of light by a
substance following exposure to heat, light or electric
discharge. It will be appreciated that these terms are

20 not mutually exclusive and there is some overlap between
such labels.

The preferred signal means for use in the
method of the invention are fluorescent substances,
especially fluoresgent'dyes, e.g., of the type commonly

25 used in fluorometric flow cytometry. Suitable
fluorescent dyes include (but are not limited to):
allophycocyanine, phycocyanine, phycoerythrine,
rhodamine, oxazine, coumarin, fluoroscein derivatives,
e.g., fluorescein isothiocyanate and carboxyfluoroscein

30 diacetate, as well as Texas red, acridine yellow/orange,

~ ethidium bromide, propidium iodide, bis-benzamide
(commerciallly available from Hoechst under the trade
name H33258) etc. A sample of 1iquid suspected of
_ containing particles bearing a fluorescent label may be
35 easily and rapidly analyzed using, e.g., a fluorescence

microscope or a flow cytometer.



cel | ul ose acetate butyrate, cellul ose acetate propionate, cellul ose
triacetate etc.; polyvinyl resins, such as poly(vinyl acetate), poly(vinyl
chl ori de),~ pel-y(vinyl pyridine), polyvinyl alcohol) etc.; polyacetals,” such
as 20 pol y(vinyl butyral), poly(vinyl formal) etc.; polyesters, such as
pol y(et hyl ene terephthal ate), poly(ethyl eife naphthal ate) etc.; fluorinated
pol.ymers, such as poly(vinylidene fluoride), poly(tetrafluoroethyleaqg
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e.g., a photomultiplier. ThlS technlque is espe01a11y
useful if the light emitted by the particles is of a
different wavelength to the exciting radiation, as is the
case with phosphorescent labels. A laser may be used as

15 the irradiating source. Alternatively, polarised light
may be used.

Conventional flow cytometers use light _
-scattering to detect each particle and, as the light
scattering signal is proportiqnal to particle size,

20 particles of different sizes can also be distinguished,
providing the size-ranges of the respective populations
do not overlap. In general, fhe concentration of
particles in an unknown sample can be determined by
measuring, the fluorescence intensity of the particles

25 and reading the corresponding concentration from a
standard curve (where particle concentration is a
function of fluorescence intensity). The particles of
each population are preferably uniform in size as well as
surface area characteristics, since this results in less

30 variance in fluorescence per particle. The
aforedescribed DYNOBEADS and DYNOSPHERES are perfect
spheres with a relative standard deviation (CV) in light
scatter_measurements of about 1%. A number of such
particle types can therefore be mixed and still easily

35 identified as non-overlapping populations in a flow
cytometric light scatter histogram. Thus, reading of

particle-based assays can be performed by flow cytometry



particles (inclusive) per m of liquid, with a typical anmunt about 10
particles ‘per mM. The particles may have any size suitable for 10 t he
i nt ended purpose, with the proviso that individual particles should ndt be
visible (in the liquid) to the naked eye. Cenerally, particles having an
average size not greater than about 5[err]meare suitable for nbst purposes.
The particles preferably have an average size 15 of fromO0.01 to
5[err]m nore pitheutbhpv@ng5tboskeparakm thet pagtigpesaprip¥etabout 0.25 or
0.5[err]m Theg%gag'gles may advant ageously be of such a size that they

no

exhi bit Browni I°6n in the liquid. This,phenonenon nay,be used_to aid
the formation of a 20 Otbﬁﬁs@aﬁﬁﬂélPF°U&@Fg9n?dP§?F?Bﬁ ¥bﬁ'§?gﬁa}ticles

t hroughout the;hi-duadngTBe13048ah GBaASpheticlethetde} enayoalsd bae
particles in the quuig may take a wide variety of fornms, but is preferably
of “the tPpe th¥FeHi*I| allow the person 25 testing the liquid to '
determine the presence ofnsabsancenaymehwayalinkedsteethei paryigleskly,

preferably Wﬁtgégt%bﬁggngggkgs ggdaEQQQ?EQEFe&hEQEnaﬁefﬁ&iﬂoﬂﬁéwnThe

detection proc rep s not vol ve the use_of  conpl ex
anal ytical probutunsefaddexawpiegudaclyfendbyk 3pe notshimikRPekPhent al

mani pul ation iilkﬁgihEth%sphEESsbeﬁ&ia&na&oeedﬁécefSSQ;eéetamhse$uch t hat
it can be conducted on Si ' '

te, i.e., on hoard a nacine tanke a thg site of
a storad® tankBéﬂéiﬁcﬁPﬁﬁéaﬁeseH&Fﬁ&rggﬁﬁﬁegef8xéd?ﬁﬁ0?3 Oigglggra €.
The fol |l owi ng peeiamplliecodfi 3ipuddi daspertedy off contaphéngnpgramndlesoul d not
be consi dered L%ag%n%xg%ugkkyﬁé'can be ahalysed by addition of that '
sample or, if the liquid, e.g., oil, does not allow
direct addition of the sample, as most enzyme reactions

15 are aqueous based, the isolated particles, to a reaction
mixture containing the appfopriate substrate and such
enzyme cofactors as are necessary, and monitoring the
reaction catalysed by the enzyme, e.g., by the appearance
of a reaction product or the removal of the enzyme

20 substrate.

For example, referring to the above exemplified
enzymes, luciferase éan be detected by the.emission of
light caused by the breakdown of ATP to ADP+P.

B-galactosidase can be detected

25 spectrophotometrically using_"x-gai" [5-bromo-4-chloro-3-
indolyl—B—DFgalactoside]'which is a colourless,
chromogenic substrate cleaved by B-galactosidase
to release a blue indolyl derivative. The use of
B-galactosidase and X-gal is well known in bacteriology.

30 ' Any enzyme, such as alcohol oxidase, aldehyde
oxidase, amino-acid oxidase, ascorbate oxidase, galactose
oxidase, glycollate oxidase, glucose oxidase, hexose
‘oxidase, lactate oxidase, malate oxidase, NADH oxidase,
oxalate oxidase, pyruvate oxidase, tryptophan oxidase;

35 ﬁrate-oxidase and xanthine oxidase which, directly or
indirectly, consumes or requires oxygen, can be monitored

by measuring the rate of oxygen uptake or evolution. .For



16 (1) The particles may be magnetic. A sanple of liquid suspected of.
contai ning magnetic particles can be analyzed, e.g., by using a nagnetic
probe to extract-the particles fromthe liquid. The isolated particles 5
can-then be further analyzed. Alternatively, a magnet can be used to pull
t he beads into one region of the test vesgel from which they can physically
separated. Suitable magnetic beads are commercially avail able from Dynal

(U. K ) Ltd. ofe:bﬂmpsbé Q\m@é?yeimd%d(qaﬁmﬁﬂ ltbel@onsumpsion ©ft rade

name DETACHaB f} léﬁ“%%é'ﬁmdﬁdl ofVY ucB@EeﬁbaNQabﬁ@54%§7
se aral

Appar atus for netic mcrospheres is |1 kew sé avail able
from Dynal (uwgrﬂ%ﬂd md@?etwq QY nanes MCP-1, MCP- 6 and MCP-E. 15
(2) The particles r@thﬁyg@.k WN-skz8 ocfg eetorlbutlonto all ow a

articul ar bat tob6 ?ﬂenf e b determnn efre

Dot ol o of SR AR RS b PT9Ho B BE SERFRRLPY &L
(vol une) can hﬂcg@émrénémdrdne.t herRe@nx tdyrespdiimectly bragpdemor on t he
change in eleci qu %g)égﬁéﬁa féhéﬁi %%r&h%Lglu@BgeCQQa@%l%%ﬁd to

di stingui sh par |ca or overla | ze ranges, provided the
particles haveccmlfd alFn hemptarthde cnra?\'aléitee@ §P|16’§1mE§5'éFs cbﬁ‘@@'@dl ng

