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mol ecul es, and to their analytical applications. In particular, thg{0 JAN 2003

'an~a~tion relates t~ :he use of fabricated arrays in 5 nethods for

obt ai ning genetic sequence information. ~tcknround of the |I~nv~On Advances

in the study of nol ecul es bave been led, in part) by inprovemart in

t echnol ogi es wirdnt@e chuadai se t he mol ecul es or their bi opepksRla&Eact i ons.

In particular) the study of nucleic ands) DNA and RNA) has benefited $om
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25  permit the DNA to be ﬁ'eely available for i mtemcnng with other components such as

polymesase enzymes, DNA-binding proteins etc.

The arrays are usually provided to study hybridisation events, to determine the
sequence of DNA (Mirzabekov, Trends. in Biotechnology (1994) 12:27-32) or to detect
mutations in a particular DNA sample. Many of these hybridisation events are detected

30  usingfluorescent labels Med to nucleotides, the labels being detected using a sensitive
fluorescent detector, e.g. a charge-coupled detector (CCD). The major disadvantages
of these methods are that it is not possible to sequence long stretches of DNA and that
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An alternative seguarcirrg approach is disclosed in EP-A-03a1693, w hich
conpri ses hybri~sir~ a thvo~acentt~>abched strand of DNA to a targﬁt JRNAZU[B
aanrple in a e~le > ~n) and tbe using an e~conucl aae to el eav~e

- repeatedly the end base fromthe hybridised DNA. The baser are deteeled in
sequenti al passage through a detector) al bwi ng reconstniction of the base
sequeaoa of the DNA. F.aeh of the different yes has a distinct fluorescent
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interrogated. Therefore, thearrays of the present invention comprise what are effectively




. 3 0 nucl eotide can be unanbi guously determ ned by fl uorescent

nmeasuranerrta, and additionally the nethod can be used to detect nsqrﬂ&N 33
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procedures (as disclosed in Shalon at 41, Ga~one Rmarch (1996) 639-645), to
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expressi on nmonVP8MEAY (as di scl osed in Wdictca e~ al, NatPCT/IGBIINM4&Io| .
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the arrayed pol yaxXecl eot| eag and de ~CtuAg a |nd<ng evalt, ﬂt htgr
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sad incorporating r?%% ot | d vegg&?gtglréﬂ“wwﬁa ndhod
conprises tise sdlsqnet n avvay of pol ynuc~obda according to the
I nvention with a pl l‘bﬂﬂ|‘ %fﬁ{% S‘g‘]"“ﬂ gg@@i Emj‘ rgy's
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generate a gpmmam@wmmwm |SH§M!”§ paraflebdstaic
eades.

il MW&&M in SRl indel Fanlipeciiaty | Ul a1
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acro~i ng once dPbABRle il peEng prPgedyess & M‘E“f!aﬂﬁﬁﬂﬁe@w‘ﬁmmed in
every sinple memeﬁmm ah>gh dearily DNA chip nade using

photoGthoga i en raw n tic rra~tation of

appar at us at may B'h 'H?@ﬁn?%@ﬂh'ﬂ %3"6‘"‘31’11’56?“ lid S1ppoxt Via mucrospheTRs ¢ j v e
Figure Z ~ the A mi®@biphdrasin Wivinblised poily allawignit tolie fositioned avithih & Histingt

t e~ a~ospl xre; 003. \O 069' 10 PCTI GB991074 Figure 3 shows
a fluorescence ?W'Fféigdfséyﬁ%%'ﬂ%rﬁf%m | RTI96 A SHTYP b@%‘%o&&”"

ol i gonucl eot i degrocethirbs. exat sti on at 514nm and det ect i on at 600nm Figure 4

shows { | uor escent i y.rhabal 8 ik finds) Sk S pRONARS B BBl 1O 2

solid surface; and
20 - studies. In one embodiment, the molecules are polynucleotides, and the arrays permit

sequence determinations to be carried out.

O Generally, any sequencing method can be used which makes use of fluorescent
or other labels to identify pasticular nucleotides or sequences of nucleotides. A preferred
method comprises the repeated steps of: reacting an immobilised target polynucleotide

25  with a primer, a polymerase and the different nucleoside triphosphates under conditions
sufficient for the polymerase reaction to proceed, wherein each nucleoside triphosphate
is conjugated at its 3' position to a different fluorescent label, determining which label
(and thus which mucleotide) has undergone the polymerase reaction, and removing the
label. Because the method utilises the arrays of the present invention, each incorporated

