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REVEREE DETECTION FOR IDENTIFICATION AND/COR QUANTIFICATION

OF WUCLECTIDE TARGET SEQUENCES ON BIQCHIPS

Field of tha invention

[agei] The present inventicon providezs a method for
the jdentification and/or the guantification of cne cr more
target nuclectide sequences present in a sample and which
allows their discriminaticn with howmolegous seguences,
especially  Lhne identification and guantification of
speciiic species of mwicro-ovganisms belonging to the sawe
family or for the detection and/or the guantification of
various isotypes of a general seguence belonging te a
specific organism (ingluding Single Woclecotide Pslymorphism

seguences) .

Background of the invention and gtake of the art

[agez] Biochips made with many specific capture
nucleotide seguences are wsll guited tools to perform =a
discrimination bertween corresponding vwarious homologous
nucleotide sequences to be detectad in a sample.

[0003] However, it sxiste differences in one or
between microorganisms which differ by en:y one Lase of the
DNE or RNA sequences. As these seguences are very gimilar, a
erogs-reaciion  may  occur between one  givem  target
nuclectide seguence  and  differenmt capture npucleotide
segquences on which it may hybridise.

[oo04] The biochips techoology which allows by

miniaturisation, the hybridisation and datection of one or

JP 2004-502468 A 2004.1.29
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2

wore target nuclectide seguences are useful teools for the
debection (disorimipation) between one or mere target
nucleotide sequences, given to the high number of capture
nucleotide eequences that are bound on the biochip. It
a2llows alsc the determinavion of a gens expression pattern

of

& kissue, which is cbtained by copying mENA into cDlA
and by their hybridisation usen bicchips containing capturs
nuclectide sequences complementary to these sequences. As
the ¢DNA sequences are different Irom each other, the level
of cross-reaction iz low, the napturs nucleotids scdquences
heing constructed from a bank of c¢DNAs clonad frowm the
tissue (which are rather long ssquences) and the »ate and
the yield of hybridisation is high.

[0Q05] when pmall capture neclestide sequences are
used the level of hybridisation is rather low, sxcept if
~he target sequences axe out into smaller pisces. In
solution, the rats of hybridisation is proportional to the
gguare root of the strand length, the small one beiny the
limiting one (Wetmur, J.G., Biopelymers 10, 60t (1971);
Anderscn sb Young in "Nucleic acid and hybridisstion”, IRUL
Press, Eames, 3. and Higgins, §. EBEditeurs, 73-111, Oxford-
Washington DC (1285)). When the reaction is performed on 2
solid surface, thz influence of the lengthk of capture
nucleotide ssquences is even greater than in solution, so
that the differencs between the ratc of fixabion of a given
target DNA saquence on small or long capture nucleotide
szqguences is very large.

(00061 The detection of DRA  target nucleotide
fequences itself is even mere problematic simce the DNA has
first to be amplified (usually by PCR). Amplicons are
doubls strapded DNAR and tend to reassomiates in selution
rather than ayvbridise on capture nuclestide seguences, that
are bound upon the =clid surface (WO98/11253). This effect

is also divectly depsendent on the length of the capture

JP 2004-502468 A 2004.1.29
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niclectide sequences arnd small capture nucleotide seguences
lead to a lack of zensitivity. It i=s posaible to cut the
BMA inte pieces, in a non-specific way (given the large
nuelber of sequences to be anaiysed in chips). 1t iz alse
possible to bind as much a= poscitle capturs rucleokide
seguences upon a suarface of the sclid suppert in order to
influence the ¥yield of the reaction, but there are
limitaticns to the concentration that can be tound. Finally
the choice of the geguendes is lmportant, since even with
the same lengtill some sequences give kigher hybridisation
yield than other ones (formation of & secondaxy structure,
which can favour or accelerate the first step lesding to
tie double strand formation.

{0007} Thexelors, capture nucleotide seguences of
wedium  length have been propcsed as a compromise which
still gives a yood yield of hybridisation while allowing
the detection of targst homologous sequences.

[oees] However, small capture nuclectide seguences
allow discrimination between sequences which differ hy as
little as one base. One application of these array bearing
amall capture nucleotide sequences is the identification of
Single Muclentide Polymorphism (8Mps) sequences

{(Wos8/56954) .

Aims of the invention

[0005] The present inventicon aims Lo provide a new
and improved scolutien for the identification and/or the
quantification of a target nucleotide sequence among other
possible  homologous target sequences by using arrays
bearing capture nuclectide sequences specific to  the
di

rent homologous targst sequences, and which dses nob

present the drawkacks of the stake aof the art.

JP 2004-502468 A 2004.1.29
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Summary of the invention

[co10] ‘The presant invention allows the
discrimination between homaologous target sequences that
could ba present similtaneously in a sanple, by an
inversicn of the hybridisation process of the seguences to
ke hybridised on the array.

[0011] The method according to the invention allows
g Zdentification (detection and charactezisation) and/or =z
guanzification of target nucleotide seguences based on a
two-step bipding process in wiich the muclectide seguences
that kind to the target in the first step are used in the
second step as targets to be detected om an avray.

[oo12] In the method according to the invention, the
targat DNAR (or RNA} geguences reack Ffirst with differeat
possibly labellad nuclectide sequences, then after washing
said possibly labelled nucleotide sequences are detached
from the targst nouclectide sequences and finally identified
by hybridisation on an array besring capture nuciestide
seguences complemsntary to the possibly labelisd mucleatide
sequences. According to the invention, it is the possibly
labelled nuclectide sequences that hybridise on the array
and ot the target nuclectide sequences.

[3a13] In the methed according to Lhe inventicon, the
capture nuclectdde sequences and the target nuecleokide
seqguences have &t least a part or a portion of their
sequences which is identical, while the possibly labelled
nuclectide sequerces are complewmentary sequences to them.
Such inverted method, as describad in the enclosed claims,
advantagecusly  anclves  the sroblem of an  efficlent

diserimination bhetween homologous target seguences.