significant differences gy edipfind Q@l %>‘i-oducel Rpagages, p@r@md@h&l a
particles, such as gold, be us to
Par {1 G140 hasedPHaRERRCh ML bR FRIBL By ColVAEPIBB, REEP Mo hout
having to sepaserisitiive psidctatate pré.ay. t @ He6) ipnd.arcrafibd cpariddd.es may be
col oured, €95 éa&orimetric method may be used for detecting amounts
of hydrogen peroxide produced by the enzyme reaction,
e.g., the amount of hydrogen peroxide produced may be
15 measured by a system which comprises a chromogenic.
reagent or reagents capable of undergoing a colour. change
in the presence of hydrogen peroxide. One known method
of such measurement is by means of a guadravalent-
titanium and xylenol orange which react to form a stable
20 red colour with hydrogen peroxide (Taurenes & Nordschow,
American Journal of Clinical Pathology, Vol.49, p.613,
1968). The amount of hydrogen peroxide produced is
measured by the intensity of the colour. Alternatively,
an enzyme such as catalase which reacts with hydrogen
25 peroxide according to the following reaction scheme:
| _ 2H,0, ----> 2H,0 + O,
. can be monitored by measuring the amount.of oxygen
evolved or the removal of the hydrogen peroxide.
The reaction may also be followed by measuring
30 the electrons which are removed during the enzyme
reaction and transferred to a coloured dye, e.g., lactic
acid dehydrogenase removes electrons from lactic acid
which are then available for transfer to a coloured dye.
Alternatively, electrons removed during the enzyme
35 reaction may be transferred directly to an appropriate
“"biosensor" which generates an electronic signal |

proportional to enzyme'act;vity. Suitable biosensors are



30 - di spersing appropriate pignents into the beads during their
preparation, although this is generally only practical for larger

particl-es. The addi-tive nmay conprise particles of a single colour or a-
nunber of colours, with the distribution of the differently 35 col our ed
particles selected to allow a particular bajfh to be identified, by

determ ning the frequency of the different col oured beads in given sanple.
17 1n a preferrﬁdlasmewnointhnei fyendi op, bibeheRi st ey esndirpraside to
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"Phosphorescenc | bExeihssion, usually after a defined interval,
of light by a s aﬁg% §§§T%m§ﬁ exposure to heat, light or electric

di scharg&9” It mnll be appf@li aFRe $iaMal BRANS MY GOWPLIFE @ not nutual |y
excl usive and tpgd ol 8bEPIE AVEahPDe D6E W@EDiquid suspected of containing

particles bearing a radiolabel can be analyzed using a
Geiger~Miller tube or scintillation counter, or by
coating a thin film of the liquid onto an appropriate

15 substrate and overlaying it with a photographic film, the
radiolabel causing fogging of the film in those regions
immediately adjacent the particles. The radiolabel must

. be added in amounts greater than the naturally occurring

radioactivity of the liquid. Suitable radiolabels are

20 well known in the field of biochemistry, e.g., 32p, s and
125y

The attachment of radiolabels, enzymes and the
like to particles, is well known in the context of
immunodiagnostic kits etc., and will not be described

25 herein.

The particles may have to be removed from the
liquid prior to any testing, depending on the nature of
the liquid and the type of signal means used. This is
especially true of enzymatic labels which are usually

30 agueous based. Separation of the particles may be
accomplished by a wide variety of techniques, e.g.,
centrifugation, filtration, the use of a magnet to
separate magnetic particles, column chromatogréphy etc.
Alternatively, the particles may be coated with a

35 molecule having a strong binding affinity for another
molecule. The particles'may be removed or concentrated
by passage through a column comprising that other
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such | abels. The preferred signal neans for use in the nethod of the

I nvention are fluorescent substances, especially fluorescent dyes, e.g., of
the type commonly 25 used in fluoronetric flow cytonetry. Suitable -
fl uorescent dyes include (but are not limted to): allophycocyani ne,
phycocyani ne, phycoerythrine, rhodam ne, axazine, coumarin, fluoroscein
derivatives, e.g., fluorescein .isothiocyanate and carboxyfl uoroscein 30
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types may be suc ssi b exam ni ng the frequency
of each IabelPPAYaugﬂﬁéﬁlﬂﬁnﬁhydlpa PH@ﬁFFPy B?%E%?l%ﬂ@a?lEB?Eh°5f i qui d.

Particles capakligiafl agel %Edﬁé@)ﬂalvghtlnf okkputngl 1P streptéﬁﬂdﬁﬁk O8nByme
exciting radiation can be S onultlpller Thi s
technl&ﬁe i s BDHeENEYPY &§3Q%t°rr § hﬁgﬁ%ne%??t fﬁe partlcles i s of
a _ carbohydrate.

' The use of streptavidin and biotin is especially
preferred, as streptavidin has a very high binding
constant (almost irreversible). Particles bearing one of

15 ‘avidin/streptavidin and biotin may be concentrated by a

| procedure, such as column chromatography, thereby
enabling more dilute dispersions of the additive to be
used, or simpler methods for the detection of the.
appropriate label carried by the particles.

20 ' (7) These surface bound molecules can also be
used as a means to aid detection of the particles in
their own right. For example, using techniques similar
to those employed in indirect (or sandwich) immunoassays,
a reagent containing one of each pair of specific binding

25 molecules bearing a label, e.g., an enzyme, fluorolabel,
radiolabel etc., may be added to the'sample suspected of
containing particles. Any particles present are then
isolated and washed to remove unbound reagent and the
presence of the label detected as described previously.

30 Alternatively, a probe coated with one of a pair of
specific binding molecules can be used to extract
particles coated with the complementary molecule from the
liquid. If necessary, the probe and beads can be
examined under a microscope.

35 _ (8) The additive may comprise two (or more)
different types of particles, each having a different
label from that of the other, e.g., the combination of a



di fferent wavelength to the exciting radiation, as is the case with
phosphorescent | abels. A |laser nay be used as 15 the irradiating
source. Alternatively, polarised |ight may be used. Conventional fl ow
cytoneters use light scattering to detect each particle and, as the |ight
scattering signal is proportional to partigle size, 20 particles of
different sizes can al so be distinguished, providing the size-ranges of the
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si gnal , can be visualised using infrared (IR) image analysis
techniques. The additive may contain two (or more) types
of particles having widely different thermal
conductivities. Qualitative differences in the heat

15 emitted by the particles will distinguish the respective
particle populations. The distribution of the particle _
types may be selected such that it is possible, by '
examining the frequency of each-particle in a given
sample, to identify a particular batch of liquza.

20 . (10) Microscopic analysis of a liquid sample
suspected of containing particles can be conducted using
any of the well known techniques of microscopy, including
light microscopy, phase-contrast microscopy, electron
microscopy etc. Phase contrast microscopy, well known

25 from the field of bacteriology generally provides better
visualisation of non-labelled particles.

The aforedescribed signal means are primarily
intended as a "YES/NO" test, i.e., to indicate the
presence of absence of particles in a liquid, although by

30 using a mixed population of particles,'it is possible to

. introduce a degree of specificity into the protocol.

Co However, to provide a test to indicate the origin of a
particular sample, e.g., to allow the authorities to
identify the party responsible for an oil spillage, it is

35 preferred to provide the particles with a unique mafker,
typically a macromolecule, such as a nucleic acid or
polypeptide, preferably the former to take advantage of

e B SR L



I ncl uding colloidal gold particles etc., may also be 5 used. (5) An
enzyne may linked to the particles. Suitable enzynes and assay procedures
are well known, but useful exanples include (but are not limted to): * )
al kal i ne phosphat ase or other transferase, catal ase, 10

B- gal act osi dase, horseradi sh peroxi dase apg |uciferase. A sanple of |liquid
suspected of containing particles bearing an enzynme can be anal ysed by

addi tion of tPpaR techhelogy.if the liquid, e.g., oil, does not allow direct

addition of the sanple ?g R ”Q%Eﬁﬁ@ ?ubhgggrléa bea%ﬁeggﬂgog based,

the isolated particles, reac e conta e appropriate
substrate andt§6cﬁaEﬁzyﬁ§té§ﬂ&§tGﬁstéétapé ﬁééés@ﬁrPheahﬁnnﬁnﬁﬁbfiﬁg t he

reagtlfn Ca:ﬁh&%ﬁérbﬁftbg FE&E@Een% @artablhaewapeﬁ?ﬁayggroﬁaﬁ h&@ction
roduct or e rempval o € enz ate,. For ex

Peferr|§g to PA¥e B?eséﬁsnﬁPPﬁl@&ggﬁfyﬁggpe 8 %é?agghﬁﬁnpﬁﬁggg}ﬁﬁted by
the em ssion of |ight c#heetabyinke dfr eabdtances WithtnudlPi®. acid 1§
B-0al act osi da3e GATaRE ELESLELL n, o §RCCTRORRRAPTBRL] CBULLnS N0 "X 02l "

[ 5- br ono- 4- ch or 0- 3- Si'd 'S a-colourl ess,
chronogeni ¢ sﬁbbﬁﬂeaﬁleneHOéd U?SB/@éBQétégﬁdH§%01b44@1e®B@ QubIQEnlndolyl

derivative. TE%Buﬁalﬁg ﬁnea&ﬁsEQSths@a%aﬁtxpgsileétfs$INgnowegiﬁlvzss
bacterlolog enzynme, such_ as al cohol oxidase, al dehyde

oxi dasé? an1néhSEFHYokP88§E°r§§83rEXt§eS§F83§€) - gaF3e t RRITIRY et e
gl ycol | ate ox sdﬁ&&an@éﬂCQiehOpbdQ@épﬂia)éQS @naxpHéteins ats ad BsOXkAOER

o2t O, 0SS DL AR08, 050K, BB A £ BB Pt PP

4441943. In the former case, the nucleotide base
sequence is used to provide a means to encode

15 information, WHereas'in the latter, it is the sequence of
amino acids which to encodes the information.