30 nucleotide can be unambiguously determined by fluorescent measurements, and
additionally the method can be used to detect many thousands of reactions at the same
time with no phasing problems.
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. Figure 5 shows |nages of s<rrface bound oligom cleotides hybrldlsed wth

the ,, ., ~ ., , ©, .,.,, . . ~p>~tafy awequenoa. , FN.ﬂMB
Des~i ~i on of the Irrva~tion Accordlng to the preaatt the S|ngle o ecu
“ brnnobilixd onto flue surfscx oaf s solid support nust be capabl e of being
individuslty resolved) e.g by optical io mesro. This mans that) within the
resol vabl e arcs ofthe psrticularirnagi ng device used) there nust be one or
more distinct i"RH®$ach repres~ng one nol ecul e. Typial | yPCVRBMS2CUI es
ofthe array ar-e raohred using s single nolecule fluorescence m croscope
equi pped with a sensitive detedot) e.g. ad4charge-coupl ed dda~or (CGD~ each
nol ecul e of the array belggyanatyeed S|nmrtaneoualy ~5 The nol ecul es o~

the array rnay be anf{tesnusively.cheanays may heupeddn grapiypingprogrdures(as gisclosed Wes, but
in particul ar DiNfiagiel aRencHi Rehich 1996 €30645), mm«a;&ﬁ%&a@

2' .. O-met hRNA Howava, Other organic notaxel €5 may alw be used. Ths nw a~l a
are formed on twwmw.mmrm Mﬁwmmwmgwwomhaaq a.

It is there~'or quidia" t BiotediHop! )mhﬁ f‘ﬁngﬂﬁg ahortion
of the rol ecul e not Zgiﬁg&d‘ tﬁ:) |m*rglgi|gg?§l§t Eﬁgr noh~ 1s capa Ieh?rl;éu g
i rrtarogat edsby WQMWMWMMM“”W%I 138%1 es in the

single atrgy.wll . W mhﬂﬁﬂx{n&ﬁﬂ{:%ﬂtﬁ“l es
that are Iargely di sdrart n other ap Ilcatlons thenol écul'ea oatns array"t"’

WII primarily bledtdr of polynueledtideiscording te thehan
70" ~fi of the gn%cﬂﬂél @hﬂ& tnrgﬂ%mm%mr ka. 25
The arrays oftgg preaeMlnv ntion are S|ngle l'ec f’* rrays term
ngl e nol ecul @f binding dodha @etecting | acbinding event, ﬂl!*w i
Qar ately jgom m&e&m .Amrmrwwt This iR eis

ofthe acne or different type). The term"individua>fy resolved used
herein to speaf WMW WM@MIWWW% one

nol asrl e on the jRbfpdkting, ’ Wgwﬂdggmms Vion is ei~" ected by

t he use of reporter Iab Is e.g orophores, the sigial_of Wich is
i ndi vi dual Iy rG-ol vel RRP"EUG%"‘G\B‘R! et acting an atey, of pofynucieotides  or m
" cognat e nol eCU'a&orduﬁ 16Sthe mw.wﬁw bpda&hbmkw Wwﬁhof

i nteracting,_or |me.rro at i he nmol ecul e. e co npy be a
mol ecu | e tht g”t" gﬂﬁkar'r“?y@%%ﬂ%mﬁ@ GP%B gg’}'werrent ary
pol yet u;:l eot i de)wm MWMI&MWIW& pﬁ?hf hathanc oy altdniativeyp theat enay
associ at e non-speci. e. ar =0i f cxaca mas§C
enzymewhi ch ass H‘E@% Fﬁ’&‘%ﬁﬁy@‘ﬁt‘% ‘d’ "‘S’F‘b’ggy

o#' syedl ~i si n8aosonpl enentary strsr~d. Z he term interrogate” is used

herein to refs to any, "ﬁagdggggggg{p/g,t. wgo,@;.t,ggutﬁmww

not eade. The i nteraction”my eoval'ent

Thet er ns. " a8/~ p¢WM| T\"ma&!‘hﬂemmmafm#m nto
define sn sway 35 | pADcOlaraifviidgksof Rith b spalislly hredatfe dnaf fheldde Wwag a

The term1s |nten ed to i nclude” the attac aoest o~f

y~oti de raol er
gﬁos nol ocul es b a Robmueleotide maleaesion the psray may act apidestifier tagaand ey erl¥ot i de

attached that cagdgshed020Bed BRleAidiendyPequinkin the Rty
cornpriae proton rrakatlea i mobilised on"a solid sgaqf“ace t he pﬁEI n
mol ecul es bei ng™eed ity brpetedhan B¥- or ot her vhse 15 bound to a short .

pol ym-deot i £ia M) eCUNG ui¥iy Al be'YoRiablo G6H sefberitPorRd SreRRA shi XeqbdoRl - Al The

extent of separation between the individual nolecul es on the array wgl be
deterrr~f) in pepesplepsuencescaaheproducedinavetysigple peay, pse qomparad tpahigh dengiyi o

i r~vidual nol ewpia phide basg phyege noi ~ul aC arrays are lowwa to
those aio~ed in t~ art For exanpl e, a confocsl sc~ing mcroscope nay be
used to scan thé RIS LTINS shay with a user to inmage d|rectIy a

~rophore incor port %9&‘1 ;,I W% &Uﬂﬁ%ﬁﬁ shovvn
I nF' >~ 1, whore (1) repraaus a daec or 2) apguntgfoaaa Itar 3) a(~) a.

