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WD 2004/ 056470 PCT/ |1 B2003/ 005129 1 SURFACE TREATMENT

The present invention generally relates to surface
woe@avsant and particularly relates to met hodBCT/mB2003/005129

coating surface areas w tht nol ecul ar nonol ayers. 5

Mol ecul ar nDnoIayers on surfaces are useful in many

applications, incl corrosion, wettin
or adhesion prop q{-‘ﬁﬁﬂ-ﬂa 15]‘ﬂe, perform ng )
het er ogeneous catalysis, extracting or purifying

anal ytes fr sol u n ap pegd [
B I g i
and partrmteﬂ;arés valatesubst matkodar £aEeCPAVdRIeSUFARERS F‘%&as

with ﬁgﬁe {ngc?o %Q.}/éi)gutl on having an excess of
nol ecul es for mng a self-conpleting nonolayer on
the surface. A disadvantage of conventional inmmersion

Molec’ggaﬁdrtnaﬁlalqzla%?é 8h0§t§?§aagst a@anqugall dnt mahyt hey 15
not allow fine pattern In addition,
appligBhpPBER, leszﬂa@ﬁ%wecogrca#gﬁa CRACEGF]ES Bl bgt@l?in%r o
adhes@bﬁrrF@abbytaad ofeanmetirifaakl, ype@dnwdngoharterogeneous
uf act f._DNA_ functi-onali c [ I
catal{Bate RGLhAeh BRACE eHaT AECa ooiFPAYEeReAeP R, SO
and fepoprobsucehgetiopensbosder beog;ﬂ-jlépsgeorretry Dryi ng 20
ef fects qui ckly change concentration in the spot and

render control difficult. Anather conven i onal
A conpeptéenaflopressssi £rig IREOSLies enmel c&n @

subst'.g%\g_%lp \égu%(:f%%lentm%tlb@@ %ﬂ@r@)&@@ Qfﬂlefj @@Iﬂfﬁfcfeaﬁﬂl fa Grolation
as a sta i net S
havingppRsPXCes Spo) nf“ioljr&nglllle(?\/\goﬁa# F‘ﬁ'lnlgg “of° fe C’Jsoug%ﬁgezzjcgng
mono 1 Wik ras:nmtuq% @rﬂi}wab& of dinlagaingsgaHodevemveriiarangls a
vari abl e tyans asso atel t
lmeré&\?é]rg’ gtr %O% %tlﬁl\g suréfnacte&“ﬁdéerié fhat. they

ends on
do nolnoiaﬂhdmklﬂ:gled@wtteymam prﬂmt&d@gtéfqﬂr(:lté?ﬁw arm%omﬁﬂsexl

expen%g.l;ztel gcl’gé%w Y Riphly %]%UI%@.Je whene dﬂgnﬁ@'&l@% Gafy onl y be

ds ‘a nonol ayer on the stanp. In r exa
geome;tmmamig/ &‘Onéf@tné;ll)@ﬂaé— W%fﬁ%%low@c et ael
biocHAYH N3sio IRRIIREND t& i riRASSItre Tand ’@nfpllrmié@neﬂulsﬁﬁdadeans:mn
IS provided by t he presence
in the spot is relied upon to define spot geometry. Drying
effects quickly change concentration in the spot and render

control difficult.

Another conventional process for depositing molecules on a
surface involves printing the monolayer on the surface from a
stamp such as a stamp made in poly dimethyl siloxane (PDMS) .
Printing allows patterning of the surface with minute amounts
of molecules. However, there is a variable transfer associated
with such printing. Coverage at a given spot on the surface
depends on both inking density and printing efficiency. This
is particularly problematical where molecules can only be
placed as a monolayer on the stamp in, for example, printing
of catalysts or biological molecules. Here, contrast between a
passive and a functional surface is provided by the presence
or absence of a single molecule. A single missing molecule

produces a defect. Conventionally, transfer of monolayers from
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or absence of a single nolecule. A single m ssing

nmol ecul e produces a defect. Conventionally, transfer
wo@Roomwsarayers from WO 2004/ 056470 PCT/ | B2003/ POBIE2803/@5129

a stanp to a surface is not2free of defects and

transfer ratios vary fromone print cycle to the

a st&ﬁﬁttoTQ'§uk§acéng§ShEEbE§eE°5f”a§§eEE9dHﬁg RRansfer
envi ronnents. See, for exanple, A Bernar F

ratl@%ﬂ%?%%oﬁ%ﬁ@topﬁuHrﬂﬁg @YCéePF@tEhﬁsmeXAdvThwﬁtéﬁ

unde2008901d 2¥or 1064 ( 2908kt 1iSA- éﬁbh@anﬁegeal ps@é MEGH-0
ay technolo.y IS |ncreas|no oortant

examgi%ilt_ = degtal, Ahaa _5_.sf
Protekaai nahdon m&taenezaoolvnny amd6vdeabobbcatlon of

gene nutations. CGenetic information can be used to

i nprove drug 10 screening, diagnostics, nedication,
So-cahted deht¢hipatromicro aypavatebhnohbpyf ds suchearingly

1mpof%§%ﬁcﬁﬁ'Qﬁpﬁ%?%?%?ﬁé g¥?%2ﬁ§t85ﬁet§5 QXaQ&sQSnelncludlng

fragnments or | ass - surface
examq®®¢%%ml9fagﬁy9r@@tza%tbnan@aeﬂﬁahlﬁé@@ééﬁnsééugﬁﬁés

muta@ﬂoﬁ@e sentace ofrsuahcbbachbpspandsaaf LHoLgSE8Ot drug
e s 15 used for the analysis. Followng
Scre%@%E?dlQ%f?BﬂSt%FﬁchW%@lﬁ?EloprPEQIF?ePEéalﬁPFﬁon A
typléihdbfﬁﬁﬁﬁpefdﬁtQﬁ&ﬁrén gepriththnent BemptlhBeEescRnhiature
arra fnsit%agf g on_the urface é g guanti i ed.
¥w eV i ar kBPET VP r 05 eRT° ﬁansr%F PRIERpFEs8i §Hass
Surf@¢©f|TE§icahlbeashybtadiyadabacredcvuanpbetwéan sequences

on tﬁ£e§ﬁ{f£c§0 ‘?&Hﬁeb?Q &ﬁavsnkngeegﬁgshéoggmLQE is

pa terni ng 0gl Ca es on 1 OC
usedd%%%r?%@danﬂlK@lSeh@ﬁblOWhm@rbYEradyzasigahublochlps are

typ135$ Qf@&&"wlgﬁtPDugygébéﬁngde%@EtéfsN%peéﬁggglnénghe

Y, State of , Nature
fluo%#%ﬁ%ﬁ% l&%enSaBY(qgg%yot%nﬂveﬁbﬁoﬁarfﬁ@?hsasbﬁnc|ude
quanﬁﬁﬂﬂ@ﬂtIBfoaéﬁnZﬁaﬁﬁéﬁéleblﬂ@éé@[nhﬂ@ bgéhéhﬂU@SPIEBgion

rofs euent| techniqUﬁY seri € y_addres gots onft
PTOLLITY ac® TReB& t&ZhhY o85S TR tdg: Pﬁ?ﬁ%% RgectLc
Captux&n$¢amy8prCQMVQgtionkljmetpodatfng pahtdernphg biological
moleéﬁ%@é'@@ bi ?hfg%aékgldégg fbg&e tt§£ﬂ HHlthﬁk Yo arra

. areas of no es onto the sur ]

2 A Bat : a bt dl MAat v Q00) and
G. Réﬁ%éwerVDNﬁa@hiﬁérYS@éE§YOf the Art", Nature Biotech, 16,
(1998) . Conventional methods include seguential and

parallel patterning techniques. The sequential techniques

serially address spots on the surface. These techniques
include: pipetting; capillary printing; ink jet printing; and,
pin spotting. The parallel techniques pattern multiple areas
of molecules onto the surface simultaneously. These techniques
include: microfluidic network delivery; capillary array
printing; and, microcontact printing. Microcontact printing
involves inking a patterned stamp. Such inking may be

performed via a microfluidic network.