Definitions
[0014] "Homologous nuclectide seguences” mean DNA o

RNA secuences having the same nucleotide at corregponding

JP 2004-502468 A 2004.1.29
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pogitions. The degree of Nowology f{or sequence identiky) is
caleulated as the percentage of identical nucliectides a:
given locations after thes sequences have been optimally
aligned {full szquence) taking inte account inssrtions or
deistions like gaps in one of the two seguences to be
compared. This is the case for seguences of a given cene,
present in genetically different pources 1like &ifferent
organism species or for proteins or enzymes having similar
funckions {from the same family or sharing commen
structural domain). The degree of homoleogy (or seguence
identity] can vary a let wiih sequences being howmologous akt
only one or more gpecific lecations or all along their
seguences. The parte {or portions) of the sequerces which
are identical in both gaquences are said "conserved'. The
seguences siowing a high dearse of invariance im their
sequences are said te be hichly conserved and they present
a nigh degraz of homelogy  Sequences differing by only one
base can be considered a8 the highest degree of hemologous
segquences. This is the case of seguences responsible for
the Single Waclectide Polymorphism sequences or SNP
SRqUences .

[LoL5] Homelogy (or sequence identity) is caleoulated
after alignmen: of sSeguences and are based on  local
homology algovithms which have heen compuierised f{as for
example but not Jlimited to Clustal, Intelligenetics,
Mountzin Vview, California, or AP, BESTFIT, FaSTA and
TFASTA in the Wisconsin Jenetics Software Package, Genetics

computer Group Madison, Wisconsin, USA or Boxshade)

Short descripticn of the drawings

[odas} Figure 1 jis a schematic presentation of
reversed biochips acceording bo the invention mede of twa
chambers 5 and 6 present upon the same solid suppori 4 and

wonnected for the purpose of automation.

JP 2004-502468 A 2004.1.29
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Patalled degaription of the present invention

[0a371 The inventicn includes advantageougly the uze
of double bilochips wherein a first chambsr 5 bearing a
target nuclsotide sequence 3 to be identified and isolated
from a sample 1is introduced and a esecond chamber &
comprising various bourd capture nuclectide sequences 2 to
the solid suppert 4 of the biochips 7, said capture
nucleotide sequences being specific to fthe labellad
maclsotide secuwences 1, as represented in the Fig. 1. In
order to wake assaye easy to periorm, target nuoleotide
sequences 2 are immobilised on the sclid support 4, =o that
they can react with various labelled nuslectide sequences 1
in the first chamber. However, this immobilisation is not
escential to the invention since a first hybridisztion can
be performed in solution and the labelled nucleotide
szquences 1 thereatter separated from the target nuclestide
sequences 3 before being themselves detected on the arvay
(hybridisation with corresponding captures  pucleotide
sequences 2) .

[00a8] The Zirst advantsage of ths mebhod is to ally
a specificity with the rate of detection. The specificity
ia obtained by the fact that smell labelled nucleotids
sequences are used so that they can be c¢hogen in the part
of the target nuclectide seguences which differ from each
other. The fact that it uses swall sequences also allows to
discriminate seeguences differing by only one base (8NP
seguehcea) . In a preferrsed embodiment, ths labelled
nuclectide seguences have a seguence between 8 and 60 bases
but prefsrably between 15 and 30 bases specific te the
corresponding target nucleotide seouences.

[0015} The second advantage of the methcd according
to the invention is that the hybridisation of the labkelled

nuclectide sequences 1 or the immebilised target nuclectids

JP 2004-502468 A 2004.1.29
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7

segunences 3 ig & rather fast‘pracess cotgared to a
situation where capture nucleotide sequences 2 are small
and btarget nuclectide seguences 3 in solution are long
fragments usually deubled strandsd. Moreover, the rate can
be accelerated by selecting 2 seguence for hybridisetion of
the labelled nucleptide sequences 1 located away from the
birding site of the target nwncleotide seduences 3 to the
seiid  support and by adding the labelled nucleczide
gequences 1 in exoess. In a preferred embodiment, the
labelied nucleotide ssquences 1 are added in larce excess,
more than 100 bimes the target nucleotide seguences amount,
in prder to increase the rate and the yield of fixation of
thege labelled micleotide seguences 1 on target nucolecotide
sequences 3.

ezl 211 labelled nucleotide seguences 1 are
present tegether for their hybiridisation on targe:
nucleotide seguences 3, which zllows the reaction te be
campetitive between themselves. &ince the seguences are
preeent in the same or similar concentratien, the yield of
binding will depend on the affinity to the carget
auclectide sequances. A favourable binding for bthe
corplementary seqguence was observed compared ko the non-
complementary sequences even if they differ by as little as
cne base and discriminabion between homologous sequences is
wery good.

[g021] In the second larray} chamber &, the yield of
kybridisation is similar for the wvarious labelied
riaclectlide esequences L1 =ince they have the same {or
similar) size and khey hybridise on capture nuclectide

seguences 2 of sgimilar size. The intensity of the spots

H

eflects the level of labelled nuclecotide saquences 1 that

e

wave  been  detached from the first berge: muclectids
sequences {dresent in the sample) and are aveilahle for

hybridisztion in the second {(arvay} chamber g,
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[ngazl The gsecond hybvidisation of the sequences on
the capture nucleotide sequences 2 in the array ia a fast
process  since emall seguerces  will  react on caprurs
nuclectide seqguences 2 desigred to allew fast reaction. The
captire nuclectide sequences 2 can be optimised for such
reaction to proceed at a fast vate, extending the sperific
sequence away from the binding point te the solid support 2
increzses the rake of hybridisation. Since the
complementary sequence is always in excess compared tec the
other non-complementary ones, the corresponding spot gives
a higher signal from the begioning of the reaction,
allowing to ideantify the target nucleotide seguencz. If
only gualitebive determination is reguired, the reaccion
can be stoppea before coinplebion since the signal level on
the spot will reflect their proportion in the solution Fram
the start of the reaction.

