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1 BUBSTRATE CARRYI NG LI GANDS TO SCREEN FOR BI OLOG CAL ACTI VTY COPYRI GHT

NOTI CE 5 . A portion of the disclosure of this patent docu

contai ns material which is subject to copyright protection. The cop f‘h%ﬁ“\-O
owner -has no objection to the facsimle regroducti.on by anyone of the

pat ent dotunment or the patent disclosure as it appears in the Patent O fice

patent file or r ecorSIIBSTRATE CARRYENGEIGANDSSTO SCREEN FOR BIOIOGICAL
what soever . TLYﬁbg present 1nventron refates (0 a substrate 10
screening | |gands A t bgi cal activity. EP 476014, derived fromthe sane
I nternational patent application as the present application, relates to the

synt hesm—(‘and pl acenent of |igands and ot her polyners at known | ocati ons on
a single substrate surface. The i nventCORPYRIGETMNOTICE’6014 nmay be

0Bl e e’ acya, i hosaccrh B il Shbrge BF Bk pihd doBimdl it e which

preparation, eSpeC'@'sﬁ%e& tf(’ng?ﬁglt ieeéﬁﬁq .OThERR td%ﬂ@rlﬁktnﬁ Jb?écnﬁﬁ%

screeni ng for bi ol ogi cal relat1 onship betmeen str ure an
activity of nol eculfeesimile aepzoducuonmmem of thespatest docurhent or whiey patent disclosure
bi ol ogi cal systens. t ruct ur act i vi shi re.l rtant_in
under st andi ng, for aé)% , #lé’fge&aﬁegt]%sl%c? W TV feesves es all
cell's comuni cate yhgmqig MQMV\BI | as cellular control and feedback

systens. Certain macronol ecul es are known to interact and bind to other
nol ecul es 25 10 havi ng alheepresenicinvention: relates 4o reeisubstiate for sereening ligands for

el ectronic distrib rge nol ecul e havi ng such specificity can be
consi dered a receptﬁéélgwg*t? is an enzynme catal yzing hydrolysis of a

met abhy c internediate, EP 496014 defieRifromotheisametaieniationalnFit application 28 alid
of ions, a glycoprotein serving to identify a particular cell toits
nei ghbors, 30 Wpressnt; appligation, relates to the synthesis and placement of ligands and other

PCT/ NL9O' 00081 an | %fﬂké
ol i gonucl eot'i de setigg'@ ?%ﬁ?&lﬁﬂ&é éﬁglﬁ@@gﬁfﬂ?‘% ﬁﬁelﬁ\eegrulogt?gw
nol ecul es whith r eddp0bs m@ebeapphdl, )fobmminple,elﬂ(m\iﬁemsof preparition Sof oligomer,

M lable f
ny assays are avz%)lepg e,enuc ic arrg 0 glor;gccthande phosphohpld polymer, or drug congener

preparation, especxally to cmte sources of chexmcal diversity for use in screening
for biological activity.
The relationship between -structure and activity of molecules is a
20 fundamental issue in the study of biological systems.  Structure-activity
relationships are important in understanding, fot_:__example, the function of enzymes,
- the ways in which cells communicate w1th each other, as well as cellular control
w ~ and feedback systems. .
, Certain macromolecules are known to mteract and bind to other molecules
25 having a very specific three-dimensional spanal and electronic distribution. Any
large molecule having such specificity can be considered a receptor, whether it is
: an enzyme catalyzing hydrolysis of a metabolic intermediate, a cell-surface protein
! | mediating membrane transport of ions, a 'g.l'ycoprotein serving to identify a
| particular cell to its neighbors, -
30 ' " . : ' -
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bi ndi 39 }OL{}I y of known receptors and |igands, but the information which:?
can b 8 h rom such experinments is often. limted by tRETANBMYPOM8Id type
of ligands which are available. Novel |igands are sonetines di scovered by
10 chance or by application of new teghnl ques for the elucidation ;of

mol ecul ar structure, -including x-ray cry8tallographic analysis and

r econbi nant . r a an
exenpl ary sys rjﬁdf %1E%?wﬁéﬁéfl%§ﬁ§ﬁ%t I onﬁg?%$gﬁm§én£§truct ure and-
function i ncdiigonyrlentide isRauence f Ak clnf thei pechends. onnthet he -
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each 20 8t anmino acid sequence and sol vent
condi ti i5on. ‘The nun‘nemmy }am}ts aredvapibabliesfof néasd@bingt thel |y
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recept or - infmw sthjmhasm b gained Mpﬁ‘ﬂ%eﬂmm‘-‘iuﬂstﬁ dgi es
showi ng thatof%'ﬁg 13 it IRS € FaihEér Sfﬂ&'eﬁfﬁé & ﬁf&&ﬁdﬁswﬁiéﬁ""af@ no

acids with hi veragiﬁrm ecul ar wer ght of

peC|f|C|t Furt hernore
am no aci ds &¥#& Méld@sigﬂf‘Q%éE?zmﬁ o8 dHBROVeLRRARYI v usef ul
ﬂ@ar naw:mlozprb}dlxppuﬁﬁmwtnmltdemiduesomrythe one type of
resea

Tn st cas sl bd R b We il e Prudbure, i Ar Bk leb? LGS0 P
process 35 cqysuak&ngnaphupransaysigamue recomdisantbgenpgticerns of =
PET/ NLOO/ 0SS ERILERIY et e?*‘*‘f@ﬁféai‘éséi?ﬁﬁt o di scover new compounds {gr
use in agriculture, sfRRlds Rﬂﬂﬁ# QA8 ATe AN HRXENRLAEY. SYBRER £8F the
sol uti;@n 0 ekpglWriniAltHy @EWtionship between structure and function
. in b;ologyﬂ A peptide is a sequence of amino acids.

When the twenty naturally occurring amino acids are

condensed intb"polyueric molecules. they form a wide

variety of three-dimenszonal configurat;ons, each

20 resulting from a partxcular ‘amino aczd sequence and
solvent conditlon. The number of posslble pentapeptides
of the 20 naturally occurring amino aczds, for example,
is 20° or 3. 2 million different pept;des. The likelihood
that molecules of this size nght be useful in receptor-

25 binding studies is supported by epitope analys;s studies
showing that some antibodies recognlze sequences as short L“/
as a few amino acids with high specificity. Furthermore,
the average molecular weight of amino acids puts small
peptides in the size range of many currently useful

30  pharmaceutical products. '

Pharmaceutical drug discovery is one type of
research which relies on such a study éf structure-
activity relatiohships. In most cases, contemporary
pharmaceutical research can be described as the process

35 of discovering novel ligands with desirable patterns of
specificity for bioclogically important receptors.




of® desi gni Is difficult or unyielding. Prior nethod

pr epari ng Pgﬁggﬂﬁunbers of dlfferent pol yner s::have been palnstiﬂgﬁgpﬁmQPWW-
when used at a scal e suff|C|ent to permt effective rational or random
screening.- For exanple, the ! "Merrifield nethbd (J ‘Am Chem Soc. (1963)

85:2149-2 whi f f | |
pUr poses) has bee %ﬂﬁ%‘éﬁ*”%%@ﬁ?ﬁt 38, Hlnenr 8. £o) Atk feR, Aol sspdtnes oo
Merrifield nethodusanianagvlaulﬂure.csuahenslpeB¢n¢edesoamdmnqnbxcxdaka(ﬁ

an insol uble polyner. Anoth ac I
eacted v th ltohey15 Psmaemas hgewsbhu%&oa &Baapﬁﬁagrgq gsf&bgegé

ent | i %gkno acid to form
Af ter washing, the p?B?éEFFVS éigﬁﬁdﬁs SeRofsdcndt 8’tHﬁM§%%ﬂ@ﬂ9%un?F%ﬁEh
an al pha |0r0_;E ect IuetﬂbaﬂpofSpedﬁadihg laggd mableée o’fhaaﬂwm pSlymers
continued unti l de_of hJed | engt - en e |s o t ai ned.
Geing the 20 npRVE; bEFR hainsEakiAsLY to
synt hesi ze nore taafifachaentif ib pérpéptattec&duenta&ipnaa @ayriﬁﬂamwﬂhesize
| arger nunbers of seq c ha | R
series of 25 rEaEksiEhg; IHERCERanphe " tnd SREIHINIGNSNIS (P £,
tubul ar reactor sGbeBem 882.H1863Y ﬁi 3}ﬁﬁn3§ﬁ£e whicheds docpmmorated

solid phase guppohéréinaﬁ OEBEEQeEEQUQBE'%hlaiﬂkbbﬁ&sqfh@%ﬁ%ﬁ@hSuéQHS
met hod stiltY%does, not e nt.hesi s of é{flClentlylfa nunber

oF polyner 30 tBoREREREsEaP BePELASs. OB, B SRl ds. of
preparing a pIuranerylﬁiemdl;eEhodeqaanan&nmracstdskmumaLentMy(ﬁbﬁded to

foram nous cont ai geg, gAclosggaa KBOUY GURRAIN bAIGRR VE Mindl s ddie

particles being larger-in-sizet of A na ot
cont@iners may beagcdfe¥Withean aéabaeprnmante@hsr@upwasemngq;qd)wgﬁhrﬁﬁﬁze
%sb(r)/eilSS%fgncesce{raméﬁémgt bBREEAVARENno ATIW th Foiel aEl frdihe

CT/NL 000 1 t,
this method cannoVaﬁpéegrcEPprEBtE§§&VFog§§ﬁ€hé§|f€m°ved an E% eg

amino acid with an alpha protective group is added to the
dipeptide. This process is continued until a peptide of
a desired length ‘and. sequence is obtained. Using the

20 Merrifield method, it is not economically practical to
' synthesize more than a handful of peptide segquences in a

‘To synthesize larger numpers of polymer
sequences, it has also been proposed to use a series of
25 reaction vessels for polymer syntheéis. ‘For example, a
tubular reactor system may be used to synthesize a linear
— ' polymer on a solid phase support by autoﬁated sequential
| addition of reagents. This method still does not enable
the'synthesis of a'sufficiently large number of polymer
30 sequences for effective economical screening.

Methods of preparing a plurality of polymer
sequences are also known in which a foraminous container
encloses a known quantity of reactive particles, the
particles being larger in size than foramina of the

35 container. The.containers may be.selectively reacted
with desired materzals to syntheszze desired sequences of
product molecules. As with othq: methods known in the
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a suff iygg I ety of polypeptides for effective screenin Q her
| oo PCHONSY

t echni que ave al so been described. These net hods i ncl ude I s of
peptides on 96 plastic pins which fit the format of standard mcrotiter
plates. Unfortunately, while these techqh?ues have been sonewhat useful,
substantial problenms remain. For exanple,“these nethods continue to be

limted int 10:n 45 Gheyox s t o i eﬂ[.)yémféa c €eRC L

synt hesi zed %ﬁ%’ SC sened From t iot? ove, It gﬁgegﬁea 3 ggﬂlgr?%rgtsivé

met hod and @pekirient ‘&F’eﬂ rﬂf IRYRAPEIAeS; SPBgF@EPc"-&EFl vity is |
desi red. Accg&ﬁmn t he present |nvent|on there is provided a substate

for screening for bi oI i cal Vit err di ff’%ent

| i gands on a surface t‘ﬁ%?%ft?% %ﬁ Fe éﬁ%?%#ﬁ?né&sFoggFﬁo

90/ 15074 These methods include the sym:hes:.s of Pﬁ’e’pﬁh.ﬁ&éOG%&sA furt her
under st andi ' (&0 o] h. gLn_may be
realized by@ﬁn%ﬁ%& r?n%%%nsg%gggeil ggft;l Sﬁ and
the attached® ag Brnatelscviin ethese - Eechuiguesrhgve] been

il lustrates fagddiide abslasil adé@é%ﬁaﬁ Wiéﬁéerﬁa.nf' r gyl OCation. The

substrate is shown-in cross-sect 2 |Ilustrates the

substrate aftXAUBLR4 | thesSe | RetRe me 50 - be; bmétgfil &St Ehees

i rlroadi f@l on @ivéfempbsfrﬁ@atces it d:matbeoecaﬁmcémyl ustrates the
su stra

oubst Al o LpteRRllica lins aERM A oL MOrOTEr (BT Ho Bl lustrates
second appl i cat ion of f%m tBE above, it :.s sedn Q:hal? ad IWemom et ed
substrate; appa:a:u:s ﬂ:r:-scr.eem.ng ligands far biclogical activity is desired.
Amﬂ::gmthepresa:tinvenumthe:eispmndedasubs“—ateﬁm:
15 s:::eem.ngfa:b:.olog:mlacuvz.ty, caprising 10% or more diffevent
ligands o a surface thereof In different predetermined locatmns.




Figs. 8A and 8B illustrate alternatlve enbodi ments of a reactor system for
.form ng .a WOBAIS030 of pol yners on a substrate; Fig. 9 illustr FNI@)OIOMSI

detection apparatus for 25 | ocating fluorescent markers on t
substrate; Figs. |OA-10Millustrate the production of the trlners of
mononers” "A" and "B"; Figs.: || A |IBlare fl UG escence traces 30 for

standard fl uorescent beads; i 12A and 12B are fl uorescence curves fdr
NVOC sl i des not exposed arfM %Hékﬂﬁ%l?QF?FEF?“?EBﬁeeflFBPynang? apga and

13B illustrate foiv@itdfeslof €ite inventivhshharehfichaybpar ee@dlilzian byf

(G, o) Sl SRS 400G SRR ol BOREs o, B8 B Lavion

sequences synt hemnd ccherttvached féravwingsass slides 5 DETAI LED
DESCRI PTI ON, OF THE PREFERRED EMBODI MENTS CONTENTS |. d ossary II. Ceneral
10 5 IIl. Polymer Synthesis |IV. Details of One Enbodi ment of
a Reactor System V. Details BRIERDESEREFTEAN OF THE| BEGURESnt Detection

Devi ce 15 \hs? Dﬂf]’.ﬂhQﬁi‘bﬁ&soﬁaBﬁhﬁb' HAABI1RHaEd a¥ i @ 20f
Receptors VI | | Pre

Synt hesi s of Eugﬁ¥g§¥?%%$535fa" rﬁﬁd ratL@?“‘Syﬁpﬁe§P953F4§quﬁﬁasnﬂWQaﬁn

cross~-section:;
10 ' ‘Fig. 2 illustrates the substrate after appli-
cation of a monomer “A%; -
Fig. 3 illustrates lrradlation of the substrate
at a second location;

Fig. 4 illustrates the substrate after appli-
15 = cation of monomer "B"; e

Fig. 5 illustrates irradiation of the "a"
monomer:

Fig. 6 illustrates the substrate after a second
application of "B"; -

20 : Fig. 7 illustrates a completed substrate:

Figs. SA and 8B illustrateaalternatlve
embodiments of a reactor system for ﬁormlng a plurality
of polymers on a substrate:

Fig. 9 illustrates a detection apparatus for

25 locating fluorescent markers on the substrate:
) Figs. 10A-10M illustrate Lha-Rothod—ae—ie—i=—
' —appiired=-be-the production of the trimers of ‘monomers "A"
and "Bll . ’ ”L : _- .
Figs. IIAL llBy—end—&te‘are fluorescence traces
30 for standard fluorescent beads;

Figs. 12A and 12B are fludrescence curves for
NVOC slides not exposed and exposed to light
respectively;
Figs. 13A and 13B illustrate formation of a
35 - slide with a checkerboarad pattern of YGGFL and GGFL
exposed to labeled Herz antiboedy; end



Am nopropyl Goup and a Fluorescent G oup D. Denonstration of Signal ‘
Capabi W&%’ZQ"@. Det ermi nati on of the.Number of Ml ecul es PET/NLS0V00d8Ea F.
Renmoval of NVOC and Attachnent of a Fluorescent Marker. 30 .

G Use of a Mask in Renoval of NVOC H Attachment of YGGFL and Subseguent
Exposure to Herz Anti body and Goat Anti se |. Mononer - by- Mononer

Formati on of YGGFL an S n u t.o.Lapel Ant i bod WO

90/ 15070 d’ig‘_ﬂj'% ind>£48 if48eraes, FNEQBPGBésff?. s
CONTENTS ( Cavitxtlen) sequenges -synthesized ynt hwoi differe6El gindsPGGFL 5

K. Mononer - fdaoner Synthesis of YGGFL and- YPGGFL L. Synthesis of an
Array of Sixteen Different Amino Acid Sequences and Estinmation of Ret#ive
Binding Affinity to Herz Antibody 10 M1, “lllustrative
Alterngtive EmbogEtRILEDXDESCRIPTEONOOF! THE PREFERRED EMECDIMEMTY erns

are intended to have the foll ow ng gqgﬁhﬁémﬁganings as they are used
herein: 1. Conmpl enentary: Refers t pol ogi cal conpatibility or

mat chi ng toget her of int actéi§?§¥é§aces of a ligand nolecule and its
receptor. Thus, the recep br_an | ligand can be described '

II. General

10 - III. Polymer-Synthesis
IV. Details of One Embodiment of a Reactor
System |
V. Details of One Embodiment of a ' "3”'_L;)_

Fluorescent Detection Device

15 VI. Determination of Relative Binding
: Strength of Receptors

VII. Examples
| A, SIide'Prepafétion

20 _ ~ B. Synthesis of Eight Trimers
of "A" and "B"

~C. Synthesis of a Dimer of an.
Aminopropyl Group and a Fluorescent

Group :
25 D. Demonstration of Signal Capability
< S :
E. Determination of the Number of <
Molecules Per Unit Area : )
F. Removal of NVOC and Attachment of a
Fluorescent Marker
30 G. Use of a Mask in'Rgmoval of NvOC

H. Attachment of YGGFL and Subsequent
. . Exposure to Herz Antibody and Goat
Antimouse B :

I. Monomer-by-Monomer Formation of
_ YGGFL and Subsequent Exposure to
35 a Labeled Antibody



as conple d furthernore, the contact surface characterjst.i

conpl enment ar?a*%lsag@h other. 25 2. Epitope: The portion of i’ﬁ-ﬁ‘%@&ﬁ&ﬁ
nmol ecul e which is delineated by the area of interaction with the subcl ass
of receptors known as anti bodies. 3. Ligand7 A ligand is a nolecule that

i s recognized 30 by a particular: receptor s of ligands that can be
I nvestigated by this invention include, dzc restricted to, agonists
and antagonists for cell nenbrane receptor ? X s and venons, viral 35

epi t'opes, hornones (e.g., opiates, steﬁ rgbg_ onBQE@DQ %S&EHEPG%
pepti des, enzymes, enzyne substrates ?ﬂ?ﬂﬁa P ns sugars,
-WD- 90/ 12670 PCT/NL90/00081

ol i gonucl eotg des, nucleic aci ds Ok| JOMefichar-B9SMoRbie? g?ntﬁyéllg)la;cl onal
~anti bodi es. Mononer: A nenber of y6brLSghdo¥PeEFL] nol ecules 5

‘wht ch can be joined together to forma polyner. The set of nononers
iincludes but is not restricted to,L{orspgnthesés bifcancArehycofsixtesn no
‘acids, the set of D-am no acids, the spiffierentt Amino AcidoSsgugnceshamit

of nucl eotides and the set of 10 Espimation efdRedative Bimndimged
herein, nDnoners refers to any nenber AL£inktyi tosHerzoAntibodysi s of a
polyner J exanple, diners of L-amno acids forma basis_set of 400
mononers f k9 synthesi s of h3¥§§eptIH%BStrﬁﬁﬁVérQAFGEE§F§V§EF§hﬂd¥Hﬁﬂ§WNs
may 15 be used at suaﬁ§SS|ve sing in the synthesis of a polyner.
5. Peptide: A polyner in eh FABC fBrs are al pha ami no acids and
whi ch are joined together through 20 .am de bonds and alternatively

.referred to as a-f?'yp§££!9§| In the context of this specification
- The following terms are intended to have the

13 following general meanings as they are used herein:

1. ggmglgmgn;g:x:' Refers to the topological
compatibility or matching together of interactlng
surfaces of a ligand molecule and its receptor.
Thus, the receptor and.its ligand can be described
as complementary, and furthermore, the contact
surfece'characteristics are complementary to each
other. |

20

2. Epitgng:f}?he portion of an antigen molecule which
o is delineated by the area of interaction with the
eubclasefof receptors known as antibodies.

3. Ligand: A ligand is a mq;ecule that is recognized:

30 by a particular receptor, Examples of ligands that
can be 1nvestzgated by this invention include, but
are not re§tr1cted to, agonists and antagonists for
cell membfane receptors, toxins and venoms, viral
35 epitopes, hormones (e.g., cpiates, sterozds, etc.),

hormone receptors, peptides, enzymes, enzyme
substrates, cofactors, drugs, lectins, sugars,



it should be appreciated that the am no acids nmay be the L-optical isoner
or theWODOMMISEH | soner. Peptides are nore than two am no PCTNISBAGOUSE S

| ong, 25 and often nore than 20 ami no acid nononers | ong. Standard
abbreviations for amno acids are used (e.g., P for proline). These -
abbreviations are included in Stryer, Bieghemstry, Third Ed., 1988, which
IS i ncorporated here| reference for all 30Q. pur poses. - 6.

