This ‘Sheet Has B&neﬂh BasaqkeMedJLTRASENSI TIVE M CROTRACE(B%‘QBU&E AD

MONI TORI NG THE AND FATE OF ANY L| (BFE=ER=SALD MATFR

The present |nve o a method and procdiﬁlﬁB SHEETHANBRERS| any «

material (liquid or so | e traced from one IucatloHEPnAeﬂpther and i n
particular to a nethod of tracing the origin of pet oeretes=—stth as

oils. 10 There i s ANVWHERRSERETITEVEI MECROTRAGEDP etzE:eum:

path taken by a given g A3 T 2 ﬂo #@ggl, o another. In
general terms two broa uaégl ﬁqgjéﬁ * ﬂf IM%J rgggécountered
Firstly, the novenent of BETE:QF;|A e 1 0F Y IMABERIAL pr ocesses
occurring in the biosphere. For exanple the fIOM/of wat er in sub-surface

aqui fers, or the.novenment and partitioning of water bodies as seen in ocean
currents, of the nolkeepregentedinVentionseednties, tene weFBREnANG material s

whi ch have beeprg88&6H2E WhEEh D¥naBNeg0ahly. Ratek@dE \Wielido oR0lsAGAY Hd
the natural environnment) or which_are natural materials _being transpor
4iqiduced

as a result of ﬁaﬁrgcﬁﬂtFQ?Plgge neatiPRe FonBIP Fﬁc?ﬁ&elgn At
by man, the | atbea methdd of tracing the origin of petroleum products

such as oils.
10 There is a widespread requirement to be able to

trace the path taken by a given material as it moves from
one location to another. In general terms two broad
categories of material movement are encountered.
Firstly, the movement of materials as a result of natural

15 processes occurring in the biosphere. For example, the
flow of water in sub-surface aquifers, or the movement
and partitioning of water bodies as seen in ocean
currents, or the movement of sediments. Secondly, the
movement of materials which have been manufactured by man

20 (i.e. items which do not occur in 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, the latter would
include items such as grain (or other food materials),

25 mineral ores or petroleum products such as crude oil.

In all these situations, there may be reasons why it

'is necessary to develop specific procedures to trace
these movements. It might be that direct observation is
not practicable, for example, following the path taken by

30 a stream flowing underground cannot be directly observed
at all points in its passage. It might be that it is
necessary to monitor the movement of goods without the
direct knowledge of the transporters. It might be that
for legal reasons it is necessary to prove that the

35 appearance of a material at a particular point in the
biosphere was due to the same material originating from a
known starting point. Whatever the reason, be it of
scientific or commercial interest, accurate,
quantifiable, reliable and preferably unique tracing
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at petrol filling stations) are located underground.
Normally there are more than one tank at each site.
Should one of these tanks develop a leak, eventually the
loss of material will be detected either by audits on the

‘"material being added to and removed from the storage
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tank, or by detection of spilt, leakage material at some
site adjacent to the storage tank area. Since the tanks
are underground visual inspection is not possible and it
is a costly procedure to excavate and determine which
tank may be léaking. The normal procedure would be. to
develop a protocol whereby a known material, for example,
a dye, is added to the tanks and by tracing the movement
of the dye determine which tank is the cause of the
leakage. Cheaper remedial action can then be taken to
deal with the identified leaking tank. A feature of this
procedure is that the materials added to each tank must
be different in order to know which tank is leaking (i.e.
if there are six tanks, six different dyes recognisable
by some property which can be accurately and uniquely
determined need to be used). The greater the number of
individual components in a particular system the greater
the number of unique traces need to be used to make the
necessary distinction between the paths taken by
different leaks from different tanks.

A further requirement concerns the identification of
the source of pollution in the sea and waterways from
spills of petroleum materials, particularly oil. The
environmental damaged caused by accidental oil spills
and deliberate dumping of oil by ships, e.g. when washing
tanks, is significant and there is a demand for the
culprits to be identified and to be held responsible for
clean—-up operations. One of the problems associated with
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10 been dyes, or radioactive compounds, or characteristic
organic molecules, or cellulose microdots. Biological
materials have also been used, notably for tracing the
movement of water bodies in the natural environment, such
as bacteriophage or bacteria. 'In these cases the living

15 systems possess some property (for example, a known drug
resistance pattern, or particular host specificity) which
does not normally occur in nature. The added organisms
can be traced from their point of addition by measuring
samples as required, isolating the added organisms and

20 showing that organisms isoclated from samples is the same
as that originally added.

International Patent Publication No. WO 90/14441
published on 29th November, 1990 discloses a method of
monitoring the presence of a substance which comprises

25 tagging the substance with a nucleic acid, collecting the
substance and detecting said nucleic acid, generally by
amplifying the nucleic acid using bolymorase chain
reaction technology. Suitable substances which may be
tagged are said to 1nc1ude air pollutants, oils, aromatic

30 compounds, explosive compositions, foodstuffs,
medicaments, inks, paper goods and paint products. It is
stated the nucleic acids can be optionally bound to a
component of the tagged substance through a covalent bond
i.e. that the nucleic acids are covalently bound to the

35 tagged material or a component thereof. Alternatively,
the nucleic acids may be free or they may be bound to a
solid support (such as latex beads, dextran or magnetic
beads) which is then mixed with the material being
tagged. '
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addi tion of S@iEh either distilled water or a buffered solution.
Using phenol based extractions or phenol/chloroform
extractions one can recover nucleic acid from complex
10 biological substances or from oil based substances.
International Patent Publication No. WO 90/14441
"does not appreciate the problem of tagging petroleum
products in a manner which will withstand prolonged
mixing with vast amounts of agueous phase nor disclose
15 the possibility of tagging immense volumes of oil e.q.
thousands of tonnes, which are currently routinely
carried over the seas by tankers. The specific example
of tagging oil comprises: '
Preparation: (a) mix together 40xg of taggant, 10oul
20 "Tween 80" (detergent), 1lopl “Span 80" (detergent), and
llooul.distilled water, and (b) add mixture to 1.7ml oil.
The combination is then thoroughly mixed.
Recovery: add oil directly to PCR mix (which is an
agqueous based mixture), vortex and amplify; or use a
25 standard phenol-chloroform extraction. After treatment
with phenol, the taggant was detected in the boundary
layer between the oil and water phases.
This invention describes the use of a particular
biological material which can be used to monitor the
30 movement of materials in any of the general ways
envisaged above. The biological material used is a
complex molecule whose structure can be characterised in
several ways and in principle an infinite number of
unique molecules can be generated to produce an infinite
35 number of different, unique microtrace additives. 1In
practise, the natural variability of the molecule can be
manipulated to give a measurable value for the likelihood
of such a similar molecule occurring naturally. That is,
by careful selection of molecules for the microtrace
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10 of living, i.e. capable of sustained replication from one

generation to the next.

