;e3ely{] vvvwdxyt {6{ T{SI O 26 June 2002 5 COVALENT ATTACHMENT OF =
MACROMOLECULES ON SOBSTRATE SURFACES 10 The subject field concerns A
functionalizing polystyrene surfaces, particularly of | abwar26 Jine 20a2al ent
conjugation of nolecules. 15 Wth the increasing expansi on of biol ogical

researc rcial biological applications, there has been a

concom ﬂﬂﬂmm""ﬁmmﬂgng need for |aboratory 20 equi pnment capabl e of

speci fi to conplenentary |igands a In order to
provi de sol raeotbstrates, particularly | abware, r‘ﬂ“ﬁ‘ﬁ\g@ﬁ\g@ﬂ‘ conpl ex
formation, it is necessary to bind a wide varie S and receptors,
frequently proteins, 25 to the surface. The bindi ng*$fiéfil d provi de a
surface which mnimzes non-specific binding, mnimzes |oss of the surface
bound nol ecul es during the processing, and provides for a high density of

t he conpound bound to the surface in a manner which allows for efficient 30

conpl ex fowmati on. At t8eveLESE HTHACHRENT NOF eMAROMDIIICTHRIEE and rel i abl e
met hod for covalently attachin ncronpl ecule to the surface of

a m

pol ystyrene | abware, parti cul ag?‘g/ %W%FEr?W’?%‘?%nti on is desired, as
well 35 as a high density of the attaching macronol ecul e. Al nost all conmon
organi c solvents, used to chemcally activate or derivatize crosslinked

pol ystyrene for --) ,s.. 26 June 2002 2 solid phase peptide synthesis,
particularly solvents such as nethyl ene chloride and DW, readily dissolve
or badly Rgze uncrosslinked polystyrene. Many of the known solid substrate
bound macronol ecul es exhibit a 5 | ow surface concentration of the

macronol ecul e, or exhibit only partial biological activity of the bound

macronol ecul e. In sone QQ§E§ub%éE{(b@@Q§|hoﬁB@fgg aindth@®n¥meropgl ecul e is
changed, as is the case in protein conjuy i on techni gues enpl oyi ng active

a
esters (which POMYBEXELBENFAREaFRTvo RFFSE uiﬁr%ﬁeOSrBFBWﬁrﬁo &RTami de). In
ot her cases, thevalenht ebnhagsoidl efuledebausd.to the surface of the
substrate.s low In still other cases, surface activation of the substrate
adds coloﬁlfo t he substrate, thus elimnating or reducing the 15
ef fecti veness of the substrate in assays such as enzyne |inked

i mrunosor bent assays (Ehk§ﬁ)th _fﬁﬁ?éﬁgﬁb@gakgﬁﬁgggﬁ é?dﬁgﬁibgﬁgggsggre, in

the devel opnent of inproved acfivated s _Substrates, Ini
activated sol i Fesgschapad poumeraiah biolegiaptn2ppl kratdemsd there

macronol ecul es haandheen BhechBBR VAL NIMRGeasehgl REed RS AIIMD rbRBES
Conp05|t|9ﬂ§' Fﬁg&?ﬁ%@htthgggigrSE specifically binding to comple-
mentary ligands and receptors. 1In order to provide
solid substrates, particularly labware, for specific
complex formation, it is necessary to bind a wide
variety of ligands and receptors, frequently proteins,
25 to the surface. The binding should provide a surface
which minimizes non-specific binding, minimizes loss of
the surface bound molecules during the processing, and
provides for a high density of the compound bound to
the surface in a manner which allows for efficient
30 complex formation,

At the present time, there is no simple and
reliable method for covalently attaching a macro-
molecule to the surface of polystyrene labware,
particularly when clarity retention is desired, as well

35 as a high density of the attaching macromolecule.
Almost all common organic solvents, used to chemically

activate or derivatize crosslinked polystyrene for



Activated substrates; including polystyrene, 25 and various biologically
active substances bound to the substrate, are described in U S. Patent Nos.
4,736, 019; 4,657,873; 4,654,299; 4,419, 444; and 4,081, 329. 26 June 2002
Funetional i zation of polystyrene is also described in U S. Patent Nos.

3, 956, 219; 3, 886, 486; 3,979, 110; 30 3,995,094;, and 4, 226, 9S8. See al so,
copendi ng application Serial Nos. 055,S28 and 051,917, filed May 29, 1987
and May 19, 1987, respectively, and EPO Appllcatlon Serial No. 88/304516. 3.
The use of N—hydroxynethyl 2-chl oroacetam de in nitrobenzene/ H2S04 35 to

derivatoi ze pol yners contai ni ng, pol rene i s described in EPO Application
Sor | 2l No. 85/ TOSEREPRASE B SHBbL s SRR R EE PRVERTTEN For mod