(s) a ~ ~ (30 a mamysefthe ng ass ooversllp and (9) a aaraple enda

study. Aiternaively ZrmotRisgion I ed
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on the array. |smicxsphegsianpl e, resol ving single nol aatles on tlse array |s
pos~k if the nol eades are separated by s distance of spproxirnatdy at teat
250rnn x ZSOrnn, preferably at Isast 300ran x 300nm and nore preferably by
at |l eant 350nm x 350atn. Horrewa, other techniques such as scanning
near-f~eid optical mcroxopy 30 (SNOvl) are

avai bbi ewi ti dt arec~pabl eof sopti cat reso~or~, tltaabypaaoghog




“nore datse" arrays w be used. For exanple, using SNOVM the nol erutea nary
| ee sepauated by a distance of less thaw !l t')On:n) e.g. I Onmx I ?)JWN 2003
For a of 3 0 JAN 2003 wo ooro6r~o0 rcrics99ro~ 7 scanning near-field

- optical nmicroscopy) see Myer et a-, Laser Focus Wortd (1993) 29(10).
Additionally) the techni ques of scanning tunnelling mcroscopy (Bimig et
al ., "Hdveti caPhysi aAct a(1982) 5~: ?26-735) and

at oni cf or cerm c WO Hanawaet al ., 5 Annu. Rev. Hiophya Bi BREFBGIET )
(1994) i:115-139) are suitable for inmaging the ~: arrays ofthe prat
irrvention. ()tha dovvn whi ch do not ~ety$ on rtdcroscopy, may al so be used)
provi ded that they I ma wWidhin dixr ~ a aobd
Si ngl e a~ol earl es géﬁ?@ @V"‘F’ﬁﬁ% IH’%@T#%’H t’ﬁ'sﬁ:@o?ﬁ gb'g a solid
10 support. Thimﬁawmdthmmuﬂymmddmﬁmque provi ded t hat
sui tabl e con~tior~s greu; aaur aepa n o cul es.
Garerally the array |E"b? @g@%ﬂ'ﬁ%‘fé%“iﬁﬁﬂ V§I°5'P 'é‘ggﬁﬁp
contaiNng a m X{dﬂ’ﬁha)iurm,&ﬁm es onto a SUI t abl ypraparod solid sfuface,
orby applyig a dilute so ion to the enast rgAdamarray. In
this manrter% a m:cdrﬁ'%ﬂ“g @Eﬂf%ﬁ ‘ﬁ'@gﬁﬁja%w e mains.
-The fonnLion ofgmﬁhﬁglmecul e array. then .permts identification of

each athyed mol ecul.e, to he au~ried out. It is |nportant to prepare the
solid asrpport Resgeution,ofitheJIVErHOR) (chh i i ntiae or :void the preseaoe of

co~tsmnants. The smmmwmmmmemmmwww y with

a auitabl a dete nt or ~ern0 a..d d, ot
asm nants. 9fa ﬁﬁﬂmﬁé%ﬁ% pfbeing ﬁf’ﬁgfd‘ r‘”c"@é??ent

;
@ eracti ong. |MWWMWWMWWW@MM will
pnderably 6e at elther

5' ositiQn) as thrt th 0| aucl eotide is
attached to t hehegmpugt MB?M%%%%W p tleotide

may be attachedthe ﬁotehﬂes&ﬁﬂm eiray apzresolvedigsingagingle molecule ﬁiomsgpnﬂimumeobengt h)

the attacl anatt act 3 -l tdtgg “1 owi I Igg upport
The i n~unob~7i s ynudeot | elstﬁ'a’[ | ii‘ ner(ti |0€15 W th

ot her nol eaul a MWMWMM4 stant fromthe soI i d support

Typical ly the intas ,)[M,,%H =1y Srsiol g 2Ny
nol eartes b%und to tclt’fgq’gbo suppor t ﬁ’h mzhb’non%g%g?éc |rit{er actlona
e.g: by washi ngpolypapisies. bt particy Pwmnpégamnmcmmme%parat ed

singl e nokw es. 3 HlfeMRNAN HaWeveR ckidl Srphric inbiddulds malp aSd BéXistd. | Thelméchied N
bet ween nagbbour i ng nol a~l es on the ar whi ch nmay hinder jnterrogation
of the array. orgformed gphe W¥1°VE9'06'FW¥3 Withspthey 'qognate’ malecples.  Jt ds