[D023] One preferred embodiment of the mathod iz the
detection of double stranded target DMA. In the classical
fdetection of target DWA sequences on array, the zate of
hybridisation is low given the Ffact that the target DNA
seguences can reform duplex in sclution. One way to
counteract such situaticm is Le inerease the length of the
capture micleotlde sequences but in this caege homologous
sequences  will orosg-hybridizsed on  the ssme capiure
mueleokide ssguences, so leading to false detsctions. In
this invention, the target is zanderad gingle stranded
elther before or after being immobiliged so as to reduce or
remove  the competition  between the labelled capture
pucleotide sequences and the second target strandg for
hybridisation. The labelled npuclectide sequences are
preferably single stranded =mcleotides in order to avoid
their rehyb-idisation in solutien.

(o024} The imventien ls particulsrly suitable for

ideztification and/er quantification of homelogous

JP 2004-502468 A 2004.1.29
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pequences  (iaentification of a particular strain of
microcxganism in a sample or in research when geneg have to
be identified specifically among a2 vopulation of related
ganes coding for proteins hawving different roles in normal
or pathelegical situation). This is especially truz for
regulatory genes _ike receptors, kinases, rphosphatases,
cycelins, transcriptional factors or cnoogenes. Having part
of their seguences identical, target homologous nucleotide
sequences can be amplified or copied by usging consensus
primers. Io many apelications, the role of the detechiom is
te discriminatz between parget nuclsobide seguences of
sinilar organisms (homologous DNA or RNA sequences). In
that casge, parts or portions of the sequerces that are
oconserved, are used Jor the bianding of primers that
recogrise all these homologous nuclectide seguences (Af
present in the sample}. The use of only one primer pair for
one family or genus of organicms is an advantage compared
to the use of primers apecific fer each species or
subspecies since some familizs of organisms comprise more
than thirty species. It is also @&iffienit (if not
impussible} to find amplification conditions which would
allow the amplification of all these species in one
multipilex PFCR (3 multiplex PCR for 5 different nuclectide
sequences is already difficult bo handle im a reproductive
way on gamples). According te the invention, an assay can
be designed in order to amplify sach family of oxrganisms
{like thz bacteria families) with only ome primer pair for
each family. If only a copy is performed as im the case of
mENA retrobranscripiion, a single pol-dAT can serxrve for the
transcriptase to perfuorm the copy intoc cINA.

[a025] Preferably, small zakbellzd nucleotide
sequences 1 ave used for hvbridisation in the first as well
&5 in the second hybridisation steps. The use of gmall

nueleotide seguences 1 allows the discrimination of wvary
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homologous saguences  {from 30 to 98% hemology). If the
laoelled nuclectide sequences are appropriately chosen,

they can discriminate between two sequences differing in

ohe  hasze {SKB) thus allewlng the determination of
polymerphism.
[o0z26] In a preferred embodiment, the labelled

mrcleokide sequences 1 contain one part of their sequence
specific of their target nucleotide sequences 3 and an
additional ctall whkich iz non specific of the target
nucleotide sequences 3 and specific of a given labelled
nucisctide seguence. Thiz tail is complementary of the
capture nucleotide sequences 2 presenk on the array chamber
6. Since the tail is different for each labelled nucleotide
sequences 1, they stahilise perfect mabtch on the array and
& censeguence is that closely related labelled nucleotide
sequences differing Zor example in one base in the part of
the sequence specific of the tazget nucleotide sequences
will be better discriminated on the array.

rogz71 The method can be apulisd for detection of
ENP sequences by using woedifications of the nucleotide
ssquences ome hybridised onm the target DNA sequence and
then detected in a second @tep on the array chamber &
bearing the various capture rucleotide sequences 2.

[0028] In one embodiment, the invention is applied
to determination of SHP sequences by using s mixture of two
or moxe labelled nucleotide sequences tarminated by a
diffearent nucleotide which bind to the target mclestide
zequence adjacent to the poszible SMP sequence, one of end
nuctlectide of the pucleotide seguence being perfectly
matched to the SWP sequence. The presence of another
annexed nu~lectide geouence which will bind beside the
labelled nucleotide segquence, allowg the perfectly matched
nuclecotide segquence to be ligated to this nucleotide

sequénce by a ligase. The ligated nuclectice sequence is
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then detected cn the sscond array so thnat the SNP sequence
is identified. The wvarious Zabelled nucleotide eeguences
may bear different labels such as Cy2, CyS or Cy7 50 2385 to
be easily identified. If neot labelled then the second
annexsd nuclectide seguence has te bhe lanelled sc that the
rasulting ligated product is labellied.

[oQz29] In another embodimenl of the dnventiom, a
mixture of the labelled nucleotide sequence is used, sach
ona@ differing in at leas:i one basc located at the site on
the same BNP. After hybridisation, the mismatch nuclectide
seguences are cut Dy a nuclease ppecific for eingle strand
but without effecz on the double stranded IDINA and the
pzocess repeated. The uncut and euk ruclectide sequences
are then processed for  Thybridisacion eon  the arrzav
ohamber €. In appropriated hybridisatien comditiors znd
with well chosen capture nuclectide saguences on the array
chamber, they can either hybridise the long uncut or the
emall cul nucleotide sequance thus allowing identification
of the ANP seduence.

[oesn] In ancther ewbodiment of the invention, a
mixture of several nucleotide sogquences is used which
recogrised different parte of the target nuclectids
gequences, like SNP sequences located =zlong the target
nucleotide seqguence, and detected in the seccond step of the
method on the array. Numerous capture nuclectide sequances
2 can ke fixed to the array and be able to diszcriminate
between numsrous lapelled nuc¢lectide sequences 1. In this
way, it is possible to investigste in one agsay for
multiple variations like mutations possibiy present in a
given target mucleotide sequenes. This is  especially
advantagecus when all these wvarlabions are potentially
present in the target and if they are correlated with =2
pathological sitwation. This e the case for mutations

ococuring  in oncogenes  (like ©53); many of  them being
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agsocizted with cancer progression, in HIV vires enzymes
leading te resistaznce to drug trsstment. SN® are alga
probably linked to individual wariability influencing the
response te drug trzeatment or to pathologlies.

fooall In a preferred embodiment, several target
nucleotide sequences are used in the first hybridisation
step in order to obbtaln & broader responee to the given
proplem and taking profit of the numerocus detections
possible on the array.