substantially gﬂehosglmesm@dlqotd ymtlybrreae pRO MR S radadiflynat seonbé zed

5o oups. The BUBSTi P e Rt A das PPACT GHE S SuBert aFabre. L
functional ity jaewntsdhig rmdismpitlel bou_sdbmq:tcumdkﬁcumﬁi leghbbihga st abl e
under the gondhbonge phod'ddncuiidliuhi 8P cbdEohlona bungt onal i zed

pol ystyrené may be used for reacti ng vari et
functionaliti e§Xh|'bbF¥|Q%1hr9%F@§§o&18ﬂ991%% ha‘hlh’dﬁdr?oloéc@h@sbo'ﬂ@d provi de

for a high denshbyorbléoysd ently dmededsEBGT i REdtlaAS chBgqaebh0d enpl oys
a polystyrene insol uble solvent as the sal vent. for the aronmatic

el ectrophilic $hBsPRETPPRIECY R I ShePERY 135 fihdtheofasezé8 BEPYRIRrene nmay
be reacted wtboﬁ@ﬁ@@ﬂb&:ecwcﬁmi@dw ewpdeying sotifvaces teyef Wﬂhi@ﬂi conpl ex

f t t t bi SCRI PTI. ON_OF . THE SPECI FI C
EvBoD VNS 20 EEANSERER AR iq e BobERE o TaRAHT toh SApBRs 8ty r ene
surfaces are fidncbtbanl cases bythegateldnofi macmrmblbquimshy)band_dm or
derivatives th(%go uwa?‘i‘% y@ﬁé/ erestlrg%gl _t{lpl v§o| Vﬁphlﬁ%hc

.tetranet hyl enesul fone aromati C ect rop gg §libstitution
condi ti ons. Th@aéﬁﬁdeéuaf%c%h%@@d@h@e@fbyhﬁawwr@%@éﬂﬁoﬁalwy capabl e

of nucl eophi | i gosuhat bk PR ANy nGAREE hé ONS  r shidifigSERR! © under the
conditions of araomatic electrophilic substitution. The resulting

f unct i onali®zed ef&rgsiyenaes el @EP s aE8dL i RFSART iSHED RENEREWRAI I ti es

capa_bl e of nucheaprbil i fmendsdibertt (ggsag@rt(gggsayl y macr onol eculbes to
i on between

provi de for a surface ich
speci fic binding pairs. ‘bga%l‘i”c'lﬂ aﬁneéleﬁfeéir'egfn?%s‘t hté‘efrtr%%&r%néf‘l zation of
| abwar e 35 whi ¢hecdevbtopsenlt i of t impricseldatcbivated soldel sabisérgtes,

substances whi g BnpdsusReaLEl SAY 4411 COBRLENER! Adhng A fune 2002 4

pair nenber, in ass S and as Inity co ums ystyrene obj ects
whi ch are 28t i \ﬂé’tvééeﬂwll‘ll apba¢hed (macrogelegules noilﬂ%rldssﬁhenltélafouédal ly 5

having fewer thaipcaledl @oPSpfé@SEi g ihes@OEBmpssatidnd ewer than about 0.1s
crosslinks. The polystyrene products” are noul ded, so as to provide Far a

snooth surface with few indentations or canyons, so that nol ecul es nay be
bound to the swelavangndiberdQuteadily avail able for bi ndi ng to ot her

nol ecul es. The sol1d suRstrat i St in an d|n reaction
vessel s, reagent tubes, %éﬁ%ggga%%rtaet Scoﬁﬂﬁﬁgglﬁ CQQ(I}I R dFeBfates, Petri
di shes, fa& i cared vartioasebiobegicalYwdstive tiubstanced ramosl tnetrbeanes
discs, or plat %ﬁ:bs{*} @”59}3 &é 'E%dublé ”PHLQh@gucpsP' y45t73ér666§96‘t | east

substantlally ree o Cross usu resulting i cl €at”, 'smodt h

surface.  Becaufd5df 873¢ élfﬁﬁh%%f 4*@99dlﬂ§t‘raflé 40%112@90an see t hrough
the walls of tft&xdc&h\%@aﬁﬁélsanohaﬁ&lﬁtfyr@nemista.a@@rac.ss%rqrbe@f ihi ght, as
needed. This C|al’lt§IS particul arl % r’go g in assa V\Q{,‘I’e colorinetry
or fluorimetry RS \?(S‘Ie@édnoﬁnd:*r?% t23% JudBPy8fCas3e 4‘(517‘?1 ‘ted through a
wal | . The 30 her3,995,094; .and 4,226,958. See also, copending appli-

cation Serial Nos. 055,528 and 051,917, filed May 29,

1987 and May 19, 1987, respectively, and EPO

Application Serial No. 88/304516.3. The use of

N-hydroxymethyl 2-chloroacetamide in nitrobenzene/H,SO,

35 to derivatize polymers containing polystyrene is
described in EPO Application Serial No. 83/109905.6.