Nucleic acids can provide a limitless amount

of information, because of the variable sequence of vases
(adenine, cytosine, guanine and thymine [uracil in the

20 case of RNA which replaces thymine]) contained within the
molecule. Probability terms can be calculated for the
frequency of a given sequence of bases and, so long as
sufficient bases are used, i.e., a sufficiently large DNA -
molecule is employed as the taggant, then for all '

25 practical purposes a unique microtrace can be defined.
By using combinations of universal sequences (accepted
as industrial standards) and by varying levels of
specific sequences, it is possible to identity the
type of generic product, the product’s origin (company

30 specific sequences), the lot or batch, and even provide
an identifier for a unit of commerce.

Both naturally occurring and synthetic

nucleic acids are suitable for use as the taggant.
They can be single or double stranded. The term

35 "naturally odcurring" refers to DNA (or RNA) molecules
occurring in nature. An example of naturally occurring
DNA molecule is pBR322, for which a known sequence has



indirectly, consunes or requires oxygen, can be nonitored by neasuring the
rate of oXygen uptake or evolution. For 20 exanpl e, glucose oxi dase
catalyzes the consunption of oxygen according to the anount of glucosé
avail abl e, as expressed by the equation: CJerr]Herr]Jerr]-Herr]O +
gerr] ---->derr]Herr]Jerr] + Herr] OZ% The resulting decrease in
oxygen can be sensed by an oxygen el ectrode. Redox dyes directly coupled or
indirectly colmenl détemmyined Gpy yPHA gsequrncing@yasedyigs -al s’%“%éiq}é"éd to
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B e L S Rt S Bt B ade 51 Oy ogen 25
per oxi de accorghogplicrdtiei daté ool igodesxynusl eattislas i errgrguenic ---->
2H[err]o'+(q(%figodeoxynucleotides. In certain circumstances, '
taggants incorporating non-naturally occurring bases may
have advantages over those containihg only naturally
15 occurring bases, e.gQ, in stability-etc, because they are
less likely to be degraded by nuclease activity, by
chemically active substances or by environmental
conditions, such as heat or ultraviolet radiation. The
use of'taggants incorporating non-naturally occurring
20 bases is limited only by their ability to be effectively
detected by the selected detection means. For tagging -
methods using the preferred PCR technology, the taggant
must be capable of forming duplexes with PCR primers and
function as a template for the polymerases used in the
25 PCR procedure. _
The'preferred molecular.structure of the
nucleic acid taggant will vary with the means used to
detect the nucleic acid. Typically at least 20
nucleotide bases are necessary to ensure adequate
30 specificity for any taggant so that accidental
contémination will not lead to false results. The longer
the sequence, the higher the potential information
content of the taggant, but the more likely that
degradation will become a problem. Typically, fragments
35 under 1 kilobase are preferred.
Because of the limits of sensitivity for the
detection of nucleic acid, there is an obvious advantage



can. be nonitored by measuring the anount of oxygen evol ved or the renuoval
of the hydrogen peroxide. The reaction may al so be followed by neasuring 30
the el ectrons which are renoved during the enzyne reaction and transférred

to a coloured dye, e.g., lactic acid dehydrogenase renoves el ectrons from
| actic acid which are then avail able .for 26ansfer to a col oured dye.
Alternatively, electrons renoved during the enzynme 35 reacti on nmay be

transferred dtpeuﬁhpgtme&hodﬁpﬁ@grﬁ@@élfﬁﬂﬁgeﬁéerre%ﬂ?%ﬁeﬁéﬁ@g§§@§:an
el ectronic si gaeh H"sOIEﬁ"et b@ﬁtabrb@eawérralgelbgeaymsméabt&t@h@swéors are

21 well known in m str | er wa

of quantlfyln65§529ﬁea§9tﬂ9@999®héﬂ @Hﬁﬁgﬁ mfgﬁeﬂéd§?$%§$? %o fB¢s. X

PCI{erL] elepnsed$7nandbg3ased .t oTheaPCRemBthod tae berbsed dtoxamplifpl ved
rom t actign ecar c ec

arginin deca588§yF§E§? gaﬁr? %%1 %%? ﬁﬁe agggaegé?%na% %%ggé%oxy ase,

| ysi ne decarbBNﬁIagggan&Spyau@aﬁéldy§aﬁ96xyhasése1@f extremely low(6) The

signal means gpyy, QEPBESQ %g%% '0k§9€5a1$y585p£6e0$r@ef'ﬁ#i@*5H§PeCt?d of

containing particles beari r.adi ol abel “can be anal yzed using a
GE|ger-NUIIer1F&8e90P3§§W¥nqqeﬂ%QH+qcounter or by coating a thin film of
the liquid onto an apprepri amplificatisubehnabe eafried®rowyi g at with a

Pegi Sﬁé%.pmédf BFORYABEABENE -t ReTpar CTePEse SRR Fadmptiis pEh drd"oce
well known variations of the technique. In another
variation, promoters for RNA transcription can be
incorporated into primers, which, when extended and
replicated by PCR, can then be used to create RNA copies

15 of the tafget sequence. These RNA copies can, in turn,
be reverse transcribed into DNA, which can then be
amplified by PCR. As with .all PCR processes, reaction
cycles can be repeated as often as desired.

| A double stranded taggant is preferred for PCR
20 amplification, although a single stranded taggant will
| become double stranded after the first cycle of
.amplification, because it is less susceptible to
degradation, e.g., by nuclease activity. The taggant
preferably has a minimum length of about 50 to 70 bases.

25 This permits the hybridization of two primers which are
typically about each 20 bases in length, and which, when
hybridized to the taggant, are separated by an internal
region having a length of from 10 to 30 bases. This
internal region is the variable region'responsible for

30 giving each taggant its own unique characteristic signal.
If this region is 10 bases long, then with the four bases
available for DNA/RNA, approximately 1.048x10%° unique
taggants can be synthesized. If this region were to be
30 bases in length, approximately 1.15x10% unique

35 taggants can be synthesized.



be added in anmounts greater than the naturally occurring radioactivity of
the liquid. Suitable radiol abels are 20 wel | known in the field of

bi ochem stry, e.g-, [err]p, [err]S and [err]l The attachment of ~~ ~ 7
radi ol abel s, enzynes and the like to particles, is well known in the
context of imunodi agnostic kits etc.., and2# || not be described 25

herein. The particles my have to be renoved fromthe liquid prior to any
testing, depending on the nature of the liquid and the type of signal neans

used. This Is especigl butiineg @hg8aaL L as! gbehswehi ch are usually 30
aqueous based. Separation of the %?r icleslg?¥ be acc&gglLsheg b§ a w de
wari ety of techniquéds, eThe tagHAR 8@ COHLY PPy RaPYERICERE - 1S8UBE S,
magnet to sepaktirandedneNAc spaukenckeesf 70| ton 96hbeset pgiaphybp)ec. .