Radi ati on: Ener ®* Qﬂa/ %ﬂ?%el%EF*?ngaﬁﬁﬂFbe81§HEFE&FH§réﬁGng haV|ng
a wavel ength of hefoteinslOland Imonscional antgpediesluding, for exanple,

el ectron beam 35 radi ation,” ganma radiation, x-ray radlatlon .
ultra- violet radiation, visible Ilght infrared radlatlon WO 90ﬁg5070
PCT/ NL90/ 00@31 niMonomars ra'dlm afidthedsetvwafesnallr mdlea:lulas refers
to the applicati o nD ul e
hat pEaPb affl(r)l'ntq‘? "’BSé Yoifed ﬁHg&EﬁFr fo fo?ﬁ E é% Lﬁx%
natural | y-occuri fagte r°ﬁnﬂﬂﬂﬂkﬁﬁ5lS@GlﬁgesAPQS i§h§9tcﬁﬁs§€ ﬁéﬁ in

their unal tered Sf&t Gex¥mpie AUEKE US6ESol EbmAbHcL~-aReRbCacilaceRhY S may be

attached, coval ent noncpval en 0 a _bindin I, elther directly
10 o Vi pet S -fw’b?nﬂ?%éxw eaRst OLSuRERaE LS S or e

whi ch can be errplal;mhbythmlutmﬁrlmxeheohtﬂedeanauther eetobfrestricted to,
AR L SRR 458 WLRoRes O RE! AR3 AREREAT BRI | oor @

reactid® with spderlie antrgentc er m nant as-on
viruses, cells orrefers tmtany Jpepbeyrafsa PBS?EUE?§0€P§E§Y&%@E$&S:Q&nds

‘peptides, cofactqy Spoi * s, Fé#géizinplp@ yaimebar be¢es -amincs adidé ul ar
merrbranes and or ganel s Rece gﬁ ?hs soneti nes..referr tQ i n f'210
e r

the art as anti-|3YIhd ! a§%§ s BPBAPSFS for,Ss¥R
difference i n negulypeptidésndeniffetentabdsbaceptsr oEamhmrfSDmm;d V\/nen

two 15 : be used at successive steps in the synthesis of a
polymer.

S. lzgp;iggé a polymer in which the monomers are alpha
amino acids and which are joined together through
20 : amide bonds and alternatively referred to as a
polypeptide. - In the context of this specification
it should be appreciated that the amino acids may be
the L-optical isomer or the D-optical isomer.
Peptides are more than two amino acid'menomers long,
25 ~and often more than 20 amino acid monomers long.

Standard-abbreViations for amino acids are used WA

(e.g., P for proline). These abbreviations are
included in Stryer, Biochemstrv, Third Ed., 1988,
which is in¢orporated herein by reference for all

30 ' purposes.

6. Radiation: Energy which may be selectively applied
' includihg'energy'haVing a wavelength of between 107!*

and 10* meters 1nc1ud1ng, for example, electron beam

35 radiation, gamma radiation, x-ray radiation, ultra-
violet radiation, visible light, infrared radiation,

?.



macr onol echgoymﬂ, conbi ned through mol ecul ar recognition to FE‘B‘?NI%O/OOOBI
conpl ex .. O her exanpl es of receptors which can be '

|nvest|gated by this invention include but are not restricted to: a)

hAcroorganlsn1receptors ‘Det er mi nati on of Ilﬁbnds whi ch bind to receptors,
such as 30 specific transport proteins or enzymes essential to.
“survival of mcroorgamignevwave zadiationa aed ¥3die WAvVes: i pl'irradiatipn”

- particular value WOW‘ié!éﬁﬁ“ﬁé“ﬁﬁé(ibﬁiﬁéiﬁioﬂpﬁﬁrfﬁﬂistiﬁnfﬂagh,surface.
protozoa, and those 35 bacteria reS|stant to the antibiotics

I n current use. WO 90/15070
PCT/ NL9Q 00081 1@ ) Regremtors: Ecmolem.‘mcohatmmmlagfsnityofocnayrres

such as the enzymes r r t -

Such, 25 Lhe SNZYTES | AN NGIA!, ASBULCHAY REISEERERISy-occuring

modul ate t he actlon(ﬁontnannagﬂmmblﬂm%h3%+eakaQhéEh¢Yf€FénPe employed in

neurotransmtters is Lﬁ?é%} %é@:&&\/&ﬂeaﬁaf 86 &g ﬁég&’&éﬁhwi%h beneyed
e

in the treatnent of disor neur ot ransm ssi an

Anti bodi es:  For |nste§RE91Q$ma|3ﬁ@ﬁﬁ?€ﬁ§dﬁ?YbEEUQEFﬁFhFﬁ'|ﬁ9¥§ﬁﬁ§§ﬂﬂh§rthe
“ligand-binding site omdkcovdlenely, nobestuambngmmameeimetr tilieectly

ohtigeni o 1o 9" &t viRd CRpeckPIE L ApiNp e RRRLENES,  Bhaiblles o
of which the i munogerréseptersl wichecan heremployedhbycghdscdaventiond to

the devel opment of r el glefhal A0HRE! afe HEE! FeRtrioERAUEE; UnibOdIRs,
t herapeutic treatnents suc aut o- nn% g |seases
(e.g., by bl ocking theog;}mpogprane receptors, monoclonal ibo
\ , and antisera reactive with specific antigenic
15 determznants_(such as.-on viruses, cells or other
materials), drugs, polynucleotides, nucleic ocids,
peptides, cofactors, lectins, sugars,
polysaccharides, cells, cellular membranes, and
organelles. Receptors are sometimes referred to in
20 the art as anti-ligands.: As_the term receptors is
used herein, no difference 1mﬁmeaning is intended.
A "Ligand Receptor Pair" is formed when two
macromolecules have combined through molecular

recognition to form a complex.

25 Other examples of receptors which can be
investigated by this invention: include but are not
— restricted to: | '

a) Microorganism receptors: Determination of

ligands which bind to receptors, such as

30 specific transport proteins or enzymes
essential to survival of microorganisms,
is useful in a new class of antibiotics. Of
particular value would be antibiotics against
opportunlstic fungi, protozoa, and those

35 bacteria resistant to the antzbiotzcs

* o "~ in current use. A




of thewedfseanti bodies). d) ~ Nucleic Aci ds: Sequences ' cids
may be synthenged to establish DNA or RNA binding sequenc@énﬂg§hﬁhﬁsf e

Catal ytic Pol ypeptides: Polyners, preferably polypeptides, which are ,
capabl e of pronoting a chem cal reactlonl(BvoIV|ng t he conversion of @ene or
nore reactants to one or nore products. Such pol ypeptides generally include
a binding 30 ' sﬁmmfmnsﬁanceu tikasbindingesitanbfor '

reaction |nterned|ate p blnd[ng
site, which functional ﬁﬁd‘ﬁs;sgagﬁia e of c clﬁ%s {-8%#?3& igh%ggound
reactant. Catalytic 35 cleaving neur grmitmsar@euemmgtﬂonnpffm N

exanpl e, U S. applicatiiGyas®id ¥nidh. HiHa 986’ cébtsin re&@%i-EOZQ “-"
PCT/ NL90/ 00081 11 is |ncor orate here| ef erence .f or oses.

Hor nonesSr ecept or s: FoP@ ;ﬂ rEP?cﬁ“Fﬁ?ﬁ?lﬂkﬁﬁ SAVE
hor mone. Determi nati onthe different néﬁrét!aﬂsmhnﬁershishuheﬁdlwﬁhh hi gh

ol ropt acement of ¢ ndiigr4igeet e AP e cahther dHR. I,

relieve the synptons ofth# amimemd:ﬁ diserdersrofo case, a
repl acement . for the scg éﬁ? hornone whi ch can only be obtained
from cadavers or by reco i nant tec nology O her exanpl es are-the:
vasocongtri ctive 9rno SNREAAcen Bhet ARVENEigANBAYWhi ch 15

bind to a receptor may Beeafbdmﬂummwiﬁ dnagnganaoaihahnel ood

pressure. o) Op1alt SRep ol Sne RhAIAP heTellad! SREGR BBhEEARL" 1O

with the epitope of an antigen of interest;
determining a sequence that mimics an antigenic '\/
15 epitope may lead to the development of vaccines
o of which the immunogen iS'bééed on one or more
of such sequences or lead to ‘the development of
related diagnostic agents or compounds useful
in therapeutic treatments such as for auto-
20 immune diseases (e:.g., by blocking the binding
of the "self" antibodies).
d) Nucleic Acids: Sequences of nucleic acids may
be syntheszzed to establish DNA or RNA binding
| sequences. _ Co
25 ' e) catalvtic Polvpeptides: Polymers, preferably
- polypeptides, which are capable of promoting a .i;}
chemical reaction involving the conversion of i
one or more reactants to one or more products.
Such’ polypeptides generally include a binding
30 site specific for at least ocne reactant or
reaction intermediate and an active
functionality proximate to the binding site,
which functionality is capable of chemically
modifying the bound reactant. Catalytic
35 " polypeptides are described in, for example,
U.S. application Serial No. 404,920, which



i s useful ywo dorfsgtgvel opment of |ess-addictive 20 ts

for norphine and rel ated drugs. 8. Substrate: A material having a rigid
or sem -ri-gid surface. |In many enbodi nents, at |east one surface of the
substrate will be substanti.ally flat, 25 [{. ‘al.though in some

enbodi.ments it nay be desitable to physically separate synthesis regions
for different polyners wthisfbRcexpasated aerein,bystefergnees fort ahdd
trenches, or the like. Accoigpdsesp other enbodinents, small beads may be
provided on the 30 sSurtface which nmay, be_rel.eas d'ugon conpl eti on of

the symthesis. 9. FW%%ectﬁ%imgp%u§$959535¥6ris?rmﬁpﬁ apeey khe rgcgptors
mononek= unit and whi ch nay PersimsubihyandngrewtBShormone. upetesnlifative
exposure to an activator su e ' L, C I gkiQn f

protective dgroups wth util??y %r%?ﬁééﬁclugg&kﬁf?gge?%#gyP%ggxgggggatg to
90/ 15070 a receptor is useful inpthendevedopsentapfenyl

Ni t robenzyl oxy carbonyl, Diggfhekafbi€! haﬁyafazykeg;aeaﬁaaeybf ther aER1y

ni troi ndolinyl, o-Hydroxy-a;neth Cl nha I d Oxynet hyl ene .
ant hr aqui none. her exanp%%%‘€¥i5“s which QESSGE%GFSKPﬁEIéBEeiGR Eedigve
Elegtric fiegd;, nagneth_ftnédsymptcngroﬁ_agapates;rana andthbeabPhe.dlo.
redet erm ned Regi on: pr er i - ocal i zed
area on a skffface which is,g€§é7 glpggl#ﬁgtﬁﬁgdé?g égeagFngfehuFBP
formation of a pol ymer. Thegpoetithomone vhijchncanyondyebengbtained €rom
shape, e.g., circular, rect@%§g+§fs sflkgtfﬁébmbﬁﬁﬂﬂg'Dﬁﬁ?ﬂ@épn@iﬁgy.For

the sake of brevity herein, . redetermned regions” are
sonetines referred to sinpl GtRSr e¥ampples are._the ¥agerpngtrjchive; hoxmone

polyrer is considered to bereceptorsti aeterminativnt benthopecdiganad whdcan
of 20 15 a SUbStratej“Qfﬂa'éoeéhééééécSPaﬁﬁﬁtiéhét %Sthga%evelopment
R - of drugs to control bloocd pressure. |
g) Opjate receptors: Determination of ligands
which bind to the opiate receptors in the brain
~ is useful in the development of less-addictive
20 - replacements for morphine and related drugs.

8. §yg§g:g;g: A material having a rigid or semi-rigid
Surface. In many embodiments, at least one surface
of the substrate will be substantially flat,

25 although in some embodiments it may be desirable to
phyéically seéarate synthesis regions for different
po?%mers with; for example, wells, raised regions,

_‘etched trenches, or the like. According to other
embodimeﬁts, small beads may be provided on the .

30 surface;@hich may be released upon completion of the
synthesis. ;
9. Protective Group: A material which is bound to a
_ monomgr.pnit and which may be spatially removed
35 uébhuéeiective exposure to an activator such as

eiéctromagnetic r;diatibn;vzzxamples-of protective
gfoups with utility herein include Nitroveratryloxy



distinguish it fromother predefined regions. Typically, purity will be
measur WO PW1IS070hs of biol ogical activity or function as a pe:mNngblqmi form
sequence. Such characteristics will 25 typically be neasured by

way of binding with a selected |igand or rezept or. Il. Ceneral EP 476014°
relates to a nethod for the preparation of 30 . a substrate having a
plurality of polymg ﬂﬁgﬂgnc ,@-ﬂgj ntion of EP
476014 is descri bed a‘her ?fin%%ﬁ %ffdc%%éx?g fhgﬁﬁr gg‘g&at i on- o
mol ecul es cont ai ni r?gi %%f bRTBESRPT 7readi | y be appl ie

35 I|n Lhtehplrepanﬁttmﬁomm p»#waaf &lfétﬂpiyagﬁa 1Ud%znr¢]-1‘
exanpl e o] i ne ts_of nucl ei ci ds saccharedes,
phosphol i pi ds, and d?%e%ﬂ% :th?raqui none. 8tger eka les

PCT/ NL90/500081 13. qm\tammaincigzdaetm beans preleatric fdedds, het er o-
pol ymers in which g, w cgf%&g. 94pd tQ- o] bove,

pol yur et hanes, pol yes ers ycar'b ona &X lF)yureélsi2 EQ&ya%ng;ghae

pol yet hyl enei m nes,i ‘yaryl ene sul fides, poI ysi | oxanes, polyi m des,

pol yacatates, or other polynmers which w | be apparent upon review of this
di scl osure. r;'cg prgfarred. ent, the invention of EP 476014 is used

in the synthe SePtoe RS Epaﬁmrﬁﬂ}"%i& Substrate of
the 10 jg nvention mniumgmﬁa an ansertadéé cwkiehl lganhsqn oza ig!rface

t hereof in dlffere h te t
invention is for scr e%\ﬁ&i eégnlga?% 0g| ca‘:g@l&?g fo&{g@&oﬁw p@?‘% *of
exanmpl e, the i nventThs mgmmayn weranm cgnpqnt:uem: &hape,

nucl ei ¢ aci d seque . A t - f ue ecific . \
bi ndi ng drugs, |de$| é%ﬁﬂ%es%ﬁ% I ze r b%ﬂg%?ﬂ%&gﬂé %%r%o

eval uation of a var§h# s Fox Ehe sake %ﬁdbEGV ty hexedm

appl i cayigons, as- Wrﬂgmofaféesmetmes referred to
simply as "regions."®

11. MBMS A polymer is considered to be

"suhstantially pure"* within a predefined region of
20 a suhstrate when it exhibits oharaoteristics that

distinguish it from other predefined regions.
'rypicall_y,_ purity will be measnred 'in terms of
biological activity or function as a result of
uniform sequence. ‘Such characteristics will

25 typically 'be measured by way of bin&ing with a §
selected ligand or receptor. /
II. General

EP476014relatostoaneﬂndforthepu:epara1:.onof
30 asubstrabehavmgapmralityofpolymersemmmpu:edeﬁned

. regions. 'Ihen:vent1mofEE476014isdescribedhere1npnmarily

with regard to the preparation of molecules containing
sequences of amino ac:ids, but could readily be applied
35 in the preparation of other polymers. ' Such polymers
include, for example, both linear and cyclic polymers
of nucleic acid__s, polysaccharides, phospholipids, and



« W0.90/15070 f
above. The substrate of the |nvent|on may be synthesised by thg gngymmsl

substrate "S" with a surface. Linker noleculesj2L" are optionally provided
on a surface of the substrate. The purpose of the |inker nolecules, in sone
enbodinents, is to Paptideathavenqpaatheeccghrﬁronoufubhnzawhhhmaszemetero-

pol ymers. Cptronall% §§?:%entca ﬂ%%eﬁukﬁawﬂaﬁrh g 8B$§h%ik!§-sugh CEo any

for storage purpose st or age protective grou
t-BOC (t- butoxycarb%ﬁy?93n59°ﬁéruEEHYPﬁe§Bﬁ§3§biBlHEﬁFgrSSU@WLM@amngmates.

~protective groups weelgu beagheﬁbzyhhxdéermye!iyaaa?lene%ahest0 pdl¥arylene
exanpl &5 aci di ¢ SO|Ut19 and oy ct. the surface daring

e
st orag®_and beSre *3r PB Bﬁf;ﬁﬁ?ﬂﬁFepﬁPQYFﬂ hde8n PRIYEGSTATESe 6F a
di stal end of theothekepohphc:slwh;oa ﬁmmmtbenappgrenp upblh revitkedld tBis

group [err]

Ll hLo0) obosy 14 | Sasiddure. 1n B BFRLPFTad, FORRLBPPE iy dVEmSER oF
upon exposure to r&R fiscusedr in the| synthesisrpf peptddes. or ot her
activators to expose the fun |3 sBbdirate 4 the
enbodi ment, the radiation |sci?trg%|gf9ua fﬁ?, F?a?gx’be or visible
light. As nole fulinyensioni comprdising 1A 9FOP€6?-| défgeaeﬁtn&ygands on a

al ternatively be agyplegeb eabedbogaliny ageferehte piedeerhiabdMycheionsoyed
in the presence of an electric 10 field. . lL.n _still further alternatrve

enbodi ments, ion bEBMs SuBBETALE,Of . the ipvepfion ks fRY BSTREBAFFOF
deprotection In Shﬂaleqheénhantiy1tyhe exposed regi ons ‘and, therefore, t he
aréa upon whi ch each distinct polyner 15 sequence i s synthesized are
smal l er than about 1 cnR or less than 1 [err} . In preferred enbodinents
the_exposed alga | Meralyth¥irwayoRf e¥ampdejeFhp snvenbienphereiabiopn be

used in determining peptzde and nucle ¢ acid seguences
which bind to prote;ns, fxndzng sequence-spec;f;c bi ;rg
drugs, xdentifying epztopes reoogn;zed by an:;bo_;es,-

ana evaluation of a va:zety of d:ugs for clinical and

20 diagnostic applzcations, as well~ as combinations of the
above. E _

!ﬁéfsﬂ:ﬂ:zmn of the invention may be smmmesnﬁd by the use
of a substratas "S" with a surlace. - Linker mclecules "LV
are optionally provzded cn a sur‘aoe ef the substraca.

25 The purpose of the linker molecules, in scme ex=cscdizmencs,
is to faczlztate receptor recognlt-on of thae syntnhesized
pelymers. '

W, ' : ‘Optionally, the 1ioker molecules may Se
: chemically protectad for storage purposes. A czexzical
" 30 storage protective group such as £-BOC (t-butsxycar=cnyl)

may be used in some embodiments. Such chemical
protective groups would be chemically removed ugcn
exposure to, for example, acidic solutiocn and would
serve to protect the su:face during storage and te

_ 35 removed prfor to polymer preparatxon.

g' -On the substrate or a distal end of =he link

i _ _ molecules, ‘a functional group w;th 2 protective grsup

H

Py




| ess than 100 [err] and'nay, I n some enbodi nents, -enconpass the binding

site TWO97/15070 as a single nolecule. Wthin 20 t hese pemm,ryo/mph
polymer is preferably symthestzed in a substantw«awlﬂy pure form - .
Concurrently wth or after exposure of ggknown region of the substrate’to
light, the surface is contacted with a first rmnorrer unit [err] which

reacts 25 34 meefdmctfansrﬁéaﬁam YAy PP Oos@rbFA Whon
deprot ection_steép. §rr3= ernorrer cI e‘? a)f%;ote tive, roup [err] may
or may not bE¥PRSUE; r{'rﬁgif g ?FEF ycle, known
first regi ongueirents swﬁ a:mxempmmor.s tee exposecthe3fuhetipnahi | €.,
remai ni ng regl on% of the surface conprise the sequence: 35 [err] -

90/ 15070 PCT/'NL90/ 00081
Ther eaf ger, second regiloh® areferrad femqm:m nbhei naddasirneisi r st

region) are GRGSRAd a’l‘hﬁ%& d 3chefl, Vbt vEs3888NT 1GRECMERS] 1 ]

|
(which may or may notl%bé @He 'sane. as aV| ng protecti've group [err]
may or may n&ens fHd¥% Aascrihed r’ie-l%f & HPE0 EE'E?\H%FEPE‘P BAa¥f er ent

regi ons of tmﬁﬁsﬁﬁﬁm wme&m&;wnyoéehbetﬁobl g%ag
sequences: [err] he above

process is réﬁéﬁr{ed‘%t’?ﬁ repevathin fhe 1%resepﬁ%| ﬁﬁegkdgékf% Fol yners of
desired ¢ engtfield.By Imwratidl i further |akternative ehbcdﬁinentst,ezenposed to

: Ioggz [ gdeE h%acah §eque%%%%&i%mwgti%€ {'Q&l B\Q" BgeﬁXQ% g;gaf E 2?,
the protecti \dewmm. r enoved
. In some embcd;ments., the exposed reglcns and
therefore, the area upcn which each distinct polymer
15 seguence is synthes:.zed are smaller than about 1 cm’ or
less than 1 mm’. 1In preferred embodiments the exposed
area is 1ess than about 10,000 um or, more preferably,
less than 100 um and may, in some emhodiments, encompass
the b:mding site for as few as a s:mgle molecule. Within
20 these regions, each polymer is prefera.bly synthesized .m
a substantially pure fcrm.

Ccmcurrently Lor atter exposure of a known
region of the substrate to light, the surface is
contacted with a first monomer unit M, wluch reacts

25 with the functional group which has been exposed by _
the deprotection step. The first mcncmer includes a ' \j
protect:.ve group Pie Py may or may not be the same as P,.