.25 factor is the snoothness of the surface, which avoids having |arge
canyons or crevices in relation to nol ecul ar di nensi ons. Were the product
has an uneven surface, nolecul es which are bond to the surf a2feJune/20f2nd
within the crevice or along the walls of the 30 crevice, naking the

nol ecul e unavail able for binding to a conplenentary specific binding
menber. Therefore, even where one can oBtain a high degree of activation of
the surface, so that a | arge nunber of nol ecul es may be coval ently bonded
to the surface, only a portion of 35 the nolecules will be avail able for

bi ndi ng to their conpl enent aSPMdREePr BYE IMENIION with pol ystyrene nol ded

surfaces. the surface pSch@hrbubseid AMINUnttaks) Al pasy2002eR. so that
nol ecul es that are covalently bonded to the surface extend upwards fromthe

surface, usualBfPdRCtsWRRg EBRGLRRTSzad eaplaying Ryl axymeshyt-for bi nding
to conpl erregt anM_dE%id!ﬁolﬁ’Eabééﬁzo%'thﬂﬁiac rs@x%@lﬁﬁ@ﬁﬁi?nsdwftt@spﬁléh ace g?ng_rane
pr ot ei ns anti bodi eg, may be bound. to surface ere their binding
sites ar eas?ea(ﬂrl‘vpé‘Vai igﬁl %ut?%‘fl%lfﬁﬂ ﬂ&#gﬁéﬂhﬁ?ﬁnﬁm% Bi gands. Retention
of the desiraldubspiepeablesfodct hendl tyopdedi poiygtnucdreephsl achi eved usi ng
functionalize - l. acetam : f e thyl ar .reacts with

t he pol ystyr e%émlsnﬁtgnﬁ/ggéo‘T'@glrgq?en“{gggt%rbtégelrl]g%ggft%n %8?391(3%'?% yst under
mld conditiomf aayd yYubstatubieny ®hgablesudtingdeunmiliogabieédophilic 15
substitution 1 F¥hed Gudkd HZ8RG etk gt e e of an acid
catal yst. Thquiggi?r¥hﬁc%? ﬁ%ﬁ dgiqp of tﬁg'Y¥%€?ﬁ§Faa%?5g is a group

whi ch i s Xt ablvardgdyr of hbunebhena ki tleset Paphirutaskbasisegiabed condi ti ons,

but can be regdivhy ndictBhaLEEu LESIET 2B NG BOPSE | & i Aehb Uk 0fe condi ti ons,
for exanple, by a Lewis pas The comi%u[}gs used for functiopalizing the 25

b :
pol ystrene pr P&SWlMaQ%“‘Sﬁ% RETIBA 87 nul KOG LEREORMRIRYE vher ei n: R
is an al kyl gpolgseiyrénhendsébuidle mulewepteher el ysdIrwwntlfoe enearbon atons
pseudonal ogenfrAREAE ERECHEPOUER T ©r HEBhEn nords SFUBF Flast 17,
wher ei n XSy fiemcthborl need bpehystgyreove mogi be, reant adheipbenslohat ogens, for
exanpl e aryl syl f esie fon . | 1oy, her than
hal ogen, the gt1%???§gn?£o%§?%gﬂg}3§{%§E%§#%%1%#§t et%%ypggggﬁ% will be of
at | east aboutform@sipanbatvasn eriincmesspey biedinthead@e2 G than 10 car bon
atons, usually not nore than about 8 carbon atons, and may have from1l to
6, nmore usually froml1l to 5, and reFerabIg froml to d heteroatons, which
i ncl ude hal ogen and cREPERERRIQN QF JHE) SHECIFIC EMBODIMENTS

20 In accordance with the subject invention,

polystyrene surfaces are functionalized by reaction
with hydroxymethylamides or derivatiyes thereof in a
polystyrene insoluble solvent which is _tetra-
methylenesulfone (TMS), under aromatic electrophilic

25 substitution conditions. The amides are characterized
by having a functionality capable of nucleophilic
substitution under mild conditions, while stable under
the conditions of aromatic electrophilic substi-
tution. The resulting functionalized polystyrene may

30 be reacted with various functionalities capable of
nucleophilic substitution, particularly macromolecules,
to provide for a surface which may be used for complex
formation between specific binding pairs. Of
particular interest is the functionalization of labware