The biological molecule to be used as the microtrace
additive is DNA (deoxyribose nucleic acid), the genetic
information molecule of almost all living systems. Each

15 DNA molecule can be unique as a result of the sequence of
bases (adenine, thymine, cytosine and guanine) 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

20 big DNA molecule is employed as the microtrace additive)
then for all practical purposes a unique microtrace can
be defined and used. Previously DNA (or other biological
molecules) could have been used as trace molecules, but
the sensitivity of all known analytical procedures

25 precluded their use since large quantities of DNA would
have been needed. Addition of such quantities as a trace
may have been undesirable and moreover the process would
have been uneconomic.

This invention described the use of small guantities

30 of DNA (typically in the concentration range 1000 to
0.01pg DNA/pl ) because of the technical ability to

- determine the presence of DNA molecules made possible by
the polymerase chain reaction method. In vitro methods
have been described which allow for the enzymatic

35 amplification of specific DNA sequences using
oligonucleotide primers which recognise all or part of
the DNA molecule used as the microtrace additive. The
sequential use of the polymerase chain reaction enables
the molecule to be amplified exponentially. For example,
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have been used which gave a final concentration in the
range 1000 to 0.0lpg DNA/pl. For this example pBR322 DNA
‘'was. also chosen because known DNA primers for DNA

10 amplification were available. To extract the DNA 100ul
distilled water was added and the hydrocarbon/water
mixture thoroughly mixed by mechanical agitation to
extract the pBR322 DNA from the hydrocarbon into the
aqueous phase. The complete mixture was centrifuged at

15 10,000 xg for 5 minutes and Sul of the agqueous phase
layer removed and loaded into a standard Tag Polymerase
PCR reaction vial and reaction mixture (100 gl containing
50mM KC1l, 10mM Tris HCl1 (pH 8.4) buffer; 1.5 mM MCl,,
100ug/ml gelatin, 0.25 um of two pBR322 DNA primers;

20 200um of each deoxyribose nucleotide phosphate (d4ATP,
dCTP, dGTP, ATTP and 2.5 units of Tag polymerase).
Following automated PCR cycling, 10pul of reaction mixture
was loaded onto 2% (w/v)'agarose gel and electrophoresed
under standard conditions. The completed gel was stained

25 with ethidium bromide to visualise the amplified DNA. No
bands appeared in various negative controls. This
procedure showed that DNA could be detected in oil
samples following use as a microtrace indicator. The
procedure also illustrates that the plasmid will

30 partition into the aqﬁeous phase and would not be
suitable as a trace additive for oil which is likely to
be spilt in the sea etc., because the microtrace would be
washed out of the oil rendering the labelling useless.

Any material could be traced: it might be petroleum

35 . products; manufactured goods; water bodies; oil
spillages, etc, provided that an appropriate DNa
microtrace molecule had been added. Preferably the DNA
molecule added will be a known sequehce with known DNA
primers in order to initiate the DNA polymerase
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materials usin
scoRI, PstI, HindIII, etc). To the digested or

partially digested, DNA microtrace isolated sample known

sequence double stranded linker molecules (typically of
10 15 to 25 bp long) added to the mixture and ligated to the
digested DNA molecules using DNA ligase enzymes. .DNA
amplification of the DNA sample molecule could then be
achieved using single stranded DNA primers which
recognise the DNA linkers bonded to the microtrace DNA.
15 The uniqueness of the microtrace DNA molecule can be
pre-determined using specific DNA base sequences. The
DNA microtrace molecules may be ones which occur
naturally, such as pBR322, and for which a known sequence
has been determined (by DNA sequencing procedures). The
20 DNA used may be synthesised DNA using a pre-determined
sequence of bases DNA primers and linkers for unique
recognition which can be routinely synthesised. The
uniqueness of the microtrace DNA, primers and linkers is
known only to the individual who adds the microtrace
25 molecule, thereby guaranteeing security of microtrace
paths.

The DNA may be added directly as a naked molecule or
as part of a complete organism (phage, bacteria, fungqus
or protozoa). The DNA may be formulated into materials

30 which protect the DNA whilst it is present in the
material being traced (e.g. as a bead surrounded'by a
gelatin coat, or surrounded by another protective
rolymer). DNA may be formulated in such a way as to
ensure that it dissolves or bonds to the material being

35 traced (e.g. for use in hydrocarbons it may be formulated
within a hydrocarbon soluble material which ensures the

N DNA dissolves in the hydrocarbon'and cannot be removed

easily by aqueous washing).
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advances in these conditions is due to the negative charges
associated with the phosphodiester groups of the DNA and

10 the ability to form hydrogen bonds with water molecules
and an inability to do so in a hydrocarbon environment.
The negative charges associated with the phosphodiester
structures of the DNA molecule can be removed by
methylation of these groups. Methylation of a region of

15 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

20 negative charge i.e. is non-methylated. Methylation of
the DNA molecule can be achieved by synthesising the DNA
oligonucleotides used as the microtrace molecules with
nucleosides which are in turn synthesised with methyl
phosphonates.