Al ternatsvely, the particles may be coated with a 35 nol ecul e havi ng
sttong binding affini try—for—amotther—otecote The partitles nmay be renoved
or concentrated by pagsagd0bbrojgh 30c30bEn donpr P8PRg t hat ot her 22

nol ecul e bound to a sg@TO—SUPPORT TTALTT X Or QNe sanpl e y be washed over a

substrate, e.g., a mcroscope slide, to which that other_nol ecul e has been
anchored9 Suitabl e pafrs of bin8ing mol ecul e§ i ncl ude (bBt are not limted

hapten ahd anti hapt o pAPSnGEREBREIAB AN ShpFaTanEar §OHOSAES: TR, ot
pol ynucl eot i de tagtrapdsy andl wallildealiryd prg-pgesesminedi seanensgsewhieh of
recognise appropriate complementary primers for use:
15 (1) in PCR amplification and, '
(ii) in DNA sequencing of PCR amplified DNA.
3. The region BC is the variable region of the

microtrace DNA responsible for its unique, characteristic
signal. | _ o
20 4. One or both ends of the taggant'may be labelled
with biotin to allow the téggant to be coupled._to
particles, e.g., microbeads, coated with streptavidin.
The sequence of a preferred taggant is as
follows:
25 (57) GGC CTA GAA GAA GGT TGA AGC TCC GGG GTA
ACG CCA GGG TTT TAC AGT GGT GTT.GCC CAA GCC TCC AGC AGQ
TGT GTA TGC CCA TCT CAT CCA ACC TCT T(3’)
' Bases 1-25 from 5’ end (i.e. GGC CTA GAA GAA
GGT TGA AGC TCC G) are from primer G-18 sold by Oligo’s
30 Etc. Inc. This is one of the primers to be used in PCR
amplification.
Bases 26-43 (i.e. GG GTA ACG CCA GGG TTT T)
from the 5’ end are sequencing primer S-27 from Oligo’s
Etc. Inc. This is the sequence to be used in sequencing
35 the random piece of the oligonucleotide.
Bases 44-75 (i.e. AC AGT GGT GTT GCC CAA GCC
TCC AGC AGC TGT) is a slightly modified sequence chosen
ét random from the STS gene described in Ballabio et al
Nature 393 220 (1990). This is the random sequence which
40 gives a unique label with calculable prbbabilities of

Syt
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avidin and streptavidin, especially streptavidin; enzyne 10 and enzyne
cofactor, and lectin and specific-carbohydrate. The use of streptavidin and
biotin isvespectred |y preferred, as streptavidin has a very high binding
constant (alnost irreversible). Particles bearing one of 15
avidin/streptavidin and biotin may be coneentrated by a procedure, such as
col um chr omat ogr aphy, thereby enabling nore dilute dispersions of the
additive to bemlgze(hemig tihip efequeiteds Modiflieatiéonstave pbssikle,

appropriate I%ga rrsllq:qol?y stoth%e useé:%%d 2¢ C,ngositlo!a dg7 s 1@ese

surface bound €S ¢an al so as a nea to al etectlon of the
particles in um@heaﬁm¢ﬂngh@ndF@Pséﬁéﬁﬁl85 dsi Aginstanad (@€sCsinilar to

those enployed in indir e@lsels0r 6s-ARMMEHDM Iﬂmmaaﬁays:reaff@agené cont ai ni ng

one of each pai r S eC|f| bi ndi.n l.egu bear i abe

e.g., ar enzyfem Pﬁ@ﬂ‘&?’&l h‘e‘r é’d’l%‘%&b% ~I& Emidn’é §gl<§fdd§éd€€% t#\ECSarrpl e

suspect ed of amﬂsaumlw@eps@bomhegrlmQr mmummcbaabbeesehe complémentaoyat ed

and washed to A n%%P%%ﬂTT%%@E Bnddghe presence of the label detected
us y

as descri bed pr Vi ter atlvely a probe coated with one of a
pair of specific bi ndi n@iekisc GPSs agdached $6d3f oeadtt rde¥ingrthel es coat ed

with the CO”p'sgm%%@mé 52 enel %1f1&;@ﬂdd1%oltuaw danaftnﬁ§e<§§aéy tﬁée probe
and beads can exam ned under a

sC
i C1 08 1y CORBOFLBS RO PG TB, Sher NSRBI LEgbAde oFo AT TRk oS Bleh
having a diff eterptasiain’ benmchairadfi teheocatedr paet jcles he conbi nation of a

When detecting nucleic acid by PCR, prior
knowledge of the sequenée of the taggant is necessary to
provide appropriate primers. This knowledge offers a

15 valuable degree of security for those who desire it, for
without the primers, which can remain proprietary, the
taggant are virtually undetectable.

For detection of taggants, one can use
standard nucleic acid'hybridization assays. or nucleic

20 acid sequencing. Standard nucleic acid hybridization
assays include single phase and mixed phase assays, such
as sandwich assays, and require prior knowledge of the
sequence being detected to provide the appropriate
complementary polynucleotides for capture or signal

25 purposes. '

Alternatively, the nucleic acid recovered
from the samples can be sequenced using conventional
sequencing technology. Commercially available kits are
suitable for this purpose. The basic sequencing

. 30 technology is derived from seminal references, such as
the Maxam and Gilbert procedure for DNA segquencing
described in Methods in Enzymolo "Vol.65, pp.497 to

559. Sequencing is a more difficult procedure, but
offers greater reliability than nucleic acid

35 hybridization assays. This is due to the possibility of
conﬁamination by ey*(gg:fus nucleic acid with sufficient

complementarity td dize to the selected probes and




23 fluorescent |abel and a radiol abel. The nunber ‘of particles of each type
present in the sanple nmay be estimated by conparing the results obtained
agai nmst standard curves prepared in the | aboratory. Thus, by 5 -
measuring the frequency of each label in a given sanple, it is possible to
identify a particular-batch. (9) The-partiecles may be forned of a material
having a different thermal conductivity to the |liquid being marked, such
that they emérelesfedpsé posibivest 10 heat conpared to the surrounding

liquid. Such particleszcansb V{:ﬁga&ﬁéfﬂ,élse sl R Ag@gg
R At sy

anal ysi s techni ques. I'vé may cont ai nor'e) types of
particles havime mmvlmfdes@nss;Mrwdaem i%Q tfrh% pqrawaeﬁ# ve

differences i B ibeefalsddoiated vl tr ik iy MANIdMAS i iquliad ] ngui oh
the respecti particl e populations. . The Stl‘lbUt.IOI’l of t.he][%lrtlcle

types ndy be W%cﬁ%&%hc@f"@h%’f-h?F hydyrocarhgns. RS frequency

of each partigdeind, aigi ¥&ditdson! €o tloelajmnedqsczrm!m |s:lgraarl heéaﬂs of
liquid. 20

M |
suspect ed of ESHEBEHI My %‘g?t%%'f'%g{’gz 3 feg%%%ﬁ%% ua%g ala%ﬂ% he vvel I
known t echni quesggarit m cFlos copytiches upreferakiy gampuia @y fierasasnt r ast

M Croscopy, eihﬁ&‘ [ X0 r?ékgfgo‘eﬂef CaefEeEfort UHd ARt TBATASKAPYas MR la knowN

25 fromt cteri ol ogy generally provi des better
vi sual1@at i onfbwwemsb%lmbﬁrﬁbﬁ??l’%l%% fhote et met&ri bed signal neans
are primarily int e_nded Bécaus é’E&I\&etEﬁdropmﬁomc treatiuék Gt eeidie presence

popl at1on ofL i ol Se Pefriciie pafuld BT PR o5 wdREEGT
speC|f|C|ty'|Wﬁ1nhfﬂamnhéosb¢bly dispersed in the liquid, without
partitioning into the aqueous phase, and which is inert,
15 i.e., non-reactive, for that liquid. Especially
preferred are beads formed from polyacrylates, such as
poly(acrylic acid) and poly(methacrylic acid).
" The beads preferably have an average diameter
no greater than 5um, with a typical size of between 0.1
20 to 1lum. The density of'the beads is preferably matched
with the specific gravity of the oil, in order to prevent
sedimentation or precipitation (creaming) and uneven
distribution of the label.
DNA can be attached to the chosen hydrophobic
25 beads in a number of ways. Beads such as paramagnetic
carboxyl-modified polystyrene beads (Polysciences,
Northampton UK) or paramagnetic tosyl-activated
polystyrene beads (Dynal (U.K.) Ltd.), may also be used
in this context. The DNA can be attached covalently by
30 linking the 5’ terminal free amino group to a suitable
target, e.g., the carboxyl group of the carboxyl modified
polystyrene. Such techniques-are routine (Lund et al.,
Nucleic Acid Research, Vol.16, p.10861, 1980). Following
DNA attachment, thé labelled beads can be washed in water
35 and air dried. The excess carboxyl groups on the beads
which have not been bdnded to a taggant molecule, can be -
‘capped’ with octyiamine dissolved in an agqueous solvent,