35 which can be used in the isolation of a wide variety of

substances which binds specifically to a complementary



.5 suifurj,-where any counterion is not included i2 the limtations. Wile
many ot her Functional groups may be present, such ae cyano and vitro, for
the nost.part they do not play a useful role sad the .conpouelsum 20020t
generally available. to Y may be the sarae or different fromX wusually
different, and is a group capabl e of nuchkeophilic substitution,
particul arly oxy-derivativee, halides and pseudohal i dee, where the
oxy~derivatives nmay be esters, either organic or .inorganic, or ethers. Y
will usually P8ibenembest, foy @g3as 202506k ftdbdh¥, CBLUEPPY not nore than
12 carbon atons and up to 8, usually not nore than 6 heteroatons, Y groups
i ncl ude hydroxy hal ogen o~ atom c riunber of at |east 17, pseudohali des
ouch as aryl sul fonate dBterpplwstyraiesgbiieats 20 ighogpkaaesivatedpxyl at es,
i m dates, ethe sygh [RVA a NS P ly OH.
N- hydr oxymAt hy §%%e?§r§?§e%{%{+ocsh@fé%é EZSS)é_ glﬁ%ést]}%lkf?éugg{lﬁgid
N- hydr oxynet | t§avaest egveresthamahmitn§ - (ayesobdksthippre usually
) - 2- chl or oacet pad, e, titdn WKdVdroXemRirbYkl inks Pr aHeaeel 38t feene
t ~- (hydr oxynet hyl ) 2-i odoacet anj ﬂe[ )
N- - (hydr oxynet R{PFUBLS R if nesul Fony$§ A5 &6 REqvgde for a
ﬁgﬂygroxymet Eyﬁbogh(m@ﬁa@\gsiﬂﬁmjiﬁafsﬁehmt}r?ﬁ,qr ca_rly?jt}s, S0 4 30

ydr oxynet - 2-acet ar ni dopent anet nesul f onium i odi de, an
N (hydr oxynet h%%f ﬂ%@“e‘f‘g%iﬁ d‘b%)ypglrﬁ rager?élf‘ﬁyg‘éné%%lsfucgrfﬁﬁﬁ ??‘i!‘ ?tPéuor oacet at e.
The synt hk€i c readilypna¥ailaaleh fafr thiedéngntl vottheal modapolegls is shown in
t he Exanpl es. The H hydr un e rj Lzed or. prepared
directly with the parti cgﬁér g§g}9§ 8§%ﬁ§g¥8§y1ng§35é¥g%1:agpnan r%ﬁ Bn the
ceaction m xt urddyding t herddotdbst it wwésmelef t herengSolsst i t teleeks acet ami de
or using 26 HMge2002 7 a Farimldehyde dggiyald ve sucgﬁggogigg_l or oret hyl

met hoxyet hyl ether. The actiyvation 6f the polystyrene will _occur under mld

condi tions in BhBteRr Petet thisthes ifedsigased AT dgdres berdgol5dSr ene. the

rea]gti Ogl w6l | beb@aériggrmsj !inénltlﬁtallhlé§$eﬂi$§c§,f _o&npii_ﬁgdég ogﬂél %ist,
preferably a strong. aci particul ar protonic acid, preferably an
organi c acid, %ﬁgh’gﬁ St31§ IM&W&‘%&@@&P% PPAYG§6Y 8RBEh&Resul fon' i ¢ aci d,
10 net hanesul f baast asuids t sl farliyc fawedofpbospdiomke asudllpydrogen fluoride.
The concentratkggui)ﬁlt;/ggie@g%dclvg# %%B:B%ﬁll %%rfsawe fromO0.1 to 2M The

reaction will norna rried ‘out t stantial absence of
at nospheric noi sture, weetsarbdheckilavety B ecsubsftngte heoreact i on

mxture, ppovi dhRdsder tRFoidErEhAtdMIBNEE eehd NERGIrdl Gngatal Msdyd s al so
preferably a Lewis acid. The pol ystyrene surface is cqontacted will: the

N-(Y-nethyl) aBBf 4R GRE chigisiinE shidthioh dighhparsatgedednd Thike range
suitabl'e for aelhvatyngsther sitdiang ofind0r thet siubalskaye, Wanasrally, the
tenmperature will.range, from-5C to 60C, prefer bley0t 0 and the
activation ti nso%gffﬁ%m% Wt 4E ,ryugﬁaf'l“f/oa]‘fvr Srh ?“80 I e
concentrati on obséheedl {¥- ey it gk tanpdeh coadund e 2&thempi cal |y

bet ween 0,01 t Y, 0..05 For. . nos npl i cations,
t he use o?gat P%ég%&og%g@%ssuﬁfﬁeﬁﬁ%% 919 5#,%%6{?5&'}{‘& g{(} gl?i%%&pcg% square
centimeter of Bavidgsldnye acanyUnd ade CALEBACES yfrfeileitéan t® provi de For the

desired 30 | evgh)pbydgti yakd ahidhs f eaghkirontRf SIRGICLORAE! i¢ HaMups onto the
surface of the substrate. )
surface, molecules which are bond to the surface may
bind within the crevice or along the walls of the
30 crevice, making the molecule unavailable for binding to
a complementary specific binding member. Therefore,
even where one can obtain a high degree of activation
of the surface, so that a large number of molecules may
be covalently bonded to the surface, only a portion of
35 the molecules will be available for binding to their
complementary member. By contrast, with polystyrene