25 Any procedufe which favours solubilisation of DNA
molecules in hydrocarbons instead of an agqueous phase
could be used as an alternative to methylated DNA. This
could be accomplished by labelling DNA on the nucleoside
bases with biotin, or hydrophobic haptens such as

30 fluorescein, dinitrophenol or tri-iodothyronine.
Biotinylated DNA tends to partition into non-aqueous
phases, such as hydrocarbons. Alternatively
sulphonucleotides containing thiophosphates could be used
and incorporated into the microtrace DNA and subsequently

35 derivatised with thiol-specific modifying agents such as
iodoethanol.
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10 have attached, at the opposite end to the methylated
sequence of DNA, a biotin molecule. The microtrace DNA
labelled hydrocarbon (or other non-polar material) will
then be mixed with particles coated with streptavidin.
Biotin-streptavidin has a very high binding constant

15 (almost irreversible) thereby ensuring that the DNA
attached to the biotin will be extracted from the
hydrocarbon. The particles now containing streptavidin-
biotin~-DNA can be removed by any suitable separation
technique and used directly in PCR reaction mixtures.

20 Alternatively, the streptavidin can be coated on a
solid surface and the oil containing the biotin-DNA
washed over the surface. Excess hydrocarbon can then be
washed off by an appropriate solvent leaving the biotin-
DNA bound to the surface via the streptavidin molecule.

25  2n outline system is as follows: '

1. The microtrace DNA could be a synthetic DNA
. sequence of 70 - 90 base pairs.
30 10-30 30 Base pairs

30 - : — L

- A B Cc D

2. The regions AB and CD will be constant for all
microtrace DNA molecules and will carry pre-determined
35 sequences which recognise appropriate complementary
primers for use:
a. in PCR.amplification and,
b. in DNA sequencing of PCR amplified DNA.



guantities

30 of DNA (typlca+ ¥§w§ LS. nfe \tration range 10 DG _DNA/ ¢
because of the te F, o detern1ne the n¢m§gﬁggT%ég

made possi bl e by t haln rea hod

have been descrlbe or the e ynatl-
speci fi c DNA sequences usi ng ol i gonucl eotide priners which recognlse all or
part of the DNA nol ecule used as the mi.crotrace additive. K The sequenti al
use of the pol ymerdse ch®hg regdenoBCedshEbe variablectedirs BE gﬁﬁ ified

exponenti al | ymj Ep6t£X88PDRA andlit) i1l Bépthﬁscﬁégﬂﬁn hhmehegavbhis need
no DNA coul d be used and vis sed.usi e faollow n rocedur.e,
i sol ated fronfacRafpFE® EFFﬁwghé PP&egﬂggtﬁg Elguﬁ'n$855?9§8§l€§ﬁﬁbund
and cl eaved isignadbul | Ifr shisntregisnndsany baseablengethenhcwith the
endonucl ease ﬁgug'bases available for a DNA molecule, there will be
1.048 x 10% unique microtrace molecules capable of being
synthesised. If the BC region is 15 bases long, then
1.07 x 10° unique microtrace molecules can be
10 synthesised. If the BC region is 30 bases, then 1.15 x
1018 unique microtrace molecules can be synthesised.
4. The region CD will be synthesised with .
methylated nucleosides to provide the hydrocarbon
anchoring propertles.

15 5. The biotin molecule for extracting by
streptavidin binding will be attached to point A.
6. Thus, the model microtrace DNA may look like:
a  pa 30 B 10-30  C ca30 D
20 Y -
18/20 10 . methylated DNA
<bases> <bases> 1 with same
for PCR for DNA : structure as
- primers sequencing . AB region
25 primers : :
]
agqueous ! hydrocarbon phase
phase s
1
30 AB and CD regions will beidentical and constant for

all nmicrotrace molecules, except that the CD is
methylated, AB is non-methylated and the biotin molecule
is bound to point A.
In the case of DNA labelled with hydrophobic
35 haptens, separation from a sample may be achieved by
making use of hapten/antibody pairings in a similar
manner to biotin/streptaridin as discussed above.
In an alternative way to ensﬁre that the DNA remains
within the hydrocarbon, the microtrace DNA may be
40 covalently-linked to hydrophobic beads designed to be-
soluble in hydrocarbons and not in the aqueous phase.
Such beads generally have a size in the range 1 to 5
microns. If only a few oligonucleotides, but enough for
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m crotrace isol ated sanpl e known sequence doubl e stranded |inker nol-ecul-es
(typically of 10 15 to 25 bp long) added to the mxture and ligated to the
di gest ed DNA nol ecul es using DNA |igase enzymes. DNA anplification of the
DNA sanpl e nol ecul e coul d then be achi eved“Usi ng single stranded DNA

primers which g Cé)%ﬂlé&t‘?@?%@%%ﬁﬁgﬁ%mndgg%‘%%‘%@%ﬁﬁﬁéaﬁﬁdDNA’ 15

The uni queness”of the mc _ eclil'e e .pre-det erm ned using

speci fic DNA eeedinguenexe. adied Dapd herded st@ thet &A%, e he ones

\gglaﬁhdgfcur' ”%ﬁ%%éi%@ﬁ%f‘ ﬁfd?gﬁﬁficaédrd face htfélztao kﬂ(ﬁwbﬁ&‘quencg has
erm ned (by sequenci n rocedyres).. e se e

synt hesi sed Dmmw-?ﬁ%gﬂbt%?ﬁ?%éﬁ&s‘éh@én@ée O?V%S%efmw%%ig and

| i nkers fors uniwrfade coiué ttonthki cémpasitbion oof i thed ybaad) hesuta@dbeThe

uni queness of fhe pmicrotrac riQer I 'r%gg | qg&r o the

individual\Mufgﬁﬁé?*$k§ﬁ€6€%f$€%%8égﬂﬁnﬁggﬂﬁg%at eH%B%?dﬁgr ntgg#%ah

security of miintx rehve aguéesus ThRaspA ndiy weulddeemain ¢t |¥hes a naked

mol ecul e or ag,y {-écﬂbcgn £t Sofé JBPbSERAPENGEs WSEd 6Fb Areh&PEUEHET
protozoa). The DNA may be fornulated 1nto naterleug
' bead plus its attached oligonucleotide from the

10 hydrocarbon.