enbodi ma~t of ttlﬂ bresattb M&u&uﬂkw& 53 tiaPthie Potidi Phé mbleculeoBt Coat ed
ol eat reef’iz%éhﬁépdw%&%ew&% fabeimagosntre g e oot v, o
nanoGre di sper@?n@ewlwmmm singlel afrap willbeaheo@gmetanid dagbe dled 0 | f t he
@ ecuUl e TS a B N relicufis that e Iagely distinct. In other applications, the molecules on the
array will primarily be distinct, e.g. more than 50%, preferably more than 70% of the
molecules will be different to that of the other molecules.
25 The arrays of the present invention are single molecule arrays. The term "single
molecule” is used herein to refer to one molecule that is visualised separately from
neighbouring molecules (whether or not each molecule is of the same or different type).
The term "indivictua!ly resolved” is used herein to specify that, when visualised,
it is possible to distinguish one molecule on the array from its neighbouring molecules.
30  Visualisation is effected by the use of reporter labels, e.g. fluorophores, the signal of
which is individually resolved.




.5 i mawb~i sstion nsy 6e vis hybr|~at|on to a conplarr~ary nudac acid notamn e
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wpport stay be first costed with a prinmer poly~caeotide at discnate sites
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the amyed pr~rs under Irybtidasing con~ions and snowed to "self sort" onto
the shay. La tha way, the arrays io may be used to a~ste the did
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20  with alaser to image directly a fluorophore incorporated on the individual molecule by
fluorescence, as shown inFigure 1, where (1) represents a detector, (2) a bandpass filter,
O (3) & pihole, (4) a mirror, (5) & laser beam, (6) a dichroic misvor, (7) an objective, (8)
a glass coverslip and (9) a sample under study. Alternatively, a sensitive 2-D detector,
such as a charge-coupled detector, can be used to provide a 2-D image representing the
25 individual molecules on the array. In this example, resolving single molecules on the
amyisposs%hifthemélewhmsepnﬂedbyadiﬂmceofappmﬁnﬂdyﬂh&
250nm x 250nm, preferably at least 300nm x 300nm and more preferably by at least
350nm x 350nm.
However, other techniques such as scanning near-field optical microscopy
30  (SNOM)areavailable which are capable of smaller optical resolutions, thereby permitting
"more dense” arrays to be used. For example, using SNOM, the molecules may be
separated by a distance of less than 100nm, e.g. 10nm x 10nm. For a description of
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However, the polynucieotide may be attached to the solid support at any position along
25  its length, the attachment acting to tether the polynucleotide to the solid support. The
immobilised polynucleotide is then able to undergo interactions with other molecules or
cognates at positions distant from the solid support. Typically the interaction will be
such that it is possible to remove any molecules bound to the solid support through non-
specific interactions, e.g. by washing. Immobilisation in this manner results in well
30  separated single molecules. The advantage of this is that it prevents interaction between
neighbouring molecules on the array,. which may hinder interrogation of the array.
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56S8754. 25 In ,as&%&ﬁp.wm 'm&mﬁ kiR %ﬁg@! g be
uxdt o char acter‘?se sn orgar os%‘i For exa €, an or an% gganom DNA may

be a~xe~ed2Qsi ngememmmmm@mm of the aggrogpingimthecr ns t hat
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and any hybridi sation events ponitored. ooasr~e rcr~cs

i s AlternativelspgwnigKig; 2iwhess (13 represeptsithe mistosphere (2) & streptayidin molecile
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Alternative microspheres suitable for use in the present invention are well known in the
art,
The single molecule arrays have many applications in methods which rely on the
30  detectionofbiological or chemical interactions with arrayed molecules. For example, the
arrays may be used to determine the propesties or identities of cognate molecules.



~ described in Nature Biotecltnolog)r ( 1996) ],4:303-308. It is poss~le to
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30 complementary tag on the product, Having identified the tag, it is then possible to
confirm which product this relates to. The complete process is therefore quick and
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25 In a separate embodiment of the invention, the arrays may be used to characterise
an organism. For example, an organism's genomic DNA may be screened using the
arrays, to reveal discrete hybridisation patterns that are unique to an individual. This
embodiment may therefore be likened to a "bar code” for each organism. The organism's
genomic DNA may be first fragmented and detectably-labelled, for example with a

30 fluorophore. The fragmented DNA is then applied to the array under hybridising
conditions and any hybridisation events monitored.
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Bywuyofuampk..asampleofhumangenomicDNAmayberestncu' ion-digested
30 to generate short fragments, then labelled using a fluorescently-labellied monomer and a
DNA polymerase or a terminal transferase enzyme. This produces short lengths of
sample DNA with a fluorophore at one end. The melted fragments may then be exposed
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O probably immediately after the poly-A tail in the mRNA (i.e. a 9-mer linked to a poly-T
guide sequence). Multiple copies of these 9-mers should be present, to permit
quantitation of gene expression. 100 copies would allow determination of relative

25  expression from 1-100%. 10,000 copies would allow determination of relative gene
expression from .01-100%. 10,000 copies of 262,144 9-mers would fit inside 1 cm x 1
cm at close to maximum density.