molded surfaces, the surface is fairly uniform and flat



.Before the conjugation of the macronol ecule, the surface of the substrate
may be freed of any unreacted N-(Y-nethyl) acetam de conpound by washi ng 35
26 June 2002 8 with a buffer and/or Water. The pacticul ar negéefursl 2002pl oyed
for the Washing step is not critical to the invention, and i9 chosen for
conveni ence, so long as the conditions dé not affect the substitutable
group of S the am de. Substitution o'f the substitutable group may be
conducted i medi ately after activation, oc at sone interval of tine, since
the surface issstbbke ndrcwitesr ddvatn age caeakednyi bondedt to The acti vated
pol ystyrene su fpgg EEH%lQ?QH}dée%QbﬁdtM%téhﬂ%%%gouﬂggaiﬁ abl e of
substituting the su stituta groups. These conpounds he nost part
will have atondlhaving egfsha@cs®ssaitos sétes| ettthehgolegeheadoni trogen,

oxygen and sul fupqFRE E@ecrfﬁl%ﬁten{éafttamyt Base maRQUNds Tkl bechg %kges
partlcularly protei nS. Wiere peptides are reacted, the reactlon\M

under nil d°condP€hoRs ﬁﬂﬁﬁﬁﬁﬁzﬂﬂﬂqﬂj"§oPEPF6H§;@Wdtﬁé ABPELEF eBaYt e
concentrati on paagdngo- EhérsUﬁEHbd()w&egknthehmnﬂxwﬂuglbytééoatéO- to

/m, H f 20 || 9.5. Th di
?rill ﬁzrﬁaplylﬁﬁébg¥f%¥%§}:k%ﬁ1ébr %ﬁ@ggﬁéﬁfo usga éta tghosphate,e red e

borate, or othkigandsganic or organic buffer, cahich cannot conpete for
reaction with the subst (o] he.c entration
of the buffer wll gené%%ﬁ%ﬂgbglgﬁgﬁl gigbﬁﬂggg qgﬁifgge;ngf gﬁ% in the
medi um mayObe maiie sP@kWS%yrqnﬂth&nﬂcﬂﬂﬁyeéJWQmﬂg fungkipahldeedal ts, where
the concentrat ynﬁleeﬁ %é@dma@él waRher @héwinm%loggéuborga (M 30 The

tenperature will range fromO to 40C, nore usual rom10 to
30C. The time W&E th@er ﬁ“dh‘qu 1iny & FME RN ANy 1Bpbhet Eée§95§?| tutabl e
group, the natgre 50f alcha substddudliyzd dnhadp,milie c@hheu@agpoaﬁatg in the.
reaction nmedi um GEneraLIy, tQﬁé%nﬁﬂbahlon tinme 1 Be at least 5 35 mn,
usual |y at |eadf 30™HH ALY P2 Sfu8esaB Y MBC ﬁBP 14Sn 24 h, usually
not nore fiBan &dbbtiTbeicesy tamadt gratpd @4 ydeypzene, surthee may be

anal yzed by el ectron spegtr.qs for Sqpnpalysis; (ESCA) to
determ ne the §5%§§HFéa§§uﬁg %ggélenengggg%ﬁg%e 3ﬁ?fac§ g% the substrate.
Tabl e 1 in Exafiphetdondl ustoun exf tihe Jamatbpt dnide fier aagpolipsviiehe ti ssue
culture flask Q%SSEHgie &%&%%“%HM1dyﬁmﬁ%ch@1§H9§ﬂﬂﬁﬂE%dSQHE9 LREidA

pol ystyrene surtace 1 nclude proteins, particularly biol oglcaf |y active

pr ot ei ns; I|gaﬁ6§dléaéﬁsa§nﬁaﬁﬁﬁh§mf&ﬁédah¥|%k§8$acﬁédéﬁ¥%ﬁs such as

anti bodi esg nomertlswphidhtd bodised shiduddrnbody chrdgfdans, enzﬁﬁEs and
hatural ly occurging.receptqr h as surface nenbrane proteins,

| ectins, and bloaﬁ&brdtelns ?eW1s %%%herX|ne bi ndi ng gl obul in); conplexing
agents, such as cryptands, crown ethers, porph rlns and pht hal ocyani nes;

nucl ei ¢ acids, such dEheRzZZARPPRRdSq|YRFhuEPEOTYRAEIANARAENT ndidieot i des,
€.g. methyl polystrene preferably have the following formula
25 X(R)CHCONHCH,Y
wherein:

R is an alkyl group of from 1 to 3, more
preferably’ from 1 to 2 carbon atoms or hydrogen, preferably
30 hydrogen;