[oo3a]g Advantageously, target nuocleotide segquences
can be detected without being labelled by a copy or
anplification step, thus makirg the dirsct detecticn of DNA
or RNA seguences peesible (in most previcur methods, target
nuclecotide saquences are labelled during the amplification
or transcription step). This zllows a simplificatien in the
f£inal uvse of the biochips, since the user can perform the
awplification in any way and doed not have to bother with
the possible interferences of labelled reagent during this
step. This pronerty also allows &the identification of
gequences directly after axtraction from samples, removing
the step of copying or amplification mzking it easier to
pexrform. This dirsct detecticn can onliy be performed, when
enouch material is availabla. The applications aceording to
the invention apply (but are not limited) to the RNAs like
“he ribosomal RNA: 16s, 233, 1Bs or 25s bubt also the mENA.
Since thess RNA are single atrand nucleotides, it is mnot
necessary to uge denaturation as drastic as in the case of
double stranded awplicons after their immobilisation on the
gupport so that non covalent binding can be used in this
step. Deteciion of RNA, ribogomal or messenger, esither
directly or after their copy into their complementary D2
sefquence is a preferred embodiment of this invention since
trey are uwsually present in multiple coples in cells so

that in many applications, their detectien can be perFormed
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facilitates the gquantificaticn since avoiding the
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amplification reduced the variztion due to this step which
is wery often difficult to master. Direct dstection can
alse be adapted te long DNR seguences after their
extraction and densturztion or after their cutting into
swaller piecss.

fon33] Tn a praferred embodiment of the invention,
the target nucleotide sequence 3 is amplified (PCR} by
using consensug primers {seguences which will be amplified
by the same primers). Homologoud sequences are for example
seguences of genes present in the same family o genus of
micreorganisms. For thie amplification, ome of the primer
will be aminated so that after amplification, one of the
amplicon strand will bear this aminn group. The amplicons
are then incubated on a surface bearing aldehyds groups.
The =xeaction between the amine and the aldehyde is
sportanzous  in normal conditions, no other reagent ars
necessary. After the reaction a reducing agent is then
added (NaBHy) in oyder to eliminated the reactive double
bonds.  The second  styrand 48 then remove by using
denaturation conditions for the nuclecotide sequences. It is
possible te increase the temperature above the melting
temperature of the nuclectide seqguenzes, so0 that they
geparate from the target strand, but other conditions like
the use of alkaline sclution may be used (& conceniration
of 0.1 or even 0.05 N of a ¥NaOH solution ia sufficient to
separate the two strands).

[0034] Binding of the amplicons to the aetivated

surface car be limited by the presence of the primers which
are still present in the solution aftsr the amplification.
These primers can alsc react on the ackbivated surface thue

lowering the fixatien of the target amplicons. When
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necesgary, one sseparates the ampliconz from the primers

before performing their fixation on the surface {separation

or egpin column, but lica derived adsorption like the
Nucieoa trap PCR  purification kit (Cleneteeh) or the
filtration on gel filter {Nuclec Spin Clonetech) are also
wall suitable for such separation) .

[0035] Separations of DWA frasments according co
their size axe alse weill obitzined using slectrophoretic
methods and the miniaturisation of such techniques allows
them to be now suitable for current applications like
necessary in such routine applications.

{co34] According to the invention, the assay is a
candem chips performed on the same eupport 4. Onr the first
chambzr 5, the target nuclectide seguences are immasbilised
by covalent fixation om an activated support 4. Covalent
reactions are well known in chemistry and wany of them are
already used for chips formation, for example by the
reaction of an aminated target nuclectide sequence with an
aldehyde group present om the chips surface. In another
embodiment, the ftarget sequences are biotinylated either
direstly or duwring the copy ox amplification step
preferably on one strxand and the targat immobilised on
streptavidin ccated surface. In another embodiwent, any
hapten or ligand is fixed or the target senuence so that it
is immobilised by the corresponding antibody or receptor
immobllissd on a surface.

[0037] Many supports can be adapted for this step fo
occur. Glass is activated so as to bear aldehyde groups.
There are many diffsrent ways teo graft aldehyde grouns on a
gurface. Glass ryeacts with aminosilane and <hen with

glutaraldehyde. One may bind carboryl groups upon the

suxiace of the =20lid support and then reduce them into
aldehyde. Alechol functicns can alse be oxidised intc

aldehydes. However the use of bifunctional activators such
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a8 B8MCC cor D88 are alsc useful =ince they can activate
amine groups and link them reespectively on thio: or amine
groups. Such chemical coupling gives a covalent fixation of
the target nucleotide saquences Lo ths support especially
useful when the target nucleotide seguences are doublie
stranded and have to be trested in & denaturation sclution.
Eowever simple adsorption on guzface, liks nylon, cellulose
derivative or positively charge surfaces for example
coverad with polylysine or on copolymer like the pely (phe-
lys) is also a wmethod suitabie for the adeorption of
nucleoktide seguences on & surface. In this case, conditicns
axe worked out for the adsorption of long target Dia
fragments rather than swmall primers.