Deoxyribonucleic acid (DNA) may be applied to a biochip
surface for some applications. The information encoded in DNA

establishes and maintains cellular and biochemical functions
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printing; and, mcrocontact printing. M crocontact
printing involves inking a patterned stanp. Such

WO pdoisspamay be performed via a m crofl uidi c NECTHB2R03/005129
Deoxyri bonucl eic acid (DNA)3 may be applied to a
bi ochi p 35 surface for sone applications. The

st I shes. a I-nfal
or abTHAEFEL D SUCUGY LoRieeB! A0 SUCSsoR L8R
strapdyd| BRbpBro05The s8quknams ofgdaAPskribanpodeotides of one

DNA Qggéamgmameﬁ%@rystentﬁég@ngﬁdtﬁeuekﬁersg&§aﬂad This
enab%%% ymer. The sequence of deoxyri bonucl eoti des of one

Pev BNPI BREREHLGSt 5Ot Res8YBEREREZEENWH tEt LhfdSame

11neah|§rﬁaybbesaaamy@ﬂﬁoﬂah@@at@aebolheeauﬁt§@§aaadaﬁnbh
ar aLray of deox |bonucl tlde

Orlgé%%h @ﬁ?aw81§EUEﬁ OPH§i RAPCBRA hol EEhFE2 M|§eﬁﬁses§st0
as DNA gepbmahtyonefEheenNAOCOas DAAmadpl upaticen fohe DhAes:

aaenff® 7, CBlEatRe 00, (B hoRiRe: () T Rhh fevabpead? "
nucleohsfiet sonsishe gf the b@uther@anrcobgsesc bakege &0five
carb@ﬂrggﬁaﬁugﬁénéeggsosghd Qnghgggﬂgﬁghgkgu roﬁﬂg EH@Sﬁhate

ate ~group and organi ¢ base ar
groupg' ag rﬁéﬁaﬁh@ basecarponatheehsdofot Reeshgaraibprat pnd 1’
carbéﬁsﬁﬁéﬁéV@fythgh§u§Hgaﬁ09EtyDNﬁeb§eatg9@l¥r'@9§esugar of

ec e it dr oxyl , rou
DA %ﬁrgoﬁeO%%El aéﬁeE¥Fae§e RAS are ?érﬂﬁ 9r9§p only on

the bhoeaﬁﬁoﬂstEhebﬁﬁd$emtﬁaebhefpbmaphaéejgﬁauﬁ bl the 5
phos%gﬁyggt r bong nuckﬁokhge ﬁgtégﬁgggﬁto SE%SOPIdgarbon

he stgar o
of omepQUQheotedelﬂenkhdstOhabeaBB OBHo &t thredendyf3bend) of

the %ﬁgﬁﬁ of Qﬁ@sgaz% QEOHBC§% Ebﬁe okhﬁﬁlgggcﬁéoﬁggé thus

forns a strande
has aadti Qg aFtany gRd Kasesds pafrang’ webhRsehate gweumnat the

otheihéﬁ@ hydéﬁaﬁn bﬁmdﬁorﬁssaeabuuﬁéystIBﬁdbaohénﬁﬁnQ§t9f
osite _directions,

nin Qp

base%o%v%%%?bﬂgdwbﬁ el §Pg EGEESDﬁAgaéFéHSIW&§§ fr Vipehwo and
threai hyxdt bgeh' bendsofrébpeuppeélystrhédtwa EBEahdétof a

r the enz natlc reg I|ca k process
aupL B O R BBl R bR R Pl B9 ERnedRrs S ngoype
StranﬂedpENAhea9ﬂ|siwagsswquehee.thhsth@NA i endl wéyshe upper
strah@PbhCRLENI EEPM puring the enzymatic replication process,
the phosphate of the added nucleotide is linked to the 3’ OH
of the existing sequence. Thus, DNA is always replicated from

5 to 3’ direction as described in B.R. Glick, et al.,

"Molecular Biotechnology: Principles and Applications of

Recombinant DNA", American Society for Microbiologv,
Washington 1998.

Manufacture of DNA functionalized biochips conventionally
involves sequential inking of spots with a different DNA
template to from DNA targets. This is complex, slow and thus
expensive process.

Conventionally, gene analysis was performed by hybridization
of labeled probes to the DNA targets that were passively

adsorbed to support surfaces such as nitrocellulose, nylon
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5" to 3" direction as described in BBR dick, et al.
"Mol ecul ar Bi ot echnol ogy: Principles and Applications
wo@Roo4@aonbi nant DNA", American Society for PCT/IB2003/005129
M cr obi ol ogy, 30 Washi ngt or# 1998. Manuf acture of DNA
functionalized biochips conventionally involves
memb§sﬂggntb§'1y$5h895%%t§8°g§a§%t %édgéffegggFeR@Alﬁnkage of
nE rom Is 1s conple
DNA BAdthAUSUTrExpenBrovigescesablesatbaghmensnanigr gene

hybr@&@ka§i§nm@§nE§EEBBEEdDﬁX Bx@§bgéfgtbaﬁ b@fakea%h%@ or
robes to the DNA targets thaf were passive

Synt§8§b?%@dl?oS§Ebp8FPmsGFFQ@éstgﬂcﬁ a§nﬁ|PFo§@?I§Io§€d

Proceybeﬁ ﬂﬁkzaeﬂééﬁﬁﬂaosPCEh&Ba@@§6ﬁQ5188t1de§EEbrgmags
yS|ne coated glass slides. Coval ent h@ka e

of , :
inc 1 {30 FRSE Fie L BP ot PBEG  ShaBl e RO ECRBAL SuAgEr vatized
glashybucldi zat descrbdhdidt iong. LDNBeattflonersatanchén. Chem.41,

7oo—§b&a§%§959[ 5SY§E@8§h§§QE?§C§SS ﬁ;g?&g?@ﬂggekﬁﬁgesend

immoki i §ardcPrbei deinpodgravstirad| adessaauehory dpénmm@ed in

Joos! €BCLEEN, PN, eﬁﬂéi sgheeﬁeﬂerzxatlésdlogl@§§9svchaaa
described 1n K L. Beattie et a

5 -dvéﬁlﬁe@e(%@@sﬁle@ Oéa@enﬁyﬂapaadﬁarﬁeﬂnd Via disulfide

bond@lbg@@U@hg@lld@érlvaﬁmaéblg@gsgnéecaﬂhBOdégaki@baz@a

gl as des,ryged {n %O Jo B |,

procandeéledeotrgséumhﬂhérdéSubbuaé pehde$mbbbganabendmalelc
t hiol gl
eony LG LG PR E R 0L R0 S0 0o, 008K 280 Hlaggie, in
At o@ - A pkRes . shdh 38§31-3039 (1996),

o’ DOHEQYid'MS@Cyéeaéf nﬁhsnc éﬁeﬁnhng'§@380§443 (1997) ,
car bOdIil:m](-jeS and are descri bed TOT exarrpl e, I.
‘ ‘ Lo 3003} 039

hlqhéd&ﬁﬁitv ﬁk&b@ﬁﬁébsnwféc1@hcél274ﬂm@hoA§MQnu1§96) An
S AC S|ng

overt iRt ¥E Thfor HREbn HEThE ChLgh. bendPP) L BRAarPagels

Herméhsence"ﬂfdcoﬁi@aﬁﬁé Té@Bﬁiqué@“20Aoaéemnem@®éss San
g@%tf§§gen§e§€§ éiﬁigs %émgg §h§H QE gﬁ omers _in
I OCON- 1| ecC ques ca em Cc Press,
partfzplar are descrlbed 1n Ade851 C et al. Nucleic Acid
Res. 28 (e87) 1-8 (2000); Kawashima, E., et al., "Method of

nucleic acid amplification", WO 98/44151; and, Adessi, C., et

« A3

al. "Methods of nucleic acid amplification and sequencing"
WO 00/18957.

The polymerase chain reaction (PCR) is an in vitro technique
permitting exponential amplification of a specific ribonucleic
acid (RNA) or deoxyribonucleic acid (DNA) region lying between
two regions of known DNA sequence. Conventional applications
of PCR include: gene characterization; cloning; DNA
diagnostics for pathogen detection; identifying mutations
responsible for inherited diseases; and, DNA fingerprinting.
PCR amplification is achieved via oligonucleotide primers
known as ampliprimers. These are short, single stranded DNA

molecules which are complementary to the ends of a defined
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Di ego, 1996. Reproduci bl e chem sorption of oligoners

in particular are described in: Adessi,C et al.
wolmtes@7ici d Res. 28 (e87) 1-8 (2000); KawasPCTEg2083/005129

et al., "Method of 25 nucleic acid anplification", WO

98/ 44151; and, Adessi, C., et al., "Methods of

nucl ei ific on_and seg Cc : .
s YU AL B LELC T AR REMED LMo ¥ 5
direatiwmst@mksumgke peranded ngemxponedt P bvphi Fheanpshable
f
o SRR AT R AP R 1
trivhesplmsedf (IR Dmd@@q@eht@b eohvRpEioparonditions.

Stra@@péyﬁ@ﬁé@f@ cf BOR-LPEL UL LYCRE: ENAERSERELEREHOBE the
cl oni ng; _DNA di agnostics for patho en det ect | on;

doubl e et FIRAeY Wat?%@al%%%p%ﬁspﬁjr%e Bry nfgpiied the
mlxt@&ée@@@sprimék ENeh s NGEI Py | DItA Ngo1PhePile at a

ificatio chi eved via ol nuc i de
cenp Bt e Su 1S B Sl Pefel 351 TuEdh £FRBELIROR o
stramsd randede ONA combpetsbesawyche ave swoppi Eheataoy . t Bathenew

f 4 6 I 0 05

R T e S B A
cyclg' ofdammixfxﬂﬁtbmnsu%@eea@plaﬁd@@ Henaetr BNADNA bhug
ampliffé@néi éht£&¥ﬁ§°|yg?réﬁfth@rtfﬁf8£ﬁ§§ﬂgﬁ PE1ating to
PCR r§§%¥nug 93|de trlphosphates (d, P —Uh er;SU|t abl e

Publi@@@ﬁéedoﬁynhe@them@©uraELogo@fhébﬁ eeoamle"mbnaedear
anneal i ng of )
Y Og

n - Il

HvbrI@{9§E1£EMWi§ht@P§qoﬁﬂ@ié5tf§eeKPQQ§EtbﬁlbYasEOSuDDorts"
further |nTornat|on refatiing to see_C. R New on
Nuclaic ‘Cld"&aw' 23 f2d e 2456 '65"—"‘-erg' @igﬁur@ RL

ZO@Dreéi ﬁ@@éh@é@eﬁ&eabf ﬁ@i@ﬂ@lﬁéla5HbBtéﬁazhtmaﬁ OA the

Sttt e SENELY £ Pl 21 1398 15 NASKOS,Y1),
2121—2ié5 (1994) M. Sjoeroos et al "Solid- Phase PCR with
Hybridization and Time-Resolved Fluorometry for Detection of
HLA-B27", Clinical Chem. 47(3), 498 (2001).