The use of nanovials in conjunction with any of the above methods may allow a
molecule to be cleaved from the surface, yet retain its spatial integrity. This permits the

30  generation of spatially addressable arrays of single molecules in free solution, which may
have advantages where the surface attachment impedes the analysis (e.g. drug screening).
A nanovial is a small cavity in a flat glass surface, e.g. approx 20 pm in diameter and 10
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arrayed rnolelas aro 1o capabl e of bei agiendi v-wGy reaotved. 4. A device
accordia~g to arty preceding claim wherein over SO-G of tba arrayed

nol ear | ea are ¢lingdetp)CThey coctelplanéd avery\50 ppt, amd sotheawray-whid bd lesstiensb thba i Ce
according to any preypn | ai m, wherein t arr has densi t.y of one
nol ecul e per af *@?ﬁ%‘?’l’ &r”ﬁ'.a"?'.}” gvblecce°ﬁ¥o""gfda?"é)r(\by6,”wm¥'§i n the
surFa~x deity adjustnent inthemaginpepticat | ast | OOnar x 1 OOnn. 8. A devi cx
scxordi~ to claim rein the surfa ai.tv . is on | eade par 20 at

| east 250run x 230r %m&’ 89%’9 “f%'"?fﬂy 4 ogﬁm t(?Ié"Fm

wher ei n achs NDhczowipwrying daaaihgs.0 bi otin; and a' i nmmobilised via i Miactioa

W th stnptavidin o vidin. 10. A deviceaocorto any proading clain) wherein
each nol ecul e M‘Iﬁbi lised via a microsphae. 25 1 i. A devicx accordin~

to ctaan 10, wher eiThenliGoscopeasanpnized ia thelfollowingBxample vels baseion ainicdified Vi di n and
the solid a~rhoe_h

cllaims 1 to 5, SHRPARreRoe f the Spsien drhtesa omp L Padg U Bl | o ane.
A devi ce snenw sptiyllyfiiercd disercbesth {CW) Arghre Toni Lases JechnologyeRPCS0)iwas 30 t0 a
Chrmrors o, b et Sk bty Gl Wi =
according to asy fastepicd switch! Mmqmmm eusaldphibapcl eot i des
VI8 an | nter napamom Hetieg BRAh of ekt oiecinfAML AT ofw il 100 O
| east one ar r agptical peitrpseope @NikandRiaghot;200) by a dichroic beam splitter (S40DRLPO2 or
S0SDRLP02, Omega Optics Inc.). The objective focuses the light to a diffraction-limited
15  spot on the target sample immobilised on a thin glass coverslip. Fluorescence from the
sample was collected by the same objective, passed through the dichroic beam splitter
and directed through a 50 pm pinhole (Newport Corp.) placed in the image plane of the
is out of the plane of the laser focus. The transmitted fluorescence was separated
20  spectrally by a dichroic beam splitter into red and green components which was filtered
to remove residual laser scatter. The remaining fluorescence components were thea
(D focused onto separate single photon avalanche diode detectors and the signals recorded
m-Mth(MCS)MCS-MBG&Gm)MMMMh
the 1 to 10 ms range. ,
25 The target sample was a 5-biotin-modified 13-mer primer oligonucleotide
prepared using conventional phosphoramidite chemistry, and having SEQ ID No. 1 (see
listing, below). The oligonucleotide was post-synthetically modified by reaction of the
uridine base with the succinimdyl ester of tetramethylrhodamine (TMR).
Glass coverslips were prepared by cleaning with acetone and drying wnder
30  nitrogen. A 50 ulaliquot of biotin-BSA (Sigma) redissolved in PBS buffer (0.01 M, pH
7.4) at 1 mg/mi concentration was deposited on the clean coverslip and incubated for 8
hours at 30°C. Excess biotin-BSA was removed by washing 5 times with MilliQ water
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plurality of poﬁﬁﬂh&e’b‘”‘gé’wﬂ‘l axiles imobilised on a device according to

any of claana 1 to [The ndb-fifirescént nmaicivspheres owerelifupdito hisve e Dibad fresidualer

conprising flue,step of hybri-~ain =d lxule. tag its Jnuthbb~sed

conpl enent on t%m%wﬁm%géﬁﬁ&%mﬁgvm% sing the
sted steps, oﬁmmgnmmmmmucomwmloémmmm?mu ma{, a
yrr~erax.an tHeflR I%%Egagﬁzgwﬁgqﬁ ﬁﬁﬂgll ci en

forthe pol éﬁer%&%ﬁ proc';%e , Whael n 0 €ac u e%{)l P ;klp osphat e

i s conjugat ed dhieampofa Sequpney deubled (332nm) Nd:NAG puised dysitieser, fonpdbire of bei ng