Accordingly, after a first cycle, known first

regions of the surface may comprise the sequence:

30 |
S-L-M,~P,

while remaixiing regions of the _surface' comprise the
sequence: '
35 :
S-L-Poa



frrom some QyoAgsy the substrate.and the sequences are, opti Oy of;
with a capping unit C. The process results in-a substrate having a sur ace
with a plurality of polyners of-the foll ow ng p@eral formula: 25 [err]
wher e. square brackets indicate optional groups,™and [err] indicates any

sequence Of MDNOMBfferedPed ) BEEord :.oﬁi’”@fmﬁﬁecgﬁi'ﬂaéEVQﬁhicw 8y Y, .
rom 0

vari ety of val ues,., but bodi nent t he

100. In sone enboﬁmée &bgu ;a? f%?*?%ka??ﬁn%xBﬂZFwetguEgggéﬁ BNBoFPREr s
gre todcont ain ﬁ coaeved nwithea sebowdlmmaner Mﬁmianaytorrayaj;enot be
esiredto synthe- z I ns
sequenQ_g‘[er?/] ?i%o %ﬁé % ons rﬂg}:%ses vvou+ oép&?#reﬂ asp ﬁ'gy or
“irradiation of thenay rmtlbeathersame map/amzi)m After tlus second

PCT/ NL90/ 00081 f ol byigpetent ! :Eagma &frei;er gabktirate aayheoﬁsﬂeace

.S-[err]-P at the fiTst Tocatlon secong oca-. tions woul hen”be

i rradi ated and corRPR@teH BPER ?ﬁr?‘]‘epf"}%%‘ﬂ l‘gnﬁeﬁﬂef‘ﬁsssequence S-[err]-P
at the second locations 5 Thereafter both the fi rst and second | ocations
woul d be irradiated and contacted with th% Sifg [§ resulting in the
sequence S-[err] at the first-|ocations afd f’z 2the second | ocati ons.
O course, cpgymon subsequences of any IengtSrl’ed(Q—d’zbe Uilized including 10
those in a range of 2 or nore nononers, rs, 2 to 20
nononers, and a nost preferred range of 2 to"3 ’m)no rs. According to other
embodi nents, a set of masks is used for the S Ro-nononer |ayer and,
thereafter, 15 ~varied |ight wavel engths are used for selective

Ceproteot o0, Fo gy MBhSs HRablEnnL e e A TR R bR T 00
fir protecigve gxnm¢u¢esr@esmhedhpokymensveﬂleeeppedelpugahs.tqna first
controlling the locations of thefsubStrate exposed
to light and the reagents expose *to the substrate
following exposure, the location:of each sequence will
be known. - ' '

20 - Thereafter, the protective groups are removed
from some.or all of the substrate and the sequences are,
optionally, capped with a capping unit C. The process
results infe'substrate having a surface with a plurality
of polymere of the following general'formula;

25 . .
S-[L]=(M,) = (M)~ (M,) .- (M) ~[C]

where square brackets indicate optional groups, and

M. . .M, indicates any sequence of monomers. The number of
30 monomers could cover a wide variety of values, but in a

preferred 'emboé_inent they will range from 2 to 100.

In some embodiments a plurality of locations on
the substrate polymers are to contain a common monomer
subsequence. " For example, it may be desired to synthe-

35 sxze a sequenoe S-M,-M,-M, at first locations and a
sequence s-n -M,-M, at second:locations. The process
‘would commence with irradiation,.».of ‘the first locations



20 wavel ength of light (e g., IR Second regions are masked and reacted ’

w th aweeongerenoner having a second protecive group [erriacrmwd)mf
renovabl e upon exposure to a second wavel ength of light (e.g.,

Thereafter, masks become unnecessary in tHézsynthesis because the ent1 rTe 25
substrate may be exposed alternatively to the first and second wavel engt hs

of light in tfoldeped dy icontacting Wictlp M P Tesuditdmngl ion theubstrate

according to head of for
~exanpl e, gscr eenﬁ&%&or %ﬁdl g ﬁg‘g’:th ?i lbﬁaﬁ%l 'féhu%gﬁs scﬁé&]e(rji"i"néﬁg, '
activities, tr:eosnsomtdtdetéxﬂn m.wqmmme%m%aems\smbouﬁ. o

unl abel ed or -1 rigP Qe letie SiduetcdEMUD A L Gaidtd AbcatRbds?

phosphol i pid vesicle or any qne o var i t ece tors I n one
preferre® enb(ﬁ”!er‘ﬁ?ﬁtf bﬁﬁ‘&/ gair%s @%‘?‘H’% £3° 17ns; wopld be| o |
receptor of iriradiatedl andcanidcted axixiscche cdiménii}-, resulting

receptor- Specil Gl Walldncl’ ShETH)u, 'UE Yhi Seiddt FEANRLEngRnRN I PODY.

17 process wi IS=Myr¥ytMe adi gm seRAnd | legations. ( Hef deeurseeoncommgn. The
receptor nol e“dﬂb’s%di?héa Gt é}%ﬁh@é&ld’%d waeahsnewaiﬁ te.

The presence of the recept or and her ef ore; presefce of a

sequencdaowhi cAhasRIda Fanae Qf & QF RAreJIRRIREES 2 S?e?-@?red .

errb(r)]dl rreRt thmmldmd dmsa:cpfz?ltﬁdnmbm.raﬂm aobéeetpﬁefefﬁéareiﬁgeeﬂce
with a charge-¢ e evice uorescence m croscopy, .or the |like. The
sequence of 18 tOLJ‘,Dﬁ?er %eras. the | ocations where the receptor binding
is detected may be used Itczccmdimgﬁtm otherrepbedinénts scyusateofhinabkss

et ng fot 0 SEERA 100 RN 3 Vna [ ERE GRS, (oL
uses fonSsubsVad p;rj@"di' é@veé;mqré\%m ‘E%Q‘F\nf%e‘eiﬁFtéYﬁrml et hey
may be used lmeprotection. For example, in the process discussed
above, first regions are first exposed through a mask and
reacted with a first monomer having a £irst protective
group P,, which is removable upon exposure to a first
20 wavelength ot light (e.g., IR). Second regions are
| masked and reacted with a second monomer having a second
protecive group P,, which is'remoVableiupon exposure to a
second wavelength of light (e.q., UV). Thereatfter, masks
become unnecessary in the synthesis because the entire -
25 substrate may be exposed alternatively to the first and
second wavelengths of light in the deprotection cycle.
~ The polymers prepared on a substrate according
to the above methods will have a variety of uses includ-
ing, for example, screening for biological activity. 1In
30 such screening activities, the substrate containing the
sequences is exposed to an unlabeled or labeled receptor
such as an antibody, receptor on a cell, phospholipid
vesicle, or any one of a variety of other receptors. In
one preferred embodiment the polymers are exposed to a
35 first, unlabeled receptor of interest and, thereafter,
' exposed to a labeled receptor-specitic recognition
element, which is, for example, an antibody. This




iinformation storage (e.g., ‘on optlcal di sks), production of ol ecular

el ect r oni W@QS/15070 product i on of stationary. phases in separ apCINESI/O6U8ES -

praduction of dyes and 20 = brightening agents phot ography, and in

i nmobi i zation of cells, pfoteins, lectins, 7 | ei ctaci ds, pol ysaccharides

and the ' like in patterns on a surface via moll deul ar recognltion of specific

pol ynrer sequences, S esi Nn_adj ac

progressively 25%r°':?é1‘sf é{lﬁﬁg%éﬁgn rr;;ﬁ?%ﬁ'e aq‘i’rig‘cilai%dae%* W*? ﬁlge

establ i shed to cdetegitiomistage.s or to devel op di agnostic dipsticks which,

for exanple, titrate an am“‘lgo d}sgnﬁrédﬂggaqﬁwq,ﬁ@qmtﬂf ofiBt Lgen.
yst

By synthesizing several cat ecules in close.. proximty, more
efficient 30 RIS Podymesi® &nsthes spbptrate-hi Khal ByeseRcePfathe

i mobi |i zat .o 1a@éqre@ FcRpLFIO RN, Z et fore), r&ne eseﬂcé%fe&ect ron
transfer sy tens as wel ot.h struct | nt ngd ot her
desirabl e proper S89ueRE %@@Eﬁ#ﬁﬂgﬁaiuﬁiﬁg R int &gﬁ ¥5&01“35
According to alt prefierred Exbddiment  thycgh sthdiuxk 'sdfldmtonaddlography,
phar macoki neti c i es ed. £ - $S8S .

P esi stance £o %%e@h%r@@ﬂd& with &R fe-L8ufEeiSqevice,
PCT/ NL90/ 00081 i rilasidesdensie Rdanasnapbasis theollikes nBhebsequeped ofth a

fluorescent tag &b PAYARE &t Wi qgseé&iadéuvﬂfeﬁ £HE Of&€bptar b;hhi??

Li gand Syn99e3|s Fig, 1°shows a substrate 2 jn cross- secilon Essentl

any concei vabl e sibdetacted pay. heyisad k9 AetrrnineAibnor pAEt 0L 2
substrate nay be sl athiciorily @mmenﬁmrw theoroaeptoror a

32@”_2%22?5°ft38.yngf Sphonlis” SBRCHAE: oF ehi iiyeniidi (G P Echubfb
filws, plates swoﬁahzomogidﬂﬂeasuhsumaue EEy4H&ﬁi4a@FSE¥1bQ§mmﬂam
oreter anly ¥4 at SHEHAP JEREARY robiSdngehe sl EXRldudsS for
example they may be used in
xnformatién storage (e.g., on optical disks). production' '
of molecular electronic devices, production of stationary
phases in separation sciences, produotion of dyes and
20 brightening agents, photogranﬁy, and in immobilization of
cells, proteins, lectins, nucleic acids, polysaccharides
and the 1ike in patterns on a surface via molecular
recognition of specific polymer sequences. By
synthesizing the same compound intadjacent, progressively
25 differing concentrations, a gradient will be established
U ‘to control chemotaxis or to develop diagnostic dlpstlcks
which, for example, titrate an antibody against an
increasing amount of antigen.. ﬁy.SYnthesizing several
catalyst molecules in close proximity, more efficient
30 multistep conversions may be achieved by "coordinate
immobilization." - Coordinate imnoQilization also may be
used for electron transfer systems, as well as to provide
both structural integrity and other desirable properties
to materials such as lubrication ;wetting, etc.
35 According to alternative embodiments, molecular
biodistrihution or pharmacokinetic properties may be o
examined. For example, to assess resistance to
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variety of alternative surface configurati?§%. For exanple, the substrate
may contain raised or depressed reglons on rch t he syntheS|s'takes pl ace.

The 20  ~substrate g ts surface erably rma r| id suggort on whi ch’
to carry out thateghipp §rd§§5PFb8 EPéﬁi' 3BRed °f ace

is also chosenwithpaotiﬁerappenprMageahﬂghupdseﬂWnambiﬂmagmtal i SIuids For
i nst ance, the bik&ﬁ&gsﬁﬁy be a pol ynerized Langnuir 25 Bl odgett film
functional i zed gl ass Ge, GAAs, @GP, [err] nodified silicon, or any

-one of a wide variety of gels or polyners such as (poly)tetrafluoro-

et hyl ene, (p0|§i1IHYEh pol yst yrene, polyparbonate or

conbi natléns t ereof%e materials will be r y“"
apparent to those of ski FtGen 1 phoss %;ﬁﬂpsrt&ﬂ%%f rfiﬁ%ostﬁsstc re In a
preferred ‘enmbodi"ment the substrate is flat: glass or single-crystal=silicon

wWith surface relief features-of less th 10 L g

enbodi nents, the surface of 35 ~"the su%%ﬁ%ﬂéi?éfi % ﬁégﬁélﬁﬁ?+eknomn
t echni ques to pubsitdatieomaje be ehplnyest dif diiierinvetbionxanPhe, by way of
the formation e a P /00081
structur @8, orgPﬁEE%Q%g aFﬁg synt egﬁgﬁggﬂlgﬁgﬁﬁggﬂ%%§ ?é S%é&h?@ pl aced
within the f ocdnopgRmicof QIR RRBRINAtHAN qft anvPfcthepen F&WB&M‘V@S

"mirror” str UCbu&:%%cfms et %ﬁ;ﬂiﬁﬁe@})'éérﬂoﬁheéw f{:ﬂﬁiﬁ cent
sources, or thé [ike. Surf ces on t he %éﬁ:d substr ho ugh

not al vays, be SBHRRSSg SRR apfes, PROSbELighR, s th
surf ace may bepQQMecbldfdmy eﬁc.a Vile substratefmapt Ravel anyf or exarrpl e,

P TE 3510, GoRVATAY S i SR st bhhent) EEREE"
above-1isted seftst. rafm:msu#-e 1 preferably flat but may take on a
variety of alternative surface confzgurat;ons. For
example, the substrate may contain ra;sed or depressed
regions on which the synthesis takes place. The
20  substrate and its surface preferably form a rigid support
on which to carry out the reactions described herein.
The substrate and its surface is also chosen to provide
appropriate light-absorbing characteristics. For
instance, the substrate may be a polymerzzed Langmulr
25 Blodgett :iln, functionalized glass, si Ge, Gaas, GaP,_
sio,, siN;, modified silicon, ‘or any one of a wide
variety of gels or polymers such as (poly)tetrafluoro- .
ethylene, (poly)vinylidenedirluaride, polystyrene, : \rj”
poiYcarbenate, or combinations thereof. Other substrate
30 naterials ﬁill be readily apparanr.to’these of skill ine
the art upon raview of this disclosure. In a preferred
embodiment the substrate is flat glass or single-crystal
silicon with surface relief features of less than 10 A.
According to some embodiments, the surface of .
35 the substrate is etched using well known techniques to
- provide for desired surface features. For example, by
way of the formation of trenches, v-grooves, mesa




“Preferably, the surface will contain reactive groups, which could be
car boxyl Wel;ﬁontSOMydroxyl or the like. . Mst preferably, the@ayNL6R04: |
20 be optically transparent and will have surface Si-OH functionalities,
*such. as are found on silica surfaces. The sUace’ 4 of the substrate is
preferably provided with a layer of linker nmolecules 6, although it will be
under st ood t hat SHRIGEYRES, A7 &8 ddkae thr s¥nthesis yegieasepayehes of

the i ?venflon Uﬁé'dl@’sﬁ&lly{@&%@%ﬁc{}ﬁr@rﬁi@{w&:ﬁs oiH{:f bei %ﬁxhﬁﬂﬁglh to
pernmt pol ymers et e rate interact tree ecll es
exposed to the Sl %ﬁ"aﬁ?? PERY: qsqt‘!ﬁ éﬁhﬁee‘%[ﬁ%?%ﬂou?ﬁrﬁgré §5rHFBH§eFong
to praylde sufhﬁnmrﬂaﬁmﬁmn T 13ght éo]:ikmtnohefnbnsfnmprbscehnr

exanpl e, aryI %éﬁl l@ycol ol i gonmers containing 2-10 nononer
units, dia®ines, acl d’s am no aC| ds, or conbinations thereof. O her

li nker nol ecul es may be ustrfaces @n ‘tdre t3pkid substuate will usually,

According to al 'ﬁ{cﬂﬁ rmﬁi nt: NPL&C d
based upon the|r o\gﬂmf c/ y(?or?;eobl C pééo%g(ra‘?fes tsoglhﬁérg\%geﬁ'h&osg
90/ 15070 € substrate.  Thus, the sur acep@qymgopgggg§eggof any
pr esent ati on. of &vra hefdd arhd mwcsﬂarsp fegcpkanplelOpotyReRLs,

the case of a hy lic rece or ophi i nk
preferreddd as Hq't?%i# 'Fsé'c ]t}i/ %%?%835Osﬁﬁgri&ﬂ‘pf’gagsriﬂ'ﬁ@'kased
synt hesi zed pol merm; d:algbdm, asettadls, alnerganicegiassdsyemenbranes:,

mol ecul es are a'ézfoﬁf)g"éf' Wiﬁb@eﬂﬁ%%{:@a E%Bt?&-iﬁ'is' nt t e

position. The pho avable group | S eavab e at a wave enth
different 10  FRf ' . 5PE MER-o5-enn
K{OUS pOI YIer isy QuiLckic o] .atd an of o bhey a4 ‘-' VR B GRS LLLO
to~t'he dlfferent ywavel engt hs _of | jght. The ILn er: fml ecu s ca be attached
to the 15 SRR e p et

herein-by-—refesance. Preferably, the surface will
contain reactive groups, which could be carboxyl, amzno,
hydroxyl, o:_the like. Most preferably, the surface will

20 be cpticalli transparent and will have surface Si-OH
‘functionalities, such as are found on silica surfaces.
| The surface 4 of the substrate is preferably
provided with a layer of linker molecules 6, although it
will be understood that the linker molecules are not re-

25 - quired elements of the invention. The linker molecules
are preferably of sufficient length to permit polymers in
a completed substrate to interact freely with molecules
exposed to the substrate. The linker molecules should be
6-50 atoms long to provide sufficient exposure. The

30 linker molecules may be, for example, aryl acetylene,
ethylene glycol dligpmers containing 2-;0 monomer units,
diamines, diacids, amino'acids,-or combinations thereof.
Other linker molecules may be used in light of this
discIﬁsure. v

35 According to alternatzve embodzments, the
linker molecules are selected based upon their
hydrophilié/hydrophobic properties to improve



substrate via carbon-carbon bonds using, for exanple, 15

(pol y) t WO 99/A86Mh| or oet hyl ene surfaces, or preferably, by sPEBNRO/MN08YS
(using, for exanple, glass or silicon oxi de sur.f.aces). Siloxane bonds with
the surface of the substrate nay be fornedd@. one enbodi nent via react.i-ons

of linker nolecul es bearing trichl 05|I ou The 20 l'i nker
‘nol ecul es may Qﬁqsﬁ‘i‘&'lalt}%'e"ilsg %ﬁ]%’(ﬂfﬁ?a‘??a@e TRain 55 parts - of

the head group&edeptd&@.ynmuzzekmum Ritsigzade fof na hydmbpribati ve

enbodi rrents the I
-substrate. ept or, W%ﬁniﬁ%ﬁm%&%\%?mig%%éugrakﬁ.@red
are provi ded vmstdnazs foeon pexmid: mmqepm&plmmMaebYowaw#ehg p.

Pr ef er abl NE %&fs on the distal or termi-nal end of the
| i nker %ecul e “opposi ?ee t Igyl

tT at e. The projective r ou
either a negative protecSROTS ’nﬁ‘g #B?’é‘&? eg?gﬁggxgﬁﬂﬁr's t he
l'i.nker nol ecul eﬁdw nfdiaﬁuws va::é] ﬂwwzmmmmoa uphdtocleapabilei ve

protective grou t h rot ec der ul
Tore react i ve \EHE: it Aartmeaiate ek of) [ Md ngkBETEaTRbTR U0
pr ot ectﬂljvg gr ouproup ixiginéferdbly crladvabletat aaivavelength ddfferent | n
sone enbodi nent eat 0

PCT/ NL90/80081 %?nil'he p\r%% ecﬁle "lbjaélon t%ﬂgfl N mn%l ‘é%ﬁggglmgf Yl
sel ect ed from FagiRus; RIMERSH @QW%I?W letignpfct BFO&H§‘BP§P~& QB'I y
i ncl udi ng nit T Guaff WP teaEp SETIRG WEGIStisel (i fSe Penit t wavEDEsgLHS! b\fau.li\gm.or

A LI %ﬁf i osediils Sahl bOLELAEREL RS (1 PO!

2-ni trobenzyl oxy

a, ? di net hy|t dlstmétma/&enzi/a carhoiecytbéNiEynds Usig, | fornexampdd,nent , .
nitro aromatic
group is dfsed, W Pﬂ&%]em C%é#{’ﬁﬂi%,é%ﬂ*f;gggn B! PRelreraPaylitro

by siloxane bonds (using, for example, glass or silicon
oxide surfaces) Siloxane bonds with the surface of the
substrate may be formed in one embodiment via reactions
of linker molecules bearing trichlorosilyl groups. The
20  linker molecules may optionally be attached in an ordered
array, i.e., as parts7of the head groups in a polymerized
Langmuir_alodgett £ilm. In alternative embodiments, the
linker molecules.are adsorbed to the surface of the

substrate. _ _

25 | The linker molecules and monomers used herein
are provided with a functional group to which is bound a
protective grohp._ Preferahly, the protective group is
on the distal or terminal end of the linker molecule
opposxte the substrate. The protective group may be .

36 either a.negative protective group (i.e., the protective
group renders the linker molecules'lees.reactive with a
‘monomer upoh exposure) or a positive protective group
(i.e., the_prctective group'renders-the linker molecules

'more reactive with a monomer upon exposure). In the case

35 of negative protective groepsran additional step of
reactivation will be required. In some embodiments,
this will be done by heating.



[err] 15 woO 90/15070 : [err] wher e [err]is al koxy, al lgyér,ﬁt%mm
aryl, alkkenyl, or hydrogen; [err] i s al koxy, .alkyl, halo, aryl, nitro,

20 hydregen;[err] is al koxy, alkyl, halo, gikro, aryl, or hydrogen
[err]-is- al koxy, alkyl, hydrogen, aryI hal o, or itro; and [err] is alkyl,
al kynyl, cyano, al koxy, hydrmxgemrdﬁcd;iws w:oup)romltlwylznkﬁ-rnﬁbléahkésal S
whi ch. may be used Ot Y,
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39: 192 pot h-of Weicp mg quﬂt@-@xiﬁ‘cﬁhéhiyl rfdeiPd€Hves "oRbenzy sul-
afterné—tﬂr ve enbodi é osrt react| &E)GO'HF) | s activat ed
reaction with rea&ﬁ’t ‘E&Fﬁﬁ'@ rxoverarryl oxy-
|tnd|ol [ Rte g{ ong vvlu:arrﬂmmid (wac)qamam&:ohankqum&nmxhybn(mc) eu:p;)sure
“to lig a n reac

' group on the Irnkerpr'aqu e%?x i S se%é{ 3@@%&%%# Wgr ﬁ%gﬂ??é

l'i ght-reactive gr mgnmmqig@tor eanikee gﬁmtlc campoind ozentaining

PCT/ NL90/ 00081 Al faeiyamizy8ley mgdﬁgreq@q% (e Tg7s) q,hiegfd v# £L use
deactivated by el ectron~beam Ii t hography, x- ray ograpny, ‘or any other
radi ati on. 30i t ablte Saad F@E”l}ﬁﬂ&p% "elfr-ﬂ,‘t"?'on beam | i t hography i ncl ude
sul fonyl O her nethods nay be used |ncIud|ng, for exanple, expo- sure to a
current source. Other reactive groups and 'ds‘oQ,activation may be used
in light of this disclosure. As sho in Ri4g. 7§ thgplinking nolecules 10
are preferably exposed to, for exanpl&. i ro a suitable mask 8
usi ng photolithographic techniques of t peikdbwm i ne & he senrconductor
|nd\§try and described in, for exanp%e Technol ogy,

. 15 ' : 2

where R, is alkoxy, alkyl halo, aryl, alkenyl, or
hydrogen: R, is alkoxy, alkyl, halo, aryl, nitro, or
20 ‘hydrogen: R, is alkoxy, alkyl, halo, nitro, aryl, or
hydrogen; R, is alkoxy, alkyl, hydrogen, aryl, halo, or
nitro; and R; is alkyl, alkynyl, cyano, alkoxy, hydrogen,
halo, aryl, .or alkenyl. Other materials which may be
used 1nc1ude o-hydroxyha-methyl clnnamoyl derivatives.
25 Phctcremovable protective groups are described in, for
example, Patchornlk, J. Am. Chem. Soc. (1970) 92:6333 and
W Amit et al., J., Org. Chem. (1974) 39:192, both of which
are incorporated herein by reference.
_ In an alternative embodiment the positive
.30  reactive group is activated for reaction with reagents
' in solution. For example, a 5-bromo-7-nitro indoline
. group, w@gq bound to a carbonyl, undergoes reaction upon
exposure ‘to light at 420 nm.
- In i second alternative embodiment, the
35 reactive group on the linker molecule is selected from a
wide var;epy of negative light-reactive groups including
a cinammgfe group.