¥ is a halogen {(including pseudohalogen),
where the halogen is of atomic number of at least 17,
wherein X may be chlorine, bromine, or iodine, and the
pseudohalogens, for example arylsulfonate esters,
sulfonium salts. Usually, when other than halogen,
the substituent on the a-carbon atom of the acyl group

will be of at least about 2 carbon atoms and not more



.20 phosphonat es; peptides; indicator substances, such as dyes, fluorescers,
and chem | um nescers; antibody:'binding proteins (such as Staphyl ococcal
protein A or conpl enment conmponent enzynes); |igands such as2§eﬁ@@ﬂﬁw?des,
sphi ngonmyel i n and gangli osi des; 25 gl ycogi des; enzynmes, where the enzynes
are used as catalysts Gather than receptors, enzyme substrates, inhibitors,
or co-factors; or other nolecules which nay be of interest for the

det ection of ththsmniéOocadpéh erteoms ol ecul Bsuably Ut Hye (henBRPYEI at i on,
30 Tsolation, Tgaghioln dHlAghd Yhy YayB' PRI ANEBORENR, MAELE A T OSUI L Of
interest is produced. After caonpletion o e reaction, the reaction

m xture may be fremaldedl andndherefiadadds feehdd tai f hhetersiakens, buffer, or

vater 1o remve Aiyn ! eREARl na98gdp R BheNbdde QUfolmigal al s. The
particul ar wash solution enployed for {his washing Siep 1s not critical to

the inventidn, AHYCHE) cHEWES RBY UMLERAgAcEs notorpng HAn2the The uses of
the product of fheipiesed. | AUETE iy other pRlnstighaRdgiddpenmee! barer eit her

inits activated statg, or_.containin covalently, attached cronol ecul e
or other nol ecuPES%¢%re %“ﬁn‘a"%%@ , A5t &SFI Bﬁg.mﬁge'pﬁﬁ i fi ed devices

find a wi de varibey & nteplap aisapfodi sodadanid thhecenpguadaratreul arly ex
vivo, in the isglat] é’&@iu&f%ﬁséﬁfg@hb' ood, other physiological fluids, or

di spersed tissue. Because igh density of various conpositions
whi ch nmay B&@ bound to tHe mayr backhe i8areot tdfICEFRAE AF 5O XndhaER ers may

be found on cel hseeéhen€eldnd IBYa RArdupuBEpaRLd BE AWEI&philiRUS separating
subsets of cells Lroma MmMxture of cells. In on, this nethod of 15

aqdi t | S
separation al | ofPsEECYE RN QO'EPSC‘Gf“\M'aBFYTQVQSFE’tW cdilidegpithse of

cell recovery. PBeeadoalideaq! ahéty ttle bhg-serivattves am} bleakhedra t he

bi ndi ng of cell S'f:,t? t he surface ymy bhe.nonitored, as I, ,as Wrocessi ng
of the cells, sGERRGE IR 8 WG9 For L 4B6hes and'3d 1§ ki nes or
activati on Mi t hbenofingo t anpleekken ZTheasbbj extomsur Gacekl yraptahsoe be used in
di agnosti c assayhan0 P2 0WadBohOra®dms Cagdl Wb Nndnos pf usREANkd cndt ndi ng pair
menbers to the surface. Because 25 of the clarity of the surface, |ight can
be transmtted fFSudhanheé dphareadinsuhe’ EHIWE ofnedde obrdrer, e.g., a

mcrotiter well nRhag8n &8I OGP T RumHRSCAES QL0 chbe ¥ It fddohi89@Y e Of
bi ndi ng, parti cul af éﬁwhere ther\%sm bility of binding at nmultiple sites
c

exi sts, 30 washFHg wey Yatdanpdiey eefierfugRe SR YD %, to ensure the
subst ant i al2cabsBheerbptany wowbopydiatesal | inidakrs coapbacat s vfch he assay.

26 June 2002 11_EXP NTA anp] veral .N hydrox hyl ..acet am de
conmpounds 5 mrggpr%@%d Sykkysgi(ﬁsgle)’%#gég' 2-!ﬁall'8ac% %‘%é{e %nﬁgﬁnd (25q,
267 mmol in water (75 m )N-dni@xsseshydl debydeldd: Ohigh 20nd usz26aremol ),
and treating thepsuspengimdtiWddd K2Q0By826xgme LBy DI Jacdkfitilddd on for ns
after stirring for several mn. The reaction mxture is then 10 pl aced at
AC overni ght, f ihténdiing alid (elydeexyretiticho (D dEangaceEaridg . room

terr!))er at ur e)s.  Usi-(Byd féxaleatgl pr Darshoakt batdeh | BF epdicuyrdenyl gt ded 12.5 ¢
Crytals: 15 mol o RETRE I 08 ob CIOE Ryt R ogy Lo ot BRgfg or | oo
2- br onpacet ani deuyfetykely 4wl afide ( Mrdhpsdyonsierhyl P=Gr(@roacet ani de (2), ad
colorless cryst@hfyedBhdl fHRyRP41Yco1BRi18C N~ (hydroxymethyl)~
2-acetamidopentamethylenesulfonium iodide, and
30 N-(hydroxymethyl) (2-acetamido)pentamethylenesulfonium
trifluoroacetate. The gynthetic reaction for each of
these fndividual compounds is shown in the Examples.
The N-hydroxy compounds may be derivatized or
prepared directly with the particular acid or hydroxyl
3s replacing group in the reaction mixture duriag the
N-gubgtitution of the a—substituted acetamide or using