All of the above mentioned methods to pattern monolayers on
surfaces have strong limits and patterns cannot be optimized
after the patterning step. It would be desirable to solve such
problems and have printing processes that consume less ink,
thus requiring less frequent inking and allowing faster
operation due to shorter contact times being needed for

molecular transfer.

In accordance with the present invention, there is now
provided a method for producing a monolayer of molecules on a
surface, the method comprising: loading a stamp with seed

molecules; transferring seed moleculegs from the stamp to the
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supports” Nucleic Acid Res. 20(7), 1679-1684 (1992);

Z. @Quo et al., "Direct Fluorescence Analysis of
w@eensa@7®ol yrnor phi sms by Hybri di zati on wi t h PCT/IB2003/005129

A igonucl eotide Arrays on @ ass Supports” 20 Nucleic

Acid Res. 22 (24) 5456 5465 (1994) J. Lanture et

Mar es e of e | 1
soctefisy, gt AT O e WIS Baugn apptitying
reactDevi ¢&' oNeslugiec thc dnd?e:slaym( 11) , 2121-2125 (1994);

M S-joeroos et al.., "Solid-Phase PCR with

Hybri di zati on and T| nme- Resol ved Fl uor onet ry for

In a pref@nirad empslimentBrr thy nnessntcie A%}, 4w
trandf33 g Admfi dde @@}éeféﬁrltﬂ@@dff@iﬁm 4D 1ed teked

nonol ayers on surfaces have str limt
moleqyghqse ifadSshft H&™hti%i 28 S%ftoaé?e ep%lfag?d%%n fhis 1is
achie8teR]D. ﬁayi tthao lﬂﬁiﬂﬁéiﬁﬁ:lrfgﬁbicﬁnﬂ:% Sy a@gmi‘bmy otthe nseed
ve r|nt|n ro es .t.nat ons
molect%?gs rq:eq g r?g a[ngas rfcf acﬁs?cﬁ:[b Ehael t éJ Iﬁéfeélpi(és tgo the
surfdast ethe cmtsrcaiptolmrduﬁ tthhes ma@mmmbes t’¢¢re@'l¢)e$¢1@mp
be1n%¥§%¥%ﬁ déJfHEgéﬂ ofrkﬁgxégégﬂﬁﬁiéﬁﬁﬁeéh@o

|nvent| on, aaLere 'S now rovi ded a nmet hod f
the myrlsfuliany rﬁhfbls;y”eﬁaczﬁ e ekl i g I@%stﬁﬁml%ﬁeses an

in vithe retdod oMY | $FNEn AR & StaAMoNb1dy Seesf protein.
nol ecul es; transferring seed nolecules fromthe stanp

The §qpq MO BRR/MH6 FOSPEHS BR00RI D052 o8 Sur F¥ke:
electﬂfth,e@dmiéﬁdélngldxhe me@dnémhcam hes :L/rllcal@cﬂ]e avdphdi £1ydr negy

ctio to rmn |.ay [e
Cata]é/é\—o Qﬂ ee%ue nﬁo tr? S éaé $ei|_r’%cl)rrl1
a pre:ﬁﬁmre&@ophamstfmn iy whd rzamssemt oinve’ﬂrets%d Bhe

mono%‘%&c%f&écﬁ%ﬁg’lﬁ%ﬁ%@t ﬁ aner eSuidace. hreferably,

S I'S errirng conmprising

partnadskﬁrnb]mgmm%em emm%u@rei‘s o e Bﬂf%%%man%jnventlon'

e RASOrHINY dhgseak @h@cﬁﬁfé@ré@%x&%i@@e@ftﬂ@e method
adsorption of the seed nolecules to the s ?,%n%% {l_) Jg g
furt?se%lf GIGERT } AT UWRA LRDrpiT o VIS EFer Sea Rt £5Y 39 °n

pluraD dlreramd el Bsrd ord headiiid atciee é'tlimmanfpitﬁys;@@d may
o1 BY LS55 Frod Syl HEOAL AT ORI L2 2 B04CE o
compEﬂ&Iﬂgﬂgumfamﬁnmﬁedtﬁd with a method as hereln before

described.

In a preferred embodiment of the present invention, there is
provided a surface treatment method comprising: transferring
an incomplete molecular monolayer to the surface; and, using
the incomplete layer as the basis for completing the monolayer
by an amplifying reaction. The amplifying reaction, which may
involve immersion of the surface in solution, is preferably
selective of predefined zones of the surface to prevent
unwanted surface coverage. Reaction induced enlargement of the
zones is preferably limited to avoid excessive distortion of
surface patterning. In particularly preferred embodiments of
the present invention, the process 1s self completing, thus
solving the aforementioned problem of variable transfer ratio.

This allows more prints between re-inking, to conserve ink,
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el ectrol ess deposition. The nethod may include binding
a catalyst to the seed nolecules for electrol ess
waelepaensdsron. I n 15 a preferred application of PEEIB2003/005129
present invention, the nonblayer protects the surface
frometchants. In a particularly preferred enbodi nent
r in - e . SeS
O e e a8, pipRe TERRLTY R BRIRL SR8 sur face
pattRBRpRY selr EBPaEHRGNRE heear hhsTelRrY ngORNET AnprinyrAgspRcies

to dﬁ@f@féﬁ@'sﬁé&ﬁé§e§hbéﬁoﬁ§yfBéoéﬁbﬂgntﬁﬁlétB?Do%hEB
nmol ecul es. The present invention also_extends to

tech%%%vﬁéengﬁﬁ pE%ﬁﬁFFsFﬁ§e§EFPacéStPééFéau%PFﬁYaa%EPHHQh not
excl@§1hélﬁlﬂstﬁDrEordéﬁﬁlhb§ﬂng|Epér@éeﬁghb$€y@ﬁEOSUEﬁnhs

rg éﬁg Bres invention, there is 25 provided a
SPELRUrtace ?Pg ?ﬁ%ﬁ? met hod conprising: transferring an

i nconpl ete nol ecul ar nonol ayer to the surface; and,

ExamﬂféggoftQﬁpiﬂf?ggkféﬁ ggﬁggegs E c?%ﬁiétlggegh? monolayer

€ nono
lnClﬁ%@ hﬁ@@@?yﬁﬁgllﬁa@@t@ﬁn mhxphnﬁaylaﬂnampwefﬂnﬁéngnoﬁuch

as P@ﬁ éﬁﬁl§§iéé€§ohn §ﬁaU&i9@ctaanaiegﬁbﬁékzcégléﬁlectlve

predefi ned zones of the surface to prevent
Adva%ﬁ%aﬁ?%a ¥Xurfack 2eleragearrederrbalindirdgrendent from

patt@ﬁhﬁﬁ@eﬁgﬂhoaé thenegpngspl srpegtepably LkEEhedrbe
ve dlStOLtlon of _ surface atternlng
t

comp g0 e Ry e TS Sl B0 O e R LR CePRELER L
amplifiveation, isherpfecesd f6rsbhildmnplmbnagayéhssfSSm sparse

mole ggngeégs gf9£e¢§n£é9$§9v85§ kSELO nvarLable fon.
ransfer nts Betvie
Dlre¢%l¢mklngmpl@f@©@§é®me 1nkrlnﬁﬂQ@©1Y06$ﬁéotlonal or

depeﬁﬁgﬁEB&Q0§%$Q§éggloﬂ @PdaﬁerEéPBaia§58id mbEPHHES

fican |stort|ng%sur ace atternlng
form%%ﬁ%%q%%n@aF%§E¥F%EUH%§ 6h@@%ﬂ9pﬁmﬁ%édg§5§euégchto

ampl Uf { &£t eoh §@E§M§§ @QﬁcﬁenﬁMpD@méﬂ@éﬁniﬁbiﬁoP aﬁib?r
chni g I nventio | rtlcu

sent
orgai e ot abe 106 BR L Se vers - uerhl OF b AGHe! PeoPREs will be
descEqbw@elnnﬁmrayersdsu@hlashosphyseAﬂ»ﬂnﬁagebayEys these

sche&ggn?éﬁsbgf ﬁ%?é%éﬁf@é'&glﬁﬁpﬁﬁgs oﬁgggleﬁhﬂg?g%lbe

ayer near on exponen
deteqﬁ¢¢|¢m@a@mphlgg@@ using a copying process such as PCR. It

is desirable to amplify multiple DNAs in parallel in the
interests of mass production. In a particularly preferred
embodiment of the present invention, parallel amplification is
combined with soft lithography printing to provide mass
production simplicity and reduced cost. Specifically,
oligomers are patterned onto a surface via a stamp. The
patterning quality depends on the efficiency of chemisorption
of capture oligomers on the stamp and of primer oligomers on
the surface. The template oligomer preferably has a controlled
but reversible hybridization with stronger bonding to the
capture oligomer on the stamp than to the primer oligomer on
the surface. Alternatively, capturing of templates on the
stamp can be achieved nonspecifically using polylysine. For
efficient surface bound PCR, oligomers preferably have spacer

sequences (9T), are preferably bound on a biocompatible spacer
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as PCR anplification, and directional anplification.
10 Advant ageously, such schenes are generally

w0 pbepsaadent from patterning nethods. Linear PCT/IB2003/005129
anplification is useful for8 conpleting defective
nonol ayers. However, exponenti al anplification IS
preferred for bU|Id|ng nnnolaye%s fro

layer nfPBelt e3nPeRBaLer #plY sha¥fati b ?ﬁm?ﬁg%ggﬁ SQXCU Fon.