However, to provide a test to indicate the origin of a particul ar sanple,
e.g., to allowthe authorities to identify the party responsible for an oi]
spillage, it-+s:35 preferred to provide the particles w-th a-unigue
marker, typically a nmacronol ecul e, such as a nucleic acid or polypeptide,
preferably the former to take advantage of3zp 24 PCR technol ogy. The second
(uni que) marker may be present on the sane particles as that of that of the
non-speci fic maolear aer d&medhmemmammaet,i ukéngwiiciciejerylcaybodf ifiide
have the sane siz er e g
substances witR® n FEI a0|2§3§1§% 5"Egggg’@d sg gégg&ﬁ§veib £ﬁ? tggﬁgﬁt
Pat ent Publ i camaynbRodabeddedowigs haetiwoendsthe aﬁadéuﬁoéﬁﬂdcﬁpﬁhdlng

| nternational B%%%gkaeaahhcatzgeeye s%98§£a$2é§n19n the (B84&EYwhERT RQEat ed
by reference) subst ances mnt?eEB%Z ggtldes and proteins is

al so” knowin andnetsPP6§eg°P edotg a taggapk: BR Bokg3capped ¥iths |n
the former casgrebhalaueheotlde base sequence is used to provide a neans to
encode 15 infornmati o

am no acids which to encgﬁégg?&ga?ﬁ%grhg? %3&&% %}cbéﬁf s°§§ﬁ §$%3|32 a

limtless anoustbskquehtr PERI snpliiaatéont saqueaceabnelzeqaenné of bases
(adeni ne, Cytoabﬁsdlaganhgs QBEeEhXHHnEoBHééCtB thet B8adf, theCase of RNA

whi ch repl aces thyni né]) cont al_ned he nolecule. Probability terns
can be é&lcuIaP€9PP6FlPﬁe°¢rBHGEHE?léﬂcaSBF§éﬁeséﬂﬁ%nﬁ% brepB¥AY and, so
| ong as compared with the overall hydrophobic surface (due to the

composition of the bead) is normally insufficient to

onal

cause the DNA-bead complex to partition into the aqueous
. phase. The beads remain in the hydrocarbon until some

15 procedure is used to remove the bead with its attached
taggant from the hydrocarbon{

' The beads with taggant can be dissolved in
solvents, such as chloroform, ether, petroleum ethér or
toluene, which, in turn, can be dissolved in the oil to

20  be labelled, ensuring an even distribution of the beads
and hence the taggant in the oil. The beads can be
separated for evaluation of the label by using magnets to
pull the beads into one region from which they can be
physically separated, or more simply by centrifugation.

25 To ensure that the beads with attached DNA
cannot be removed from the hydrocarbon by aqueocus
washing, the negative charges associated with the
phosphodiester structures of the DNA molecule can be
removed by methylation of these groups. Methylation of a

30 region of the DNA molecule will ensure that this part of
the molecule becomes hydrophobic, thereby ensuring that
the DNA molecule remains within the hydrocarbon phase and
is not transferred to the aqueous phase. This can be
"achieved even if part of the DNA molecule retains its

35 negative charge, i.e., is non-methylated. Methylation of
the DNA molecule can be achieved by synthesis with |
nucleosides synthesized with methyl phosphonates.



sufficient bases are used, i.e., a sufficiently large DNA nolecule is
enpl oyed as the taggant, then for all 25 practical purposes a unique
mi crofrace can be defined. By using conbinations of universal sequences
(accepted as industrial standards) and by varying |levels of specific
sequences, it is possible to identity the3lype of generic product, the
product's origin (conpany 30 . speci fic sequences), the lot or batch, and
even provide an identi fifny fReoeedune WiidpmiEs sedmdddaiiop ffcurring
and synthetic puclRitedfidds H hytdatvorddrinseans diharn agirtus Praysean
be single or double stranded. The term 35 . "natyral.ly .occurring” .refers
Lo DNA (or RGOS & HREth AR AT AL TSP T tARBRARt S slialty)
occurring DNA yabheriimgy ithep BREAB o icte \Wasds ok rithen DN@qertde Hiaatin @25 been
determ ned (by. DN uencj ce 1) I P . 35y N sleCl plied
t'® DNA E%r M %1'?%’3‘5? rzy‘é!dql%ﬁ%e' Ia c%?a sorf)}%uiﬁégﬁlgﬁt itér}ghst?r? t%sr@
procedur es weldr knoirriodotthwrareinesantAlrernatively, sulphonuglegiaides DNA
may be forned ééﬂﬁi@ﬁé 'efﬁ]da{dg&ﬂ{AeéQ%urd e BaRRYpAYEd EntdwHe e,
racil, an

uani ne, cytosine an non-naturally occurring .bases, e.q.,
?nosi ne bages,twf&erqr‘ﬂaﬁ“}ﬁf%@d{ iRFELY d¥ith t%mi"Spec’:fgic
7- deazo- 2' deoxysupfipiid eagelits, sudhk)dsphinjdetsmlal i godeoxynucl eot i des,
phosphar ot hi oat e ol i godeoxynucl eoti des and a-anonmeric - -

ol i god ynucl eotides. In certain circunstances, taggants incorporating
non-natural |y ocecurring "WRge<l'vay'MPC-6", "MPC-E", "DYNABEADS",

"DYNASPHERES" and "DETACHaBEAD" are all registered
trademarks of DYNAL AS of Oslo, Norway.
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have advant ages over those containing only naturally. yrrin
bases, e.g., in stability etc, because they are Ies§:,I ﬂmwg Hﬁ :u Laded
by nucl ease activity, by chem cally.active substances r30)Var i ta

conditions, such as heat or ultraviolet radiation. The use of taggants

I ncorporating non-naturally occurring 20 32 bases is limted only by their
ability to be effectively detected by the sel ected detection neans. For

t aggi ng net hoggzarsisng the preferred PCR technol ogy, the taggant nust be
capabl e of form ng duplexes with PCR priners and function as a tenplate for
t he pol ynerases used in the 25 PCR procedure. The preferred nol ecul ar

structure of the nucl ei g §EitthdAGEaMariing wanyqutithahiesiBasgueaetyt o
detect the nucleic acid. Typically at |east 20 nucl eoti de bases are

necessary to gjetlectindednale the liquigetials diekey hatrkedy WhAfjghnietho@ihat
accidental contamnation will not lead to false results. The |onger the
sequence, the compirdseishe potential information. content of the taggant, but
the nore likely that degradation will becone a problem Typically, _
fragments 35 under addiiingb&se tivee 1jawicy pad adgd§avsecomPYh8iNgnRt s of
sensitivity for the detection of nucleic acid, there is an obvious

advant age rdurglisyn @ IndeRdds1es ianen AoNgt Re PEesteF elihb®Bgdant, such

o5 Lhe POR Procsiue el e U, o231 3l Hose. R8RA02 ord APSSuRD e
used to anpli%%rticles comprising signal means to aid their detection
and not being visible in the liquid to the naked eye;

10 | sampling a portion of the liquid containing

said édditive, and

detecting the presence of particles in the
liquid, with the proviso that said signal means does not
consist solely of a nucleic acid tag.

15 2. A method as claimed in Claim 1 in which.the

| particles are present in the liquid in an amount no
gfeater than 1 part weight of particles per 10" parts
weight liquid and the particles have an average size no
greater than lum.

20 3. A method as claimed in Claim 2 in which the
?articles are present in the liquid in an amount of from
about 1 parf weight of particles per 10" parts weight
liquid to about 1 part weight particles per 10" parts
weight'liquid and the particles have an averaée size of

25 ffom 0.05 to lum. |
4. A method as claimed in claim 3 iﬁ which about

10 particles are presént per ml of liquid.

IThis Sheet Has Been Rerlacec




5 , both singl e and doubl e stranded DNA taggants, as weII as
taggants, and allows for the use of extrenely | ow agﬂm“ﬂ“‘“q“l RNAH!!‘
typically of the order 1x10[err] to 1x10[err]g per

anplification can be carried out in a 10 vari ety Oof vvays e g., inverse
and asymmetric PCR are well known variatighs of the technique. |In another
variation, promoters for RNA transcription can be incorporated into .
prinmers, which, when extpngithen s eflldismics d nbrnPCRY ecad inge Cladrusied t o
create RNA copies 15 of the target sequence. These RNA copies can, in
turn, be revergfidh & paediclds diiprise oticrabentdsn ore mdgyiosiharas, PCR.