{0038} If glass has wany advantages like being inert
and having & low auto-fluorescence, aother  supports
especially pelymers can be useful since they can alsc be
obtained with various chemically well defined groups at
their surface, thus making the fixation of the target DNA
possible. Polystyrene has been activated soc as to obtain
carboxyl or amine groups on the surface thus allowing
vovalent fixstion cf aminc-DNA {Anal. Biachem. 238, 85
{1285} . Most cf polymers can be activated in order to
obtain carboxyl, aminc or aldehyde groups. Polystyrene is
avallable not only as flat support but alsc as microbeads
which are advantagscusly used to perform the first binding
step of the labelled probes con the immobilised targets.
[0c29] ALl other supports which can f£ix DNA can be
used, like filters, silicen supports, meballic SuUpporie,
compact-discs, plastic or 2lectronic devices.
Advantageously, said solid support is a single glass or
plastic plate which may comprize additional meang
(barcades, markers, etc.) or edia (ceating, este.) for

improving  the method according Lo the invention. A
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combingtion of supportz 1like glass inserted ints plastic
support is useful for handling the chips for automation.
[ooan] After and/or hefore binding, the target
nucleotide segquences are denatured, leading to the
foxwation of a single stranded  imwobilised  target
nucleotide sequences. The aolution containing the various
labelled muclectide sequences are then added to this first
monochips  and they ecan react If their complementary
sequence is present on the targekt nuclsotide sequences.
Rfter washing, the solution is heated and the bound
auclecotide segquences detached from the target nucleotide
seguences and are found in scolution. This solution is then
transferred to Lhe second chamber 6 by specific channels or
other meanz (washing step with the uge of micropumps cr
valves) that contains the capture rnuclectide =eduences
speciiic for the labelled nuclectide seguences. The gsecond
hybridisaticen is then performed which will allaws to
identify the labelled nucleactide seguencas and thus the
target nucleotide sequence. If the different staps ars well
performed the assay can be made quantitative thus allowing
not only the identification but also the gquantification of
target nucleotide seguences. Az all steps are performed on
the same surface 4, the assay is easy to perform for the
user and allows an automation.

(00411 In the preferred enkodiment of this
invention, consensus primers ara used in PCR amplification
of the homologous gequences possibly present in the sample.
Functiconal groups such are NH» or biotin are incorporated
=0 &3 be abttach them te a solid surface as described here
shove. Other amplification nethods like LCR, CPR, NASEA,
ICR, TMA or avalanche DHA &are alsc possible. RNA
amplification caz be performed in the same way aftey a
retxotranseription. Short sequences of DNA car aluo be

obtained by specific cleavage with restriction eazymes and
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small secuerces af RNA by non specific clezvage by heat or
ir the presence of base (WO97/1036S).

[an42) Indirect labelling by wusing biokinylated
labelled nucleotide sequences which will thexeafter bingd a
streptavidin-conjugate either with fluorescent molecules ar
with enzyme or with collicidal gold particles, may be used.
These gold particles can be detected by themssives or serve
as catalyste for the reduction of silver. The precipitate
ig then dstected and possibly cuantifiad (EP-25870106.4).
[ec43] Lapelling could be also obtainsd with hapten
and antibody reaction, the antibody being label or

conjugate te melecule which can give a signal.

[D044] All methods of detection for DNA baszed on
fluorescent, colorimebric, magnesic, elactronia,
electroluminescence, bioluminescence or radioactivity

adapted for DNA chips can be used for the detection of the
array.

£0045] The selection of the detection labelled
muclectide seguences and  their complementary caphture
muclentide sequences iz a crucial step in the overall
process wihen hemologous sequences have to be svecifically
differentiated fxom each other. Higher arm Lhe hemologies
between the seguences, more important is the szelection of
these sequences. Preferably, one selects a swall seguence
region {or portien) where the homologous sequences differ
mest  (or a lot) and to deesign the labellsd nucleotide
seduences ag complementary to this region (ox portion). The
length of the sequences will also vary according to the
homology, bsing longer when +the seguences are rvathes
different and smaller when they are very homologous. The
sequences will be betweer I5 and 30 bases bub 35 small as 8
bases and as long as 60 bases can be used. The gapture
aucleotide sceguences that are epotited on the array are

complementary to the labelled nucleotide secusnces. 1n one
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preferred embodiment, these sequences 2 are located at a
certain distance from the surface 4 either by baving a non
specific seguences which is hound to the surface 4 or by
using a linker for the fiwxa=ien.

[0048] The use of a single surface in order to
perform the two hybridisation steps allows the process to
be zdapted for automation and for microfluidic
technolegies. The surface is diwvided in twe chambers, the
first one where the target DNA or RNA will 2e bound and
where the labelled segunences will hybridise on the target
sequences, and the second one which 1= the array and
contains the wvarious capture seguences. Seolutions can be
injected and removed from each chamber by channels and
pumps o that incubations and washing are possible. The
chambers can also be heated at the regquired temperatures.
fooa7] The two chambers can also be connected by a
smail pipe or channel so that after Jdetachment of the
lebelled nucleotide seguences from the target, the solution
¢an be transferred into the second chawber and process for
hybridisation on the array. The overall process including
even the detection gan be aubomabked thus making this
reversed chips detection am easy process. This invention
repeate the steps of hinding andé detachmen: of labellad
nuclectide ssgquences on the irmehilicged targets sc that the
specific nuclectide segueneces accumulated in the array for
their discrimination on capture nuclectide saguences.
Automatioc of the process by automate or machine ig
particularly well suited for repeating the process.

[D04a8] This teachnoclogy can be sasily adapted to
exlsting autcomates. One of them iz the VIDAS (2Biomerieux,
Lyon, France}, developed tfor ELISA assay. It has the
particularity to perferm the antigen/antibady reaction in
the tibs which is then passed step by step ta the wvarious

solutiona for washing and incubation. The fipal sigual
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chtain in this tip is then recorded. The array can be
inserted inta a device like a dispensary tip so that
scluticone s pump inside and is made te react, wash and
incubate on the array. Performing the reactiom in a tip has
been developed for antibody-antigen reaction and is well
adapied to automaiisation as performed by the VIDAS machine
{Biomerieux, Lyon, Frence). After the reaction is complete
the signal is detected on the array as described here
under.

{0049] Doubls array systen ceuld bhe tyreated in the
sane way, each one belng inssrted into a miecropipette
device and being comnscted bto each other for paseing the
soluticn of nuclectide sequences when required by the
protocol.