.Using the above process, with 2-iodoacetani de 20 yiel ded 43% of

N- (hydr oxynet hyl ) - 2-i odoacetam de (3), as colorless crystals: nelting
point, 117-118C. Exanple 2 N-(hydroxymet hyl)-0-(e-bronobenz26duné 2004/ ) |,
25 glycolam de (4) was prepared by treating a solution of

O (p- bronmobenzenesul fonyl ) gl ycolamde (7.1 g, 24 nmmol) in DM (21 m) with
37% f ormal dehyde (2.2 g, 5.4 mM, 7Z mol) and K2C03 (1 m of a 50 ng/n

wat er solution, 0.36 mmol). After 30 min, the reaction was diluted 30 with
10 times the wolfiormahdebyde céor btplorle C¥Chang tTTHIGOFCtRRE solid was dried

in vacuo and r"%q:rh}ﬁgglt{,y;egtﬁépm EtOAc to give 5.9 g (7699 4 as col orl ess
crystals: nelting point

, 99-100C. | N-(hydr OX\éggt hgl ‘)c 0- &’p ;ol uenesul fonyl)
35 glycol ami de (5) wasTheepaftwatieth@h kesRRLY B HLefured 1dsOFGHE 4,
resulting in fhzn%%% ¥ii€5dcB8hd bt 86n§ 0l Orhes seici sl stharel ting point, 91-93C
26 June 2002 12 N-(hydroxynet h?-ll % -acetlamtdogent anet hyl enesul f oni um i odi de
(6a) (6a) Was veg B9rchvellngthe LOYEERSBE-3 (1.0 g, 4.6 Mol ) and

pent anet hyl ene sul fideg@e4 8ac8idn il b%%&??h)edi&u«fa%t qQpe at 4C for 48 h.
The solid that crystallizes is collected on a glass frit washed with ether,

and dried in waesrrceo 9f el2@ 580G (TORYdY. t heefepahlbic al stushgbaacigs

(Iil?l( ﬁr ljess cr yigalﬁl:ﬁszulaﬁi.yt hnﬁiadlahm aggd,g@ieefeg&bily an organic faIcid, such as (6)
ydr oxymet ), 2-acet am, dopent anet hyl enesul f oni u rifluarqQacetate

(6) was prepardd HPoECGCLEYCt R‘élﬁaodﬁ rP‘“ﬁFEﬁ&?%‘giéQ@d\?ethfiough a

10-fol d ex@es mAGé4ul fORCEF3Lid pl sulifusiiich avatder phddphodiackiye, (254 nnm) 15

fractions wereg |yophili.zed. .dried.,n a rotovap.thre imes.fro nhydr ous

acetonitrile, eha?’r%%r inegiluﬁr\llg to lbe ﬁnﬁ%n%f@gh?nr %rﬁa‘teeﬁﬁéfia’f’g}g) to give

a quantitativeS1¥PALBf Gapsasedrom tfelst &eti AY. i othde) reastidght yel I ow

crystals: el g Rl 165 36 Lar 2B EAP! f R RAALAN AT Auhsd rat e

S -

surface A 0.2 M solution of N hydroxymethyl acetam de derivative in
t et r anet hyl enéulFFRSPRVEC RS tWithi 1 Gth Gpr-be aehilevRd: bya 2 M

trifluoromst hydowisiy ftori aeaeitdi dnl bS] WrdnidimgT¥or amd iihg-¢ eaction
solution was i rp:r%dsi %teele%/ added to the ﬁ%{sjyr ene surface to be )
derivatized. TIoSuE GG uFe fA4gks 5 ditaPtse &rafehly frifiicorfithg)

Werefcapped tightly withet Pelystpw%de)mﬁ@a&epwv&mll drydt hstﬁotat;e g

manuf acturer. Mcrotiter plates - - or.6-well, non-irradi ate

pol yst yr ene) ob?/l(&;%&&%%él FSGE?‘%‘? odr?mf;ouggnﬁé%&f%ﬁ feﬁkyﬁirf‘é'bf% from
Dynat ech) wer exrcbveémed rangh adheshMe-fisacket it ang tdpe suTheceeatt i on
solution was 16G{d JubsRatact MeAlrNNG PRLUSLYREEP GHIS 39811 PEne N a1 35
roomtenperature, washed with water until odoriess, and air-drred at room
t enper at ure ovEFPght ~S5fRe su¥9 ace$0°C26 JupeeLo?Pis 5 4§ 15 99