s vmth all PCR processes, reaction cycles can be repeat ed as often as
desired. A doubl e strandednethrhrias l%la&rﬂ@ldermeé“h’oprpeﬁ dgg Claim in

anplification, although a single stranded ta t AR qubl e
wtranded aft evhigh 15314 %Jﬂﬂag G‘Feaé?ﬁallﬁ‘ |ac§ﬁ aﬁ’&}aﬁ‘&% %terzlee'? ion; of
suscepti bl e to _degradation, e. cl ease Tl

preferafly hadhe R ‘h’tﬁ]’t?% 1f)"fs%?b & 85% 8 égé' er ?@ﬁﬂgﬁybe,

permts the hybridizatio .of tvvo a ach 20
bases in Iengtan %’H’étm °’?I\h%?1ur%/ \é\% g?;\eglé?g%n?%arg éparated
by an internal ehgl on having a Iength of from1l0 to 30 bases. This internal
region is the \/]alrl ‘abl e region responsible for 30 gi ving each taggant

i ts own uni que, char act erj Shdhsd Wle1dfnddiih keg ohd Dl ElkAwRs 1 arg,5 t hen
with the four bases available for DNA/RNA, approxi mately 1.048x10[err]

uni que taggantsn GHLAE S/l hegr£l nddnd hiss areginzymee and chee d@Edwtsieon i n

| ength, approxinmately 1.15x10[err] unique 35 taggants can be '
synt hesiced. of the particles comprises monltorlng the reactlon

catalysed by the enzyme.
8. A method as claimed in Claim 7 in which the
enzyme is acetoacetate decarboxylase, alcohol
dehydrogenase, aldehyde oxidase, alkaline phosphatase or

15 other lyase, amino acid oxidase, arginine decarboxylase,
aspartate decarboxylase, ascorbate oxidase, catalase,
galactose oxidase, B-galactosidase, glucose oxidase,
glutamate decarboxylase, glycollate oxidase, hexose
oxidase, horse radish peroxidase, 1somerase, lactlc acid

20 dehydrogenase, lactate oxidase, luciferase, ly51ne

| decarboxylase, malate oxidase, NADH oxidase, oxalate
oxidase, pyruvate decarboxylase, pyruvate oxidase,
tryptophan oxidase, urate oxidase or xanthine oxidase.

. 9. A method as claimed in any one of Claims 1 to 5

25 in which said signal means is a fluorescent, luminescent,
phosphorescent or othef label capable of producing a
photometric signal.

10. A method as claimed in Claim 9 in which the

Sheet Has Been Relplaceo -
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27 An outlin ol l ows: 1. The taggant DNA could be a -
synt hetlc m@m&‘g\'\m‘& sequence of 70 to 90 base pairs (bp). 5 30bp
10- 30bp A B C v 2.
The' regi ons AB and CD will be constant for all taggants and will carry
pre-determ ned sequences whi ch recogni se sappropriate conplenentary priners
for use: 15 (i) in PCR anplification and, (ii) in DNA
sequenci ng offEGBraﬁpbntledbE&mls3alloﬁhpcme¥pn&néxi|phy¢mcyﬁmim@1e regi on
of the mcrotrace DNA responsible for its unique, characteristic signal. 20
4, One or bphiicerdytbfringe bégghﬂnzmildbe ¢omedt i, wilkobestein tar & | ow
the taggant to be coupled to particles, e.g., mcrobeads, coated with

st rept avi di n. d?ﬁéV§EaHBnEEe§P°§vpF%?@??bﬂet%ﬁg%ﬁhe¥sf%EP¥%ﬁ¢%N% dyss,

5 GC CTA TGA ACC. TCC TTT TAC AGT GGT .o
(GTT) GCC CAA Cgéﬁ?ggﬁﬂgﬁ&d?@"wqgw *I‘égs @ﬁﬁ%‘iﬁ?ﬁ’fﬁ“ ®B') Bases
are fromprinmer

G 15 sofd by EhfobrsBighes Sophries hiied B St sedifonr s 16 be
;J ?\gdS'l neEgR afgﬁégégg@%%ggrpgafféw S&ﬁé&*‘é%%ed ?SOG;-AE?SG ICS? GSI'Bﬁl :srT;rsT% h]:ar o
sequence to bgjused in gequeRSs Ngs claimed in any preceding Claim in
whiéh the particles are magnetic and detection of the
particles compfises separation and/or concentration of
10 the particles using a magnet. |
12. A method as claimed in any preceeding Claim in
which the additive comprises particles of two or more

different colours or of at least two distinct sizes or

shapes and the ratio of the differently coloured

15 = particles or the differently sized or shaped particles is-
known.
13. A method as claimed in any preceding Claim in

which the additive comprises two or more types of
particles; each having different signal means to aid

20 their detection or particles having two or moré different
signal means to aid their detection. |
14. A method as claimed in Claim 13 in one of said
signal means comprises a nucleic acid or other
macromolecuiar tag.

25 15. A method as claimed in Claim 14 in which the
nucleic acid tag is DNA and the detection of the nucleic
acid tag comprises the use of polymerase amplification;

hybridisation and/or sequencing technology.
-
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35 : the random piece of the oligonucleotide. Bases 44-75 (i.e. AC AGI

GGI GIT . AGC AGC TGI) is a slightly nodi fied sequence chosen
at.r andqgm,mlmgm ne described in Ballabio et al Nature 393 220
(1990). Fhis Is om sequence which 40 gi ves a uni que |abel with
cal cul abl e probabilities of 28 only bei4% this sequence. Mdifications
are possible, e.g., position 50 is Ginstead of C, position 56 is C instead
of "G and posiigpn 75 i saTuétEbeadsoél&inBases Iy ifededing El&Limeiml are .
fromthe 5 conpl enent of the primer G 19 sold by Adigo's Etc. Inc. This
is the second phiokrthhi parthabessaraefoompfl epfne anatexalil eecwerbngl i fi ed
by PCR Biotin CPG attached to 3' end, during the synthesis of the

ol i gonucl eot i der symthéticgbotymenicipesin, aacReFIMEC FRARIIDY PXe

ol i gonucl eotide to attach to the streptavidin or neutralite coated
particles Wiendl@d$8eting nucl eic acid by PCR prior know edge of the

f the_t t ] . L d I at ' Thi
now odg® of fofd-a 15 A BAFDAR 8dBtniBedt 1BCERFFEyEY of (HEE oFBe des 1 e
it, f i t hout _t ' , eV ' | £ ' t
ViTtual |y undopattantes Fbe fbrns; ROnr EPRLD RECRAGA dk cAARET 71

Standar d nucl ol OLEI4R BRTYRRRRKRSET 10 O T Sl ide singl e phase and i xed
phase assays, ggch as sapdybeRod@Saadysladhedr SHUARE PrécddiiyVerde Dh the

which the particles are coated with a first molecule

10 haQing a binding affinity for a second molecule.
19. A method as claimed in Claim 18 in which the
first molecule is selected from one of the following
pairs: an antigen and specific antibody; hormone and
hormone receptor; hapten and antihapten; polynucleotide

15 and complementary polynucleotide; polynucleotide and

| polynucleotide binding protein; biotin and either avidin

or streptavidin; enzyme and enzyme cofactor, and lectin
and specific carbdhydrate; and the second molecule is the
othef of said pair.

20 20. | A method as claimed in any preceding Claim in
which the liquid is a hydrocarbon, a paint product, an
ink, a perfume, a phatmaceutical,_a fertiliser, a
herbicide, a pesticide or an organic solvent.
21. A liquid containing an additive comprising a

25 plurality of particles added in an amount no greater than
1 part weight particles per 10° parts weight of liquid,
the particles comprising signal means to aid their

detection and not being visible in the liquid to the
_—
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sequenw—bvrng—dm—éct‘e'd_to provi de the appropriate-conpl enentary

pol.ynu ture or signal 25 pur poses. Alternatively, the
nucl ei I! ﬂl B‘Eﬂi&mgﬁnfromthe sanpl es can be sequenced using convent4 onal
sequen Commercially available kits are suitable for this
pur pose. The basi c sequenci ng 30 techryyg ogy is derived from sem nal
references, such as the Maxam and G | bert procedure for DNA sequencing
descri bed i n Metkedseye, BnzshotiogyprdeisdSchatp wbkd ahiad. sisglenmdais i S a
nore difficult procedure, but offers greater reliability than nucleic acid
35 hybri di cempoises saysuclaie sa¢id duag t cithendds panticless

corit am nati on ‘by extraneous, nucleic acid with sufficient conplenentarity to
ize to the se|@é¥@belbr%&rm a seprg (L ferent sdonaly eargas seiq he
ogt,l i ne taggant es.crl bed above, ihe follow r%g i scussion i s directed to

t'he particul ar® Q FRPUREAFST (BRTRAGY drehIdEna) maangs, 5
such as il £ dr car ns, .usi Ny rtic having, in addition to
t he af or%descrclg%n%"hlssrl‘np tﬁ%ealﬁ C}lag?t 1HES s’ﬁ%a@r different particles)
a uni que DNA taggant. riacgi I e e nt | abel
to enable their det ectl on an i¢ éléso |n§1da§§¥r%%gml&a ih yﬂ’u%r&‘e}g%nce

M croscope or fddpiw Gy Gty dm&%{)faﬂ)}"%ﬁy@fom‘&%& Ry & Olnjghg

liquid, the particles should be forned of mat eri al whi ch can Be stably
di spersed in ttwe dd.quid, wthout

23. A liquid as claimed in any preceding Claim
10 which is a hydrocarbon, a paint preduct, an ink, a
perfume, a pharmaceutical, a fertiliser, a herbicide, a

pesticide or an organic solvent.