MGawHi |l (1983), and Mead et al., Introduction to VLSl 15 Syst ens,
Addi son¥R 8030701 980) , which are incorporated herein by ref o8y |
purposes. The light nay be directed at either the surface containing the
protective groups or at the back of the suq§§§ate so long as the substrate

I's transparent.-to the wavel ength ght. 20 needed for renoval of the -
protective groups. In theAEReoRR YﬁlﬁhoﬁﬁﬁlﬁeFFﬁlvf gFP&RtlﬁsaG#iﬁéFéé at"

the surface of 6£ﬂai§a&>5wawdcwtawcﬂﬂoﬁFoeﬁomehbgeaphgupsz-raﬁl g. 1
posi t1 ve. r sact | RETRRRY o OF A ot REE FRUERE TRy HyLhErIR FasCHiTe
expose functlcngtoqpsntnr|eﬂsctmsnlhnannﬂitﬁbgriphynnnbladessunfongl.\
embodi ment_ a tr, {%ﬁqé&%*ﬁﬁ# ﬂﬁiﬁéé&'iﬁéiﬁﬁi §e'¥oE°%§§E§Wbthe %@yer

of opaqueﬁmaterla I ONS e opaque
| eavi ng opaque SHEX®rtQ|a| GUFFenp  €RRERe pat PERAT (ESAFLAVEn SERRPSUBRE at e

surface. The NRsihods 6LUSGEiIvVALLoR! BEP BEOUEER! Yn1iGht! BEORM iGN, O
brought dlrectlailnto contact with the substrate surface as shown in Fig.

1. "Openings” ®* correspond to locations 35 on the substrate
where it is desired to r easvshewmt ineFbgable phet 2éhkiaggmolesulesm t he

substrate: ) Al VEhrJPUrRE1P EkBbEE £5) "Pof BXARPARI TR MR, 20
techni ques in vénitable gnaskt 8 nagkng (photohithpgrrphiscfechnigvesaod v
overlay successiyg %&Skm:m Pﬁ%@%eﬁﬁééﬂaﬁbﬂsrshﬁaﬁst% more -

sophi sticated techniques, ma interferonetric
techniques 5 ARG JeSSribe oﬁE'dggﬁrﬁﬁéﬂpiﬁ'F aﬁan;ﬁipIgéinslaswéw
I nterferometri Qiétiqwersll Teroesyjcaid MpadPeysall ot Tnticb@TRk idh 426 VIR \J
o e et AL ae, KR Es B RFRIRE (EpeBTY ABSHACRre' LEAMGR) iiit .
herein by reference for all purposes. The light may be
directed at elther the surface contaxn;ng the protective
groups or at the back of the substrate, so long as the
substrate-isltransparent'to:the wavelength of light
20 needed for removal of the protectiﬁe groups. In the
embodiment shown in Fig. 1, light is directed at the
surface of the substrate containing the protective
groups. Fié; 1 illustrates the use of such masking
techniques as they are applied to a positive reactive
25 group so as to activate lznkxng molecules and expose
functional groups in areas 1l0a and 10h.

The mask 8 is in one embodiment a transparent
support material selectively ooated:ﬁith'a layer of
opaque material. Portions of'the'opaque material are

30 removed, leaving opaque material in the preoise pattern
desired on the substrate surface. The mask is brought
into close proximity with, imaged on, or brought directly
into contact with the substrate surface as shown in
Fig. 1. "Openings" in the mask correspond to locations

35 on the substrate where it is desiredﬁto remove
photoremovable'protective'groups-froﬁfthe_substrate.
Alignment may be performed using conventional alignment
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enhancenent %?@?Wq s between the nask and the substrate accordar.\,gl;“to sone

embodi nents. This contrast enhancerent |ayer conprise a nol ecul e which

i s deconposed by light such as qU|none d|a2|déb%5a naterlal which is 15

transiently bl eached at the.wavel engt i nt er est .#7Transi ent bl eachin
{&abl

material's will al | BoFRRiGEES HBNER QHEFBtI?BFFslénﬁﬁpFPQH“ t A&
enhan;gl ng fogé re SS]E'It%Aeéeﬁﬁate!yl wezbayrsaeceshaveemsksrmmemmmf by
way of a cla e from
a zonventlonal cgﬂﬁtgfg%#g gg?g% 33|%g£? Sgpp&gg}=§ﬂggé%@3hﬂg§§4%|5§Y|f
non-col#:nated souheeased.llgbr exanpied inte:ﬁeuomeasunaMashn;quasu|de a
thi ck- “of ”U't'-'aéf&&ﬁda?”&gﬁ bfiePd eSIrggrsﬁdraanaE had i, O Qe

substrate. I1t525 I'n sone € ments to
utilize groups mhlEnta¥§e§EH§FF#9eA%GQBPFFEr?ﬁFhﬂ&ﬁHFbngﬁﬁ&&4¥§¥§ﬂ4ﬁﬁ§§a

synthesis. For expighe) Fx : 4260420, OWRSchhigh iacorpotated hdreit Hyer ent
wavel engths, it |s OSSIb to se#ect branch positions in the synthesis of

a polynmer or 30 FRYROCe DAY PR Hﬁgﬁrng steps. Several reactive groups

along with their cor respondi T eanaheegtbatrastdefr dight appdriedrtmvi ded in
Table 1. 35

[1
PCT/ NL90O/ 00088 24 $§8|§Q%gxggpgyl t is desirable to provide contrast
Depr ot ect ion V\aveeangmemtomynsxye&ammhe(m and the)syksrrake

nm Nitrobenzyl oxy 4 Eéb%&@ﬁ & 280 300d1nHKtE3001%¥s’Eﬂnﬁ%&gﬁfbﬁhancement

OV (420 nmy 0" Hyclf SAYER. Rbii FERREARSdy Polecule WAlgn L ASRsRnged by
2- Oxynet hyl ene ant higa m as qulnoneU‘dJ.(a&i@hraﬁ alenaﬂ‘ezl'fal ngm’mh is
syn{ue3|s s |IIusE=a%§q &59%f5£=ned at the wavelength of lnterest.
Transient bleeching of materials w111 allow greater
penetratzon where light is applied, thereby enhancing
contrast. Alternat;vely, contrast enhancement may be
prcv:ded by way of a ‘cladded fiber cptic bundle.
20 The light may be fron a conventzonal
incandescent source, a laser, a laser diode, or the like.
It non—collimated sources of light are used it may be
desirable to provide a thick- or multi-layered mask to
prevent sp;eadxng_of the light onto the substrate. It
25 may, further, be desirable in some embodiments to utilize
groups which are sensitive to different wavelengths to
control synthesis. For example, by using groups which
are sensitive to different wavelengths, it is possible to
select branchfﬁosxtions in the synthesis of a polymer or
30 eliminate certain masking steps. Several reactive groups
along with thez: corresponding. wavelengths for
deprutection are provided in Tahle .

35




herei n WOWey1s8%0t he use of a mask to illumnate sel ected 1%cTyNL the '
substrate, other techniques may al so be used. For exanple, the su tr e
may be transl ated under a nodul at ed Iaser %&éelode | i ght source. $Such .
techni ques are discussed in, for exanp Patent No. 4,719,615 (Feyrer
et Al.), whichis |ncorporated hereln byTﬁblErénce In alternatlve

enbodi nents a | aser. gal vanonetric scanner is utilized. |In other
enbodi nents, tA€ Synihesli s may take place on or.1n contact Wih a .
convent i onal |iquid grystal (referred to herein as a " f" °¥&P§Ee _on

fiber optic |igh et
light may be sﬂﬁmruveﬁamnymuxyﬂdarbonyxnﬂvatmrn1t IUghxzoo-contamb

sel ected Begio vely, h e pl ace
on the end of gﬁg’g’j e‘a@%gﬁlcéi%‘?’“@ @ﬁét\hl ch Ilgﬁ& ?ﬁbﬁ ﬁgét @5

appl i ed. therntmghhxﬁ dimethsixyhenzyloxy caarbonyl IUghﬁzéﬁpQQOram30\Mll
be appar ent togjgygaduagﬂigiolﬁaaﬂghf! . The substragq ﬁ |rrad|ated

either in contact or not In contact With a solution (not s
preferably, ircuiydraxye-mathyck Q&Qﬂ?@P!&i “sol uti BY. (3?R€3§9I9F00n

cont ai ns reage@ubgyhdunymaﬁetdﬁtﬂaaquinbﬁ&s f ormed buvlqaadlahnon from
interferid with synthesis of the ligand according to sone enbodi nents.

Such by- producP&ﬁﬂ1ﬁﬁ—+ﬁe+ﬁde——+of—exaﬁp+e—ﬂnmﬂmnr—-—ﬁ%%@ﬂ+&5€¥6————-——
PCT/ NL90/ 00081 25 di oxi de, nitrosocarbonyl conmpounds, styrene derivatives,

i ndol e derivatives, and gpoduet Hﬁﬁh&xﬁﬂpigcQfﬂhgtratﬁﬁF?HQ%%rllHaex of

Al ternatively, the solution ma ontarn reagent s  use
refracti on of therein by Way he (usg pf saBask te dAdundnatieosekerted

further includeed f&nsewlmmﬁé cothesi cebnhigues leaesoswtdééﬁtw
hydr azi nas and quro,gmp”;,“e o 'SHCL 02 39500 S (e dans) ARy UndeSPYoNES
modulated laser or diode light source. Such techniques
are diSoussed in, for example, U. S. Patent No. 4,719,615
(Feyrer et al.), which is incorporated herein by
-reference. In alternative emhodiments a laser
'galvahometrio scanner is utilized.  In other embodiments,
the synthesrs may take place on or in contact with a
conventional "liguid crystal (referred to herein as a
"light valve") or fiber optic lignt.sources. By
appropriately modulating liquid orystals; light may be
selectively controlled so as to permit light to contact
selected:regionslof-the_suhstrate,' Alternatively,
synthesis may take place on the end of a series of
optical fibers to which light is selectively applied.
Other means of controlling the location of light exposure
will be apparent to those of skill in the art.
‘The substrate may be 1rradiated either in
contact or not in contact with a solution (not shown)
and is, preferably, irradiated in contact with a
solution. The solution contains reagents to prevent the
by-produots'formed by irradiation from interfering with
synthesis of the ligand .according to some embodiments.
Such by-products might include, for example, carbon

20
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girven functyweysisreur (e.g., aryl nitroso + glyoxylic 10 agj 4,4 Mh%
formhydroxamate + [ERR]. Either concurrently with or after thei#ﬂyg%sgtloﬁ '

step, the linker nol ecul es are washed or othegzgge contacted with a first
nononer,. illustrated by "A" in regions 12a an b.in Fig. 2. The first 15

rmlnorrelr r ea}(c] ts hWIht hibigsdapt t_;&ﬁiﬁgotéiﬁlﬁ_bhgglab_?_ﬁbeu_ﬁas(?f stheehnlen la\;\%gﬁvhatives,
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di fferest. than the Qrglaeli UEel! LUPMHEEH thle! 1AabkE302eFRaRRIES o Whd™Y
be- sel egtfed from any e a%ove-descrlbe proFectlve grqups.q n one
embodi nent, the proubstrategr oRpagents: pddednsaokbe Bolution may fanther

group NBOC and NVOfncPhde, for exampléS abeWic Bribisid butEe¥sicadsidls,
irradiating is thereaft

[ repeated, th a k .repositi,oned so as to
remove |inkage proPBREFIEUgedy ¥Sﬁﬂa¥%?30§EQ?EKQFP§KiFm&PG§pSQQAaQ&ﬁQNB
1ﬁa and 14b V\QioCh agenti_sl (&l ga} eNADH) betnlg'eagghe_ssknbhahtwemqumme? iﬂ
the previous SKI al.t ernat tQ. | LI Qi . fhe
first mask, in nan?ggﬁﬁoggﬂéﬁignﬁlgéggﬁa #égﬁ'maF¥§6e3&?§§%§bai%ﬁ¥5¥ﬁ¥éc
“al ternative pgbodi askdsy avyd forpbydwpxpmatedd £O;) il | uninating a conmon
region in successive steps,'ﬁgtﬁggme heuEEQntiy b&tﬁaﬁrb? r tsirable.to
provi de separation between irra |ate8 regions. “For exanple, separatjon of
“about 1-5 [err] ma}rBRAAABFOBr 't C f F 2 R OF
_ jrpedipbiopr sReR. t Shacdénker: BplacigscAre Mashad '
WO 90/ 15070 otherwise contacted with a first mohohell,1AUErAse

rongner "+ % o B A VSRR Sk SR AR 50 s 1RECA: PR o o
agai T masked;§o asmopomernprveachs withetheyacivagedafubctionalograoupsidfie
g;ﬁgﬁ;rog-Aréggi?Pﬁﬁ&?ﬁﬁﬂﬂa&brﬁﬂiQEui@Q-wﬂﬁ%hﬁﬁﬁ%&rﬁhéni%ﬁ%ﬁ?é&‘%ﬁ“%%&hé&’
L : The first monomer, which is preferably an amino acid,
is also provided with a photoprotective group. The
photoprotective group on the monpﬁef may be the same
20 as or different than the protective group used in the
linkage noiecules; and may be selected from any of the
above-described protective groups. In one embodiment,
the protective groups for the A moncmer is selected from
the group NBOC and NVOC.- ' ;
25 .As shown in Fig. 3, thé process of irradiating
is thereafter repeated, with a mask repositioned so as to
w remove'iinkage protective groups and expose functional
groups in regions 14a and 14b which are illustrated as
being regions which were protected in the previous
30 masking step. As an alternative to repositioning of
the first mask, in many embodiments a second mask will
be utilized. in other alternative embodiments, some
steps may provide for illuminating a common region in
suécessivg steps. As shown in.Fig. 3, it may be
35 desirabl%ﬁtq provide separation between irradiated
regions.-'rér example, separation of about 1-5 um may
‘be appropriate to account for alignment tolerances.



the for n¥MQ 918870t he structure shown in Fig. 6. The diners BPETANKDOP@Shave
been produced on the substrate. A subsequent series of masking and :

contacting 10 steps simlar to those des%(abed above with A (not shown)
provi des the structure shown in Fig. 7. pr-ocess provides all possible

diners of B and A i.e.. EsAsndufl if figand,Brfie Wibathstd A cidip area of

synt hesi s, and the arga for Sénth si s of each indiVvi dg'al J and coul d be
of any size or S¥RpEe r3eR8ARNE, PERLSFted ponomes &/
triangles, -C|chesegDon;oLBaoandtmebeofrhebeaguuﬁi1un§egnﬁsurgx§nggr|c

Snpie 20 "o bataTERps RO RbTRRCES) PRpERL” (RE B IRERE R A

regi ons 12 and Q@metneacbbgerqreumsl bnhAve'eg:l.wr fl2=e andB (ﬁegmrwe'ﬁa’b
bout 1 d t
abou cnferrpR@dghBsEE g.e Fssﬂgﬁlﬂ”g%bgﬂa td I?ﬁ%r{ﬁ%r?r?ef er{lgl}fx?g hgye

areas of |ess than a out

enbodi ment , theth%gf%ﬁ%a?n’!"&nﬂflﬁh&r struckure shayn Ml@-?erﬁi &he 500x500
[err]. In the |iaygats08-A andi ngensvbSb&ahep&lWéds SPrné haib

10[err] different ligands, 30 although in,sone enbo nts re t han about

[err] different |igands &rEUPPEGREDE sRries c ma Lﬁ%’éta%’tq‘ﬁn a-

regi on of,4he ssbepsastmibarhtohthosegdadcribad ahmm hebtlzexl (ndt i shown)
PéSTELéeSf 'he BAEEIPER ERE"sRRHEERE Bholm® i rad” FP Il IOLEL S
PCT/ NL90/ 00081 previdest aa\&oppsswls%iimewﬁ OB 20W 25% - 8004 BISY A~
‘45% 50% 60% XQ%) SR BQQ% 95% 96% 97% 98% or 99% pure.
'rhe substrate, the area of synthesis, and the "J
15 area for synthesis of each individual ligand could be of
' any size or s_hape. For example, sguares, ellipsoids,
rectangles, triangles, circles, or portions thereof,
along with irregular geometric shapes, may be utilized.
Duplicat_e' synthesis areas may also: be"applied to a single
20 substrate for purposes of redundancy. :
- In one’ embodiment thé”r_e'g'_icnsi 12 and 16 on the
substrate will have a surface area cf'between about 1 cm?’
and 1'0”'°' cm?. ' In some embodiments the reqions 12 and 16
have areas of less than about 107* cm?, 1072 cm?, 107 cm?,

25 10™* cm?, 10'5 cm?, 107° cm?, 1077 cmz, 10°% cm?, or 107 cm?.
In a preferred embodiment, the regions 12 and 16 are
between about 10x10 gm and 500X500 um. <

'In the invention a single substrate supports
more than about 10° different l:l.gands,
" 30 | ' |
although in some embodinénts ‘more than about
104, 10°%, 10%, 107, or 10°® Qifferent ligands are
provided on a substrate. Of course, within a region
of the substrate in which a ligand - is
35 synthesized, it is preferred that the 1ligand -
- be substantially pure. In some embodiments, regions of
the substrate contain ligands. © which are at
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According to sone enbodi ments, several 5 --sequences are intentiona
provided.,within a single region so as-to provid27. initial screening for
bi ol ogi cal activity, after which materials w thin regions exhibiting
sirgni f | cant bindingleastfabbhtrl&yaﬁiatkd%,1m5%,|VO%DeQ&Rhs:@R,CﬂG%, 40%,

Enbodi nmerit of a Rea fgof 5 §tegh§|97°§A §6?8 Pkcab@* | lglggst & SoR%. or

preferred enbodi nen réactof sysfem of synt'hési Zi ng |gands on
t he prepared substr@9% BWEe@seactor sy a-15 body 102 with a

cavity 104 on a surface thereg&coraﬂngreaeg yﬂaﬂﬁ§t|§§¢§¥§ﬂy'104

i s between about 50 and 1000[ err] 9&5*‘-3”9@9& %ﬁﬂﬂéﬁ% 30 #?‘;EH‘@

preferrad The5 bot SRABENCAE 8RS &
| dnd tdfall Iscrdeginy st

ri dglels I10? vv[nh ch lexi-egﬁahosb ast tot pcoﬂﬁzde ot
200 [err] deep and Bhaseu dRL pEbiosTy, Stk %&iwoééﬁ@ﬁ% #@ﬁﬁgﬁq@%
durhhem @y

to generate turbuleexhihéhdhqrsbcniﬁicnntl
cavity is preferably Iight 25 absor prevent reflection of
inpinging light. A substrate 112 I S nDunted above the caV|t 104. The
substrate is DﬂoV|dEH-aI‘:~' : S-S AR RREIb| e

protective group such as '\NOCFWqT.hBN suhhhauhcmmwtmmmés rakq:"referred

nol ecul e. The 30 trat efer ns t,to a e s ectrum
of light, but in soﬁ@gﬁaﬁ P%eﬁ?s gﬁ p§? M%ﬁaﬁ"% %H%’éfg{)
whi ch the protectivdigands men hherprepade@ssubs&raﬂeAr1the case of hN(ID

The substrate in sone enbodi nents is a conven |
or 35 cover slip. The substrate is préeferably &m&pﬁtln as ﬁﬁéék;

stil| providing adeqmelpﬁysﬁi@al as GBNIEY lol‘r mraatmrfm féwéecr%-t e In
| ess™than about 7anodzments the cav1ty 104 is between about 50

preferabl y | ess ﬂ“;“a%B "o s R & g B ghou 08" S piRherrea.
The bottom of the cavity is preferably provided
with an array of ridges 106 which extend both into the
20 plane of the Figure and parallel to the plane of the
Figure. The ridges are preferably about 50 toc 200 um
deep and spaced at about 2 to 3mm. ' The purpose of the
ridges is to generate turbulent flow for better mixing.
‘The bottom surface of the cavxty is preferably light
25 absorbing so as to prevent reflection of impinging light.
A subsgfite 112 is mounted abave the cavity
104. The substrste is provided along its bottom surface
o 114 with a photoremcvabla protective group such as NVOC
with or without an intervening linker molecule. The
30 substrate is preferably transparent to a wide spectrum of
' 1light, but in scme embodiments is transparent only at a
wavelength at which the protectzve group may be removed
(such as UV in the case of NVOC). The substrate in some
embodiments 1s a conventional nlcroscope glass slide or
35 cover slip. The substrate is preferably as thin as
le;“while still providing adequate physzcal
support,’: Preferably, the substrate;ts less than about




| ess H%%MGSWQ mmthick. In alternative preferred enbodi n%q@“,LWW‘
substrate is quartz or silicon. 5 The substrate and the body
serve to seal the cavity.except for an |2|3t port 108 and an outl-et port
110. The body and the substrat e may be maté@d*tdr sealing in sone

enbodi ments Wi mm Shdck, more praferablycdess han ‘h-%rmethédkembm:i;rrent
the body is g&a&é&sw hlaske"enhn o.1ceap@m£:.rd1@ Gk shds € NP ébeﬁgﬁégrvem ng

space is hel cuumtg ens of the su strate to t sket s.