wi sed optically, de e L I "QQ?-E ;@hggﬂ?de) has

under gone t he polyrretlﬁggt @%d?\&e]m%% gﬁl‘éa‘}&@%@#‘?@%e a@e ) 0 ~aN

~~0~ WO 00r ot r rraicrespheresbyincubsting A St saowlecaf 04 pY BN At (dilutiesh i1 00MNaGlei N each

| abel i's a fluojogRiNA fis) dbposited 'Bvb e rlibsphitad SGhRIhd DAL A hetioddd dyy OF fi 1 st

mol ecul es, conprisingcontact~g, nndar suitable conditions; a spatidly
addr essed aBr aywashing ibe conerslipmEageStings withMIliQIr. . nol aarl ea) and doling a

2 A T bt b e ot 28 A
met hod sooor ~ t"(’:‘“@f%fi'ﬁ?’?’f’,“"ﬁ%‘% "\‘ﬁ'gg‘i‘ﬂﬂ‘ 1o whﬂ‘rfgbﬁ'ﬂﬁ was Wﬂ"ﬁﬁnod '
aooor ~ng to davypherewasidiated ix thetentiefthe diffractior lintedifocus. The condenser wasthen
turned off and the light path switched to the fluorescence detection port. The MCS was
20 initiated and the fluorescence omitted from the latex sphere recorded on one or both
channels. The sample was excited at 514nm and detection was made on the 600nm
O channel
Figure 3 shows clearly that the fluorescence is switched on as the laser is
deflected into the microscope by the AOM, 0.5 seconds after the start of a scan. The
25 intensity of the fluorescence remains relatively constant for a short period of time (100
ms-3s) and disappeasrs in a single step process. The resuits show that single molecule
detection is occurring. This single step photobleaching is unambiguous evidence that the
fluorescence is from a m?gle molecule.
Example 2 |
30 This Example illustrates the preparation of single molecule arrays by direct
covalent attachment to glass followed by a demonstration of hybridisation to the array.



so 30. A n~exhod sccor~ng to daim 29, wherein tha polyrwd~i de sequerwa is
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the my it as .deed in atgr of daints ~3 to I5. 33. A ndhod wording to claim
32) wheroin the organismis human. Z O . A ~thGd ato claim 3Z) wha-~ein
the organis,n is bacterial or viral) 35 A mahod accor~ to_srry of daim 32
to 34) wia~in the fCovalestlymedifed sligerswere propared as followsa3n glides-t hod t o

claim 35, wher qirgrtOR) mehmwmmqaeameqny e afil PRSAOFettiA f dsims

22 to 36 the array oonpriaes aogd 25 suppoet rnaterid having a phuagty of
cavities each @emsoaanﬂom%gnmmmmmmmwﬂ@m@ A E

.Ae. A(S . Af. A@‘ﬁﬁ abg A ActiR.
X] e} XI(‘ rrgb\ VPU| ca caHi c!a ca c‘g?cgnU] ?a caU] c?]nca caui ca&"g ggau] caU] cal] ca
UV] cal] ca Lnfjcg*ml]tnmdhoxy and magnetically stirred for 4 h at room

gjc?ﬂcé?ﬂ%é??aﬁ%&@%%%%a%ﬁa CaW% ca 2;{1](:23% g
aU] ca] caU] caU] cal] c ID No. 2 (see sequence listing
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calU] ca] cal] deasdnepitien ca] cal] caU] caU] calUl cag((()[)X)))))) *****] x8x Sx\xn*g
+{ umé*;l'*;f UP] U Y ca’]"g%ltU]Ofctg]sga o cal ca u(g;olg%oﬂ] ca] caU] ca] caU] ca] caU]
ca] (F:)JaU] ca?)] ca Ul c”afbel2NAjreaction gﬂlﬂ‘#‘dﬁﬂ‘
++(+6+8+" + +n+ id delupll to thé bpbRl mmammwmmmmmaw ca] ca
U] ca] cal] ca] ca&lca] cal] cal] cal] cal] caU] caU] cal] ca] cal] ca] caU] ca] caU] ca] cal] c
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SiE LT D e e —
the same sequences and fluorophore but without the 5'-amino group shows little stable
coverage when applied at the same concentration.
The TMR labelled slides were then treated with a solution of complementary
DNA (SEQ ID No. 3) (SpM, 10pl) in 100mM PBS. The complementary DNA has the
20 sequmshowninSBQiDNoJ,whuenrepmunumhylcytoﬁnem.
After 1 hour at room temperature the slides were cooled to 4°C and left for 24
O hours. Finally, the sides were washed in PBS (100mM, 1mL) and dried under N,.
A chamber was constructed on the slide by sealing a coverslip (No. 0, 22x22mm,
Chance Propper Ltd, UK) over the sample area on two sides only with prehardened
25  microscope mounting medium (Eukitt, O. Kindler GmbH & Co., Freiburg, Germany)
Mﬂnmﬁmaiﬁngayqubathmzw;ambetweensﬁdemdcomslip. The chamber
was flushed 3x with 100p! PBS (100mM NaCl) and allowed to stabilise for S minutes
before analysing on a fiuorescence microscope.
Theﬁdemhv;tedsoﬂmﬂnchambucovmﬁpconmedﬂwobjecﬁwhu
30 ofan inverted microscope (Nikon TE200) via an immersion oil interface. A 60° fused
silica dispersion prism was optically coupled to the back of the slide through a thin film
of glycerol. Laser light was directed at the prism such that at the glass/sample interface