15

_—
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partitioning into the aqueous phase, and which is inert, 15 i.€e.,
non-reactive, for that liquid. Especially preferred are beads formed from
pol yacryl ates, such as poly(acrylic acid) and poly(nethacrylic acid). The
beads preferably have an average dianeter no greater than 5[err]m wth a
typical size of between 0.1 20 - to 1l[err]lm The density of the beads is
preferably matched with the specific gravi?% of the oil, in order to
prevent sedinmentation or precipitation (cream ng) and uneven distribution

of - the | abel. DNA can be attached to the chosen hydrophobic 25 beads in
a nunber of ways. Beads such as paranagggiggggarboxyl-nDdified pol ystyrene
beads (Pol ysci ences, Northanpton UK) or netic tosyl-activated

pol ystyrene beads (Dynal (U K. ) Ltd.), may also be used in this context.
The DNA can be attached covalently by 30 linking the 5° termnal free

amno group 1o a suitablg hatfgh. of farxifl ‘éaﬁ'*igii%(h dhAUR R drf POXY!

nodi fi ed pol ystyrene. Such techniques are routin Lun al .

fct d Respar h g il ot g Pe86inel 98Ghi aPallcoWeld bifL! AGNTRN mdtiifoa

| abel | ed beads can ed in water. and air dried. The excess

car boxyl grouQﬁnﬂ@rigggpeads whi ch have not been bonded to a taggant
nol ecul e, can be ™ capped’ with octylam ne dissolved in an aqueous sol vent,

30 such as dinethyl f or tegidengugbngnei aieguddeny eaahedviercdmpad diey a
cross-linking reagent. Alternatively, the taggant may be |l abelled wth
bi otin and t hghemnslpi €pad £dpairticiesephavindamoultc ass greatpiratidim n t he
beads whi ch has '
part weight of particles per 10® parts weight liquid, the
10 particles comprising signal means to aid their detection
and not being visible in the liquid to the naked eye:;
sampling a portion of the liquid containing
said additive, and
detecting the presence of particles in the

15 liquid, with the proviso that said signal means does not

consist solely of a nucleic acid tag.
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.5 not been bonded to a taggant . nDIecuIe can be capped W th frﬂm;,pthwn.
~If only ‘a f.ew DNA nol ecul-es, but enough f.or subsequent PCR anplification,.
sequence .anal ysi s and decodlng, are added and bonded to the beads, the 10
proportion of hydrophilic surface (due to the DNA) compared with the
overal | hydrophobic surface (due to the COﬁDOiItIOﬂ of the bead) '
normal 'y insufficient to cause the DNA- bead @ nplex to partition |nto t he
aqueous phase. The beads renmmin. in the hydrocarbon until song 15
procedure is used to renpva MREHDPAOFWMARKING at Lagbed taggant fron1the
hydr ocar bon. The beads w th taggant can: bEaQ&ﬁﬁErved in solvents, such as
~chloroform ether, petroleum ether or tolTene, wiich, in turn, can be.
diss6lved in the oil to 20 - be | abel | ed, ensuring an even dlstrlbutlon'
of the beads and hence the taggant in the. 0|I The beads can be separat ed

for evaluation of the |abep ﬂétﬁﬁangfnﬁgﬁﬁ‘iﬁgtﬁ wl;hlahsnaegdgseqhem@,
region fromwhich they can be physically separated, nore sinply by

centrifugagi on. @dtecting that chO1Qaﬁuaenhbabebhembenda Wivhf cl eeihed DNA
cannot be renoved- fron1t%e hydr ocar bon by aqueous meshlng, t he negative
charges associ atgsmptiSeshe phosphodi ester structures of the DNA nol ecul e
_can be renoved by nethylat4on of these groups. Methylation of a 30

regi on of the DNA nol ecul eadiiihgetsuthet hagutili anpaddibtfivehcompirdsiing a
becomes hydr ophobi ¢ thereby ensuring that the DNA nol ecule remains within

t he hydrocarbon phasalsty of particidesfénrad amotthé aquevestpiratbanTili s can
be achieved even if part of the DNA nol ecul e re%alns its 35 negative
charge, i.e., ispaoh- weigytaoédparhbchysapﬁﬁn16 paRtPIVe i cliguidn Ebe

achi eved by syntheS|s W th
10 particles comprlslng 51gna1 means to aid their detection

and not being visible in the liquid to the naked eye:;
sampling a portion of the liquid containing’
said additive; épd
detecting the presence of perticles in the
15_ liquid, with the proviso that said signal means does not

consist solely of a nucleic acid tag.

REPLACEMENT SHEET]

0 AUG 1996




: 05347 oS
; ;'33!?“}(1?{@1’“9&@114&‘*@ whith™
TR ; Q . :

nucleosi des synt hesi zed with nethyl phosphonat €57
favour of DNA nol ecules in hydﬁog
aqueou ,lﬁ“iﬂ””"ﬁﬂ"ﬁl!]used as an alternative to{;=
| abel | i hg thet nUcl soskde bases of th wi t hibiorih o) da“' .
hydr ophobi ¢ hapten, such as fluorescel’n, di mtrophé;r?é?‘ﬁr} 7‘*:" o PagE
tri-iodothyroni @bAIMS::er nati vely, suIphonucleoliltfes“t:%ﬁtalni"%ﬁd ----- to paged ...

t hi ophosphat es coul d be |ncorporated into the 5 ggant ‘and subsequently
derivatised with thiol-specific nodifying agents/§Gc B a8 SGHADEL AR ...

"MPC- 1", "MPC-6", "MPC E","DYNABEADS', "DYNASPHERES' and "DETACHaBEAD" are
all registered lradenarks 20 fmeHOAL oCESmfrlﬁsig) a Nbigqweid disd subisequently A
met hod of marking a |iquid and subsequently detecting that the |iquid has
been nmarked, whiebegttimgd that tleorprgusieds hasidesn toatkhed) ivhich aretdddi ti ve
conprising a plurality of particles in an anbunt no greater than 1 part
wei ght cﬁSparti©¢mpr§seSBO[err] parts weight liquid, the particles
conprising signal neans to aid their detection 10 and not belng vi si bl e
in the liquid to the nake®dsiag dai ¢heddiiquisl compaddi tive wompr iing &y pes

of particles, each having different signal neans or particles having
plurality of particles in an amount no greater than 1

part weight of particles per 10° parts weight liquid, the
particies comprising signai means to aid their.detection

10 and not being visible in the llquld to the naked eye;
said additive comprising two or more types of particles,
each having different signal means or particles having
two or more different signal means; one of said signal
means comprising nucleic.acid, and the other said signal

15 means being other than a nucleic acid tag;

sampling a portion of the liquid containing
said additive, and

detecting the preéence of particles in the
liquid.

20 2. A method as claimed in Claim 1 in which the

| particles are.present in the liquid in an amount no
greater than 1 part weight of particles per 10! pérts
weight liquid and the particles have an average size no
greater than lum.