Fluid is punﬂG&stﬁgﬁﬂg P%e%i{‘éﬁ“g ta(}tﬁ"@‘ N¢ PESLaESed a purrp 116
whi ch may beembodimeats!,cthe substrate -xﬁwﬁ rewles byiEonex : N
O B besh e ooy b pypespdel 1 S YOV oDl e Baf by spostaf‘e

The reactor ecayiby except: £ort anilinletopars df@tand andeutlasapedtto aid
I n agltatlon SO Odgﬁ e b 112,
a lens 120 |sl1%r ov@ed%ch naﬁ@(}"fbd.rtreaktzfrrpqaey kﬁ@z %@ £5 o%é%iﬁ'ﬁﬁgth
fused silicainesome embodiments: withy ane A maxe gaskatsef | Aeepydingrror
122 may be pravigdedefterriid Wibcddt ddn)! éx{@rﬂuwlg@t ﬁeuiaedlaitanhﬂot he

:ggfgé?}i:nuf 59?‘12}39%5 S%i‘t‘%?nlm %W ce XE(ggiﬂda ens 126

may be provi dadukm ﬁdmmmutﬁnq)raﬂ ctHe rspmsmkel 'angenengaskhes.

substrate in conbinati o] h
referred to 30 here?’ﬂ' \f'gs &%% %ﬁ% iniéf’l Bg Qx&?eﬁpefrom
this discl osmn:m(bn Mayy qf iantHuRp kb tuhich @ayehe al ggrbexampdeaceorm ng

to some embog RNl $o.ligHilads Radde dy & %é%resu?tef?gﬁ;  e8eh@ckgach oDy

sel ected | ocations on th substrate : sk Mask 128
may belsfor & o ALe @Ja'%%‘ lated inke rﬁ}‘%t%\éﬂtiéhpﬁ 8hPRPBn. The nask

128 in one emﬁ@mtues qavitylecand tdut i ob@élétaﬂssareeﬁ.rcumemn

_90/ 15070- or disposal. The reactor may be subje o829 Q9% conic
radiation and/or heated to aid in agitat:.on in some
enbodinents. _

20 . Above the substrate 112, a 'lens 120 is provided

o] M

which may be, far example, a Z"LI&%mm focal length fused
silica lens. ?or the sake of a compact system, a
reflective ni:ro: 122 may be provided fa: directing
- 1light trum_a-liéht source 124 onto the substrate. Lighat
25 source 124 may be, for exanple, a Xe(Hqg) light source
manufaCtn:ed.by'Origl and having'modgl-nc; 66024. A A
second lens 126 may be provided for the purpose of \J
projecting almask image onto the substrate in combination
with lens 112. This form of lithography is referred to
30 herein as pro:ection printing. As will be apparent from
this disclosure, proxinity printing and the like may also
be used according to some embodiments..
_ , Light from the light source is permitted to
reach cnlyfselected_locatiohs on the substrate as a
35 result dt'nAsk 128. Mask 128 may be, for example, a
glass slide having etched chrome thereon. The mask 128
in one embodiment is provided with a grid of transparent




29 | ocat i ongyet g@ gpaaue |ocations. Such masks may be manuf act Ul;(?fi 1
exanpl e, -Photo Sciences, Inc. Li ght passes freely through the 't ansparen
regi ons of the mask, but is reflected fromor gbsprbed by ot her regions.
Therefore, only selected regi'ons of the substrate ‘are exposed to |ight. As
di scussed above, | |muatm:$ns3$z(d@pmemyodmtinnsl assmahasksahayebéo

conventi onal masks 0 .
Al ternatively, fi bﬁ%ﬁﬁ:&}% £h es suﬁiﬁhoﬁog€g€f‘:€§:&g féﬁgof‘tl ght
d ass, lpc, may be RARSS TRgh ckhe chranspaxent nte ﬁt‘sop t R8enmask
gr ﬁsftgﬁ, Isolte rrea%da% ftﬁf&riséltiaeﬂé&&deﬂteﬂ 69 aﬁsefbéagita bﬁnﬁﬁfkegions.
uc aqepl ates wo e_pl ace ire ove r-on u rate in
the reactor sisown q’r‘*‘ Wsﬁ?#?g?ﬁ‘?tﬁ%$%%oﬂfnm?s “SF%
| enses, tapﬁred fltmtpmd%dalignw.tes or the Iike may be used for 20
contrast enhancenment. In or
smal | er than a wavel ength of F#ﬁ gﬁté&?%#gg 4%%‘6# g'{%ié]g tﬁq‘ﬂgg r‘rggbqgi
utilized. For examgp becssdiag an alteynat ive ctio coduvienthonali gaskss
directed at the subsd r&dfedt; ‘y@%, ?,y@g%@i H&%P%ﬂé@hﬁsﬁ?aﬂ:ﬂe tip of,

' uc | 3

for'exarrpl e, m crop| ettes. ces ar di scl.osed 1 n Li eberman
et al., "A Ligght Shktermakively. kﬁfp?ﬁém#c&"%%?%ﬂgfﬁc agj these

(1990) 247:59-61, \MViildﬁiéfﬁﬁ?iKBéﬁdfthiitﬁ,b!néﬁﬁﬁﬁ?nﬁﬁ fisedaltbr the

purposes. 11 oper allgy AFs phasibagt 4E°cHR mash U hstil,

t he %U
seal ed thereto. 3
are carried out in solre)amdns qflmtr@cmngnthgerquqnltghwhdf:halight is

vvavel engt h out si de Lie '
rmq\ef For exarrpl@pl n the Case%&@oﬁ%ﬁé%ﬁf%ég d?i‘%ﬁ%%&sabo\rﬁ
convent i onals dar 0% cImheyBukGhzate | the reacter shawnuin Fdae. 8A.| In

operatlons are prefgganl oMb i@tbSdinents, r Py +ey@ciéhses, tapered fiber

optic faceplates, or the like, may be used for contrast

enhancement.
. In order to provide for illumxnation of regions
20 smaller than a wavelength of 1ight, more elaborate

techniques may be utilized. For example, according to
one preferred embodiment, light is directed at the
substrate by way of molecular microcrystals on the tip
of, for exanmple, micropipettes. Such devices are
25 disclosed in Lieberman et al., "A Light Source Smaller
Than the Optical Wavelength," Science (1990) 247: 59-51,
U which is incorporated herein by reference for all
purposes. .
In operation, the substrate is placed on the
30 cavity and sealed thereto. All operations in the process
of preparing the substrate are carried out in a room lit
primarily or entirely by light of a wavelength outside of
the light range at which the protective group is removed.
For example, in the case of NVOC, the room should be lit
35 with a conventional dark room light which provides little
or no UV light. All operations are preferably conducted
at about room temperature.
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first VYIS Wction fluid (without a nononer) is circul at BET(NE9/081-he

cavity. The solution preferably is of 5 nMsulfuric acid in di oxare _
sol uti on which serves to keep exposed am&®.gr oups protonated and degreases

their reactivity with phot®rYsi s by-products. Absorptive materials such as
N , N-di et hyl anino 2, 4- ¥yifinston deRrrteqtion Eipid (%?hﬁetlﬁchUQmerh the

depr ot ect i on g Iuici-mm@e&nmcjw aist&i»it;ght e BoBueDens ef | ection and
unwant ed photaq

I t ositioned .
inalight r& %ﬁ%m%%é’%ﬂﬂ&‘ﬁfc f?‘f’%é in gﬁ’ﬁﬁge%"} Eilgﬂlb’s rate
are illum nawhicndexves diorkeepiaxpasmd aning grmﬁpsrprlctohaﬂe@eah the

bstrat
;rjefser(raég i;dééfﬁq um géaiﬁ | on ’Itgrre of %ﬂ%ﬁrﬁrﬁ&?g?ﬁ?%%&%%ﬁ[ err]
with 365 nm ARgerptive N3 ﬂr’e%rﬁr‘iéﬂ"} ethylapingh2, 4o a pH of
about 7) aftﬂiﬂ*@dﬂéﬁﬁéﬂ“ for {iankpEdp abéoiﬂélﬁ&e&f in the

di-i ro Iethlamne thIene ¥HOI’I out 5 mnutes. 20
o poprony - PR xS
-After lrradlp&tevmnt tﬁerlsdetiecn andmwEhtéd ephictoiysbsl k, and then _

o oeed0 ool or ahry oy T sad ) Wl %?Tfjég*%%ﬁﬂéés h"d, Lignt! "<
circul ated t maypth framthe maskysuck that fixst locatiensxanptbe it is
desired 1o alghighrdte Wid AP uinatdl it S UWitdrétEre] abﬁratééi;ehocat lons,

e o 10,201 Fradared A A e wibstrate, faoil g Taakedc i
circul ated fifor detwaerpabout A raid 1S3 mikites wite aum’:)efébteagh the
cavitY send S il S A o, RSB OFE 1658, phsea e T
(referred t 0 368 e lghtol MhersYides are mnentralized (i e., brought _
to a pH of about 7) after photolysis - with, for example, a
solution of di-iscprcpylethylamine (DIEA) in methylene
chloride fcr«ebeut 5 minutes. .*ﬁ“*“”
20 - The first monomer is then placed at the first
locations on the substrate. After'irradiation, the slide
is removed, treated in bulx, and then reinstalled in the
flow cell. Alternatively, a fluiad containing the first
monomer, preferahly also prctected by a protective group,
25 is circulated through the cavity by_way of pump l16. 1If,
for example, it-is'deeired tc*attech;the amino acid ¥ to -
 the substrate at the first locations, the amino acid ¥
(bearing a protective group on its'c-nitrogen), along
with reagents used to render the monomer reactive, and/or
30 a carrier, is circulated rrcm a stcrage container 118,
through the pump, through the cavity, and back to the
inlet of the pump. | |
The monomer carrier scluticn is, in a preferred
embodinment, formed by mixing of a first solution
35  (referred to ‘herein as solution "A") and a second
solution (referred to herein as: soluticn “B") Table 2




sol ution (‘8 f ol O herein as. solution "B"). Table 2 VOpigth7Ai0.907/00081
PCT/ NL90O/ 0 prOV|des an illuastration. of- a mxture which may be used
for solution A Representatlve Mononer Carrier lution "A" 100 ng NVOC

ani no. protected am no acid 37 nmg HOBT (I|-Hydro enzotriazole) 10

250 [err] DMF (Di mephgviqesnande)l186tAhtDbirofDai maRtAR i Hayebel ied
conposi tion of soluglon B, 1. |lestrated in 15 .Table 3. Solutions A and
B are nixed and al | b%&ad® F6 38t roon1tenperature for about 8 m nutes,
then diluted with 2 m of DVF, and 500 Al are appliéed to the surface of the
slide &:. the solution is circul ated throughnggﬁgﬁgggtor system and al | owed
to reagt! for about 20 2 hours at roomte The sllde S then
washed wi th DN§, net hyl ene SSRISRSQIS i L2 X Bkl
Mononer Carrier Solution "B" 25 250 [err] DNF 111 ny BCP
(Benzotriazol yl -n-oxy-tris(di net hyl am no) phosphonluﬁhexafluoropﬁB§ﬁﬁ5T€T"“
30 As the solution containing the nononer to be attached is circul ated

thrgugh the cavity, Lhe an1n01a01ﬂgaHVOChsniﬁanpﬁateuthh asinb abia&; )
carboxy termnus with am no gr e te whic
have 35 been depr ot ect ed. gﬁpi%h?Eﬁﬁewﬁﬁafa5§¥§9ﬁé§%§%$:#% ?*Iustrated
by way of cirgglation of the nono28e ﬂhrﬁugh(Dhnethylfprnah4630vent|on

coul d be practiced by way of /d 0 3
 PCT/ NL90/ 00081 a&mﬁf BEEx (Diisopropylethylam;ne)

. _ The composition of solution B is illustrated in
A 15 Table 3. Solutions A and B'are'ﬁixed and allowed to
‘react at room temperature for about 8 minutes, then
diluted with 2 ml of DMF, and 500 ul are applied to the
surface of the slide o:'the solution is circulated
through the reactor system and allowed to react for about
20 2 hours at room temperature. Thgfslide is then washed
' with DMF, methylene chldride_andiethanol.

I ' Table 3
BQE:QEEDEESHZE Monomer. gé:::‘ er Solution "B"
25 o ' ' '
_ . - 250 nl DMF
' : ' 111 mg BOP (Benzotrzazolyl-n-oxy-tris(dzmethylam;no)
-\
rphasphon1umhexafluorophosphate)
30

As the solution containing the monomer to be
attached is circulated through the cavity, the amino acid
or other monomer will react at its carboxy terminus with
amino groupsgdn the regions of the substrate which have

35 been deprotected. Of course, while the invention is
illustrated by way-of.circulation of the monomer through
the cavity, the invention cqg;d be practiced by way of .




WO 90/15070 | ' ~ PCI/NL90/00081 .
32. renoving the slide fromthe reactor and subnersing it in an appropriate

nmononer sol ution. After addition of the fi@p nononer, the solution
containing the first amno acid is then purged fromthe system After
circul ati on of zemavingithe skidetfxontthe neactonyandesuhmersdagsathinhat

renmoval of the ﬁn%@@ﬁg@ i&é’ﬁéﬂrﬂlééiﬂn about 50x tines the vol ume
of the cavity and carrier |nesg i i or substrate is repositionedy or

a new mask is utilized sfd¥F sREokRe EAFSRsBOROPRE  sEBSt rate wil |
-?ﬁ eXpolsleddto | S csiitit £unel é&mﬁxﬂm Jfﬂelﬁifseaeﬁﬂnboacagseﬁoaﬁeﬁxa&%%a

is W eproject Seco re on_t he_su ate_gnd t QCess
repeated éntil oéﬁ %‘g‘ %ﬁuﬁﬁgﬁg‘?ﬁgéﬁnbg n2 ﬁg&‘f@&
The entire denmmslﬁurmm/mybmexq:ueﬂzde suchcepmtr rehoivau.ebest

preferably Iabe‘h@ %%EN r r Y e ulation
of a solution or suspensi on "of recg%%%#at gﬂ ?ﬁéﬁgaa cTrhe% the
contacting the vahme obfthecavity mdquzeg 1 é.r&b&pmskwom

preferential |y Qidgedescid %&p&éﬂtﬂaﬁe&f EPeanibﬁt hakR wgl ﬁ'&;&%{%&%‘ Such

conpl ementary sequences. Antibodies are | cal g}_sus

nd
commonl y Teef er riedpt o‘!&‘”‘%%&%&t%l -wnvbﬁ ab?l[‘)-(i oP‘eﬁéFPﬁ‘Péd $-°
sol ution of abouiﬂs%aﬁ\ mumﬁemm 28 engagédniter, aOsE%aBee slre.n

PBS (phosphat eb& ferfgls line afﬁnﬁ%ﬁ??&??ﬁggé#’goglﬂre wg’ i1 ut i %Olt [‘g

super cockt ai |
4 [err]/m. Fi g:heEprd:d:mrisezsegaatedeunaﬁ.lvehprdésired mlymee:nbodl ment

of the reactor C thIS enbodi ment, the mask 128
is placed direc % con g‘(’:?%?ﬁ§ e sugs%fgat'e Preferably, the etched- .
portion cfs5the mask is plHeedentizeddenivatizedosnbstratendsefthan s of ‘o
light dispersi O&puéeaoeslagzé btbf 82 inesbadtﬁegi-efb&%mryaqmleﬁﬂses

120 and 126 are cessar ecaus e mask i S i Nto cl ose
proximty with ‘t'g?'su g{:rgﬁ:#pf Slucrescent mar. er, Y circulation

of a solution or suspension of the receptc: through the
cavity or by contacting the surface of the slide in bulk.
20 The receptor will preferentially bind to certain regzons
of the substrate which contain ccnplementary sequences.
Antibodies are typ;cally suspended in what is
commonly rgte:red to as "supercocktail," which may be,
for example, a solution of about 1% BSA (bovine serum
25 albumin), 0.5% Tween in PBS (phosphate buffered saline)
'hutter. The antibodies are dilutaed into the |
supercocktail buffer to a final concentration of, for .,
example, about 0.1 to 4 ug/nl. : ~
Fig. 8B illustrates an alternative preferred
30  embodiment of the reactor shown in Fig. 8A. According
' to this embodiment, the mask 128 is placed directly in
contact with the substratas. Preferahly, the etched
portion of thc mask is placed face down so as to reduce
the eztects of light dispersion. According to this
3s emhodinent, the imaging lenses 120 and 126 are not
necessary because the mask is btuught 'into close
proximity with the substrate.
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pur poses of ?r?g{lésﬂ? ng the signal -to noi se ratio of the technl

- enbodi ments of the invention provide for expos of the substrate to a

f'irst -l abel ed or unl abel ed receptor followed b posure of a |abeled, 5

second receptor (e.g., an antr&@%ﬁry&é@ Of NfiicRéadihg | thé §i%ﬁ§lQEoLHSise

- first .receptor. If, for ex the first receptaor: Iﬁ an anti erived

froma first speci JEa%¥0 RF & ?miec R oFRme RBDP ?§t§n°§nFPﬁo&9V3“t1°n
derived from a secoprowitei for dixpodiure tof crhé ogpubstifate tosacfirsd lablled

Sor eicbni v | aner T b ERRS SbodhdBi ot buRE My {o0efiRRLE 0. 20bs1ns.

used to bind a nulscqmmi sreceptor t (. gousan santibody) pwhichi hindeyvetal
tines the fl uoresc 3 aéfé’e& Cort h&@tfffm%e ror. of g8, Siegg! ﬂxﬂ'ﬂﬁig

anti body at each b|n s epeat e ggln\m

Thi's process
addi ti onal antlbodlﬁgﬁ( Eﬁﬁﬂﬂﬁﬁﬁgﬁsg%%t‘“tz§°§ytﬂﬁr4ﬁﬁghg B §néirst
anplification. In péﬁé@ié@%ﬁrm%mﬁu, aﬁherdeeeﬁdsm eroisZQn antabkay
is utilized. 1In so enﬁg nts it _isS,possi ég as._a S|ngle
mask to synthesize @F% 14@"5d%s?%ﬁ%?$o?9ﬁ% gs BgﬁfegntﬂnﬁsﬁiP PES; .
for exanple, J4 is ahsnciitéd)w@thtthczﬁinst spedxasclennlﬂhe tasm bdua

bases, a1 cil squargedle anelldFs o & SHYhdedsCRRES" YabniokBatt

boxes, each 0.25 cm our her=uni
The first reacti onsaathbwrmeonmsemmh vbriscantmmﬁﬁsmaxabn gsed &M

wide. The first rrastsiﬁp&éeﬁuibfpi&féxﬂagtoﬁ%smheﬁsaoaﬁ&ibwwepéokﬁdaag

coupl ed. The second nask ex oses the ext colum, where gﬁp e
folk(wed by a thi r FHEERAL (Hinmes the Flugrescapce FPRRAT baent
t he

i ght - hDS# g col uoh,afsindle ﬂﬁusélant;bodyoaﬂ eabhrulnamdgfsdmhh MRS
may be a single masieligads! flF%hd Or&éiéésnl\gﬁ?n witRC84k?83onal antibodies
| (e.g., goat-mouse-goat, etc.) for further signal
amplification. L '
| In preferred.emhodinents an ordered sequence of
20 .masks is utilized. In some embodiments it is possible to
use as feWras a single mask to synthesize all of the
possible polymers of a given monomer set.
"1f, for example, it is desired to syntneszze
all 16 dinucleotides frem four bases, a 1 cm square
25 synthesi# region is divided conceptually into 16 boxes,
each 0.25 cm wide. Denote the four monomer units by A,
U .~ B, ¢, and D._fThe first reactions are carried out in four
vertical columns, each 0.25 cm-wide. The first mask
exposes the left-most column 62 boxes, where A is
30 coupled. The second mask exposes the next coluan,
- where B is coupled; followed by a third mask, for the
C column; and a final mask that exposes the right-most
column, for. D. The first, second, third, and fourth
masks may be a single mask translated to dittcrcnt
35 locations. .
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pr oceswo gosismeat ed in the horizontal direction for the sd€IHNLAOBORS t he
dimer. This time, the nmasks all ow exposure of hori-zontal rows, again 0.25
cmwide. A B C and D are sequentially coBaed usi ng masks that expose
horizontal fourths of the reaction area. The résulting substrate contains
all 16 dinucl eotides of f®he PESEESSTAS repeatessdn harigentadsi ze the.

- dinucl eotide arexi-ebeiaﬂ teroaaeaaahbaa Rnie ¥IShNd w:.lo mié i3ld ON-
In fact, one can Eg iz in all. elght § s if i S SU|tab rotated
and translated BOPAELSPLEOY RXPREVES.AT ?ﬂiﬁﬂ? si g e
transpalr entI regoopscem wide.seayeB,i €, ands & are leyofcdtfﬂeﬁ" .
vertical columm a e t ed to all ow
exposure & neansheCBARRRCERdE q%@?sﬁ%%%@%?@*@%ﬂ%% conput er
programin Qui cke8gtionf arepl.anThegresndiing) suhshratecbntainglallout put ,
respectlvely fop &§ axgbggﬁkg 3& Foal bad@ﬂ ynmer chain of three nonomers

("residues") haV|ng ree erent nononers 1n the first |evel, four
different monomers in t heTHec8ight-pasks,nsed fo synthesizenfheers in the

third level in aiﬁheueéiaat heenreiheeauwtoua‘ dd&ugzow;amtﬁaslt&;w‘f&f

Che. amounioof | FARSEAERan ABqAPFE POR BRAY Sagh i da dh TELETY o5

WO 90/ 15070 steps if it is suitebly rotated and translated. For
PCT/NL90/ 00081 Iabhetelbsl The?kkdpTe’dbtNe, a mask with a single
transparent region could be gequentialif used to expose . .
each of the vertical columns, translated 90°*, and then o/
15 sequentially used to allow exposute of the horizontal
Tows.