[
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of the ICCD measured ta be 76 counts with a standard deviation of only 6 counts. A

threshold is arbitrarily chosen as a linear combination of the background, the average

30 countsoveranimage and the standard deviation over animage. In general, the latter two

quantities provide a measure of the number of pixels and range of intensities above

background. This method gives rise to threshold levels which are at least 12 standard
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molecules in Figure 4b) at 45pM and 450pM DNA-TMR coupling concentrations. The
density is clearly not directly proportional to DNA concentration but will be some
function of the concentration, the volume of sample applied, the area covered by the
O 20  sample and the incubation time. The percentage of non-specifically bound DNA-TMR
and impurities contribute of the order of 3-9% per image (8 non-specifically bound
molecules in Figure 4c). Analysis of the photobleaching profiles shows only 6% of
fluorescence points contain more than 1 molecule.
Hybridisation was identified by the co-localisation of discreet points of
15  fluorescence from single r]nolewlu of TMR and Cy-5 following the superposition of two
images. Figures 5a and 5b show images of surface bound 20-mer labelled with TMR and
the complementary 20-mes Iabelled with Cy-35 deposited from solution. Figure 5d shows
those fluorescent points that are co-localised on the two former images. The degree of
Irybridisation was estimated to be 7% of the surface- bound DNA (10 co-localised poists
20  in 141 points from Figures 5d and Sa respectively). The percentage of hybridised DNA
is estimated to be 37% of all surface-adsorbed DNA-Cy5 (10 co-localised points in 27
O points from Figures Sd and 5b respectively). Single molecules were counted by matching
size and intensity of fluorescent points to threshold criteria which separate single
molecules from background noise and cosmic rays. Figure Sd shows the level of cross-
25  talk from TMR on the Cy5 channel which is to be 2% as determined by counting only
those fluorescent points which fall within the criteria for determining the TMR single
molecule fluorescence (2 fluorescence points in 141 from Figures Scand Sarespectively).
This Example demonstrates that single molecule arrays can be formed, and
hybridisation events detected according to the invention. It is expected that the skilled
30  person will realise that modifications may be made to improve the efficiency of the
process. For example, improved washing steps, e.g. using a flow cell, would reduce
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2. Adevice accordingto claim 1, wherein at least 50% of the arrayed molecules are
capable of being individually resolved.
3. Adeviceaccording to claim 2, wherein at least 90% of the arrayed molecules are
Q 10  capable of being individually resolved.
4. A device according to any preceding claim, wherein over 50% of the aayed
molecules are distinct.
5. A&evieemdbftomyofdahmltoﬁwhaeindwimyedmoleunum
15 6. A device according to any preceding claim, wherein the array has a surface
density of one molecule per at least 10nm x 10nm.
7. A device g to claim 6, wherein the surface density is one molecule per
ot least 100nm x 100nm.
8. A device according to claim 6, wherein the surface density is one molecule per
20 ot least 250nm x 250nm.
9. A device according to any preceding claim, wherein each molecule is conjugated
O to biotin, and is immobilised via interaction with streptavidin or avidin.
10. AWWtoangMW&MMMBW
via a microsphere.
25 1l Adcﬁcewcordhgmchhnlo,whudnﬂnmimphmbwﬁnﬁondwi&a
or streptavidin and the solid surface has biotin bound thereto.
12, A device according to any of claims 1 to 8, wherein the molecules are
imnobthaedmawnlaumhge.
13. A dewceaccordm? to any preceding claim, wherein each molecule is conjugated

30 toafluorophore.
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17.  Useofadevice according to claim 14, for the capture of a second polynucleotide
molecule capable of hybridising with the arrayed polynucleotide, comprising bringing into
contact with the device a sample containing or suspected of containing the second
polynucleotide molecule, under hybridising conditions.

18.  Useaccordingto claim 17, wherein the sample is removed from contact with the
device, thereby separating from the sample said second polynucleotide hybridised to an
arrayed polynucleotide.