25 3. A method as claimed in Claim 2 in which the
particles are present in the liquid in an amount of from
about 1 part weight of'partiéles per 10! parts weight
liquid to about 1 part weight particles per 10*? parts
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two or nore different signal neans; one of said signal means conprising
Aucl e| ,mﬂ,m ﬂ]"um t-her said signal 15 . nmeans being other than a
nucl ei m ﬂl ng a portion of the liquid containing said

addi tivé, and-detedting the presence of pargicles in the liquid. 20 2.
A nethod as claimed in Caim1 in which the particles are present in the
liquid in an ageyfht0l Deddeandhele lpPet icVesghhvel apabiiethge BeLel8Eerr]
parts weight liquid and the particles have an average size no greater than
l[err]m 25 f¥om 0.0S5 td IEmbhod as claimed in Aaim2 in which the
~particles are present in the liquid in an anmount of from about 1 part

wei ght of partiscl es per 18[wetho@ass scheimdd ihqoldito3adauwhichaabouei ght

parti-cles per 10[err] parts wei ght |iquid and the particles have an
average size ofiof paptidbes catéeprésentt. per ml of htghdd.as claimed in
claim3in which about 10 particles are present per m of liquid. 5 5.
A methodsas cl @i.ned in any meehedi ag claimed ninhang precedihgcCaimoffri se
m crobeads or m crospheres. 6. . A nmethod as clainmed in any precedi ng
G aimin whi chwidich atlrerparghel e srecompr ss@ miidrobabds awdrdierespheflegf t he
particles conprises the use of a Geiger- 10. Mul I er tube, a

scintillation &unter or Aheethodiag @Iamq:xhoingaayhptebleldlmgmlalm in A
met hod as claimed in any one of Claims 1 to 5 in which said other signal
means is an enmhnchyahi&eother signal means is a radiolabel and
detection of the particles comprises the use of a Geiger-
IO. - Miller tube, a scintillafion'counter or the fogging of a
photographic film.
7. A method as claimed in any one of Claims 1 to 5
_in which said other signal means is an enzyme and the
detection of the particles comprises monitoring the
15 réaction catalysed by the enzyme.
8. A method as claimed in Claim 7 in which the
enzyme is acetoacetate decarboxylase, alcohol
dehydrogenase, aldehyde oxidase, alkaline phosphatase or
other lyase, amino acid oxidase, arginine decarboxylése;
20 aspartate decarboxylase, ascorbate oxidase, catalase,
galactose oxidase, B-galactbsidase, glucose oxidase,
glutamate decarboxylase, glycollate oxidase, hexose
oxidase, horse radish peroxidase, isdmerase; lactic acid
dehydiogenase, lactate oxidase, luciferase, lysine
25 decarboxylase, malate oxidase, NADH oxidase, oxalate
oxidaée, pyruvate decérboxylase, pyruvate oxidase,
tfyptophan oxidase, urate.oxidase or xanthine oxidase.

9. A method as claimed in any one of Claims 1 to 5
This is the replacement sheet
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detectfaﬁ7ﬁ*TTﬁ?TﬂﬂTTt+ee-conprises nonitoring the 15 reaction
catalys A nethod as clained in Cdaim7 in which
t he enz m ” m% mLe decar boxyl ase, al cohol dehydrogenase, al dehyde
oxi dase, tase or other |yase, am no acid oxidase, arginine
decar boxyl ase, aspartate decarboxylaée ascor bat e oxi dase, catal ase,

gal act ose OX|dase al agt osi dase, .gl ugcose oxi dase, utamate . '
decar boxyl ase, 1%IVE6F a§€¥$<9§$$§ sfgRGde "GRNAFadE QNﬁiﬂP¥%ﬁﬁ%ﬂFperoxidase
i somerase, lacfic,acid d hyd enase, |lactate i dase cifer ysi ne
T S ecar bolT R ESCRBEal STORERATESCRABH O5x Ples Jbn LierAl s
pyruvat e decar box Iase gyr v%te Qxi.dase éyptophan oxi dase, urate oxidase
or xant hi ne ox®¥RIRCiBY & photopeirif,§ignaliaimed in any one of Claims 1

wh d | ,
:)(r)\ogphoregcenltf rzglt he?lt H‘%Qg&ﬁlngi'&flmﬁ 3}(}8@ hores;id%ﬁgﬁre@ Cegﬂéu
10. t
Tabel i Sl N ootSerankng T8 c&sya#ﬁgh'y%ﬁgxé&lmu b9 Y%?%Y%E@%%Zﬁfﬁe
PP orestunt aBlPES Py Rhedls MALLLE LhTLEC b%‘*f“%%ﬁ%‘e« lofRin PR (he
par i cl es COMpgl 555, L MGeUEgetlect f%ﬂgﬁggﬁﬁgcgrlgther &%%0&% O3 A Tl ow

cytoneter. as'’c I'n any prece i ch

the particl es r?uﬁrf&'ﬁek GmdRd 4§ Pef)kbﬁfid%m Bl el 'a%cf’saect‘l!%m%e%f

separation and/ or concen ratlon e"particlfes using a
the particles comprises the use of a fluorescence

10 microscope or a flow cytometer.

11. A method as claimed in any preceding Claim in
which the particles are magnetic and detection of the
particles compriees eeparation and/or concentration of
the particles using a magnet.

15 12. A method as claimed in any preceding Claim in
which the additive comprises particles of two or more
different colours or of at least two distinct sizes or
shapes and the ratio of the differently coloured
particles or the differently sized or shaped particles is

20 known.

13. A method as claimed in any preceding claim in
which the nucleic acid tag is DNA and the detect;on of
the nucleic acid tag cemprises the use.of polymerase
amplification, hybridisation and/or sequencing

25 technology.

14. A method as claimed in any preceding Claim in
which the particles are formed of a naturally occurring

or synthetic polymeric resin, a ceramic material or
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Date: 19 JAN o0 ’



15 - 12. A nethodas clainmed in any preceding Caimin which the
- additive ' i s of two or nore different colours or of at
| east tvvoclmmmi'ﬂma# E shapes and the ratio of the differently
col oured particcl es or ifferently sizedsor shaped particles is 20
known. 13. A nmethod as clainmed in any preceding claimin which the
nuclei c acid taglassPNA and the detection of the nucleic acid tag conprises
t he use of polynerase anplification, hybridisation and/ or sequencing 25
technol ogy. 14.15. A neihostlesd dsaictadmed dmy qirehediegifl @hichnewli ch
the particles are forned of a naturally occurring or synthetic polyneric
resin, a ceranipartictes|are forrgd dirass tosyl-activatedt bedcasbekpl oed in
Claim 14 in which the particles are formed fromtosyl-activated or
car boxyl - nodi fmedi Hicd pokwsteyrene.  16. A nethod as clainmed in any
preceding Caimin which the particles are coated wwth a first nol ecul e
havi ng a %i ndi i af fi ni t yA frethod @sowd admedcdne any? . precedivg n€labd Bs
claimed in Claim16 in which the first nolecule is selected fromone of the
following 10 whigh rhe mranmidlesn axed copbedf Wi timta bibilyst wobemeland
hormone receptor; hapten and antihapten; polynucleotide and conpl ementary
pol ynucl eot i de:haing & kigididw &ffipdtynfiorest sesdrichdrobepubeein; biotin
and either avidin or streptavidin; enzyme and enzyme cofactor, and lectin
: 17. A method as claimed in Claim 16 in which the
first molecule is selected from one of the following
10 - pairs: an antigen and specific antibody; hormone and
hormone receptor; hapten and antihapten; polynucleotide
and complementary polynucleotide; polynucleotide and
polynucleotide binding protein; biotin and either avidin
or streptavidin; enzyme and enzyme cofactor, and lectin
15  and specific carbohydrate, and the second molecule is the
other of said pair.
18. A method as claimed in any preceding Claim in
which the liquid is a hydrogarbon, a paint product, an
ink, a perfume, a pharmaceutical, a fertiliser, a
20 herbicide, a pesticide or an organic solvent.
19. A liquid containing an additive comprising a
plurality of particles added in an amount no greater than
1 part weight particles per 10° parts weight of liquid,
the particles comprising at least two signal means to aid
25 their detection and nbt being visible in the liquid to.
the naked eye, the first signal means comprising a
nucleic acid tag and the second said signal means being

other than a nucleic acid tag.

This is the replacement sheet

oate: 75 N



and speC|f| ydr at e, and the second nolecule is the other of
sal d pai nl\‘m\u I \i\?ﬂmghod as clainmed in any preceding Caimin which

t he . I|qU| , a paint product, an ink, a perfune, a

phar maceutl cal , "a rtiliser, a 20 heri)l%m de, a -pesti cide or an organic

sol vent . A l'iquid contai ning an ditive conprising a plurality
of partlcles ed in an,apount at er .t han we, rticles per
10[ err] partsag@ ght of f'l goﬂaldtﬂ%g%g?%mt?ejsncgﬂiﬁg t:"r? qu"fﬁ'b’égf

si gnal neans to id. 25 etection and ng VISIb| in t

Ui d Lot he TEREHESeis, b A0S A 0s "85 0 Dy 1 T e DT o
tag and the S}CO sai d signal neans being other than a nucl e| c acid tag.
36 20. iqutd as clainedinClaim19invvhichtheadditiveis as

defined in any,one of 0. 5 tp 18. 21, A uid as
claimed |0 an i eced ngﬁcﬁwé {ihinsia ShyaPsesasing o Fizk
product . an in perfu naceutlcal liser,, herb|C|de a
pesti ci Ee or ﬁhbc-ﬁbajrﬁc gﬁi’%ﬂ%ﬁl & palnt prog k' an i

- perfume, a pharmaceutical, a fertiliser, a herbicide, a

pesticide or an organic solvernt.

10
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