Tebles 4 and 5 provide a simple_computer

program in Quick Basic for planning a masking program and
a sample outpnt, respectively, for the synthesis of a

20 polymer chain of three monomers ("residues") having
three different nonemers in the first level, four
different moncmers in the second level, and five
different monomers in_the third level in a striped
pattern. The:output'ot-the program is the number of

25 cells, the number of “stripes" (light regions) on each
mask, and the amount of translation required for each Q;)
exposure of the mask.

30

35



DEFI NT A—Z‘le\gop{% W(20), 1(500) F$ - "LPTL:" CPEN 13 FCR OﬂEESﬁLéo%ﬁoh
- nbe '

j max of residues b(l) - 3: b(2) - 4: b(3)
" Nunber of -buil di ng bIocks for res 1,2,3 g - %%F$nax(l) -1 FORj - 1TO
j'max: .g- g* b(J): NEXT ] w(OQ - O w(l) - g/ ) PRINT #l. "MASK2.BAS ",
DATE$, TI NES PRI NT #1, PRINT #1, USING "N (Oof residuesferr] FCRj -1
TO jmax PRI NT =, USING o ReS|due ler??ﬂﬁi" buifding bl ocks"; j;
b(j) NEXT j PRI NT =, " PRINT =1, USI - s=[err]g: PRINT#l
FO?j-ZTOirraxIrraxgi) | max(] 1) * b( - 1) W) - wi - /b
TO max PRI NT #1, USI NG "Mask for residue ##, j: PRI NT #1,
PH NT %1, U zhu 5 Brlpes =##3"; |l max(j) PRINT #1, USING"
Wdthof eac gbe’]\/\;%%Fd?l-lTOImax(j)a-1+(1'- 1) * wW(j
1) ae = a + I NG " Stripe ## begins at |ocation ###
and ends at err %W Aﬁ\lE?T 1 PRINT #1, PRINT #1, USING" For each
of ## bui | di ks trag&hﬁkeogqggnh*,[err] ceII(s)"' b(j); Wj), PRINT
. PRINT (11) - PRLW)#LM NEPSY 4 5 er 1| naRper bsmuﬁa%}; bAbERaTESr NeV. 1,2, 3V0

90/ 15070 « 1: lmax(l) = 1
PCT//NL90/ 00081
FOR j = 1 TO jnax. g= g * b(j): NEXT }

w(0) = 0: w(l) = g / b(1)

PRINT =1, "MASK2.BAS ", DATES, TIMES: PRINT #l,
PRINT #1, USING "Nunber of residues=s#"; jnax
, FOR j = 1 TO jmax
% PRINT =1, USING " Residue == u* buxlding blocks"; j; b(j)
NEXT j
PRINT =1, "
PRINT #1, USING "Number of cells=wwsa"; g: PRINT #1,

FOR j = 2 TO jmax .

lmax(j) = lmax(j - 1) * b(j - 1)
w(j) = w( - 1)/ v

NEXT j

FOR j = 1 TO jmax
PRINT #1, USING "Mask for residue w#"; j: PRINT #1,
FPRINT #1, USING " Number of stripes=sss"; lmax(j) _
PRINT #1, USING " =~ Width of each sczipe-==#" w(j) '
FOR1 =1 TO 1max(j) _ .
a=1+(1-1)*w({i-1)
ae = a + w(j) -1 : :
PRINT =1, USING " Stripe »# begins at location ###* and ends at ==="; 1; a; ae
NEXT 1 S
— PRINT #1,
' PRINT »#1, USING " Fo: ‘each of ## building blocks, translate mask by ==
cell(s)"; b(J): w(j).,
"PRINT #1, : PRINT #1, : PRINT #1,
NEXT J

® Copyright 1990, Affymax N.V.
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Tabl e 5 Masking Strategy Qutput Nunber of
bui | di YWOPOHRME0 Resi due 2

bui | di ng bl ocks Nunber of cells-
Wdth of each stripe- 20 Strips 1 begins dbocation
For each of 3 building bl ocks, translat
resi due 2 Nunber of stri pes- 3 Wdth of “eac
| ocation 1 and ends at - - 5 Stri

resi dues- 3 Res

60 Mask for

stripe- 5 St

idue 1

ripe

3
4 buil ding bl ocks Resi dUBCTANL90/000815

residue 1 Nunber of stripes-
1 and ends at
by 20 cell(s) Mask for
1 begi ns .at

tion 21 and ends at 25

Stripe 3 begins at Iocatlon 41 and ends at 45 For each of 4 buil di ng -

bl ocks, tra slate ﬁk b_y 5 ceII(s) Mask for residue 3 Nunber of stripes-
12 Wdth%‘f“ f tsRE Js at | ocation 1 and ends af
Stripe 2be ocatlo % bE' l‘at 6 Stripe 3 begins at

| ocation d at gﬁuhl ins at. location 16 and ends at
16 Stripe g| ns at | ocation angl ends at 21 Stripe 6 begins at

| ocati on Nu%@e it gods-atgo 26 Stripe 7 begins at location 31 and ends at
31 Stripe egl ns at location 36 and ends at 36 Stripe 9 begins at

| ocati on Ma@ig Ay regdfueaty 41 Stripe 10 begins at |ocation 46 and ends at
46 Stripe 11 begins at location 51 and ends at 51 Stripe 12 begins at

| ocati on GSfuset efdkrépes-561For each of 5 building bloc
by 1 cell (widftepf]edcbpyraighe 20090, Affynmax N. V.
Stripe 1 begins at location 1 and ends at 20

ks transl ate misk

For each of 3 building blocks, translate mask by 20 cell(s)

Mask for resi¢ﬁe 2

Number of stripese 3

Vidth of each stripe= 5
Stripe 1 begins at location 1 and ends at '35
Stripe 2 begins at location 21 and ends at 25
Stripe 3 begins at location 41 and ends at 45

For.each of 4 building blocks, translate m#sk by 5 cell(s)

Mask for residue 3

Number of stripes= 12

Width of each stripe~ 1 ,

Stripe 1 begins at location 1 and ends at 1
Stripe 2 begins at location 6 and ends at 6
Stripe 3 begins at location 11 and ends at 1l
Stripe 4 begins at location 16 and ends at 16
Stripe 5 begins at location 21 and ends at 21
Stripe .6 begins at location 26 and ends at 26
Stripe 7 begins at location 31 and ends at 31
Stripe 8 begins at location 36 and ends at 36
Stripe 9 begins at location 41 and ends at 41
Stripe 10 begins at location 46 and ends at 46
Stripe 11 begins at location 51 and ends at 51
Stripe 12 begins at location 56 and ends at 56

For each of 5 building blocks, translate iaskgby' 1 cell(s)

® Copyright 1990, Affymax N.V.
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‘WO 90/ 16070 PCT/ NL90/ 00081 37. V.

Detail s of One Enbodi nent of A FI uor escent Det %-? on Device Fig. 9
illustrates a fluorescent det ect ion deV| ce for tecting fluorescently

‘| abel ed receptors o a ROEAkASM RMRAASMENY12Li s pl aced on an x/y
transl ation table 202. a lgn iy i e s Epdvide x/y translation table
is a, nodel no. PMb0O- Al nmanu oration

t (
translation table i s connect eﬁfqgri -t %?f%dabg‘éﬂrﬁﬁﬁ?ﬁﬁr;ﬁgﬁf:ffx?ﬁ |
programed digital deorjce e!oﬁ(&hmﬂngraﬂhhe:esoen‘ek}arrbahelad zppeprorst el vy

progr &fed | BM PC/ i bl t her .cogput er
syst ey, specidal A&boé %% € Wﬁéec% uéggfeabgﬁsﬁé ?‘P ut ed
for the AT conputertmmm rtabke 12302. |Inu3tpa@fenredcmpasiémeg&f ther /vy
for the transl atlortfm;méja?ﬁ | g éUﬁsaéﬂnﬁodemsobexshhaaau&aanflaa

prOV|ded based on connerC|a aval | abl e software incl udi or exa

"Lab W ndows" |icerl®® Q?{Pmlm°%§%?ﬁnen?§e MYCF’?@S?-gEGPBOFéPéG is
herein by 20 ref@éx&m@téd)rtalAnd)ttﬁmsﬂau'e“aehyumt V\gpeopﬁdatély

transl ation table are placed,u mcro ap | ud one or
nor e obj ect i b 20@"‘1‘;’5*?" b%gﬁ{%g §°%a'gl@+ 1Wl Ch%?’ﬁ' sone
enbodi ments i s a noshedampbe, zmo;m@gmesy proqna.inneér mmumdmy
Spect r aphysi cs, t str c h
passes greater thangéa'g%i:‘rfﬁﬁgl &kﬁéﬁ? P?i ﬁg'&gk v § IZQ?S%E
mrror 207 may be, sSpecidhnprrpose mwﬂﬁer F%lﬁhﬁaﬁ&kaci’mﬁé mpagidy be

Zeiss. Light ref'ecwﬂséﬁuutearfai-tesenmream{abeareaksasn‘em;m Forscope 206

whi ch may be, for ex a, nrodel _no. Axi osc nufa ured Car |
Zeb_hjs-. Fl>luor eks e n-%ﬁ%ﬁrﬁi%?r al SOBRUERT §8%§FF£F | o B8 nm

i gtit, and the fIuoaﬁacadtilgbllnctiohefunbt&ahsddb;ct&bédihhmsumpea&Bbe
fhen’di rected ¢ obFeuiaRBchaned | Sr) FHkE3ETN Y dhinalTl dBaARL L0 1 ©
aperture plate 211.including, for example, "Lab Windows" lzcensed by
National Instruments, which is incorporated hgrezn by
20 reference for all purposes.
The substrate and x/y'trahslatlcn table are
placed under..a microscope 206 which includes one or more
objectives 2§8 Light (about 488 nm) from a laser 210,
which in scme embodiments is a model no. 2020-05 argon
25 ion laser manufactured by Spectraphysics, is directed at
the substrate by a dichroic mirror 207 which passes
greater than about 520 nm light but reflects 488 nm
) light. Dichroic mirror 207 may be, for example, a model
' no. FTS10 manufactured by Carl Zeiss. Light reflected
30 from the mirror then enters the microscope 206 which may
be, for exanple, a model no. Axioscop 20 manufactured
by Carl Zeiss. Fluorescein-marked materials on the
substrate will fluoresce >488 nm light, and the
flucresced light will be collected by the microscope
35 | and passed through the mirror. The fluorescent light
from the substrate is then directed through a wavelength
filter 209 and, thereafter through an aperture plate 211.
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wavel enfYQ (I 209 nay be, for exanple, a model no. OGH3BCTANLG{0e08Ted
by Melles Giot and aperture plate 211 may be, for exanple, a nodel -no

477352/ 477380 manufactured by Carl Zeiss. 53%. The fluoresced.:
i ght then enters a phot omul tiplier tube 212 which in sonme enbodinents is a
nodel no. R943- 2 8% A9 Re. t#%rs?ﬁﬁ’a?g?s anpPieied in

p]r eaLrpI ifier 2lfcanogsa mﬁai:tnmed sy MeXtes oBrfotnand apértipe nunber

o] otons is r e 0 t

204Io Pr e- Amp 212'&??5% %é‘jl fmaryaexafrrﬁglc éﬂr‘]r'itfgie? h% 'L%E%ilogﬁa ?sgsﬁfggpgé‘

St anf or d Researmnngﬁanauraﬂubxﬂﬁilir&Riﬁﬂer 216 may be a nodel no.

manuf acturgd by Stanford Megeafi{bresdéd ™ ighe @ﬁ?ﬁtéﬁ.& rgSat hen m)ved to a

subsequent Il ocati on and the process | S repeat ed n rred enbodi nent s
the data are acPROtEPUfdBlier Fuls 312 WhiFh hin %I%!‘ﬁ EBPP@&PFBF}SdF-&m?ter

of about 0.8 tOmHae[lerxrd IR 402 thanu factibesi teamﬁhtsufftﬁeeaibﬁaml gh

i i 2od By codth IARPLAE AT P brﬁlﬂ{%ferdg%% Shdcphftans; ocn Geumted

response to the Hyas;ﬂrqton ccmn:r.msrnsa. td‘h:btmmbme nﬁephotbnsr ésceetordeled

nol ecul es _are | te t whi ch has
a 25 m&Prix o poI #eét{t{b}es %tgée%lcnp e, synt esi Zéﬁ{mﬁe gggurface

thereof, it is RESIARR 314 d@amrhﬁnefqmrmleheape¢9ebpapde§kﬁ$0

CO”D|6”Entary t%ﬁh&f&&¥d¥§d”B§BS€Eﬁf€Ehrﬁiﬁiﬁf&h é?éﬁéﬁenﬂnhopBBQBEVVEd
enbodi nents, the 30 . intensity and 4%5|0n of _the Irg gﬁcg to the

substrate is cofiBIHeRl A6 \BAYiRR) 3 HPIe RO pWREOINHAEY REs8 PXte for .
i nproved si gnal -Stanfoik Reddardly Systensi ngrie usubsteate ¢ theAnmaned \J/

i ni i 2i ng back@ UL it 1ocation ana YHb! SrbBEsdoiE°tepaRRA2 A1 US
In preferred embodiments the data are acquired every 1 to
100 um with a data collection diameter of about 0.8 to
10 um preferred. ' In embodiments with eufficiently high
fluorescence, a CCD detector with broadfield illumination
20 is utilized.
By counting the number of photons generated in
a given area in response to the laser, it is possible to
determine where fluorescent. marked molecules are located
on the substrate. Consequently, for a slide which has a
matrix of polypeptldes, for example, synthesized on the
surface thereof, it is poss;hle to determine which of the, -
polypeptides is complementary to a fluorescently marked
receptor. '
- According to preferred emhodiments, the
30 intenszty and duration of the light applied to the
substrate is controlled by varying the laser power and
scan stage rate for improved sigrnal-to-noise ratio by
maxinizing-fluorescence-emiseion and minimizing
background noise.
35 While the detection apparatus has been
illustrated primarily herein vith regerd to the detection
of marked receptors, the invention will find application

N
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il 1 ust rat'édmmmﬁl herein with r 'é"ga{'rd'to the detection of noPEEANLI/00081
receptors, the invention will find-application WO 90/15070 _
PCT/ NL90/ 00081 in other areas. For exanple, tR® detection apparatus

di scl osed herein coul d_be used_in t?é fields, of ggt al é?_l S....DNA or ol otein
gel scanning, and tHeCFPRE 3TRaS- pf2F R¥APPLR o R ARERTE18™ FPRFT & Sngt h
of Receptors The sdjaselosednbeseinacouldfbehesedeinnthienfdelidsn ofs
sufficiently high : <O Nkaiea C S e GEe C : i@pt or
on a ligand be 10 &Qe%]é?g%tsédwﬁutaga%ggtgﬁé ?gfatslﬂégﬁ | ﬁgi- %ﬁaf?ﬁ%?ﬁ%&
receptdfs to a variety of sequences can be deternmined. In practice it is

found blat a Jecepyel \AM&W&dG sequences in an array,
but wi |l bind rnuch. nore_str.on to_s eguences than others. 15
Strong bi ndi ng affi ni tymu&&;mm strong fl uorescent or

radi ogr aphi ¢ si gnal since nather stgpnad+tosheisecratibl of rohe ipreseny on of

a strongly bound | tgand,.. er Ky PLRAd] af fini W |
evi denced by a maﬁfﬂ&?‘gggg%t s%?kggéggéigpﬁgéﬂs f"—%%éﬁ fnfg] _""rl"&""a)lljweCJ a[noQ?aﬁe
relatively smal| npresence oscapsencaobfcal zecepror iBma iliganste cul ar
region of a substr @NOpat! hidBdekht Pafaveol Biipdiite AfddiRiley fg@ the
receptor. Co%@;equeﬁt&ﬁi’,éeﬁi'becones pgssi b?g ?o det erlm' r%gﬁrel at | vl?ybi,ndi ng
avidity (or affini FPCRRtORS &£8s@ ¥RTARFYaPE Begyencas,@m &g GRSemsrined.
ligand herein by way of the irpf pfracticeoitaikl goundc ehatofa MEbadciPRiiql
signal in a region cont |nlﬁg tégt Ilgaad. ‘Sem quanti.tative data %gl .
affinities mght aPiB%&E5eYe%at BPPYAPG: AFIRE g o Rt AR afEill
concentrations of bhindr mush more Sitrengbyl tobsothensdmuearmygsrtii=m dahdgmwn
| i gand receptor paj Ok, s : S | QL 5 | es
ar eNpr ovi dedl®o 35§£§°|n%| %s ra t‘a ﬁgﬂe’# FYCEQ‘EE% St, ﬁ?ﬁ%’&#%ﬁ-@ﬁ{ﬂa All
: '_ strong flucrescent or radiographic signal since many
. receptor molecules will hin_d in a _re_gj.ox__: of a strongly
bound ligand. Conversely, a weak binding affinity will
be evidencad by a weak flucrescent or radiographic signal
20  due to the relatively small number of receptor molecules
‘which bind in a particular region of a substrate having a
ligand with a'weak binding affinity for the receptor.
Consequently, it beccmes possible to determine relative
binding avidity (or affinity in the case of univalent
=5  interacticns) of a ligand herein by way of the intensity.
of a flucrescent or radiographic signal in a region
containing that ligand. ' _
' Semiquantitative data on affinities =ight
~ also be cbtained by varying washing conditicns and
concentrations of the receptor. This would be done by
30 _
comparison to known ligand receptor pairs, for example.

VII. Examples -
_ The following examples are provided to
T35 illt_xstra.té the efficacy of the inventionf— herein. All
' operations were conducted at about ambient temperatures
and preSgu:es unless indicated to the contrary.



operations were conducted at about anbient tenperatures and pressures

unl ess WOMOLESD20l to the contrary. WO 90/ 15070 - PCT/NLS0/0008T
PCT/ NL90/ 00081 40 A. Slide PreParation Beforg attachnment of reactiwe groups
it is preferred to clean the substrate whi ts, in a preferred enbodiment.

a gl ass substrate sych %mlde or cover slip. Accordi ng' to -
one enbodi nent the sI%id al’kaline bath consistin of for .
exanple, 1 liter of 95%RBafar®|atiachnent pf reagtiveg5oups ita

sodi um hydr Ox'ﬁ%f&‘reh? 0 WXean e SSubEra€6 WhLEh s wednuadsi-eru%bag

water and allo 0 air dr and I nsed_once h a _sol ution o 50/.
et hanol . The ﬁ\ﬁﬂé" r—%" rﬂ'g"@%t’a\f{ﬂ bt o a§aﬁppé,.roscepe slide “‘9 i
am nopr ogyl tricy eowex IsélnEp.f orAdcardingose oheaembodimgntnthe gladpsiso the
gl ass surface on u ggef U | d sil ane
could al so be %ﬂé&@ﬁ $%f§e %é‘%geg&gg¥%gg§e§%bdg%ng QSL\?@S _
ani nopropy!l tr |:Ietlhk:bglsldﬁrﬂ5% ssthanﬂzeﬁlithl 120unh of| watersamdt 20 grams
concentration ﬁyim i 3% ydibx{e r‘?&rbf%LﬁSGtsW t@nabeﬂae&eaﬂa ks’

preferred. A e IS prepared g
et hanol / 5% watwashes undﬁmmzmdﬂﬁe# oﬂ‘@ei‘l PY!F#] th 311‘ dry p and

ani nopr qpy| t 1 i i Awed/ -oréd artth J%mﬁuneofssstgetnaﬁdlat about. anbi ent

X o 1o then appl e T (HAdeH 4F8 tpdnrbRihaBes Uashs' thelknbiileg.

After 4 m nut mlnmmltrbetMaikanecﬁn:euhef purposeobdt attaghdngi nsed

three times by, £0eRyGPhEs HARYRRNBHOL inREECRoIARIILY S Ay,
éj&i%gle fer r? B'

they are pl acet vacuum oyen for _a m nut es, - }
then al | owed tﬂ-@tﬁ‘&*&taﬂ')o?ﬁ%%p%%?ﬁ?@nFMzﬁﬁoﬁﬁ-liEehG&P&dBGls‘-" e an \{ |
d

argon eg_\g ronngpséd fdreelis d@&rﬂé@et hepndbagedmboiemife odivget hyl f or mani
sol utior,™ fol lgxfgopgopylétletﬁexysffang \:‘.Mst Etﬁ&:&'d‘?”e lo%@hde
solutions with concentrations from 10‘7% to 10% may be
used, with about 1073% to 2% preferred. A 0.1% mixture
is prepared by. adding to 100 ml of a'95* ethanel/st water
20 mixture, 100 microllters (pl) of aminopropyltr:.ethoxy-
silane. The mixture is. agitated at about ambient
temperature on a rotary shaker for about 5 m:.nutes.
500 pl of this mixture is then applied to the surface
of one side of each cleaned slide. Atfter 4 minutes, the

25 slides are decanted of thzs solutzon and rinsed three
times by dipping in, for example, 100% ‘ethanol. _
After the plates dry , they are placed in a W/

110-120°C vacuum oven for about 20 minutes, and then
allowed to cure at room temperature for about 12 hours
30 in an argon environment. The slides are then dipped into
DMF (dimethylformamide) solution, followed by a thorough
washing with methylene chloride.
' The aminated surface of the slide is then
exposed to abdnt.sbb'nl of, for example, a 30 millimolar
35 (mM) solution of NVOC-GABA (gamma amino butyric acid) NHS
(N-hydroxysuccinimide) in DMF for attachment of a NVOC-
GABA to each of the amino groups.