crossilbn reesinmal; anphi bhcehéopurtfatei dartapl yhermal
directional or dependent on application of an

cyclingiernal field, pernits formation of nanostructures
br|dg|ng snall gaps. Such anplification schenmes can

In a gagéggufa a%h ?E? %gggﬂhgdlmgﬁgagfcth%nﬂrgb@hgg'Ca

enes Wl | O described in
1nventuonheDNHepaﬂhtsﬂofrbm aAdpakit §a6usPy Ont Re§E2MBCAEnmes

reduc%&nlge % ahgngekeg?gﬁ'ﬂglgwénﬁlbg@ﬁ%rSTh@HAaE&bwae

tecte usi n g process su%h as .

repet pgRve| pse; §fd§§?r abpEDt Uléhﬁluutf yemarl# Ple 5%&“?? er o

prlntﬂﬁﬁahbéhebnpbglel@tQéeékép@ktﬂaﬁalptoduhélanekﬂea

artlcularl preferred 25 gnbodlnent of Eﬁ %%?% of

fraCtFHVeEFPBﬁ %5?3Iﬁ8FlﬁﬁpﬁﬁF cREM-BE “dSnbinéd g

less 8BAh bl thogeapbyiptinti ngcle ﬁbmvedemm&ssal@pw@u¢hﬁomeuse
Si licit C S cif II oli.goners

ot e TRGue: bYoBRA LORHCEdpeRsbe o Lipiatlonep obio

re- lnhahgerﬁrmgtqualpﬁymdgpehbgﬂoﬁ5tW@Aempﬂ@ﬂ@ﬁ@ﬁ er square

mlcroﬁgggksggpb'%g1%9e0fTB§BtE%es%kfg%q%h% @t heeStigmpoand
rrmer olilgoners on t he surface he teggJ ate

ampllénpg@n@n pEansT SPIrfaRgs PRUBShPEGMEEd - BUR Fepdrsitien
with 8YBbhfibzalbir-amew E@g&bhOﬁﬂ@fab@ﬁdhﬁ@lbos@@@en&ﬁpti”kbws
ol i goner on the . than t ri_mer oI| QIET; ON
repllf:ﬁélé’ﬁr PécBany| ttzllO %&#Lﬂlp K SIS €€ on
paraltbe .35 stanp can be achleved nonspeci fical ly using
pol yl ysine. For efficient surface bound PCR,

oligoners preferably have spacer sequences (9T), are
In a preferabidy drboddrenta ofi chenpaEssing sFaeatigp, the seed

molec%q ?9/ g@r mhrpgglo t%ﬁ%’ Q %.%1e% Iy &6 ePEGna it ve

erab ave a ernost abl e coval ent crossllnk
structegsen @gnet%ﬁoml{lwe S doe FESTY IHESTRISS & 95y,

electroplated with a metal. The dlrectlonal ampllflcatlon may
be controlled by the geometry of the seed molecule.
Alternatively, the directional amplification may be controlled
by application of an external force. Examples of external
forces applicable include: electrical force; magnetic force;

and, hydrodynamic force.
Preferred embodiments of the present invention will now be
described, by way of example only, with reference to the

accompanying drawings, in which:

Figure 1 is a block diagram of a surface treatment process

embodying the present invention;

Figure 2A is a block diagram of linear amplification;
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In a particularly preferred enbodi nrent of the present
5 invention, DNA printed froma spot feature on a
W@ @aPs6430 reduced in anpunt for each printi ngPClHB2003/005129

This allows repetitive use of the stanp w thout

re-inking. The nunber of printing cycles possible is
Figupe op®ris onablbekt BeabPYRr s€ e&ﬁ@ﬁéh@ﬂairaﬂﬁﬁgﬁaggtlon,

during each printing cycle. Printing of 10 | ess than

0. 1% per printing cycle for exanple allows the reuse
Figupd IGeistanplackuddadfon binasrbetooral ephplemenbtObn;

re-inking. Printing of nore than 25 DNA nol ecul es per

square mcronmeter is possible. This is sufficient for
Figugee 3k PCRHaapei bloaki dhausémg sfir faepsbound pethedsfor
pcr FERAEPILLAN N1 i By gormON pri mer region and a

vari abl e sequence a rebllcat|on of many

t housands of ~di fferent nol ecules in paraIIeI In a
Figuidefef res @@h&génﬁﬂécﬁfdigﬁrgﬁ§sgﬁtstgﬂ %g?ﬁ? for

nol ecul es are directionally anpli
PCR ?éﬁﬁk&ﬁ|RE9@EFS?¢%%%%%%%tl?ﬁre%?%onalIy anpllfled seed
nol ecul es nay be electroplated with a netal. The
ion lification e controll ed the
Flgurgéego%ry 0 Et% scéjé%s?m‘?%‘&ﬁjr%nafﬁ%%‘?’n% ?re?';'/a Piad
operali rectiona smpfade cateatmany meth@@ér@hb@dylﬁg the
preséﬁgﬂlﬁgg o 0f an external force. Exanples of external
forces appllcable i nclude: electrical force;
nagnetlc force; and, hydrodynam c force. Preferred

Refeﬁ¥ﬂﬂ§“ﬂﬁ¥§é5ﬂg ﬁf&hf@efenin'Qyﬁféfé¥E¥%| ?8&ﬁﬂgnt of the

described,. by way of exanpl e onl erence
Presqife Iy ity i TRETR alf r@éovmﬁwﬁ dﬁetls@d Fﬁ@nr%oqmw@g a8
moledallenk ndjr&g][aﬁfélﬁ)fora St f 26 I._reﬁﬁé'fgﬁ%tlﬁ)é@gi&_ﬁprlse&s .

t he sent ion; Figure i's a bloc ,
tratns?‘rt{gr am géf Cga a%%l?’? ?Cb‘hn%esil\de%Oﬁ‘? 05sarurtace via
a stepEr/ BZD&SK&&EiZBxyékthmpmﬂéési&:molé@miaﬂimmm@&ﬁﬁér
spar<XROREALIA e SR i Gal1 o, { PUE AL 188 P0G,

Ia ram o |ca|on gure
deposs#reaﬂr ©rh| ek HHfpeast olfS stﬂws qrpven e heodl draplifying

reaction to complete the monolayer on the surface 1. Different
types of molecules 3,4 may be disposed on different active
zones 5,6 of the stamp 2. This technique solves the problem of
incomplete molecular transfer from the stamp 2 by transferring
at least a catalytic amount of molecules and thereafter
amplifying the molecules printed on the surface 1 to
saturation density. In detail, at step 50, the stamp 2,
partially inked with molecules 3,4, is brought into contact
with the surface 1. In this example, a first group of
molecules 3 is inked onto feature 5 of the stamp 2 and a
second group of molecules 4 is inked onto feature 6 of the
stamp 6. Molecules 3 and 4 may be of different species. The
stamp 2 transfers a fraction of the inked molecules 3,4 to the
surface 1. At step 55, an amplifying reaction is performed.
The amplifying reaction amplifies the printed molecules 3,4 to
produce complete monolayers. Meanwhile, at step 51, the stamp

2 is reused to print another fraction of the remaining
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PCR surface prinmer anplification; 5 Figures 4A to 4E
are bl ock diagrans of steps in a nethod for PCR
waedoalosa@7pri mer anplification; and, Figures 5APCDIERB)3/005129
are cross sectional view ofloa stanping operation for
a surface treatment nethods enbodying the present
ventj o 10 Referr |ng figst tp, Fi
mOle%#% %r%ed éﬁ%%d%%%%? bf°th ac%rgsengg%%vén?lo
ampl i &y o vi el pomediyoti £ des f dnei molacubet edut aprinted on the
&L pn OIRYLSES ,
ot D S s r o e a5 Sppsterly.
step st f ddee i amm 3t BaprousTheasetl t@y@¥l@6nnets@§05her

fracf@%ﬁQQE@H@W%EﬁéWﬁlnésmépéééféy P0@U$§E§dy@tt5nother
nol ecul es 3,4. The seed | ayer deposited on the

surfagR fhce: ISR Heh FFremnS by %ea?avﬁwmfh@g Feackion to
ampl LHTEH etiee thel SONDEAYSE i 0Ped hén Stiié aseriac®d Lf erestproduce

f I I 3,4 be d dif
comp P TS TREEEE! £ (HEEh Ao et Ee hraat B Bt Faces
can b@lwﬁmllimﬂywtmé@ue@fuﬁﬂllncmmptheeNnhlprmhar thansfere no
moleé&fg%tye %&Q%Eu% ang@?%eéié 2atA£e$§%§a5§atﬁh¥t§Eamp

ec u erea
can tﬂm@d@ﬁ elsemk@ﬂ e@ln@ nthaepsoeeagerareatedat That poplifying

sé‘e}t)h55é the

‘reac&@%ﬁ'éﬂ SQQQQQ§Qh£¥ @5m?£§§e59m {hey st AFPt2anslation

l'y 1'nked w ecules 3,4, is brought into
Syst%n%%c@r%@lwm PpROLeEYeAcer IPrPheini sTRRafprd, maglecules

3,4 thay SdopPPe Of cAPLEGHE ESeBtés fokedlastpoleatusepbsotion.