DNA can be attached to the chosén hydrophobic beads
in a number of ways. Beads such as paramagnetic carboxyl
modified polystyrene beads (Polysciences, Northampton UK)
or paramagnetic tosyl-activated polystyrene beads (Dynal,

15 Merseyside UK) may be used in this context. The DNA
oligonucleotide can be attached covalently by linking the
5' terminal free amino acid to a suitable target, in this
case a carboxyl group attached to the bead. The method
is routine (Lund et al., Nucleic Acid Research 16, 10861,

20 1980). Following oligonucleotide attachment, the
labelled beads can be washed in water and air dried. The
excess carboxyl groups on the beads which have not been
bonded to an oligonuleotide, can be capped with
octylamine dissolved in an aqueous solvent such as DMF

25 using DCC as the cross-linking reagent.

Oligonucleotide labelled beads can be dissolved in
solvents such as chloroform, ether, petroleum ether or
toluene which in turn can be dissolved in the oil to be
labelled ensuring an even distribution of the beads and

30 hence the DNA in the o0il. The beads can be separated for

' DNA determination and evaluation of the label by using
magnets to pull the beads into one region from which they
can be physically separated, or simply by centrifugation.
Care must be taken to ensure that the beads have a

. 35 specific gravity which is the same as the oil in order to

prevent sedimentation and so an uneven distribution of
the label. '



30 which protect the DNA whilst it is present in.
(e.g. as a bead surrounded by a gelatin coat, or
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concentration of microtrace additive in the range 0.01 to
1000pg .DNA/pl.

3. A method as claimed in Claim 1 or Claim 2 in which
the microtrace additive dissolves or bonds to the
material.

4. A method as claimed in any preceding Claim in which
the material is a hydrocarbon and the DNA is formulated
within a hydrocarbon soluble material which ensures the
DNA dissolves in the hydrocarbon and cannot be removed
easily by aqueous washing.

5. A method as claimed in Claim 4 in which the
hydrocarbon is oil.

6. A method as claimed in any preceding Claim in which
at least a region of the DNA molecules are methylated.

7. A method as claimed in Claim 6 in which the DNA
molecules are fully methylated.

8. A method as claimed in any preceding Claim in which
a portion of the DNA molecule is linked to a biotin or a
hydrophobic hapten.

9. A method as claimed in Claim 8 in which a portion of
the DNA molecule is linked to a biotin and said
microtrace additive is removed from the sample by
contacting the sample with a solid phase coated with
streptavidin or avidin. _

10. A method as claimed in Claim 9 in which a portion of
the DNA molecule is linked to a hydrophobic hapten and
the microtrace additive is removed from the sample by
contacting the sample with a solid phase coated with an
antibody for the hapten.

lsﬂwa}hsBachlmwd




ensure that it dis The materi al 1.2 g. for
use in hydrocarbons it nma be formukated wthin affyd éﬁﬁh %
mat eri al which ensurtmlm m"ﬁves inthe h d cannot be
removed easily by aq hi s SE&gt Has\. eced™ 8 For
exanpl e, the DNA may be fornulated as foll to ensure the DNA r emai ns

wi thin the hydrocarbon and cannot be renoved fromthe hydrocarbon by

aqueous washing. In 5 mxtures of water and hydrocarbons, for exanple, oi
spi || s at seallany2Dmethass &g ¢kpined hinir héh areklaim id dn shigh

aqueous phase cnEhyPRddI NeherDVE: WiiRictdie o dliid iz drp, due 1o the

negati ve charges ,associated with the phosphodi ester groups of t He DNA and
10 the abilit findtrophenad ash EHY¥EPHR%r nol ecul es and an inability

to do so i B ailydr ac amettivdras rar&mf&d ﬂiheanyagﬂte Of dlaiges 1306 dred Wit h

t he phosphodi est.e ru ure t he B@? I n renmoved by .

nmet hyl ati on o?’%‘fﬁés% §r %H'p ?ﬁ/laaq "g%) c?o?n:br&se% o&ﬁx i%coz%orﬁ:mg
sulphonucleotldes containing thiophosphates which are
modified by suitable agents to render the molecule

- hydrophobic.

10 13. A method as claimed in any one of Claims 1 to 5 in
which the DNA is covalently linked to hydrophobic beads
which are lipophilic and form stable dispersions in
liquid hydrocarbons.

14. A method as claimed in Claim 13 in which the

15 hydrophobic beads comprise polystyrene or
polyvinylchloride.

15. A method as claimed in Claims 13 or 14 in which the
hydrophobic beads are paramagnetic.
-16. A method as claimed in Claims 13 to 15 in which the

20 material is o0il and the hydrophobic beads have a specific
gravity substantially the same as that of the oil. '
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15 the DNA molecule will ensure that this part of the nol ecul e becones

hydr ophobi ¢ t hereby ensuring that the DNA nol ecule remains within the

hydr ocar bon phase and is not transferred to the aqueous phase. This can be
achieved even if part of the DNA nolecule retains its 20 negative charge
i.e. is non-nethylated. Methylation of the ¥NA nol ecul e can be achi eved by
synt hesi sing the DNA ol i gonucl eotides used as the mcrotrace nol ecules with
nucl eosi des which are in turn synthesised with nethyl phosphonates. 25

Any procedure which favours sol ubi I'i satABSTRECIDNA nol ecul es in hydrocarbons
instead of an aqueous PRRSErERULENEITYERINIERARRALECPRAEEREREO Mt hyl at ed
DNA. This could be acco 1.she a on_the nucl eosi de bases
with biotin, or hydrop A i trophenol

or tri-iodothyronine. Bi @& mlmahmgm%ncs@n iMAFERIAT, O non- aqueous
phases, such as hydrocarbons. Alternatively sul phonucl eoti des contai ni ng

t hi ophosphat es coul d be used and incorporated into the m crotrace DNA and
subsequent | § 35 der Avaetbed wift monitoripgethei mowsuengi of agwaterdadh as

i odoet hanol . which comprises adding to the material, as a microtrace

additive, DNA molecules, sampling the resulting material
after movement thereof and detecting the presence of said
microtrace additive in the sample.