The am nat ey 9¢/18¢7% of. the sllde is then exposed to about 500 ?ﬁhﬂﬁﬁpﬂl
for exanple, a 30 mllinolar 35 ¢m\V) sol uti.en of NVOC- GABA ( %
butyric acid) NHS (N-hydroxysuccininide) in DV&{for attachment of a NVOC
GABA to each of the am no groups. W90/ 15070 PCT/ NL90/ 00081 41 The _
surface i s washed with, for cEIBFREITRE isashed Ve or £OF, e¥ABPAENaRYF
Any unts eacted am ngek én§|¢m¢5:iue;run5u§£m@ﬁbllhat i's, those anino
groups whi ch have not had t NVOC- B@gttached--arﬁ %gapged

acetyl groups. (to prevent ft by, Jiteacte R HCRA PR T4t BRE 8 ﬁ]xture
of ace;if anhydr i deurfager+that isy thoseranindcgrovpsrvbichwhave nag had
perfor hi s reS| ¢F§h£lgf% vy Yale | C

f ormi cacetic 310 anhygr or #I ?ea%#g\%égc%%&%gggntagaes‘% ﬁgﬁl§s
the slides are wastk® EEﬁN#FﬁMf“Ftkﬁr ﬁﬁ%ﬁ?i@ﬂb %ﬁl%#?%%“rﬁn8°e9h&nél B.

Synt hesi s of Elghtmzit@?§Soﬁfacétzéﬂﬂnhfﬁriée in pyrzdzne fog. 1180ur.
Illustrates a possible s the5|£ﬁo e e| ht t

rer
set: gly, phe (rep?eR®ht rBEﬁ V€F§§ reﬁ}éPQQSCEPP&QG
bearing-silane grofyfctisem m&:lmeltrﬁfnubroacueiat aphpdyidebofarmieacetic

( NVOC- NH) re5|dues i repar 2 a : | ter
(pentafluordhhenyl 1§€ $ $t5?§ gﬁﬁ‘%ﬁgg fa 1€8a§¥§ e§an1?%nalla
with NVOC are prepthedshidesaaretvashed| again pbﬂll mﬁt nethﬂﬂ-enexshépmdsf.
side chain protecting gERaRsiare required for the nonomer set, these must
not be 25 phot oreactive at the wavel ength of |ight used to protect t he

‘primary chain. For a nononer set of size n, n x [err] cycles are reqU|red
to synthesize all possibgg SSUNENESS ghi 1 .

N\ 15 N Fig. 10 illustrates a posszble synthes;s of
' the eight trxmers of the two-monomer set: gly, phe
(represented by "A" and "B," respectively)._'A glass
slide bearing silane groups terminating in é-nitro-
'veratryloxycafbbxamide (RVOC-NH) residues is prepared
20 as a substrate. Active esteré (pentafluorophenyl, OBt,
etc.) of gly and phe protected at the aminc group with
NVOC are prepared as reagénts. While not peftinent to
this example, if side chain #roteéting groups are
required for the monomer set, these must not be
25 photoreactive at the wavelength'df light used to
protect the primary chain. .

U For a monomer set of sxze n, n x e cycles
are required to synthesize all posszhle sequences of
length ¢. A cycle consists of:

30 : - 1. 1Irradiation through an appropriate mask
' to expose the amino groups at the sites
where the next residue is to be added,
> with appropriate washes to remove the
”;: by-products of the deprotection.
35 2. Addition of a single activated and
protected (with the same photochemically-
removable group) monomer, which will react



30 Irradiation through an appropriate mask to expose t he
anm no gw&?ﬂ"aqmt he sites where the next residue is to be RCEHINLIOHDSE
appropri ate washes to renove the by- produc of the deprotection. 35

2. Addition of a single activated and protec ed (with the sane '

phot ochemi cal | y- renpvabl e goadp) atothersites eddvddsedant step'Q 9Q/11t§970
PCT/ NL90/ 00081 only at the s sed n st propriate .
washes to renove the excess ?éﬁé’ﬁﬁ?&% % afém%% %ﬁe S
repeated for each nenber o th'eagen&nfrcmemmm | ocation on the .
surface has been extende y r e jigh a?(?@ &E%I

enbodi nents, several res? Eegggr%g s k:(i"(%ntlal @ dqat (rjgnad}oca I on qE!'é'fore
moving onsto tKBenBRROmeTaSEEnuNtid) 63 %‘qllmbéﬂérfé?? ySurtaceihas by
the coupling rsaahl ektealied B?Woﬁ% &bﬁﬁ.&n&s i#0 dfie" dnboiimert £d fedtrer

th t d by addi t,i f tect .
o oup Lo ot abi FAPBARERES, o JvpFaL, rhsifuas Are aeian it AR AF | rors
(ﬁ g., peptideshe dctatibndbeforecmoving dxh&cetﬁhs aiextr¥azxtiowoval of
otoprotectiv e n u (5] r as
ghownpl n Fig. %%'lg gngkaggﬁgo%e%%’vgggf TiH]i reg!ﬁ%e\:’%1 é‘*z@}i%&y
30, 32, 34, anaeastinagrm.sooyzassshcmdmz&@imsi@@uwmd shown in
Fig. | 08" and tgf‘-.p%asss thesigedstd 94 s ptedd 5% 6&&5@%%0?%&“9

"A" (e.g., gly], wt resultln structure “shown i.n F
Thereafter, reg¥ofddixion ofra P esting. GRAUR FO Fhakt gjs%elgh? r?’é’é@iét ed
(as shown in Fifer 1aReratéstipgsed For soife typ"wgfmt shyersi ng "B" (e.g.

phe), with the iesul tiadeIWed§tUa® 354" dedpddtbctitn TPeu?é"&EéfrBroceeds
15 surface (removal of photoprotective side chain grcups) '
may be requxred.

More particularly, as shown in Fig. 10A, the
glass 20 is provided with regions 22, 24, 26, 28, 30, 32,
34, and 36. Regions 30, 32, 34, and 36 are masked, as

20 ~ shown in Fig. 10B and the'glass is irradiated and ex-
posed to a reagent containg "A" (e.g., gly), with the
resulting structure shown in Fig. 10C. Thereafter,
regions 22, 24, 26, and 28 are masked, the glass is
irradiated (as shown in Fig. 10D) and exposed to a

25 reagent containing "B" (e.g., phe), with the resulting
structure shown in Fig. 10E. The process proceeds,
consecutively masking and exposing the sections as shown ;uj
until the structure shown in Fig. 10M is obtained. The
glass is irradiated and the terminal groups are,

30 optionally, capped by acetylation. As shown, all
possible trimers of gly/phe are cbtained.

In this example, no side chain protective _
group removal is necessary. If it is desired, side chain
deprotection may be accomplished by treatment with

35 ethanedithiol and trifluorocacetic acid. |

In general, the number of steps needed to

cbtain a particular polymer chain is defined by:



eonsecutivghiaﬂ?skingfand exposi ng the sections as shown until _the :
structure ISB70-g. 10M is obtained. The glass is irradi BEEANA00RL
term nal groups are, 30 optionally, cappedLEé>acetylation. As shown,

all possible trimers of gly/phe are obtained. ‘this exanple, no side
chain protective group renoval is necessary. |If it is desired, side chain
deprotection may be acconplished by treatment with 35 et hanedi t hi ol and
trifluoroacetic acid. In general, the nunBe¥ &f sﬁébs needed to obtain a
particul ar polymer chain is defined by: W90/ 15070

PCT/ NL9D/ 00081 43 [err . Where: 5 n = the nunber of nononers
in. theYpasi's set mers, and [err] - the nunmber of nmonomer units in a
pol ymer chai g. conversely, trine= sghe nmbexr ofiThononérs cimcthesbdsis set of
length [err] "will - ] course, greater diversity is obtained by 15
usi ng masking strategies which will also include the synthesis of polyners
having a | ength of |ess thart [®rthe number of menerer-units in| 2 pelyRers
having a length | ggsaidian or equal to [err] are synthesized, the number of
pol ymers synthesized wll be: 20 [er riﬁ'l%l}le maxi&m nugaer of | itPo r aphi c
steps needed will general |y SRAYRPYSRIELCHN® | SYRTheg)Zed BRpber oI Seqyences
the total nypber aif riperigth ahdeilhases ore, the nunber of |ithographic

steps) needéd will be n x [err]. The size of the transparent mask regions
will vary in accordance with the area of the substrate available for
synthesis and the | - n. (2)

W Of course, greater diversity is obtained by

15 using masking strategies which will also include the
' synthesis of polymers having a length of less than ¢.-
If, in the extreme case, all polymers having a length
less than or equal to ¢ are synthesized, the number of
polymers synthesized will be:

20

nt

+ 0%t 4+ ... + nb. (3)
The maximum number of lithographic steps needed
will generally be n for each "layer" of monomers, i.e.,
25 the totai_nﬁﬁber of masks (and; therefore, the number of
| lithographic steps) needed will be n x ¢. The size of
W, the transpafent mask regions will vary in accordance with
| the area of the substrate available for synthesis and the
number of sequences to be formed. 1In general, the size
30  ©of the synthesis areas will be:

size of synthesis areas = (A)/(S)
where:

35 A is the total area available for synthesis;
and



nunber of sequences to be formed. In general, the size 30 of the

synt hesWO HW/88050wi | | be: size of synthesis-areas - (A/(S) PCRNLYOGDOST
Ais the total area available for synthesis; and WD 90/ 15070 :

PCT/ NL90/ 00081 S i s the nunber of sequence sired in the area. It w/{l- be
appreci ated by those of gki;Ll 4l h ; L C

readily be used to sinul ar%t%o&is1 y pro l%t:gtft %Te&gl%%#g ﬁ%gls“o _
oligomers on aar@Bstrate using the photolithographic techniques disclosed
herein. Consequently, the nethod results in the ability to practically.test

| nb f, for 10 ot t t . hepta,
o?iggeggldggs godecggeptF&e?lﬁg?gFaPQEF A ra 4%%1 q§é€5ﬁ6$g ]y,
pol ynlucl egt i Fleahe ape ehatetaéashbeehmthbwwm@d-ddmmu’:wdxw wtm'dof a
manual eXxa e Cl fmaltea or
sem - aut onan?edsmﬁla'gnge@g%ﬁa g’g §§§% ‘%ﬁ‘é“?&?%f Pat @%%@ P %?P T a
flow cell for antensubstxdte: usingntheecphokioldthogmpphis techniquese the
vol ume_ of reaga&tsmeaﬁeﬁageag‘dtOdsa&ﬂ]qgagﬁflgd' ene Hedthod UL in

conditions. Successlve na I'Ted manual I'y or

aut omati cal | y. the 8pild&y $ooprachisallyr tas Ar%aﬁ-ﬁﬁ aabexrs) Rf antrn

Fluorescggt Grgggmbne§yahhegg§|nge&hg dipgit fhagagnmuqﬂﬁgpyl 25 group
and a fl rescen % gg tionali d dur re menmbr maﬁgysed as a
substrate. TheS édﬁﬁwb CRESPY svaﬁs AR9RF A9 Yﬁﬁﬁ ®Fth

am nopr opyl grQumscofbesgnnﬂapgdyylpymmmuchsatidpmnhected wi th the DDZ
?reggltol g% ;:ng : snkﬁ]:)m;lh'?o %;S?Ugf %lgeﬁwt%e a?{gﬁﬁgﬁéﬁ% aceg{')earl ng
these groups wh¥Y pR¥c&f a manual example. It will of course be \J
15 appreciated that automated or semi~automated methods
could be used. The substrate would be mounted in a flow
cell for automated addition and removal of reagents, to
minimize the volume of reagents needed, and to more
carefully control reaction conditions. Successive masks
20 . ¢could be applied manually or automatically.

C. Svnthesis of a Dimer of an Aminopropyl
Group and a Fluorescent Group
In synthesizing the dimer of an'aminoprcpyl
25 group and a fluorescent group, a functionalized durapore
membrane was used as a substrate. The durapore =embrane
was a polyvinylidine difluoride with aminopropyl groups. S
The aminopropyl groups were protected with the DDZ group
by reaction of the carbonyl chloride with the amino
30  groups, a reaction readily known to those of skill in
the art. The surface bearing these groups was placed
in a solution of THF and contacted with a mask bearing
a checkerboard pattern of 1 mm opaque and transparent
regions. The mask was exposed to ultraviolet light
35 having a wavelength down to at least about 280 na for
about 5 minutes at ambient temperature, although a wide
range of exposure times and temperatures may be



ih a sol ut |‘? 0 Jofispih and contact ed wrtrr a..rr.ask bearing a Chew?ﬁﬁ?@ﬁ/ﬂml
1

patt ern -of mm opaque and transparent regions. The mask was e
ultraviolet: [ight 35 havi ng a wavel engt h- d to at | east about 280 nm
f'or about 5 minutes at anbient tenperature, although a wi de range of
exposure tines anggpropafiaite an arisus enfddidéadrd of the invention.

PCT/ NL90/ 0081 45. R e | ne, nt i For
exanple, in one erﬁ?&g laédn &p%r%?%@%&be °%‘8€? gx gOOO
seconds_may be usélafavteq@rm&tlerﬁnd aﬁQﬁQassmomvm beouaed asopeocgs} 5

I n one preferred I F R res dO PEtdantS70  afgt ¥6g¥cabout 1 and 500
seconds'sat about anbi'ent pressure are used. _In sone preferreéd enbodi nents,
pressure abose ambient is udel Qe RERESET Smhodinent THRXRASRERtimes ot

nenbrane was t hen g@ghash faHou]tQ 1 ad 500 Isdeonds)i 4 &éﬁuomient beagéure
whi ch i ncluded an active eé.hbound to
e r

FRtren g ifenés
times will vary oAFe P8R PRt RES ¢ gtpen ?eV\PﬁPﬁﬁPﬁg ? oye
few hours. These namiteiéret sid lusedste prevént revaporatiengreen visible

region. After the 15 reacltﬂé) ﬁf%hg¥a€$év }gﬁeig egu, %gﬂgarfcr

was conpl ete, the |ocations Tn | uor re was
visual i zed kyp expcakout théwun ‘lﬂ-‘l@h i &mresgmt alr%b%bsﬁhif-‘-hginﬁéuﬂed and

the green fluorescgicsye Idstéd® roaned VE§ 4 heheld€e doti HaIAﬁeﬂahsaanstEht he
20 substrate closely corresponded to the_ori nal att rn of
ikl SRRV, B

D. Denonstrati on B8 iPYey a;yide et PHnYRaPEDi I‘"FP? @ggut a
denonstrated 25 fewimignites ed e efewtsouesd J‘Tuesesneterlhaaé fluoresce

L‘?{‘“f ol Udes S8 (4 e HR e UG 5P 8eR Vi A KA B BB EE, [P ALERE pndl Ny,
uor escejm rmlmﬂ:mn Gnithfthécagtive eatepl ane‘dhenfﬂ-herpph@mﬁnuamn
complete, the locations in which the fluorophore was
bound could be visualized by exposing them to ultraviolet
light and observing the red and the green fluorescence.
It was observed that the derivatized regions of the
20 substrate closely corresponded to the original pattern
of the mask. ' '

Signal detection capability was demonstrated

25 using a low-level standard fluorescent bead kit
manufactured by Flow Cytometry stahda_rda and having model
U no. 824. This kit includes 5.8 um diameter beads, each

impregnated with a known number of fluorescein molecules.
One of the beads was placed in the illumination

30 field on the scan stage as shown in Fig. 9 in a field of
‘a laser spot which was initiaily shuttered. After being
positioned in the illumination field, the photon
detection equipment was turned on. The laser beam was

. unblocked and it interacted with the particle bead,

35 which then fluoresced. Fluorescence curves cof beads
impregnated with 7,000 and 29,000 fluorescein molecules,
are shown in Figs. 11A and 113,'respectively. Oon each



30 field on the scan stage as shown in Fig. 9 in a field of a |laser spot
whi ch \/\A‘éow&ﬂ’mly shuttered. After being positioned in t heCTkNLSO/06hs} ON
field, the photon detection equi pment was turned on. The | aser beam was

unbl ocked and it interacted with the partlaxg bead, 35 which then b t

fluoresced Fl uor escence curves, of _bead r nated wi.th 7,000 and 29, 000
flﬂoresceln nnFéEﬂ?es rﬁ?@’iﬁéﬁnbﬁﬁdﬁl %ihfgi %ﬂ&°ff§°eﬁggﬂgﬁﬁqﬁﬁ aze |

each W00/ 18086 showRCIYmhéﬁéOGQﬁérinenes wsaeepettbrhmddawuuﬂuua nm

fl uorescein e h I

wl th 436 nm oxSRCAFEEhe, 128 3080RN, of 1E88eE" BEVRE T Tt ARAHE WUSTL
t hrough a 40 p@qeused7shxpnabjecﬁ vpowsr 0. 75 Na ObJGFNévH-uorescence*dﬁ

intensity. in all cases sigat h I t e%g&gﬁ?x{
exponentléuly The fall-t§? ?gu?%%gﬁgnée iﬁ@eﬁgifg %ﬁgfggleachl f%e
b

fluorescei n mPEE RS #ﬁﬁhtVﬁ%BE ap 88 decrsased gxponentialdiYecul es
are used for bns&gfaumdofe in $tikehdityois dilectd photerdeachilie dmitial

tial t I I I d. t
Give the tot al EREnEEROERSERER ROt aRHEed ) ARE Fradiide Beals Hid U
nunber of nDIefmuo:esoezhendleEh&esfors ussdlfopoh@cmbumnuuheduce t he
nb f phot I F
The cur e[| BBrifesiot, Thd0RiTaRrants) 16 the 161EYAN Mgl | FOT
of about 40 todseaﬁhB?BHSGBegaPﬁﬁﬁﬂeséélﬁ°ﬂéP@@QP@ Headg s intregratea
E. Determ nat¢gng@¥et BReNusBAL ﬁimNBh'GQEI photeh dountd canirithiy opy! at ed

gl ass m crosco I|d d rdin 0 t t hods di scussed, above
were utilized Fﬂmgfﬁesstgegggﬁg th Bﬁe"&gﬁ§th oFgﬁ [FHHEGR) RRT Afad. the
slides. The frhereﬁone,tétnislpossuhéestodésdneeethuamMabemtdfIﬁﬁﬂions %H

(fluoresceln [ h C I W t

aroup.  Hhe sl g& EEﬁ§gQ§ESinWﬂngcBQE”En?t %&i %%b&éékkﬁgﬁhoréggén
curves illustrated in Fig. 11, this calculation indicates
the radiation of about 40 to 50 photons per fluorescein

molecule are detected.

20 E. Determination of the Number of
Molecules Pexr Unit Area '
Aminopropylated glass microscope slides
prepared acoordzng to the methods discussed above were
utilized in_order.to establish the density of labeling of
25 the slides. The free amino termini of the slides were
reacted with FITC (fluorescein isothiocyanate) whicn' |
forms a covalent linkage with the amino group. The slide \A
is then scanned to count the number of fluorescent
photons_generated in a :sgion whioh,_using the estimated
30 40-50 photons per fluorescent molecule, enables the
calculation of the number of moleoules which are on the
surface per unit area. : '
A slide with am;nopropyl silane on its surface
was immersed in a 1 mM solution of FITC in DMF for
35 1 hour at about ambient temperature. After reaction, the
slide was washed twice with DMF and then washed with
ethanol, water, and then ethanol again. It was then



phot ons ge a regi on which, using the estimted 30 -5
photons*pe?ﬁ?ﬁﬂggescent nol ecul €, enabl es the-cal culation of tﬁ%gxhﬁﬂﬁamQﬁl
nol ecul es which are on the surface per unit amgq A slide with am nopropy
Silane on its surface was immersed in a 1 nMsolution of FITC in DW for 35
1 hour at about arfi¥ied argpstexedcin the daryleantdh ithwas| readyatowbehed
twice.with DMF andest gﬁghg@§hed w th ethanol, water, and t hen et hanol again.
It was then . W00/ 15070 i

PCT/ NL9O/ 00081 47 dried and TREFRIR | the Mse & %WFY‘FS #imilar 1, thesse
exam ned, Through Shewnsin oFiguries mmu;arm'oegm:hnghm Ehubrgscémnt and

by- integtating the e n ca

signal, the rimberc%‘}xlﬂ% .g&g# g é)g%éﬂ%ﬁé%%& gﬂtﬁt e#éﬁgii'vﬁ‘l zation
was det er m ned. |tnunneueeérﬂrenmhminn qraups nmthheagnrfagedaﬁse:ues of 1
fluoroscein per |[cidpiveis £RRIUCHY! YaBbdetgimifgal hat

concentrati on of am nopropy r|et xyS| ane varied fromf[err]. F. Renova
of NVOC and Att actidesi Witk labeling densikiegsof 1 f1“°r°=°eHVoe=€ABA

groups were attachpePapidesc~RednabevaldaThe eabmmchwe Qe tHd de

Ganmn. m no 1t yr {EonErREsakfeR FF AnfarreSp ik e PathauiatiahgyiRed fren
exposed, were theri@Xmoted1®0*s. to fl Uorescein isothiocyanate (FITC). Fig
12A illustrates the slide which was not exposed to |ight, but which was

exposed to FITC. The units of the x aX|s are tlne and the units of they
axis are counts. The traEe : 3 - - i ‘ backgr ound

fl uorescence. The dUp"Cateﬁétlﬂ&:&ﬂéé&ﬁﬂ&iﬁﬂgto 350 nn1broadband
|Ilyﬂ)nat|oq;cn about 1 mrulgb-GABA.groups were attached as described

above. The entire surface.of one slide was exposed to
light so as to expose a free amino-group'at the end of
the gamma amiﬁ? butyric acid. This slide, and a
- duplicate which was not ekposed;,were then exposed
20  to fluorescein isothiocyanate (FITC).
| Fig. 12A illustrates the slide which was not
exposed to light, but which was exposed to FITC. The
units of the x axis are time and the units of the y axis
are counts. The trace contains a certain amount of
25 backgrcuﬁd fluorescence. The duplicate slide was exposed
to 350 nm broadband illumination for about 1 minute
(12 mW/cm ., ~350 nm illumxnatzon), washed and reacted
with FITC. The fluorescence curves for this slide are
shown in Fig. 12B. A large increase in the level of
30 fluorescence is observed, which_indidates photolysis
has exposed a number of amino groups on the surface of
the slides for attachment of a fluorescent marker.