& cainfust i PoavonRdcter ERaOLPaRtes. o hhl betl eLeStERbess
depodi trbyn berwfa dbfé Beentdspeci esatTIte oSt &ahp Brésansfers
inveﬁti:@Ctﬁqg‘é§n5?§ ég%e8r89é88“£ guéfégetfef§8m etchants.

sur ace reaction
The pelé¢orhes. 3., Qh@aﬂhbélbyhngll@@merﬁn anplifies the
printed nol ecul es 4 to produce conplete nonol ayers.

Meanwhi |l e, at steg the. stanp 2 is reused to print
Ampl LEGHHErOf rREt R ERO b PR m%%%%%%@ Yy 2862pP0BB4FeNe on the

stamﬂ?Cj' / f&ﬁp&ﬁé@%ﬁ@mﬂ@faﬁl 6EULRS &aﬂp_@@t@ ﬁaﬁbmayer This
at_ste

meth G4 oo BATRRCRErent| RETS S phi i BOBRePRLS Scam

is a costly and thermally sensitive artlcle Economically,
this method is not useful because it occupies the stamp for at
least one cycle of amplification. When the amplification in
done on substrate surfaces, it can be done in a batch process,

involving multiple substrates printed by the same stamp.

The amplifying reaction may be a linear amplification
reaction, an exponential amplification reaction, or a
directional amplification reaction. Other amplifying reaction
may be possible. An example of linear amplification of an
incomplete printed monolayer of molecules having headgroup X,
a backbone, and tailgroup Y will now be described with
reference to Figure 2A. Group Y provides an anchor for the V
part of a molecule that also has a group X binding to the
surface 1. The reaction stops at the edge of the print, where

X and V have insufficient affinity for the surface 1. In
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ot her surface 1' to produce conpl ete nonol ayers.
Simlarly, at step 52, the stanp 2 is reused again to

w@eooabsesed anot her 5 fraction of the remai ni ngPCT/IB2003/005129
nol ecul es 3,4 onto yet anotther surface 1''. Again at
step 55, the anplifying reaction anplifies the

detaf?'?§9'§§ te@h&” %QSﬁS%@{QQﬁoﬁolé ePrggugﬁe XY

ete ayers FOCG I'onal
mOle@llJl¢%C-'€% pnm’t@é smntlnarwrfa@atbd Hht $FepoR0t hehat hail

grou];pr'i’ %m&@eﬁé @5& Q&ﬂgﬁgoi eeplaSs 3141 SHBL nanQe@ﬁlé hBaving

anp, 2 e stanp can then be reinked
a Vv %ﬁ@c¥h%npr%c%%§k¢@%%a@@@ a THECGWHT P yF gLl peERL RENIRPUL
. SA€Ps©Sp NBY, C@M@réﬁémﬂﬁokﬁlﬂgtéﬁouﬁaﬂﬁbaisoaepﬁwﬁé@ﬁéd to

uce nola er rotein,
expO%ejﬁna%/ Sroe  BECLAUEL PLaRLOLS B LEoBRELoPopEokhE bouna
moled@b@stélthe éﬁr@a@@tabyémlﬁaypbfohOGGGufs bhey if the

es 3 4 | ectrol es i on ,
sur e OE M Eonde fod Shafy ELTOLEE° TRERARhALRD. hlofotepring
and amombl fiyens prepectan heesuvepageed toopregchaauselyThmplify

the f@i@f&%ﬁ%rgﬁm15§¥%96 ﬁ@wbﬁifQ?QEiSlsA@Bbé£¥a”9Tﬁis process

rinta cu es nm So be done on th
is t%W%n%e&ffbAmbmb@gbyItrah@p%erenthhec@ﬁﬁpéﬁger is complete

or wH@@Qh@yémpt§hé§te§96ﬁ09héSsﬁ?ﬁ&&ér1dkéﬁ§Yﬁn£ﬁ9§@é§h of
because a Lithogra hIC sta is a costly, a

moleRLFhaP PR PRI Fi VoL b t | CF oL RECBABRTCEFFy e "Phpgerned, the
proc&® hpﬂocﬂ@c@@tneb@Ei@libDéCQyﬁéaﬁin@pCUhu€SmhﬁJﬁtsﬁ.ﬁﬁmgf or

east ,one c e of appli |ca
resofiiofr 2ad  oe Mg AP L EE e 8 a0l et BE p
ampl bl denkon ncycbas chs pnocessyespomdfingngonliinepre

ampl§yp§5£§5§s printed by the sanme stanp. The anplifying
reactiron nmay be a linear anplification reaction, an

exponential anplification reaction, or a di recti ona

Refeﬁﬁph%fﬁ@@tt@nFig@ﬁélQﬁ hher éﬁ@hbiélsﬁ £286hEAR1 30
le of |linear anplification of

nﬁy ssible eXf
amplipicab ?%t%np+?ﬂ?%8 %EﬁoPﬁ&%Fe@fmﬂBP M?ESCHEQFﬁﬁlng
mole%@ﬂ@gr%wﬁlﬁg h@a@@f&hpng aﬁﬂdt&ﬁl@gbﬂppyY'aﬁbbmpmaxber

. described with .reference to Fi
meai {ESE T OLELANE Moy A1 SE POE PP LG FEy BRBedmores,
adsoa¢SbOMasoat@eoa@rﬁabénﬁin@inoethbeSBeWMthoeni tFhé groups
Y al%ﬁagéfogssﬂ 'ﬂ% ébg?gdggroﬁ tgﬁepﬁﬁﬂﬁe¥m@frﬁolécﬂmgs N

. have |nsu nity for the surface
increases at 2V, Thls process 1s similar to linear

amplification. However, after the printing step 10, Y tails
are complexed at step 21 with an atom or molecule M. At step
22, a second molecule having a headgroup (X) and tail group Y
is bound to M. At step 31, the headgroup (X) of the second
molecule is deprotected to X and chemisorbed to the surface 1.
Amplification thereafter proceeds by repeating the first
binding step 21, second binding step 22, and deprotection step
31. BEvery molecule deposited on the surface can serve to

amplify the monolayer further.

Directional amplification will now be described with reference
to Figure 2C. Direction amplification i1s similar or faster

than linear amplification except that now, at step 32, the
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WO 2004/ 056470 PCT/1B2003/ 005129 11 detail, at step

10, the inconplete nonolayer of the X-Y nolecules is
w@einvsd7on the surface 1. At step 20, the taiPCT/IB2005005129

Y binds to the surface 1 fndm sol ution a nol ecul e

having a V function, a backbone and a precursor

secok8€Pi SQ Bl NP0 BELHP D 15Xéheﬁﬁsékﬁgggg§t52$h%hgﬁkigﬁg'EQ a

ix% is deprotected to ex . ,
dlregﬁ%%n? §nF%rcﬂ%h?§o%Etﬁﬁﬁ by the a@eﬁatrwopécﬁh@ femplex
YMY . t Bee8UnbBEEu1 EBERHGOpRL aeﬁe@e@@ﬁgmg}l Mmpﬁltméd s4r Fae
not. al ready cover ed, |nd|n9 arote tin
&s ? it

1
Cond%%%l%ﬁpFF¥9?h@r ep@lEﬁﬁtbenF% BafBaL 6 FrogPE sw9gﬁ§ules
may lhepéléytiQpliaeednwithl apnenblunthe theesuibase 1 is

Thi [f-Lim sto Sg
anp1 EQYEL EEon ks 8OOSR Era) Ton by B6p aRalbhEDaRs: frd) fRRa
molegale heAsuefagkivelvnainei direathontl awbécdiestbounday be
contf&lﬂé&ab§sad%i1£§€1 ngka ﬁrek§e9§£&658§g tﬁﬁamples of

rocess produces ne i gi bl'e spreadi ng,
extelﬁ%%t EPRFRY %p%%@lph@ BRCchpdet h@lﬁakrmﬁiofom%cmaggetlc

forcafdeds af hparsayaami &f feakkon cycles is m _
corresponding to linear anplification. Referring now

to Figure 2B, in an exanple of exponentia
The thpesfamatldhcoatian é@h@m@be&@npbénhgédnﬁﬁobaaefsurfaces

wien SR 004020, BLSoHLSE D2Vt BRIBLONR KO0l o 5

eSP6¢¢ﬂkﬂYﬁW%@ﬁmbsf@nddgrnwatesg adsbapesowith DRa.sBCRace

amplﬂflégﬁfghtf§ Qfmé%é$5@ d, fan% %?H 1af|§8p?ﬁki@§tion

|n|n93|tes e nu ul e
SCheIT‘%cr’é%s@splé?f@lred{h@éb%ﬁb@@%’é @ﬁ ghai paesent| insantien,

DNA mw¢%¢£1@§1a£@ S$KW§%E§ Rl heLat BeoRr ANt QG S8R0 19, s rface
eXB

tails t step 21 with an atom or
as REEPuR PRENEe A %?%%Pe 2W1Ehs%%%ﬁﬂeﬂ%FeEal%1ﬁ%§?n§ gnd then
ampliﬁﬁﬁ@ﬁtmmpfdauﬁﬁdatébmpgébépmdhol§%§ﬂ@n?1&Of&&;dﬁpﬁégé
head ecaon ol ecul e i .
Pen. e MErE RS M Ko orben Torehs Saf pazegoczabed
are a&&ﬁ|$mt%ﬁdcﬁpt¢m@k%¢16m0@mbﬁfeds by gepentlngnéhin
part{éﬁfﬁr §¥IEQQ@:ﬁ%ﬁ%ﬁé?eréegPQHay ﬂg'ng §t€8 %%owaﬂglﬁcular

epr otecti on st . Bver ecul EDOSI
strughipres 2 kene JoF ¥ential dlrectlons of a surface to make

nanostructures, for example.