10 The method is particularly suitable for use in
monitoring the movement of oil shipments and the
microtrace additive is selected such that it will remain
in the oil phase in the event the oil is dispersed in
water e.g. sea waﬁer.



10 3. The regi on BC |s the var| abke.regi on of T and it
will be.this regiBs lags@C ﬁHﬁgg” gce Dﬁﬁ?nugﬁﬁgé§rta nj que,
charagtegistic. S|g g|605b55¥@’mases | bng t hen_ w [ he f our
bases avail abl e fo Thi il bel1] 048 ﬁﬁ’b@%m U

m crotrace nol ecul es capa e| ng synthesi sed f the BC regibnjis 15
bases long, then 1.07 x [err] unlque m crotrace nwlecules can be
synthesised. If the BC region is 30 bases, then 1!

m crotrace nol ecul & can The FpaieaspSels the varipbleegrgaoroefi Fhepe
SynLheSi sed Wxﬁﬂ:ﬂ&iﬁ&\déﬂlm RN §@SEes B ﬁmlav h:fdglbhewh;ldhpgavban
anchoring prop | es. cule.for extra

streptavi di n tﬁﬁéh ?ﬁqqrﬁﬁf E&Pagﬁiac? poi nP"Agu%' & %%Egg%%glﬁndel

m-crotrace SDI\VSJrgn)aJJ.ooIIﬁ ithels Aegiopaig®(l0 baseB long thegOwith the
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‘synthesised.

ase aﬂaﬁ&able fofeihﬁhﬁhﬁﬁeE?fe<?éﬁ€§é wirbaggs>
structure_as . -
1.048 x 10° unique microtrace molecules capab?e of being

synthesised. If the BC region is 15 bases long, then
1.07 x ;09 unique microtrace molecules can be
If the BC region is 30 bases, then 1.15 x
1018 unique microtrace molecules can be synthesised.

4. The region CD will be synthesised with
methylated nucleosides to provide the hydrocarbon

anchoring propertles.
5. The biotin molecule for extracting by

streptavidin binding will be attached to point A.

6. Thus, the model microtrace DNA may look like:

A pa 30 B 10-30 C ca3o D

1

nethylated DNA
with same
structure as
AB region

10
<bases>
for DNA
sequencing
primers

18/20
<hases>
for PCR
primers

aqueous hydrocarbon phase

phase

AB and CD regions will beidentical and constant for
all microtrace molecules, except that the CD is
methylated, AB is non-methylated and the biotin molecule
is bound to point A. '

In the case of DNA labelled with hydrophobic
haptens, separation from a sample may be achieved by
making use of hapten/antibody pairings in a similar
manner to biotin/streptaridin as discussed above.

In an alternative way to ensure that the DNA remains
within the
covalently-

hydrocarbon, the microtrace DNA may be

linked to hydrophobic beads designed to be
soluble in hydrocarbons and not in the aqueous phase.
Such beads

microns.

generally have a size in the range 1 to 5
If only a few oligonucleotides, but enough for



prlners sequenC|ng AB region pri PkkﬂﬁﬂﬁﬁﬂTSHEET

hydrodarbon phase phase AB and 'CD regions wll be}i@éentrcal and cbngt ant
for all mcrotrace nolecules, except that the CD i\sinmetbylmiagdey AB |s
non- et hyl ated and the biotin molecule is bognd tq point” A In th¢ tase of
DNA | abel I ed wi th hydrophobi c haptens, separation |f temea—sanpre nay

achi eved by mk'ﬂﬂe“i&eﬁh?ﬁ@é@%ﬁ@f %Ci‘inEﬂgiégg 'ﬂ]a§ &l
biotin/streptavidin a | scussed above

ernative way to
ensure that the fﬂE@?%ﬁaFﬁglﬁn?fﬁ11qwhélﬂy§F6€ rant FhéeﬁchﬁtFBQE %ﬁ#\nay

be covalently | IJﬂkeﬂotﬁabédbﬁpi@énﬁﬂie&dindesdgaed intbeosdl hakeain
hydr ocar bons and

in.t e, h y:CO i
polystyrene or ?Qé?ﬂyYCE IPQ%%ea gggeﬁggég?sgﬁavg gRéI§ 9% he
range 1'to 5 ﬁ1cpbnse rénéﬁryna.¢Qm&eﬂh190nanﬁe@deu§sflgatlnotOénﬁugh for

nicrotrace particularly difficult.

Many tracing methods have been used to solve
problems of this sort, all involving the addition of some
characteristic material. Previously such additives have

10 been dyes, or radioactive compounds, or characteristic
organic molecules, or cellulose microdots. Biological
materials have also been used, notably for tracing the
movement of water bodies in the natural environment, such
as bacteriophage or bacteria. 1In these cases the living

15 systems possess some property (for example, a known drug
resistance pattern, or particular host specificity) which
does not normally occur in nature. The added organisms
can be traced from their point of addition by measuring
samples as required, isolating the added organisms and

20 showing that organisms isolated from samples is the same
as that originally added.

International Patent Publication No. WO 90/14441
published on 29th November, 1990 discloses a method of-
monitoring the presence of a substance which comprises

25 tagging the substance with a nucleic acid, collectin§ the

 substance and detecting said nucleic acid, generally by
amplifying the nucleic acid using polymerase chain
reaction technology. Suitable substances which nay be
tagged are said to include air pollutants, oils, aromatic

30 compounds, explosive compositions, foodstuffs,
medicaments, inks, paper goods and paint products. It is
stated the nucleic acids can be optionally bound to a
component of the tagged substance through a covalent bond
i.e. that the nucleic acids are covalently bound to the

35 tagged material or a component thereof. Alternaﬁively,
the nucleic acids may be free or they may be bound to a
solid support (such as latex beads, dextran or magnetic
beads) which is then nixed with the material being
tagged.