35



(12 MmN err -350 nmillum nation), washed and reacted mnth FI TC. The

f1 uor e¥@ Wves for this slide are shown i'n Fig. 12B. RCTANL/PMSEcase
in the IeveI of 30 fluorescence is obseryed, which indicates photolysis
has exposed a nunber of am no groups on t urface of the slides for.:
attachment of a flugresggpt
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reacted %ﬂth éhEOﬁeﬂbthIissohnhkoﬁn dﬁtsatsquﬂtantiﬂitﬁﬂthe | aser
detectio scanﬂhgg gggge and a graph was plotted as a two-di nensional -
representatroﬁ 5 tion color-coded for fluorescence intensity. The
experi ment was repeat edThisusdddeowasi jdduminated Lo Apprakimatel 5

fl Lpresoence Bt ae&? i2knd12004 62 e W&&% [ ©AgHe "B erbr?C [errl_'

mask, and a err i cate attern 'S t1rnct down
to at |east ab88Fted with) thed, aM ﬁ'ic'rﬁg sojut qnvhog@"'arﬁﬂ% Bee PR the H.

Attachneat of 1 Xgerl datdctibacscanning stdge End@ graph was pldieted as
Ant i body~” and Goat

der t bl t
"particul ar poFygEBt' 53@%&38&&&%&%&&‘%‘%@ | € sé}tc ece rfs)e‘f)é)‘?%% and’
be detected, Eem émhepbsbencaaan&mslm.to'nuaaamézzmmddasecrgpsamu by an

ant i body AN
propyl-trrethox?s é%e°an F%tec#é%h@F¢iﬁ$é§§)ﬁ%§éﬁﬁ) err] checkerboard .
mask was usedfﬁ-§°§%§§§!§°9h§8§|tﬁ€é‘3i £or @ APAXAQ0 P MAFHCK| B BNt act )

printi ng Thaakgy anbephal mAskSUWRCQ (19 in a6 1R Ttac Nena ! tisk Ne,
phenyl a 3n|ne Iegcr rrlj,
att rn is distinct down to at 1east ahout 10 um
squares uszng this lithographic technzque.

20 He;z_An:ihgdz_and_sga:_An;imnsss _

' In order to establish that receptors to a
particular polypéptidé sequence would bind to a surface-
bound peptide and be detected, Leu enkeéphalin was coupled
to the surface and recognized by an antibody. A slide |

25 was derivatized with 0.1% amino propyl-triethoxysilane
and protected with NvoC. A 500 5. | checkerboard mask was
used to ‘expose the slide in a flow cell using backside v/

contact p:inting. The Leu enkephalin sequence (H,N-
tyrosine,glycine,glycine,phenylalanine leucine-CoO_H,

30 otherwise referred to herein as YGGFL) was attached via
its carboxy end to the exposed amino:g:cups on the
surface of the slide. The peptide was added in DMF
solution with the BOP/HOBT/DIEA coupling reagents and
recirculated through the flow cell for 2 hours at room

35 temperature. - -

A first antibody, known as the Herz antibody,

was applied to the surface of the slide for 45 minutes



30 ot hery rred to herein as YGGFL) was attached via |

end to the%ﬁé@gm no groups on the surface of the slide. Thﬁﬁéﬁﬁ@@sl
was. added in DVF solution with the BOP/ HOBT/ DI oupling reagents and
recirculated through the flow cell for 2 hours at''room 35 tenperature. A

the siide Tor 45 nasuPord/il, A p, Bttt RRciining "y Bd e
PCT/ NL90/ 00081 at 2% ovalLbimim alsqdar dhdia sase)oonPaiadarpd amsibedyl, 1%
oval bumin also in j A ~molis® redd ,ﬁQ@a o @t USiSe

fl uorescé®i n conj ug-g‘tyg? \%/as &hiﬁ‘f%ﬁat Zé[igﬁb]o/ m, ﬁhg%erc%ci?%??
buf f er, and al | one@t @ #9/ml; E’&%W’E%ﬁﬁl Rfrer, 3nd Alleyed to
experiment wege pl dncathate Foroehoriyes i ntensity as a function of

posi tion. Thié I mage vva: t ak at 1%]\[%r rJ %ps and s.h'ome,{i haé t onéy
can deprotection be carried g‘g’P e % i;e(f%rzma&l t ?lfn, %fﬁt%ﬁ £S
tha]E (1) ]Eh;a_hmet hg&lpmﬁd:mhdaorir&ensfa‘ﬂaf ldsf @0 faniatd ot q#améamicm.;rtﬂxis
surface o e su € rrale R thst

for binding with aﬁ'&;a% 1‘3’3&2?“2%8' % Jiﬁz'tﬂ)t‘ﬁ%&&g%i.on a‘&far at uglm'E gﬂf
capabilities were Sanf depsetection ke garniediont dd & welkdptined|

o by ' b : 46a Lege!l ed
Ant i body vondRor I pRRiCERY, Ot 2YGElera (SuDe et dealesg! e

r - by- nono synt hesi s of nd GGl 20 in alternate
squares was perf orﬁé‘&c&?r;%r"él i‘i?é‘ﬂﬁ’y Sfc haxR t;?attb’e? f%?ﬂe&
resul ting slide wathex substrate,hg 2ertheahidfate ofhiss boyral ipeptide was
illustrated in Fig d amshiiaEl g d3A, ' i . i s 25
derivatized with t%ga;i%éﬁégr %ﬁb&rﬂéuiﬁ%ggﬁlﬁcﬁﬁ(?ﬁér{'%‘%@ i%g%m\(/\n [ h?’tt‘]‘-‘goc '
(t - but oxycar bonyl| ) thehdefiectdan appaxatis wapabildties sane swEficbent
protecting gLeup. oAl Hiinaidg bt Wi rdbeffiod- BOC protected at its

I. =byv=-Mon - G and
Subsequent Exposure to lLabeled Antibody
Monomer-by-monomer synthesis of YGGFL and GGFL

20 in alternate squares was performed on a slide in a
checkerboard pattern and the resulting slide was exposed
to the Herz antibody. This éxperiment is illustrated in
Figs. 13A and 13B. - -

In Fig. 13A, a slide is shown which is
25 derivatized with the aminopropyl grbup, protected in this
_ case with t-BOC (t-butoxycarbonyl). The slide was
o ~ treated with TFA to remove the t-BOC protecting group.
E~aninocaproic acid, which was t-BOC protected at its
amino group, was then coupled onto the aminopropyl
30 groups. The aminocaproic acid serves as a spacer between
' the aminopropyl group and the peptide to be synthesized.
The amino end of the spaéer was deprotected and coupled
to NVOC-leucine. The entire slide was then illuminated
with 12 mW of 325 nm broadband illumination. The slide

35 was then coupled with NVOC-phenylalanine and washed. The
entire slide was again illuminated, then coupled to
NVOC-glycine and washed. The slide was again illuminated



am no , was then coupled onto the am nopropyl 30 @ groups. The

am noc /&ﬂﬁbld serves as a spacer between the ani nopr oBCT/ANLO0/0008%] t he
pepti de to be synt hesized. The am no end t he spacer was deprotected and
coupl ed to NVOC-1eucine. The entire slid then illumnated with 12 *nw

NVOE phenyl al SRtngoupkeiatRoivEE-alig e 88 tbrm " Adufhdcy R ol

t hen coupl ed thehWEEtgp9ttnena9§ FAghed3AThe slide was again |Ilun1nated

WO 90/ 15070 Fig. 13B, Nk DG and
coupl ed to NVOC- gl XCI ne tos gﬁln im Sé uénce alc?v\enrnlarﬁq;r?e | ast of%fl @, of
Fig. 13A. As Shews F-ﬁeFVQrel?rBenaP-?-é dré'@% %fl-"?‘fﬂ?%ﬁ% R hen

il Em Pﬂ%ed ?EhﬂﬁgaapBODﬁSDDOﬂmthEcu&rwa&ﬁﬂfbﬁﬁo ﬂtlms.] mdﬁiﬁﬂbﬁ?rg
mask; : e amin cin S 0se | ed -
areas. \Wen tﬁE°H8ngcgg Eﬂ ﬂ&ﬁ?§?§§ 8% égéh#3§é 2% yrosi ne
was added, anwheh thaphedtocbupaﬁnghchenﬂnﬁry\dtap1wasjc&:=iedxbut,

i1lum nation. t aII t he
NVOC gr oups, P§§§ ggkgggﬁéc erbégpadﬁwqikigg?qdé4ﬂ¥aq1 ggégg%yeas and in
the other ar eappteCRhichhbadereceivedodylupinat rﬂ%'i%sﬂ!we(@ide but
not ﬂ) mswLBeEnaﬂdsilu&ahhe&adtBy z%%%‘vea'&tlll qufd@

conj uga he resyl tin Iuoresc nc homed dar k
areas cont ai n?-ﬁ@"t’-ﬂ@ PeFP&E&BFP&é éG?E ejr%f?z%?‘!ﬁ/ 3Nt Herz
anti body (andihhthetbtheri areashi GGFIg ofmdwetegmtamnthedmuammm body with

fl ~Th
YR pont apeRPFaaRLEep. B, Wokrt,TBhe holl dokzi an el B 70 (nere
i s anti body |ﬁoﬂ.h9wbdie§°ﬂ§gﬂmr»§'msmélﬂmm reeRjpgake ed goat '
anti - ”Dgge to recogni zeqpgl ?e%%rlt&%&;t %%zféycéhc@ é@éﬂ]sﬁ@o'i&d Usgek i n 25

di rect ntact ("proximty print") w substrate provided a gattern
whi ch was nor BT8A§t FRRtaindnghthe tetrapeptide GGFL,_whxch is no

recognized by the Herz antibody (and thus there is no
binding of the goat anti-mouse antibody with fluorescein
conjugate), and red areas in whichLYGGFL_was.present.

20 The YGGFL pentapeptide is recognized by the. Herz antibody
and, therefore, there is antibody in the lighted regions
for the fluoreécein-conjuqated goat anti-mouse to
recognize.

Similar patterns for a 50 um'mask used in
25 direct contact (“"proximity print") with the substrate
provided a pattern which was more distinct and the o
corners of the checkerboard pattern were touching as a s
result of the mask being placed in direct contact with
the substrate (which reflects the inérease in resolution
30 using this technique).

J. Monomer-bv-Monomer Svnthesis of YGGFIL and PGGFL
A synthesis using a 50 um checkerboard mask
similar to that shown in Fig. 13 was conducted. However,
35 P was added to the GGFL sites on the substrate through an
additional coupling step. P was added by exposing
protected GGFL to light‘through a mask, and subsequence



corners of 306 E&& rboard pattern wer e touchl ng as a result of the nmask
bei ng pl ace ect contact with the substrate (V\/m ch ref| ecPET{N90/00081
i acrease in resol ution 30 using this techm%te . Mononer - by- Mononer
Synt hesi §' of. YGGFL and PGGFL A synt hesi s using™a 50 gm checker board mask

sim Ihar GtGth hat shewpdsure o m«a&#@wﬁiﬁd sé@vxamrrlx aﬁ:v?._ P@mex&?,
to the sites strate throu n i ona in

was added by expos?ﬂ?&%r"(ﬁsg&%&ﬁﬂ_ﬁ& Ilém F;"’éﬁﬁ Y8éHL ana
subsequesce WO @heS5@FeRaining half contained PGGI-‘L.

PCT/ NL9Q/.00081 exposure to P t
half of The regions on the suﬂsatra e contal ne?%{b@quﬁte remal ni ng hal f
contai ned PGGEL. TracmWeghthe rgions aneagain reafildiscernablp heryern

regions are again igyid irf v Bl iR W diSBid Mo sk ndimgs £i d

and did not occur. This .experi nsir.ated that Ii bod| es e abI eto:
recogni ze a spemfﬁé‘%ﬁ&%%% qi Qﬁ#" asie

| engt h-dependent . Yedégrirw erspecitio seqisntd amd tﬁaﬁ(m ‘Pecboffi¥Ton | n
order to further d nstr?t%é%_ag%?ﬁ#ty of the invention, a 50 [err]
checkerboard patte *YGGFL and YPGGFL was synt hesi zed
on a substragg using techniques Ilke t hose set forth above. The resulting
fl uorescence plot showed g hat ofcTy dGnde £ € t 0 recogni ze

the YGGFL sequence and di'd nd y a € YPGGFL regions. 20

‘L. Synthesis of an Array of Mm no Acid Sequences and

Estimation of Relati ve Bi ndi mgn Affdent tyo tfutiier Alendnsiyrate nghé espetapEity

zleg]h;ﬁgetso those_ set q{t hlnz\?ent:.oabove 5(531 xﬁ"‘rcﬁgcf;rx;‘oax%%g{‘egéna& no acid

15 alternating YGGFL and YPGGFL was synthesized on a

substrate using techniques like those set forth above.
The resulting fluorescence plot showed that the antibedy
was clearly able to recognize the YGGFL sequence and diad
not bind significantly at the YPGGFL regions. '

20

Using techniques similar to those set forth
25 above, an array of 16 different amino acid sequences
(replicated four times) was synthesized on each of two
~ glass substrates. The sequences were synthesized by
attaching the sequence NVOC-GFL across the entire
surface of the slides. Using a series of masks, two
30  layers of amino acids were then selectively applied
| to the substrate. Each region had dimensions of
0.25 cm x 0.0625 cm. The first slide contained amino
acid sequences containing only L amino acids while the
second slide contained selected D amino acids. Figs. 14A
35 and 14B illustrate a map of the various regions on the
first and second slides, respectively. The patterns
shown in Figs. 14A and 14B were duplicated four times on

e R —



(replicated four tinmes) was synthesized on each of two glass substrates.

The sedMOSDEISO%@r e synt hesi zed by attaching the sequence hﬁﬁﬁyﬁﬁﬁonummgss

the entire surface of the slides. Using a erles of masks, two 30 * layers 3
of ami no acids were then selectively appli @t o0 the substrate Each régi‘on .

had di nensi ons m o amno acid-
sequences cont%?%? f@%%y ET§%1%%§%§$B§;€§ %héé g§§é§§ﬁd%§| Sﬁfalned
sel ect ed D ani amtikody. anﬁggluqnasesan-lahelgﬂBgoatugntaraousgap of the
various regions on the fArgsiudPesSEnce ﬁbtdSE tﬁﬁsﬁiikhvﬁhl ?g%verns

shown in Figs. 14A and_14B were duplicajed four tinmes on

PCT/ NL90/ 000816@AkaiRed (@l ARinesa tlé shewed, xe8d-areas; Hé-nﬂé-ﬁét H%‘
anti body @and f stpong ceindingp| £oegpalaapoooncoants okl nore)cande bllaek of

the f t~ slide, whi d :

e e e L Eradl EinalBR ShRE: SOLY b 2Ab08 8RB A0 B0 O,
areas (i nd: catamgidbody ) ei oe. j1020j 0A0 ngovhAtsherHiess)nt i ﬂ‘héysaqmncezo 030
counts or |les on e €cogni ze

The sequencesS%&EE%GW§§q€££§flgtso enﬁéﬁsbggys¥ron r%%g ?F%bn ofgthe

anti body. By se@weages ¥ASFLANEhESGERnphsagexhibikedssExonsgd little or no

bi ndi ng., -The" ff&éo&ﬁﬂﬂsﬁteﬁp@n&laﬂﬁséd be gyi dén‘&?&&t@xh&@b\f | stent
in the é“bunt of glng shown t here rescence_pl of the D am no

Lo e TS Semgiafadsdatences; phnged, LR R HS BY d Fhe he
YGGFL sequencefodr gduplieate bporitignscefathe d&iaetvérboéﬁhﬁimelﬁsGFL, and

YPGEL. The ! enBbALigeaggFRCERe ABNE| 83°nbhAthEd sk, Lh AN DOdY.  Low

bi ndi ng efficiency-o e sequence was 0 :
Table 6 lists the variou® §bq9§ﬁ§€§nGESPb§t|ﬁfotbernbﬁmmﬂQﬂaqkﬂ slide \/

;L??L?fcﬁgce Yhacbae@VEHSE sPtehgestopinalingdivas Eﬁh&ﬂfﬂ%&“ﬁymﬁﬂh
YGGFL sequence. Significant binding was also detected to
YaGFL, ¥YsGFL, and YpGFL. The remaining sequences showed
1ess'bindin§ with the antibody. Low binding effic;ency
of the sequence yGGFL was observed. .

20 Table 6 lists the various sequences tested
- in order of relative fluorescence, which provides

information regarding relative binding affinity.

25
30

35
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D-a.a. Set. YGGFL YAGFL

YaGFL. YSGFL : Ys GE{2| GGFL

YpGFL FGGFL . : f GGFL 10 YPGFL
yGGFL, LAGFL - fRakle coGrL '

WGGFL WGGFL | . Apparent %g@gﬁ%_ﬂuégz Ab o
waGFL VIIL. Illustrative Alternatlve Empbodi ment Accor di ng

to n atternative

attachiwpg to the g;ﬁ ace Setcaged _binding rrenbe[ whicip+an.ai sSetaged f orm has
arelatively |low gfdifity for other potentially bindi ecies, such a
receptors an® specitic binding 25 substances. Suc echn ques are nore

fully described i ¥A§#dendi ng applicatio Serial No. 4¥RGPD, filed Septenber
8, 1989, and ncorgy P%bed herein by reference for allygggposes. According
to this alternative enbodi nent, the 30 i nvention provides methods for
forning predefi nedd&J ons on a surface of a solid su¥P@FE, wherein the
predefi ned regi ongggr, capabl e of imobilizing receptggerr The net hods nake

use of ca d bindi nbers attached to the surfaceéﬂaﬁfﬂable sale 1ive
activation &0 the fined 35 regions. -The cag i ng menbers are
| i berated to actaimﬂrmmhng menbers ult ately capablﬁaGrLblndlng receptors
upon sel ecti Eﬂnfaégﬂon of the predefined WGCFL
WGGFL : _ yaGFL
< - . ~ fpGFL

15 _ " waGFL

VIII. , ,
20 ' Accord1ng to fn alternative embodiment of the
invention, the methods provide for attachxng to the
surface a caged binding| member which in its caged form
‘has a relatively low affinity for other potentially
binding species, such ag receptors and specific binding
25 substances. Such techniques are more fully described
in copending applicatioh Serial No. 404,920, filed
Septembe:'s, 1989, and jLncorporated herein by reference
for all purposes. '
' According to khis alternative embodiment, the

30 invention provides methpds for forming predefined regions
on a surface of a solid] support, wherein the predefined
regions are capable of immobilizing receptors. The

methods make use of cagpd binding members attached to the
surface to enable selective activation of the predefined
35 regions. The caged binfding members are liberated to act
as binding members ult'n;telyﬁcapable of binding
receptors: upon selectivg activation of the predefined



C L M S CLAIMS 1. A substrate for screenl ng for biological
activity, conprising [err] or no[err] different a surface
thereof in different predeterm ned |ocations.

recited in claim1 wherein there are %rr] or mrel“l“ﬁs‘[mimb"!uam in®
different predeterm ned | ocations. - LA substrateras Tecl si-ne cl ai
wherein there GLAINESS or nore different 10 ligands in dlfferent

pr edet er mi ned"Tocattons. 4. A substrate as recited in claim3 wherein.
there are 10[err] or nore di f f er ent ligands in different predeternm nefd

| ocations. 15 5 - h y A 3 !
wherein the IllgandsAg?%snéé{)%{s’é}dng%r bX&lb%]Eﬂtdcz;ﬁtngag r%ﬁ"@%gei éﬂgﬁ
claims 1 to 4, wherdifferentligdndgandssunface theedofiin différemst prédetdrmined Rocatidist r at e
as recited in any of clains 1 to 6 wherein the |ligands are substantially

pure within said different predeterm ned |ocations. 8. - A substrate as -

recited in any A%g%gﬁw&wﬁg laggslabvﬂ?x%f{pﬁfegﬁfé {® otomore different

sel ected from poI yneri angnui r ett unctional | zed gl ass,
germani um si | i con ligands/inedi€ferenp predeteeminef| locations.hy| ene, pol ystyr ene

gal I i um arseni de, and conbi nati ons thereof. 9. A substrate as recited in
any of clains 1 to 8 wherein said different 30 pr edet er m ned

| ocations eachy havep aubdiatd adfeRfte®’in cREf 2 WBreth theh€ brel 10°16} more/diffelimt r at e

as recited inclaim9 wherein said different predeterm ned | ocati ons
each havi) a total digandoin differant predotemined|locationsind 10, 000 [err] 5 11
A substrate as recited in claim 1 and substantlally as herei nbefore
descri bed.

4. A substrate as recited in claim 3 wherein there are 10° or more different \./
ligands in different predetermined locations.

15 5. A substrate as recited in any of claims 1 to 4 wherein the ligands are
peptides.

6. A Substrate as recited in any of claims 1 to 4, wherein the ligands are
nucleic acids. |
20
7. A substrate as recited in any of claims 1 to 6 wherein the liginds are
subsmntie,lly pure within said different predetermined locations.

8. -A substrate as recited in.any of claims 1 to 7 wherein said substrate is
25 selected from polymerized Langmmr Blodgetf ﬁlm funcu’onalizcd glass,
germanium, silicon, polymers, (poly)tettaﬂuoroethylene. polystyrene,

gallium arsenide, and combinations thereof.

9. A substrate as recited in any of claims 1 to 8 wherein said different
30 predetermined locations each have a total area of less than 0.1 cm’.

10. A substrate as recited in claim 9 wherein said different predetermined



A0

locations méh have a total area of between about 1 pm? and 10,000 pum?.

By _ , .
S 5 11. A substrate as recited in claim 1 and substantially as hereinbefore -

described. _