A method for surface primer PCR replication will now be
described with reference to Figures 3A to 3H. Referring to
Figure 3A, template oligomers 8 are initially held on the
stamp 2 by capture oligomers 7. The stamp 2 is then brought
into contact with the surface on which first and second primer
oligomers 9 are immobilized. A fraction of the templates 8
hybridize with the primers 9 and are thus transferred from the
stamp 2 to the surface 1. Turning to Figure 3B, a PCR mix 11
comprising DNA polymerase and the four PCR nucleotides (dNTPs)
in a buffer solution of phosphate buffered saline (PBS) is
then added. Each immobilized primer hybridized to a DNA
template is amplified by DNA polymerase in the PCR mix 11 to
full length on the surface 1. This produces a synthesized
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anplify the nonol ayer further. Directiona

anplification will now be described with reference 35
W e0okiospgree 2C. Direction anplification is simnmPEr/IB2003/005129

faster than |linear anplifilgati on except that now, at

step 32, the WO 2004/ 056470 PCT/1B2003/005129 12

comp PEERIL RN B PLErULE berEar SOERERLal ool PEgupy .
heat geoneevyappliad. cBhpl dwplyVDNSeetranficnal bs ﬁﬁ9 be

rehyibigeiiongl Ly éﬂ@%ﬁé£¢§¥iﬁe£0§”§nCQHQU§ﬁ£f§ce 1 to Eroduce
a

structures. Direction I ed seed nol ecul es
a brh%@e®em%1%@w¥%p|%@%@rm}m% %OWE£3|FlQﬁéed?Pecfvéﬁaﬁr

applfw@&iémcgil@@aﬂamep@sC@Hér@figgeaymbM@cﬁ@@nETWM afptbe pNa

ecule. Alternativel the direct
Stra%ﬁéq???%étFBnth%ys%@ a%%n%r%%?eﬁhﬁ§ BﬁﬁgFEﬁgloﬁeSFr5ﬁng
now EmtEi@@fefEECeteﬁﬁéﬁ@t@ﬁeois ﬁéﬁﬁtéﬁl Eathesf the two
|cab Iude el ectr] net i

pl 0
dupl?Q st¥a%nd y%?od§h%%%cw%% C% m ﬁ%ﬁ%ﬁg grlmer % and the .
primanpl 9 f arcat evhesdd@netwe dnr bdgededolecubat suef Bbes

prodﬁ%é@ [ﬁ$E8£#gH£E£§w Eg f&@féag anpkﬁitﬁéf'gﬁpiﬂcatlon of

arti ecl al useful "for derivat
heat§%¢$%%e§hﬁnbﬁl mw$@0@h@$rfN@utf@ﬁrl@uaheéxaﬂﬁ|étéﬁnds

are BEM@%D@BGEEéaéuﬁﬁ@ééflCaﬁé@@rﬁ§n§CH§ﬂeto|FlQuPéeﬁéerHe
enbodi nent. of t&h? present invention,

melt]a?% %%%r%%wbﬁ- 9 £ F o3 %%%nﬁeBﬁFBe‘é EBFFi ermer s
9 aré]eé:emg@eé@rer@mtmgbe@l W éhreetrr eonhe t:eme‘llgméﬁt&rgnd

moleddffls SPRLLhpE et Sal oG A AR PLEESo IR DOLRRI 11D or

via deresnrbetboe desgmébed 20 are also suited to anplify
nonol ayers in general and in particular printed
nmonol ayers or may be used to grow nol ecul ar

In agpedefieetianopg prefBfRnteahnggvechepasnobPelossrf ace

descfﬂb@@kellﬁééﬁsé%§ﬁlEi@étléﬁroﬁxﬁﬁﬁ|SanAbQEEBEQe§@& by
surface priner now be.?2

CR replicatjon
SPPLYERE r PBEUS Tt R PRA PEHRRE £ ol Fi a&vawhégl%% ¢ 84f, modi Fication
w111Fhﬁﬁrben@eéerlﬁé@uwftBAref@ﬂ@hﬁéetolFg@ﬁfés 8nate 4E.
rocehPLL LYo sl oy EcnSLan® 7 Plogghlvicast! gREs sy
held som f doe @hamm|2th|¢spt@nd sbcgqmep5|ﬁerThe stamp 2 1is
then brought into contact with the surface with the first
primers 9 only are immobilized. A fraction of the templates 8
hybridize with the immobilized primers 9 and are thus
transferred from the stamp 2 to the surface 1. Turning to
Figure 4B, a PCR mix 11 comprising DNA polymerase and the four
PCR nucleotides (dNTPs) in a buffer solution of phosphate
buffered saline (PBS) is then added. Each immobilized primer
hybridized to a DNA template is amplified by the PCR mix 11 to
full length on the surface 1. This produces a synthesized
complementary or duplex DNA strand. Referring now to Figure
4C, the second primer 12 is added in solution and heat
applied. The synthesized strand is melted and rehybridized.
Referring to Figure 4D, a second generation complementary
strand is then synthesized. Referring to Figure 4E, the

synthesis is repeated, until all oligomers are extended. This
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oligoners 9 are imuobilized. A fraction of the
tenplates 8 30 hybridize with the prinmers 9 and are
wao bag/osasansf erred fromthe stanp 2 to the surP@UeB2803/005129
Turning to Figure 3B, a PCR4m x 11 conprising DNA
pol ynerase and the four PCR nucleotides (dNTPs) in a
f.f er [-ON Q t. f sal i.ne. [ :

metho i RTIar LA O T el o i et Py bS8 T 27t
crossDNAIEHigrt are ¢ plddriehind D p%@iyar@h%@eteﬁmplaﬁée
straddR mx 11 to full length on the surface 1. This

produces a synt hesized WO 2004/ 056470

PCT/ 1 B2003/ 005129 13 conpl enentary or dupl ex DNA

In px%fre@%d ?mﬁﬁ&wd& 947%{@ ﬁi%serb@ﬁin\i’éra@@c\ﬁﬁ_ ﬁp@|fi1:.eéjction
upl ex strand nelts an rehybridizes wt
o CatTIHEIC AT 3 b RS ae AR Proerd & stamp 2
to tHa icdgethaw|eced £ mdeiaiiddly cmwdot kDl eti3d, shufdderl in
.5 appli.cation of .heat. nel t.s. t he, hri dged e e. I
@ @y P B R ¢ B B L T B e e Sl o g0 e
trangfreathesk haRei®era i sigromuey tloorkl guy et 13, stampe? atlee §g the
surfd&duced. Each of the two duplex strands rehybridizes
wth a matching priner 9 and the prinmers 9 are
extended. Two bridged nol ecul es are thus 10 produced.

Tt i d&S i N0V téndl QUL Antt 18T e apRh Lo 901 Of
heat nelts_the bridged npl ecul es. Now four % | ex
Protaddaddiet HEPoMPHITP IR SUrd R AT et X7 1§ 5 AoWFos 1

or ot & &mp the Anred:tdnigl ansf relyibra di &g st epsvalees
repeated until,_all_priners .9 e el ongated.. Turning

prepairoé&!fiodh roeéj 3H, }f%%e%cg?ﬂpﬁr%}éﬁ%}éf 1?%?%% u?%%h are then

NHS - R Geetveice fhany ¢ hearsar faoe APThemda | lyorebifwacaional PEG

such ra%t H,%)' e r%O(%d,n I@ag%@dégi%@édf@%ﬁicﬁ hfs P%osed to a
techni‘que herein before “described, |Inear_

glassampiifacathiont bf L OMA TGP odirevedl 355 apbpise Myt

elevatid SEOHSeENARL | M Sn $b:1898 U Qflay Thd SpaPEbFheatben

..20 will now be described with reference to Figures 4A a

£illing APMS et Myl 4 MR APR b at@ biF JUferaceivate

surfaadee witH i sdnbeouded s i die of aamio -bfua@pi oi®l i zed

15 ol il%omsrs 7. The stanp 2 is then brought into contact

Cr1IMTH the surface with the first primers 9 only are

i mmobi lized. A fraction of the tenplates 8

PCR amplification can be performed using two surface bound
primers as herein before described with reference to Figure 3,
or using one surface bound primer and one soluble primer as
herein before described with reference to Figure 4. However,
in the latter case, traces of intermediate templates can
diffuse away from their synthesis location and diffuse into
adjacent areas. It is therefore desirable to confine soluble
primer based PCR amplification. For biosensor applications,
only one sense strand and not the antisense strand should be
present on the surface 1. The other strand is therefore
preferably either cleaved from the surface or stopped from

chemically attaching by use of, for example, soluble primers.