Thi s+Sheet Has Been Repl aced 3. The region BC is the variable region of
the microtrace DNA and it will be this region whitTirzoi el Ot r ace
DNA nol ecul e its unique, characteristic 5 signalzkﬁmﬁ“ﬁﬁ@Eﬁidf E s 10
bases long then with the four bases available fof f -DNA nol ecul €] fhere

will be 1.048 x 106 unique mcrotrace nol ecul es :a)abigJﬁNtﬁQq@
synthesised. If the BCregion is 15 bases |ong, fhe¢ 07 x 109 pn{ que

m crotrace nol ecul es can be 10 synthesised. |If|t] region s BO bases,
then 1.15 x 1018 uni que mcrotrace nol ecul es canjbe synthesised. The
region CD will be synthesised with nmethyl atgd nucl eosides to provide the
hydr ocar bon anchoring properties. 15 5. The biotin nolecule for

extracting by stre[mft\éxd-la{tibm rkmalwédd rbﬁalaiéa?@:t@ﬂ k8. pﬂmeO?‘ll:Qfgl I:hUS’
EggonndelDﬁzgéO%%gsses tﬂgﬁlof¥g and. other néhmgq&@gt;aqgmgs can be
- tagged effectively by the use of detergents added to the
taggant prior to the addition of the taggant to the
liquid. Recovery of taggant may be achieved by standard
techniques. Typically, the sample is washed or extracted
with either distilled water or a buffered solution.
Using phenol based extractions or phenol/chloroform
extractions one can recover nucleic acid from complex
biological sSubstances or from oil based substances.
International Patent Publication No. WO 90/14441
does not appreciate the problem of tagging petroleun
products in a manner which will withstand prolonged
mixing with vast amounts of aqueous phase nor disclose
the possibility of tagging immense volumes of oil e.g.
thousands of tonnes, which are currently routinely
carried over the seas by tankers. The specific exanple
of tagging oil comprisess:
| Preparation: (a) mix together 40pug of taggant, lopl
"Tween® 80" (detergent), 10zl “Span 80 (detergent), and
100pl distilled water, and (b) add mixture to 1.7ml oil.
The combination is then thoroughly mixed.
Recovery: add oil directly to PCR mix (which is an
aqueous based mixture), vortex and amplify: or use a
standard phenol-chloroforn extraction. After treatment
with phenol, the taggant was detected in the boundary -
layer between the o0il and water phases.
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structure as priners sequencing . AB r ¢gi[on 25

prinmers aqueous - hydrocarb¢njphase 3D
AB and CD regions will beidentical and constant forjall ﬁéc%@?ﬁ@@%
nol ecul es, except that the CDis nethylated, AB is poR—-wetdated.and] t he
biotin nolecule is bound to point A In the case of |DNA | abelled with
hydr ophobi ¢ 35 haptens, separation froma %nple may be achreved-by-raki ng
use of hapten/anth&dyopaBBidgscrhbassmeﬁhqﬂsraﬁw&abeliingnmaﬂeniaéptasﬁngn
as discussed, aboye, éme{lﬁa' &géPaﬁaf&%tfareeseaﬂgwﬁa Lhe dNAdE

within the hy ocar e mcrotrac coval ently |inKe to
hydr ophobi ¢ Béuslt crrmpgwed using asspmal@wrhtarmﬁmn@oﬁgmaﬁanﬁdfh%qh bagds

aqueous phasg, $yeh Pepds gerpbahlly havehchit ZBNA NahBe m@Ngerdmt8 Ppartial

mcrons. If only a few oligonugcleotigdes, b enough_for . es
restglctlon endgnucfease igest %%ereo%gare exemplified.

This invention describes the use of a particular
biological material which can be used to monitor the
novement of materials in any of the general ways
envisaged above. The biological material used is a
complex molecule whose structure can be characterised in
several ways and in principle an infinite number of
unique molecules can be generatéd to produce an infinite
number of different, unique nicrotrace additives. 1In
practise, the natural variability of the molecule can be
manipulated to give a measurable value for the likelihood
of such a similar molecule occurring naturally. That is,
by careful selection of molecules for the microtrace



CLAIME 1 A method of nonitoring the novenent or aRRydrOTRIFNThSHEET
_conprises adding to the hydrocarbon, as a microtrace a Ve
‘ol ecul es to provide a concentration of mcrotrace dditivqé&n‘LSe
'0.01 to 100pg [err] sanpling the resulting hydrocadbdn AB&MN B2
t hereof and detecting the presence of said m cifotrage Lt |
sanpl e, said DNA nol ecul es_ being fornul ated as a_hydrocarbon conpati ble
materi al whi ch ensuR@ke¥irl DRETRfietSCEEALRLY HE bt he
\rAErm\r/]edheasi l'y by aﬁﬂs@mdd i W Bshi dh b%l caléulEtddtashokvathet tierd @am bei n
ich the mcrotrace itive | Ssol.ves e arhbon. 3
A net hod as clainedoPﬁyC??ﬁrﬁiiékm%ﬁagi%\§g¥%9§£gghkgﬁ%gDﬁg¥gégfbr%%Fated
wi thi n a hydr ocar borresenb| tntrireantdionwapkes digrads reFeNbNRAVIRRERS Vas i n
the hydrocarbon gndhegnRiptsdies IRy adtha3as! Fob ] deeeet 1 NbNGkhet A

met hod as cl ainmed in_an recedi,ng cl.aimin I gh the hydrocarbon.s.oil. 5
A method as cl ai medpF‘ﬁS%'h ep?’g%é&%ng’lehaﬁhﬁﬁh’ﬁ%ﬁ’q&t a.eg’s{f:e%g’rr}-.gdiyoﬁo‘éf
the DNA nol ecul es ateveds hyt atetbendratipnaet Harepyes] fhisdprec®uwien 5 in

whi ch the DNA ol ecy e50@418 haldd JebhBi8isgical mollctbhodods GitdigRgeti®

an receding claimin which a rtjon_., . ein s : .,
y P g on the syste&xgelng_l1v1ng within the normal definition

hge

10 of living, i.e. capable of sustained replication from one
generation to the next.