[G050T HMicrofluidic technigues mwake also possinie
the overall procedure of amplification and/or the
separaticn of amplicons from the excess prlmers to be
performed on the sawe surface, thus leading to a "lab on a
¢hips" product. The final surface will contain several or
all of ihe compartments: a chamber Ffor the PCR to be
conducted, a separabtion device for the purification of the
amplicons if pecessary, a chacber for the immobilication of
the amplicons and the first hybridisaticn with the various
labelled nuclectide sequences and firally a chamber with
the array £for the finsl identification of the detection
nuclectide geguences. The overzll product would hear the
1eeessary conpections for the liguid to be conducted
batween the chawbers and for the incubatiens and washinae
with the external solutiens. A detector, could alsa be
added to khe automate in order :o obkbain a Zully automated
analysig of the assay. Sepavation of the amplizonsg from the
primers can be done using filtration, adsorpticn-deserption
process or micro electrophoresis as proposed for example by

ACLARAR Biosciences, (Mountain View, Ca, USA) .
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Analysis of the result of the hyvbridigation

[00511 The result of the hybridisation on the array
has to Dbe detected and/or quantify by machine using
detection syetem =adapted to the signal which is to be
emitted by positive hybridisation. The wost  common
labelling of DMA used in micro-array is based on the use of
flucrescent nucleotide sequences. In thiz case fluorescent
evanners serve as detectors {i.e. confocal flucrescent
scanner {Genetic Microsystem, Woburnm, MR, USA)}.

[20R2] The formation of a precipitate on the
positive  spots, especially sgilver precipitate after
labeliing with nano-geld, is especially suitable for easy
detection since ceolorimetyic egcanners or photographic
detectocrs which are particularly leow cost technology can
datact and/or quantify the level of reaction
[FP-935870106.4) .

[0053] A softwsre analysis for image recognition has
been adapted to the spots, followed by a cuantification of
the signal present on each spot which take into zccount the
level of the background. Ancther type of analysis is baged
on corxelation analysis of the spots which takes into
account the shape and the level of each pixel of the spot.
A classification of the spots according to the level of
correlation zllows them a classification into pesibive or
negative spoks, giving the user an eassy answer for the

prasence oF not of the targets in the original sample.

[0054] Duantification of the hybridigazion is
performed using cenventional approaches either by internal
or extarnal standard which allcws corrections for the
different yields optained at the varicus steps of the
process  starbing with the extraction, the copy or
amplification, the £irst hybridisation =znd the gecond

hybridisation on the array. In the preferred embodiment, an
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external standard at kmown concentration is added in the
sample and process through all sieps in erder to correct
for the efficierncy of the overall process. Since the method
usually contains a  copy or emplificatien wethod, a
compebitive standard is the preferred embodiment of the
invention. One of them has been proposed in the document
Woss,/11253.

[GG55] Preferably, the hybridisation yield of {hke
standard through this specific sequente is identical or
differ no mors than 206% from the hybridisation yield of
the target sequence and guantificaticn is obtained as
described in W098/11353.

[ooss] 8aid standard nuclectide sequence, external
and/or internal standard, is also advantazoeously included
in  the kit {device) or apparatus according to the
invantion, possibly witk all the medis and means necessary
Zor performing the different stsps 4dccording to  the
invention (hybridisation and culture wedia, polymerase and
other anzymes, standard seguencesis), labelling molecule{s),

etc.) .

Example
Identification of Btaphylococcus species by detection of

the specific femd genes

[0057]1 The Femd genes ars very conserved genes an
they have aan homelogy of 50 to 90 % betwesn the different
Staphylocoaccus gpecies. The identification of
Staphylococcus epidermidis in a sample was pexformed by
using a preamplificaticon by consensus primers whick can
ampiify the 5 most common Staphylococcus: 8. aureus,
5. epidermidis, 5. hasmoiyticus, 5. hominis, and
5. gaprophiticus. One of the primer wss aminated, so that
cne stand ©f the amplicons bear an amine group at ites S5°

end. The amplicons were then covalently fixed to a glass

JP 2004-502468 A 2004.1.29
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bearing aldehyde croups and ihen denatured by heating an
1¢0 ©C. The Jabelled nmucleotide sequences apecific of the &
Staphylococcus  species were then insubated with these
sirgle stranded amplicons. After reaction and washing,
there were recovered in a solution of NaoH. This solution
was then added on the array formed by spots of capturs
nuclectide sequences epecific for easch of the labelled
nuciectide seguences. After reaction and washing, a
streptavidin-Cy> conjugate was added followed by Lhe
reading using a confocal fluorescent ceznner iGenetic
Microsystem) ., The principle of this method ia shown ina
Fig. 1 and Fig. 2. Only the spots bearing the capture
rmicieebide  geguences specific for 5. epidermidis  are

positive.

Amplificaticn of the FemA géne using consensus primers

10658] The sequences of the primers uwsed fof FCR
amplification are the following:

FP 1 : 5% CCA CTA GUE TAC ATC AAT TTT GA 3

T 1HS : &' CCC ACT CGC TTR TAT AGR ATT TdA 37

i3
w

3 Y GET TTA ATA ARG TCA CCA ACA TRT T 37 with = NHy
group at 3' end? These primers amplify & seguence of 487 bp

within the femd gene.

Fixation of the amplicons DNA on a surface

[no58] Amplicons are purified by chromabography on
High Pure PCRE Product Purification kit (Boshringer,
Mannaheim, Germany) dn ordar to eliminate aminated priwers
and Ffrsze nuclsotides. For the fixation on the surface,
208 pl of the solution B5C3X pH 5 containing 150 nM of
purified amplicons were inoubated for 30 min ak 239C on
zilylared wmicroscopic slides ({Cell associates, Houston,

Ush} frsmed by an hybxidisation charber. After incukation,

JP 2004-502468 A 2004.1.29
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the glides were washed once with €.1% 3DS, twice with
water, and then incubated 5 min with NaBE, (2.5 mg
dissolved in 750 £1 of PES and 250 pl of 106% ethanci) and
3 min in boiling water glidea were stored at 4°C unkil
zaed.