19.  Use of a device according to any of claims ] to 16 for monitoring an interaction
with a single molecule, comprising resolving an arrayed molecule with an imaging device.
20.  Use according to claim 19, wherein the arrayed molecule undergoes repeated
interactions with each interaction being monitored.

21. A method for producing a device according to any of claims 1 to 16, comprising
immobilising a mixture of molecules onto a solid surface, wherein the molecules form an
array having a surface density which allows the molecules to be individually resolved.
22. A method for forming a spatially addressable array, which comprises determining
the sequences of a plurelity of polynucleotide molecules immobilised on a device
according to any of claims 1 to 16.

23. A method according to claim 22, further comprising the step of hybridising a
polynucleotide molecule to its immobilised complement on the array.
24. A method nccordmg to claim 22, comprising the repeated steps of: reacting the
umnobnhsedpolymcleondcwnhapnmer a polymerase and the different nucleotide
triphosphates under conditions sufficient for the polymerase reaction to proceed, wherein
each nucleotide triphosphate is conjugated at its 3' position to a different label capable
of being characterised optically, determining which label (and thus which nucleotide) has
undergone the polymerisation reaction, and removing the label.

!
10

I YL0%&' ()- ! FO40%& ()-! Fod0%e& ()-!, FYd0%s& () - A?zX9uS4! y2

30" RHFs0dy

10



10Zf 10Zf 109%f & () - 109&& () - FI409%&& ()-mht<_=! 11KZ9A0%& ()--!"
10%6C& () - 9! 30 JAN 89}!
10%<|<& ()-gL@0%& ()-109%g& ()- Y" S109%g& () - kecxV4_=!!' FOLO%WME () - g! ~FId ga
: -@F Y109 ()-1p Y109 ()- pY! 10%& ()-)! ZYA0%WM& () -- cTXZ[ XY: / =!

IOg 8910%g& ()-s(10%g& ()-v

30! 10%gzg& ()-f!t30! 10%& ()-f!y 3*10%& ()-S!y3*10%& ()-S[\]kJjK=! 10g
8910100& () - - 1SRN SF10% & () - ! 9SFL0%&' () - Wy 10%& ()-Z 1PGrGEgeMaTaX=! 10g
*$109%44& () - ! Nk$10%&' ()-s109& ()-s109& ()- 109& ()- 109& ()- Un; ~_ @K=!

10g&10%& ()- !, 10%& ()-@!, 10%& () @ &P ()-S
t &100& ()-S)!° $1o<y<99& ( JZ = 109 7@0%& 1098 ()-f! . 109%& ()-f!
C109& () -+, 1R0m M claim 24, pierein sach sach abel s is a fluorophore.

101 ( T0%&& () -4 Al awmmsﬁwﬁmmwmm&m & ()-Y

10 10(0qui3?=!

Y109&' () -! Ylosu!z&lwlﬂwwmja&\ﬂ}“mﬁmm&f ﬁowmmwm | $( 10%6

6 & () - mhzXE?=!
' ¥1004.022! ° F* 1'5‘%2‘2‘&’()- = f&/«& ()- X6 '2%10%& () Ylo%z& ()"'Y“%%J & ()-
Nor mal " " He%di igo28] c" " Headi ng 23] c" Head| ng 33] c" "Heading 43]c"

"Headi ng 53] c" pqHeadl gm?%q@%g %W ng 93]c A
" Def aul t Paragrzaph Font [ $% 71 a\ eoy\ k, gg( +17>MCh\7§ yz :

X: H X& [), $139; mwl\lpdﬁ/wo\ _+behkUqr vy| ~~A: xVt c[ U ( 6Ti nes New

ROITB.I‘]AI’I al Cour igg Wﬁ%ﬁ%&&ﬁ%ugmmm
#IUR () *+, - /0123456789

Ej’?@\BCDEFG-II FRU NNyt scepsdionto plaim 3, wherei Hhejtaa inm phsieetidngy 7 | } ~

10 30. A method according to claim 29, wherein the polynucleotide sequence is
determined. |
31. A method according to claim 30, wherein the polynucleotide tag is removed after
the sequence is determined.
32. A method for characterising an organism, comprising the steps of contacting a

15  defined array of polynucieotide molecules immobilised on a solid support with a plurality
of fragments of the organism's genomic DNA, under hybridising conditions, and detecting
any hybridisation.events, to obtain a distinct hybridisation pattern, wherein the array is
as defined in awy of claims 13 to 15.
33. A method according to claim 32, wherein the organism is human.

20 34. A method according to claim 32, wherein the organism is bacterial or viral,
35.  Amethod according to any of claims 32 to 34, wherein the fragments of genomic

O DNA are detectably-labelled.
36. A method to claim 35, wherein the label is a fiorophore.
37. Amethod ing to any of claims 22 to 36 wherein the array comprises a solid

25  support material having a plurality of cavities, each cavity comprising a polynucleotide
molecule.