The biological molecule to be used as the microtrace
additive is DNA (deoxyribose nucleic acid), the genetic
information molecule of almost all living systems. Each

15 DNA molecule can be unique as a result of the sequence of
bases (adenine, thymine, cytosine and guanine) 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

20 big DNA molecule is employed as the microtrace additive)
then for all practical purposes a unique microtrace can
be defined and used. Previously DNA (or other biological
molecules) could have been used as trace molecules, but
the sensitivity of all known analytical procedures

25 precluded their use since large quantities of DNA would
have been needed. Addition of such quantities as a trace
may have been undesirable and moreover the procesé would
have been uneconomic.

This invention describes the use of small quantities

30 of DNA (typically in the concentration range 1000 to
0.0lpg DNA/ul ) because of the technical ability to
determine the presence of DNA molecules made possible by
the polymerase chain reaction method. In vitro methods
have been described which allow for the enzymatic

35 amplification of specific DNA seguences using
oligonucleotide primers which recognise all or part of
the DNA molecule used as the microtrace additive. The
sequential use of the polymerase chain reaction enables

the molecule to be amplified exponentially. For example,



of the DNA molecule is |inked to a biotin or a hydrophOMhQimmﬁﬁéﬁﬁﬁgg
method as clainmed in daim?7.in which a portion of the CTo et t-e—it-

linked to a biotin and said mcrotrace additive is rengvgd Qnogb;hgﬁsar lje
by contacting the sanple with a solid phase coated witH gtrépt #itdiZa? o
ravidin. 9 ° A nethod as clainmed in Caim7 in%hich ajpdrtion.of the

14 mol ecul e is linked_to a hydrophobic hapten and the mcrotrac additive|is
renmoved from the sampildfigatdenact HAgeYser W &t ' : d

with an anti body f @iaseioth)l@apeeisedOand AriBiidlddeds udidigrtthe Folllalihg or
Caim9 in which the gyg&gphobic hapten is selected fromfluorescein,

di ni trophenol and PFPEE roni ne. 11 A nethod as clainmed in any of
Clainms 1 to 4 in which Dha disoletedcEromddisampd.e dohlowiag iPNMAaddition as
I ncor porating ul phyr | des aiJy kRN ghi

modi fi ed by sui ?’ab?e?‘é&%%t%%gg,ggﬁﬁgfr?’q‘%he@%%&%&@h%&%@%ﬁlyﬁggﬁéﬁ“
net hod as cl ai ned Msingyasy eudtable restrichipgh endopycheases (€oFal ently

linked to hydropholicgrpeadpstfii,cRinnert] Rl i o the digested. or

paftially digested, DNA microtrace isolated sample known
sequence double stranded linker molecules (typically of

10 15 to 25 bp long) added to the mixture and ligated to the

' digested DNA molecules using DNA ligase enzymes. DNA

amplification of the DNA sample molecule could then be
achieved using single stranded DNA primers which
recognise the DNA linkers bonded to the microtrace DNA.

is5 The uniqueness of the microtrace DNA molecule can be
pre~determined using specific DNA base sequences. The
DNA microtrace molecules may be ones which occur
naturally, such as pBR322, and for which a known sequence
has been determined (by DNA sequencing procedures). The

20 DNA used may be synthesised DNA using a pre-determined
-sequence of bases DNA primers and linkers for unique
recognition which can be routinely synthesised. The
unigqueness of the microtrace DNA, primers and linkers is
known only to the individual who adds the microtrace

25 molecule, thereby guaranteeing security of microtrace
paths.

The DNA may be added directly as a naked nolecule or
as part of a complete organism (phage, bacteria, fungus |
or protozoa). The DNA may be formulated into materials

30 which protect the DNA whilst it is present in the
material being traced (e.g. as a bead surrounded by a
gelatin coat, or surrounded by another protective
rolymer). DNA nay be forrmulated in such a way as to
ensure that it dissolves or bonds to the material being

35 traced (e.g. for use in hydrocarbons it may be formulated
within a hydrocarbon soluble material which ensures the
DNA dissolves in the hydrocarbon and cannot be removed

easily by aqueous washing).



and forns stéble’dispersions in liquid hydrocarbongs
clairmed in daim112 in which the hydrophobi c beads

pol yvinyl chloride. 14 A nethod as clainmed in C § 12or i ch

t he hydrophobi c beads are paranmagnetic. 15 A met ho¢l as.clained ih L ains
12 to 14 in which the material is oil and the hydrephobf e “eads: -haye| a
specific gravity substantially the sane as achat of |t he—oild CLAIMS 1

A nmet hod of nonitoring the novenent of a material -
the material, as a mcrotrace additive, DNA nol eculFes;—samp =t
resulting material 5 aft novenent ereof, and_detecting t.he pr nce of
said mcrotrace additi veq:ﬁ'tl?“ue t"l:l%gﬁ%’l?rpég 13 heAVﬁ’éf‘ﬁﬁ eaE%&lﬁqr@cfei Caimi
“in which the gierotrees aINA tané is wilkdbéothbe ragéovnakhiictprgiviede a
concentration of mgrotrace addi.jive.in fhe.range.0.01 to_10 | err]
57" A et hodeBEhe PR aF i v HORe el & 1S T G Pe nPrE AR ta T e
addi tive di ssgiypaler buhadshio tégion is 10 bases long then with the

four bases available for a DNA molecule, there will be

i ch conprises adding to

1.048 x 106 unique microtrace molecules capable of being'
synthesised. If the BC region is 15 bases long, then
1.07 x 10° unique microtrace molecules can be
synthesised. If the BC region is 30 bases, then.l.ls X
1018 unique microtrace molecules can be synthesised.

4. The region CD will be synthesised with
rethylated nucleosides to provide the hydrocarbon

anchoring properties.