Referring back to Figure 1, as indicated earlier, active zones

5,6 of the stamp 2 are selectively coated in a preferred
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25 hybridize with the inmobilized priners 9 and are
thus transferred fromthe stanp 2 to the surface 1.
waeoasg7ée o Figure 4B, a PCR m x 11 conpri si npCD2003/005129
pol ynerase and the four PR nucl eotides (dNTPs) in a
buffer solution of phosphate buffered saline (PBS) is
dded a bi. | | [ 3 1.z
emboéfﬁ@n@ngfaFQEI%Peﬁgﬁe &hbégﬁlBh E& Q E&%%h? %gl%?uﬁe
and pangekline PRéesulfasech. a$hast9m@éa@@ssar§ydthéypbed

seleGompbeasatahy Aby0ual gxPAnSH' 90d aReLEFE! BY BoWkocnt
methaﬁ% re 4C_.the second priner 12_is added in solution

heafludbne; eR1PTRELRG At BB 24ATYt PaRatiaomeinEdiet:

and, apthr epybtifyzeds ﬁérgﬁﬁebéEBQet@eEb@db%d4DOtﬁe§e%@a@1ng
h eneration %onglene tar¥ str ks t hen synthgﬁlzg

techipbfere i ngit8 BFgaPRIAE2TLAR © yﬁP e¥ile PsTigpeiladal
netquklbraViaoalgbenc$1awethxhemdedlv§hb@eﬂﬁh@@Oé&@S@@ﬁally

| BRO nmet h referabl e
pOSSfﬁaé E%a?§é8§§%§§lﬁé?lYOEaggﬁﬁnegr%gs Eoﬁﬁgﬁﬁ%XtPSHQBFes a
moret pecyener apettand tbeachellebnplare pstiemdsd with ink.
Thlspi§f@é£§Qs§nPﬁg'QEEE§e0£oﬁQ§ §r§S$9E EB%S?EEBHiCQlly

fraction 5 or catalytic amount
sepayabedf efrediet bi-haktanpis efbechéveubpibewhen gctive
zone@PBh@naﬁ@|pﬁ@ﬂk@&in@ﬁéﬁdtﬁﬁeﬁuﬁﬁé$ea%e|Becésgéﬁ or wet
state. This is achieved by the nolecules to be
transferred having a stronger bond to the stanp 2 than
Refetrﬁm@enowutéaEEgﬁrelg linia ﬁestﬁabuarug @HEEéyréd
I b ption rotocp at d
embo%%ﬂ%%§c+ |%ﬁ%d§%§% |onl%%e gosUrgace amgr ﬁopﬁﬁlses @
bOdYs%hﬁ@a?ln@mpbuaﬁbkeyobfS@chlaerEQBEBomnlnhelﬁesm of pores
42, H%ﬁ@éé0@2oﬁa9 Bét§§gﬂ'EH”&&&H”@hdfSégéﬂBséHCQtaéne end.
G triethox | ane from Al
Refeﬁ%h%%|¥%h%%9%ﬁ%l bEc?q%hsB@ﬁeaQZ(aSmiaﬂ%eﬁewnzboa

hydr&§§§ufalyagyﬁeﬁmg@m métfxﬁ05§d %Qférfﬂhéfﬁosﬂﬂéﬁgé By,

| 1 n ap. be gl ass es_a ev

eacht%%%r‘g% s %%mﬁ?%t‘r'bhhnlaaiﬁg%%ﬁféﬁn@é ng

specied | i ngs BEMSL I €5 0bt uniltcoBysi@be applbed maytbe employed
to mggﬁsé§¢ﬁﬁgéﬁg E %?@S @ﬁéhogﬁggoggréglau£928 gllllng, thus

| ona
preventing cross contamlnatlon of the pores 42. The filling

ferent

may be by diffusion or by an electric field. Referring to
Figure 5D, in operation, the stamp 2 contacts the surface 1.
Molecules are printed on the surface 1 from the gel in the
pores 42. Referring to figure 5E, printed areas 46 of

molecules are left on the surface 1.

In a particularly preferred embodiment of the present
invention, the pores 42 are each loaded with a different
species of template DNA. By uptake of water 47 or buffer, the
gel 43 swells to its equilibrium in a 100% humidity
environment. The gel 43 thus protrudes beyond the stamp
surface. The stamp 2 may be stored in a humid environment to
prevent the subsequent drying of the gel 42. With a loading of
around 1W% DNA in the gel, millions of surfaces may be printed

from the same stamp 2 with a catalytic amount of DNA



10

15

20

25

30

20 oligonmers. PCR anplification can be performed using
two surface bound primers as herein before described
wowhos@ference to Figure 3, or using one surPEUEB2003/005129
bound priner and one solublle primer as herein before
dﬁSC{Ibed with reference to Figure 4. However, 25 in
the latter case, traces of inter iate.temla can
trans@ﬁ##%%éa%ﬁ%yt¥m%n1%%@??q%?%?H@@?gﬁgﬁ%ﬁngﬂngﬁd£§§ffuse
catal?i&%’sé@@aﬁﬁﬁ%rﬁrﬁﬁﬁ bétemsloned efor eomesetrabteet BNA
confine s b| e based Lf] F
monoL By Geenatrppr IS a0t ohG Soly Sra oanss BFFEadaad no
when the @ﬂﬁm@eﬁsgssm®ahdngénuhulbeteotpaﬁséﬁr ansehd layer.

surfac 1. _Th h st d her efo f I
To de%??her ¢ e%%%% ?é%g£?he£§§r?g%%ﬁog g%o%goughﬁo%?QB d
contachemlt@]t@eaﬁuaﬁhCﬁglbyOuééanﬁfe?th@xﬁﬁEP§edsémeBPE of

seed ﬁéi?@ﬁ es . RRRETELRGLPACKLE Ebgubé immé@séﬂdhﬁaﬁeduld
ier, active zones 5,6 of the

therclys| Lednying @6aaéan9ncam5}@FéFYedT5E>ggé4ﬁ35€&¥ﬁlts Full

hydra?%%élggoﬁgiggﬁigg tﬁﬁseﬁhﬁaFﬂﬁﬁg 6hehh€omp€sentof the
ntion w ca no d

molecibf kP oL BRCRUALGoL dnpFHEeTELr ARd e ShehnoaRl Elp hys

allowtngt t hgppes betaertorgedapea ahnangeo@ﬂsdsepéréﬁﬂon of

udi_n e apicl La
the pfopEoRS,AHPERHRoRs, PP RGbEatncElBE! po e, Bodin, | DHa
may bEtheldcoatthg stedhaieqoésa pack 423 apphegatisn htidp the

gel 4%'?Hé{g]cﬁefhg'ﬁbglr%%ﬁ@0%6 QF Fkk@ @o%k%&%'bé&ﬁéén the
ect i ve openi ngs are equal 'y . possib

stampt 8pogflaphiecalirfapst teined $PAKH W?é&PWyWBF@dG@g pgres 42
1sola€€ﬁef§gﬁ$EQEﬁ B@Eﬂa@r nAtfhit@E aohltaktst atle panmoemasting tdan
is is because the active z
be ln?6§6§?§pﬁPcQFPV°t§e§ e it O?ﬁgtégplﬁgfzfgg%s St template
pNa sefheeki ¥eochothewkeampci wed depesifi®nace st raurfr@g:e 1.
and when they are recessed. Referring nowto Figure
5 1in a particularly preferred enbodinment of the
In a pmeﬁemteﬂnembbﬁamenﬁh§¢S¢@ﬁpPZQ%@%&W%&%?Q?%E?kxﬁﬁﬁlﬁFtlve

zones gv%ngfpl ral%%%to& aticMe HIFRTd @ééﬁ%ﬂﬁ@&“ﬁﬂtﬂxﬂes
The pores 42 may be open tq each .end ar, close%
referengee®. FlE@ﬁ%ﬁrﬁn%EQ(?QthﬁF@V' eéb&@ﬁ*béﬁé‘

captuldihle@ Wit DNA strands. The DNA strands are then

exposed to the surface 1 such that only a small fraction,

typically <0.1% of a monolayer of DNA strands are transferred.
This is achieved by providing hybridizing anchors with shorter
length on the surface 1. The number of DNA strands transferred
may be around 25 per square micrometer with a transfer
efficiency of 0.1% and a DNA diameter of 2 nm. The stamp 2 can
thus be used for several hundred printing operations before
reinking is needed. The density of DNA strands on the surface
is then brought to saturation via the herein before described
PCR amplification scheme involving surface bound primers. The
active zones 5,6 on the stamp 2 may range from microns to

millimeters in size.



hydrophilic polynmer gel matrix 43. Referring to Figure
5C, each pore 42 may be filled with nol ecul es 44 of
walpdoesami 20 species. A stencil 45 or m crof | BCTiB2003/005129
network may be enployed td7mask each pore 42 fromthe
ot her pores during filling, thus preventing cross
contam pation of th ores 42. The fjll] y
Patteii ¥1q G o PR S E?Ec? CO?F%It.eﬁé#%¢$?nﬁg?oa?gob%e
achiee@uwe Bikréflepel athetyotkhe. sia@poRl sohuhtoystweth low

f 1..25 Mo | ' 1
concef Pt ETeR Yol PP LREC S poPaeC R o 1 Be 1. PP uar o5 E

bindimy i of edempbaised6tof thepterfites peEnibf €OBASEHRTIAR aée
1..4n ' YoPr ed-61b0di-888t oaf thBesurface.