Hybridisation and removal of the specific nuclectide

geguenceg from tha target

Looe&D] The specific hiotinylated muclectide
sequences for the 5 gtaphvlocoeci epecies detection are the
follcwing :

5. aureus

AfSaur{l : 5’ CTA AAT GAA GAG {JGT GAT ATT TTA AAT 3¢

5. epidermidis

ASepill : 57 CTA AAT ART QAR AGA AAT GTC CTT AAT 37

8. haemolyticus

AShae0l : 3 TTA CAR AAT GAA CGT GRA ACT Tia AAT 2

5. hominis

AShom0l : 5’ CTT CAT GCA GAZ COT CAG ACA TTR ART 37

5. saprophyticus

ASsapdl @ 57 TTA AAG GCT (AR CGC GRA GTA TTA AGT 3¢

[a0el] The sagusnce of the bictinylated nucleotide
seguerce control is

CMVZ2Biot S' GGT TAT CAG AGC CUG COTT GGC CA 3¢

[onea] Each probe bears a biotin at its 5’ end.
(00631 For the hybrigdisation, 100 pl of
hybridisabion solution are loaded on glass slide bearing
tke target DKA. This mixture contains 0.5 M phosphate
buifer pH 7.4, 7% €D8, 100 £g/ml salmer sperm DEA, 3¢ nM of
5. epidermidis bictinylated auclectide Sequences
(1 nuclectide sequence) or 30 oM of each of the nucieoctide
sequences {5 nueal ectide sequences} . Hybrildisatien 1s
carried oubk in an hybridisation chamber zk 50°C for 2h.
Samples are washed 4 times wikh Malsic buffer 10 mi pd 7.3,

NaCl 5w, Tween C.03%.

JP 2004-502468 A 2004.1.29
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[0064] Probes Thybridised are released with the
incubation for 5 wmin at 25°C with 70 pl of WadH 0.05 N
within the hyoridised area Gslimited by an hydrophobic pen.
S0 pl of solution is then transferred inte a micretube and
neutralized with 56 wul of solution coptaining 0.7 M
phosphate buffer pH 7.4, 10% 8DS, 200 pg/ml saimon sperm
DN&, 10 oM biotinylated OMV  muclectids sequencs

thybridisation ceontrol).

Detection of the labelled nuclectide gaduences on the array

Saguences of the capture nucleotide sequences

[0os5] The sequences of the capture nucleoctide
saguences for the 5 staphylosocci are the following:

5. aureus

ATaurG2 ; §' ALT TAA ART ATC nCG CFC TTC ATT TAG 37

5. epidermidis

ATepiD2? : 5° ATV BAG CAC ATT TCT TTC ATT ATT TRAG 3¢

8. haemolyticus

AThaedZ : §' ATT TAR AGT ITC ACG TTC ATT TTG TAA 3/

5. hominis

AThomd2 ¢ 6 BRTT TAA TGT CIG ACC TTC T3C RTG AAG 3¢

&. saprophyticus

ATsapQZ : &' ACT TAA TAC TIC GCG. TTC AGC CTT Taa 3

[006&8] Tie =equence of the capbure nuclectide
gequence control is -

OMYNEZ ¢ 5 TG CCA AGC GEO CTC TE& TAA QT 3

[0067] Bach capbure nuclectide seguence hears a2 NHy

group at its &' end.

Capture probe immobiligation

[oo&s] The protocol described by Schena et al (Proc.
Natl. Avad. Sci. USA 93, 10814, ivee) for the grafting of

aminated DNR to aldehyde was followsd with minor changes.
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nuciectide sequences were printed onto the silylated
micrescopic slides with a home made arrayer. The capture
niacleotide sequences were complementary fta the labelled

ruclectide sequences and were terminazted by an amino group

their 5' end. 250 am pins from Genetix (UK} and
silylated laldehyde) microscope slides Zrom Cell Assooiates
{Rousbon, USA) were used. The spots have 400 gm in diameter
and the wvelume dispenged I about 1 nanoliter. The slides
were dried at room temperature and stored at 49C until

used.

Hybridisation and detection

[00741 106 ul of denatured product are incubatesd in
hybridisation chamber for 3C min &t 50%C. 2lides are then
washed 4 tiwmes wibth Maleic uffer 10 mM pH 7.5, Hacl 13 mM,
Tween 0.03% (washing buffer). Glass samples are incubated
43 min abt room temperature with 800 pl of streptavidin
labelled ecyapin> (Bigma S8t Louis, Mi) 500x dilvked in
Maleicz buffer 100 mM pH 7.5, NaCl 150 M, Gloria milk
powder D.1%. Slides are washsd 5 times with washing baffer,
rinced lonce with water and drizd. Slides are read with a
confocal scanner from Genetic Microsystem (Woburn, WA,
USA} .

(00711 Table 1 gives a regult obtained with reversed
biochips according to the invention for the detection of a
specifi¢ sequence of Staphylococcus epidermidis (A) when
target 5. epidermidis amplicons were inmobilized and
incubated in & first chamber 5 with a mixture of the
labellied nuclzotide gequances 1 gpecific of the
5 Staphyilococcds strains or (B} when targst £,  anreus

amplicons were immobilised ard incubaked with specific

JP 2004-502468 A 2004.1.29
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labelled 5. epidermidis nucleotide SEUENCES. The
nucleotide sequences 1 detached from the target nucleotide
sequence after hybridisation were then transferred oa an
array {chamber &) bearing capture probezs 2, for the 5
posginle labelled probes specific of the 5 Staphylococous

epeoies seguences and detected.
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Dstection on the array
bearing the following
capture probes

step 1T

A. Step I
Timmobilised target

seqguencsa of

.8, epidermidis in

the presence of the

5 lahelled prodes

(45)

PUTBEQLANLNT

Imackilized
target segquence
of 5. aureus in
the presence of
the

2. epidermidis
labelled probe

&. aureu

!