S. The biotin molecule for extracting by
streptavidin binding will be attached to point a.

6. Thus, the model microtrace DNA may look like:

a pa 30 B 10-30 C ca3o D

18/20 10 . methylated DNA

<bases> <bases> 1 with same

for PCR  for DNA ! structure as

primers  sequencing . AB region

primers :

1 .
agqueous ' hydrocarbon phase
phase )

]

AB and CD regions will be identical and constant for
all microtrace molecules, except that the CD is
nethylated, AB is non-methylated and the biotin molecule
is bound to point a.

In the case of DNA labelled with hydrophobic
haptens, separation from a2 samnple way be achieved by
naking use of hapten/antibody pairings in a similar

nanner to biotin/streptavidin as discussed above.



material . 4. A nmethod as clainmed in any preceding aimin -which 15 the
material is a hydrocarbon and the DNA is formul ated j , n
: soluble material which ensures the DNA di ssolves in G m@:‘&ribSHEE'ﬁg
cannot be renoved easily by aqueous washi ng. 5. A Eh as clai n
CGaim4 in which the 20 hydrocarbon is oil. 6. A net hodq as: ol akned] i p any
preceding Claimin which at |east a region of the | ecdl’es ‘at'e

net hyl ated. 7. A nmethod as claimed in Caim6 in -Fatieciul es
are fully nethylated. 25 8. A method as clainmed ip_any preceding Ciaim
in which a portion of the DNA nol ecule i90da nked to a biotin or a
hydr ophobi ¢ hapt ep. _9. aj I ai_m 8. I _ t.i on
of the DNA nol ecgﬂeagsa?‘lt%fgggggga&% g’%)i %Hg%rdé sncg}g(f 3 emné’?’o%%%%aﬁ% R
is renmoved thenhyfizosampor.byheoniaxetirare MIAsnayl bewroviabterbly d iptkese to

coated Wi t hhohtephawhiei BeQsadédidhed Qo e EINAA 23 nChearBEalBotd &8 Rk
whi ch a portion_of the DNA nol ecul e |§¥I|nked to a hydr.ophobic hapten and

35 the m crofr 486 FFHAIUR RRAFemD P REAYH EVafiP e polystyrene or

polyvinylchloride. Such beads generally have a size in the range

1 to 5 microns. If only & few oligonucleotides, but not enough

for



cont atti ng the sarrpl e \m’t‘h—a-s_m_d’“rfh?sé‘foat ed w tMFEAﬁEm&ﬂE% (the

Ualms

hapt'en. Thi s Sheet Has B A net K

or Caim10 in vvhichtherg E‘T Ilzlgu enls sel gctled from fl uor ¢sg¢in,

di ni t rophenol and triodo hod jag cha i any one of
A el % JER 1907

Clains 1 to &armshich-the mcrotrace additi congrilses I ncor pofating
sul phonucl eoti des contai ni ng thi ophosphat es whi ch gre-modrfred—by suilt abl e
agents to render the nol ecul e hydrophobic. 10 13. A nethod as clained in
any one of Q ai nsA Imeohadi of wpritartiagDiihei wovenahtn®l yal Ryeekcaxpon which

hydr ophobi c @&@;gf 1 405 CQdéiﬁg' tBW?ﬂé' hfd?&?!an.fk%r{n %s‘?‘bel %Péﬁ&@fédé)%%dﬁ'ﬂqg

| i qui d hydrocarbons. 14. od as clained in Jdaiml
hydr ophobi ¢ %’éd@ok%%}?:%et%dl’%‘f’;qeeﬁeCBPCﬁBFWFh?Pc%f JrigEotnare RAGdthvY

as clained iinCraiensrdidger oldi ncavhiobopdie DNRGLORh bR DERE!S tAE e resulting
paramagnet i Chydrocarbon after movement thereof and detecting the presence of
said microtrace additive in the éample, said DNA molecules being
formulated as a hydrocarbon compatible material which ensures the
DNA dissolves in the hydrocarbon and cannot be removed easily by

agqueous washing..

2 A method as claimed in Claim 1 in which the microtrace

additives dissolves or bonds to the hydrocarbon.

3 A method as claimed in Claim 1 or Claim 2 in which the DNA
is formulated within a hydrocarbon soluble material which ensures
" the DNA dissolves in the hydrocarbon and cannot be removed easily

by agqueous washing.

4 A method as claimed in any preceding claim in which the

hydrocarbon is oil.

5 A method as claimed in any preceding claim in which at least
a region of the DNA molecules are methylated.

6 A method as claimed in Claim S5 in which the DNA molecules
are fully methylated.

7 A method according to any preceding claim in which a portion
of the DNA molecule is linked to a biotin or a hydrophobic

hapten.

8 A method as claimed in Claim 7 in which a portion of the DNA
molecule is .linked to a biotin and said microtrace additive is
removed from the sample by contacting the sample with a solid

phase coated with streptavidin or avidin.

g A method as claimad in Clair 7 in which a portion of the DNA



16. *A srethod as claimed in O ains 13 to 15 in which T oil
and the hydrophobic ' ific gravity sum ' "\ijtg e as
that of the oil. Thil Hﬂ “ﬂslmﬂmfRe | aced
. * c L M S * '
14
molecule is linked to a hydrophobic hapten|and the microtrac

additive is removed from the sample by contacting the sample with
a solid phase coated with an antibody for said hapten.
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10 A method as claimed in Claim 7 or Claim 9 in which the
hydrophobic hapten. is selected from fluorescein, dinitrophenol

and triiodothyronine.

11 A method as claimed in any of Claims 1 to 4 in which the
microtrace additive comprises DNA incorporating sulphur
nucleotides containing thiophosphates which are modified by
suitable agents to render the molecule hydrophobic.

12 A method as claimed in any of Claims 1 to 4 in which the DNA
is covalently linked to hydrophobic beads which are lipophilic
and forms stable dispersions in liquid hydrocarbons.

13 A method as claimed in Claim 12 in which the hydrophobic
beads comprise polystyrene or polyvinyl chloride.

14 A method as claimed in Claims 12 or 13 in which the

hydrophobic beads are paramagnetic.

15 A method as claimed in Claims 12 to 14 in which the material
is ©0il and the hydrophobic beads have a specific gravity
substantially the same as that of the oil.