templ%?%%éﬁ%iﬂsﬁéﬁﬁf+§%§ ?Eeﬁ%@égs 22 are each lLoaded with

Repligadid erantaBsoshechrrlbedt bApraPRIDNA" BFLGHt&ke of

printd@tfén TaPbrbiffeto EhEuafebnd3wB¥ekl ant autbsatalytic
equ

qui libriumin a 100% hum di t epvironnment . _The ge
Ceﬂten31$h@%l%F%@r@H@sab@?%ﬁHYFES g?%ﬁglo§uﬁﬁaggér$ﬁ§'stanp

2 may be stored in a humd environnent to prevent the
subsequent drying of the gel 42. Wth a | oading of 35
around 1Wo DNA in the gel, mllions of surfaces may be
printed fromthe sane stanp 2 with a catal ytic anount
of DNA WD 2004/ 056470 PCT/1B2003/ 005129 16
transferred each tine. Subsequent anplification of the
catal ytic seed |layers can be enployed to conplete the
DNA nonol ayers. Refilling of the stanp 2 need be
perfornmed only when the stanp 2 is no longer able to
transfer a seed layer. 5 To deposit the seed | ayers,
the stanp 2 is brought into contact wth the surface
1 to transfer the desired amount of seed nol ecul es.
The stanp 2 need not be imersed in liquid, thereby
reduci ng printing conplexity. The gel 43 pernits ful
hydrati on of nol ecul es thus enhanci ng chem sorption of
the 10 nol ecules to the surface 1. The gel 43 is
perneabl e, thus allow ng trapped water to escape.
Thi s avoi ds separation of the printing surfaces in
the presence of a third nedium DNA nmay be held on
the surface of a pore 42 rather than within the
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gel 43. Here, it is desirable to effect contact
between the 15 stanp 2 and the surface 1 in a third
wore@iom4m t h t he pores 42 isolated from each PCTEB2003/005129
After contact, the tenperatit8ire can be increased to
pronote the dissociation of traces of tenplate DNA
strands fromthe stanp 2 and deposition on the surface
CLAIMS | g preferred enbodi ment of the present

i nvention, the active 20 zones 5,6 of the stanp 2
her ei efore escribed wt fere guLes
1. B BN h P IR BPRYLRrE T O Hégsgﬁ%.g%g%
surfatenptiat endbfodt candsisThe: DNdadingndsshpept Wegh seed

molec*? Osegrégs%gﬁr éfgggglﬁéﬂgpuigétfQBRYtﬁesgﬂghK to the

ction a_nonol ayer of £
surfaser amad, ammplléhsﬂGrtbé SQSdTﬁPénglﬁéhvéﬁeénb?mpll ying

v gélghélﬂg anghaes with shorter Ilength on
reaCt$%§ Egr§gggﬁl The nuﬁberyof DNA strands transferred

may be around 25 per square mcroneter with a transfer

. A REEh6EensYcohiRed%iand1aiNA, divaseeen ahe? tmamsFeering
stanp 2 ca

t hus be use for e ral n Rint i
ComprbﬁéﬁaFF%ﬂ§EBEF6F€ 30 FFEFhikPRg s¥§ee e%%l %ﬁﬁg %§%t§%%ded
on thef sDhipstobande enrtheesurface is then brought to

saturation via the herein before described PCR
anplification schene invol ving surface bound pri ner
3. A fikehodchbvelacmes 57620 PHECSEARS £lmdy r ahGE Firorhne

transg%%%?ggo%grgES1%@9%%%%rbﬂn§'%%e %@e&@@&ﬂ@&@ﬁ@% to the

29 17 Patterning of t | a for ?B
stampopnd BREOFPLRET thgy SIS 9d SCHCRT e&@di%& §¥1U|& e
adsor %tlﬁlﬁr &3 tH%S s@fedz Qldltéc@ﬂ%s}/\litbh ﬂl'xéWst@mm?éIHm istiragfger
ates and conditio avor a le tQ [
than Gﬁlet BAFPEPEL O Q&hé?&’seu tég g? Sonser vaét i o%é(}gil@s to
the stedplkat.es and patterning of honngeneous areas on the
surface. Replication can also be applied to repair of

defects in printed nonol ayer and to situations, where
4. A arthodoest allytimed dentdains lpr whes®idhdhe Rt o

comp I{E.%%%EE.%F},\@% %tnﬂﬂ'lt:ﬁq el L0QA Q564 HQL RCHJIBZO0B4 905129

5. A method as claimed in claim 1, wherein the amplifying

comprises exponential amplification of the seed molecules.

6. A method as claimed in claim 1, wherein the amplifying

comprises directional amplification of the seed molecules.

7. A method as claimed in claim 6, wherein the seed molecules

are directionally amplified to form conductive structures.

8. A method as claimed in claim 6, comprising electroless
plating the directionally amplified seed molecules with a

metal.

9. A method as claimed in claim 6, wherein the directional
amplification is controlled by the geometry of the seed

molecule.
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1. A nethod for producing a nonol ayer of nol ecul es on
a surface, the nethod conprising: |oading a stanp
wowrah/osaed nol ecul es; transferring seed nol ecedBEEB2063095129
the stanp to the 5 surfacej9and, anplifying the seed
nol ecul es via an anplifying reaction to produce the
nonol ayer. 2. A nethod _as, clained in cl.ai s rIier S
10. A mes At &M ddhsicsds K g'%seiléér]lrrll n%{é;]%ract i oﬁ{%}lf
ampli ik tsesd iwleaides landsd ampl tdwt stranpt tan téwternal
surface. 10 3. A nethod as clainmed in any preceding
force.ci aim wherein the transferring conprises adsorbing
the seed nolecules to the stanp and adsorbing the
se | ecules: 105t f t S OoFps | &RcOfndhe
11. A %egcgjorr@glaesgu ]gésl %dtJf}{ee %ﬁoﬁ(}e’i n‘gges%ronger than the
force adsurptiem ot ehecteephofetifes to the nolecules to
15 the surface. 4. A nethod as clained in claim1,

wherein the amplifying _ conprises |inear_anmplifi j on
12. A gteied seoc bo Bl 48 N Tt HEAChS 1l Sﬁﬁeﬁx{:ﬁgg%gi m
force leotther£id shemaempbifyi Agrcsonprises exponentia

anplification of the seed nolecules. 20 6. A nethod

as claimed in claim11, wherein the anplifying
13. AGCROPHoSEess dilathédnah ehplimnflatvbareint RBesgsfernal
mol ecules. 7., A glaiged in claim6, wherein
forcet%%m%%%%eﬁn?e%ﬁﬁggagggﬁg irect?gnally anplified to
form conductive structures. 8. A nethod as clained in

14. Agﬁééﬂgg’agopﬁéﬁﬁéagiﬁl@@5&&'@$Swh35e@hathégaﬁb&ifying
directionall'y anplified seed nolecules with a netal.
comprgseA aePpbUnasagrarhed™i ASeFhi-AP6, wherein the

directional anplification is controlled by the
geonetry of

he seed L ecul e. / 4701
15. APoerhpgyps 6081560 15 G00TR hiy nAgs %i%eé Al aim
chainbrewbelehncbherdeeecbiodahg atpliepistaringnpirgmer to the
controlled by application of an external force. 11. A

surfaggthod as claimed in claim10, wherein the externa

16. A method as claimed in claim 15, wherein the polymerase

chain reaction comprises supplying a primer in solution.

17. A method as claimed in claim 1, wherein the amplifying
comprises an in vitro translation system to produce a

monolayer of protein.

18. A method as claimed in claim 1, wherein the seed molecules

comprise a catalyst center for electroless deposition.

19. A method as claimed in claim 1, comprising binding a

catalyst to the seed molecules for electroless deposition.

20. A method ag claimed in claim 1, wherein the monolayer

protects the surface from etchants.

21. A method as claimed in any preceding claim, wherein the

monolayer comprises DNA.



5 force conprises an electrical force. 12. A nmethod as
claimed in claim10, wherein the external force
w@eowposaes an nagnetic force. 13. A nmethod as PCHIBRBEB/005129

in claim10, wherein the e2ternal force conprises a

hydrodynam c force. 10 14. A nethod as clained in

claim1, wherein the anplifying conprises a

pol ymerase chain reaction. 15. A nethod as clained in
22. AChaittiodd aswkdrdined Hey poly mereaselirchailaineactdngrrising

onpri.ses bindi at |lea HeTayp 0 su face.
repea%%n 6.t§1/-e\ Y (;n egf§ &% %elén‘é}ilﬁf% \;é]lgfr ea}ln%{ e or
beforpolypierddeay die e teagc tidh ceEgy iElssauss ying a
primer in solution. 17. A nethod as clainmed in claim
1, wherein the anplifying conprises an in vitro
23. 2t desleasiozn cspEn ing Framrsl aydh Gt pRdicd s
5 claiméd 38 Ay Bihedasslaidmwd in claiml, wherein the
seed nol écul es conprise a catalyst center for
el ectrol ess deposition. 19. A nethod as clained in
claim1, conprising binding a catalyst to the seed
nol ecul es for el ectrol ess deposition. 20. A nethod as
claimed in claim1, wherein the nonol ayer 25 protects
the surface frometchants. 21. A nethod as clained in
any preceding claim wherein the nonolayer conprises
DNA. WD 2004/ 056470 PCT/1B2003/ 005129 20 22. A nethod
as clainmed in any preceding claim conprising
repeating the transferring and anplifying on plura
surfaces before reloading the stanp with seed
nol ecul es. 23. A biosensor conprising surface treated
with a nethod as 5 clained in any preceding claim