8. epidermidis

5. haemolyticus
5. hominis
g. gaprophyticus

Control hybridization +

Contiol hybridizetion -

[

1z

i
ot

=]
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CLATME

L. Method for the identificat:ion and/or the
guantification of one or more target nucleotide seguences
{3} present homologous to each other and being possibly
present in a aample and discrimination from possikbly
homologous sequences, by using two sets of nucleotide
sequences (1 and 2), wherein = firat set of nuclectide
sequences possibly labelled ({1} bind specificaily to said
target mucleotide sequences (3) in a first step and are
detected and/or cuantified through hybridigatiocn with a

second. set of capture nuclectiGe seguences
(2) having at least a part of seguence complementary ta the
possibly labelled nuclectide seguence (1} of the first ast
of nucleotide saguences, said capture nuclectide sequencs
{z) being dimmciilised upon the surface (4) of a golid
support according to an array of at least 4 discrete
regions/cm?, each of said discrste regions heing bonded
with one species of capture nuclectide seguences (2), and
whersin the Identification and uantification of the
binding between the possibly labelled rmucleotide seguence
{1} and thelr correspending capture nucleotide sequence (2)
i= correlated with the identificaktion and the
quantification of a target nucleotide saguence (3) present
in the sample.

2. The method according to claim 1, wherein
between the fizst step and the second step, toe posaibly
labelled sequence of the first set of nuclectide gequences
which are not bound to the target nucleotide sequence (3)
are ramoved apd the pogsibly labelled sequances (1) of the
first set of nucleotide sequences bound to the target
nucleotide saguence (3) are deshybridised from each other

before their rsuse in the second step.

JP 2004-502468 A 2004.1.29
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3. The methad according ko claim 1 ox 2,
wherein the target nucleotide seguences (3) are firstly
bound upon the solid support {¢), preferably by covalen:
bincing before its hybridisation binding with one or more
poseibly labelled seguences (1) of the first set of
nucleotide sequences.

4. The method according to claim 1 or 2,
wherein the binding between the Larget muclectide sequences
{2) and the possibly labelled sequences {1} of the first
set of nucleotide seguences occurs in solubien.

5. The wmethod according <o zny of the
preceding claims 1 to 4, wherein the possibly labellad
gequences (1) of the first aet of nuclectide seguences havas
a length which 1s essentially Identical or similar
{preferably higher than 350% eimilar) to the length of the
capture nucleotide ssguences (2} of the second set of
nuclecktide seguences,

&§. The wmethea according to any of the
preceding claime, whersin the target nuclectide sequences
(2] to be identified and/or quantified present an homology
with homologous sequences present in the sample higher than
30%, preferably higher than 60%, meore preferably higher
than B80%.

7. The method according to any of the
preceding claims, wherein the target nuclectide sequences
(3] te be identified and/or quantified differ from
hemologous sequences by only one Dase.

E. Ta= methoed according Lo any of the
preceding claims, wherein the possibly labsllied nuclsotide
sequenczs (1} contain a part of a portion of their
sequences comprised between 1C and 60 baseg, a seguence
which is specific to the target nuclectide sequence (3).

9. The method according te any of the

preceding claims, wherein the captuwre nuclectide sequences

JP 2004-502468 A 2004.1.29
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of the second sget of nuclaotide sequences present a
sequence which iz complementary to the possibly labelled
nuc’ectide sequences {1).

10. The wmethod according to the claim 9,
wherein the capture nucleotide sequences (2) of the second
set of claims have a saguence wiich is complementary to the
posaibly labelied rucleoctide sequences (1) of the Ffirst se:
of maclectide eequences wupon thelr complebe sequence or
have a saguence which is bound to the solid support through
gpacers having a length compriced between 10 and 200 bases.

1. The method according to any of the
precsding claims, wherein the poasihly labelled nucleotide
sequences (1} contain part of their sequence being not
specific of the target but apecific of their capture
probas.

1z. The method according to zny of <the
praceding ¢laime, wherein the labslled nuclectide seguences
(1} econtaip a mixture of two or mores labelled sequences
terminzted oy a different nurlectide which binds to the
target sequence adiacent to the pogsible SNP, one cf the
end muclectide being perfectly matched to the SNP, and
another znpexed probe which will bind to the other site of
the 8KP farget. the periectly watched probe being ligated
to this probe by a ligase Lefore detected on the capture
probe array.

3. The method according to any of the
preceding olaing, wherein the labelled ruclectide seguences
(1) contain a mixture of probes each one differing in at
least one base located at the 8NP site and treated with a
specific nuclease befors being detected on the capturs
probe array.

14. The method according to any of the
preceding claime, wherein the ocne or more target rucleotids

sequences {3} to be detected and/or quantifisd ars rRKAsS,

JP 2004-502468 A 2004.1.29
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preferably selected from the group consisting of 168, 238,
185 and 258 rRNAS.

15. The wethod aocording to any of the
preceding clzims 1 te )4, whersin the one or wore farget
nuclectide seguences(3} to be detected and/or quantified
are miWAs, preferebly a mRNA retrotranscripted into 2 cDNA
by a conaensus gequencsa.

16. The wethod =zccording toe any of the
preceding claims, wherein the solid support is selected
from the grovp conelsting of glass, electronic device,
silicon support, plastic support, compact disc, filter,
metallic support, polylysine coated surfaces or a mixturs
theraof .

17. A diagnostic and/or quansificaticn
apparatus of one or wore homologous target nucleotide
zequences possibly present in a sample, which comprises
means to perform fthe mwethod accordirg te any of the
preceding claims.

18. Apparatus according to eclaim 17,
characterised in that it comprises Lwo separate chambers
{6 and &), ecach Deing dJedicated to one of the step
performed in the method according to any of the preceding
claims 1 to 16.

13. The apparatus accoerding te claim 17 or
18, wherein the chamber comprises a asolid support upeon
which capture nueleotide sequences (2) are immobilissd upon
its surface according to an array of at least 4 discrote
regions/cm?, each of said discrete regions being bound with
one species of nuclsotide seguences.

20. A machine or auvtomate for performing
tre various pgteps of the wethod according to any of the
preceding claims 1 fo 16 upon an apparatus according o

claims 17 So iu.

JP 2004-502468 A 2004.1.29
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