30°C, and the activation time is from S min
to 48 h, usually from 2 to 8 h. The
concentration of the N-(Y-methyl) acetamide compound is
25 typically between 0.01 to 2 M, usually between
0.05 to 0.5 M. For most applications, the use of
at least 0.05, wusually 0.1 ml of reaction
solution per square centimeter of solid substrate
surface area is sufficient to provide for the desired
30 jevel of activation by reaction of electropnilic groups
onto the surface of the substrate.
Before the conjugation of the macromolecule,
the surface of the substrate may be freed of any

unreacted N-(Y-methyl) acetamide compound by washing

35



25 30 35 were stable-for at least two weeks in a dry, light-free

envi ronment. Exanple 4 Sol utions of each of the N-hydroxynmethyl acetam de
conpounds 1-6 were nade at a concentration of 0.1 Mwith 1 MagR\RA d0a2TVE,
and the resulting solutions were used to activate both tissue culture
flasks (commercially available from Corning) and mcrotiter plates (Inmulon
|, available from Dynatech), by contactgng the solution with the flasks or
plates for 5 h at roomtenperature. Only non-irradi ated pol ystyrene was
used for the activation step. For both tissue culture flasks and mcrotiter
pl ates, at Ieasitthlbmﬂffafc pedtdi ateol ut'ﬂh@nppﬂidqu&traaeﬁrltailrmt er of

pol ystyrene sur ezdr ef%l ‘Qﬁﬁruéaesqﬂﬂghgt{q?%t 19 uce”cdfﬁgr% &% %;Et ected from

moi sture in the a| y cappi’n e tiss or
covering the mwmhm@r phdt és vehtdsely Far cadMesiamcea, ape, lomgredi ately after

the int roduct i Qloddi€ i668ChS HbeS UrkbLONneTBEL S KRasTe Ml gg surfaces

7-12, are outllned below O Trt ~~~ ~C~

~cHzoH CH2° NH SiNs acHdenH 58P9t~’c‘5}’rt~‘-ﬁﬂ ?feihf- subs Edvbabip ‘BlQRIPA@Eth - 12Zs
][ ta r-2~~(20 -be-. colﬁu@dedsglmedia@tfel@y Sfffethr &atw.ﬁﬁ‘i%ﬁunecmo%g&é ESEA data’

or T-25 5¢c ulture sa urfa 12 is shown in
the fol | owi ng & %Lékﬁﬂﬂ' ?}'@SREQ %é‘ Eiel“'@“lo 15

781. 85. 96. 9~~55m&3165 AG. 90EBL m:mm&x 0***7.11073. 04. 514 01.1*3.3*4.511

78.04,014.0%***4.01282.03. Qgtf@a%% % uf%tkr'gng@&raltcgng pol rene was

found to have 20 3-5% oxg en on o a enu ted Tot al
Ref | ect ant@ FoigackedTwaf f@ﬁWWaFéW@pe@frmyUGMR tEFI R) was al so

applied to 25 mm%tkmodefwﬁetl zmemlcbabwmef%w{ﬁ@%sz 2. In all
cases, a stron amﬁg(i& and”am de absor bance were detected. A series of
s

strong symmetr "crta ﬁﬁ%t??%“sohsvﬁ‘%b@épbé%ﬁl\ﬁ/&@%l so detected for the

sul fonat e est afisackonag ddchTae mMatraged e oxygamrdraeduipus80 Fhe tabl e next

page. 35 the most part, thege compounds will be peptides,

15 particularly proteins. Where peptides are reacted, the
reaction will be under mild conditions by contacting

solutions ot the molecules at concentrations ranging

from 10°° to 2 g/ml, more usually from 107 to 3

-

g/ml, at a pH in the range of 6 to 10, more
20 usually 7 to 9.5.

The medium will normally be buffered with a
convenient buffer, e.g. phogphate, borate, or cther
{norganic or organic buffer, which cannot compete for
reaction with the substitutable group on the surface.

25 The concentration of the buffer will generally be from
0.01 to 0.5 M. Also included in the medium may
be wvarious salts, particularly alkali metal

halide salts, where the concentration of the salt
will generally range 0.01 to 0.5 M.

30 The temperature will generally range from

0 to 40°C, more usually from 10 to 30°C. The time
for the reaction will vary depending upon the
substitutable group, the nature of the substituting
group, the other components in the reaction medium.
Generally, the incubation time will be at least 5
35 min, usually at least 30 min, and



.26 June 2002 15 SELECTED FTI R ABSORBANCES OF ACTI VATED SURFACES SURFACE
FTIR ABSORBANCE (cm Z1 5 10 15 71664, 253587660, 154191648, 1S3910f 680, 1541,
1393, 1373, 1189111b78, 1541, 1373, 1191, Z178121636, 1559 Exaepjuned2082
detail ed study of the ATR-FTIR spectra of 20 polystyrene and 8 in the

1250- 2000 cm 1 region denon strates the power of FTIR in perform ng surface
" anal yses. Spectrum A is underivatized polystyrene froma T-25 tissue
culture flask, the starting material for surface 8 (spectrumB). The
digitized formof both 25 spectra can be stored, and the contribution from
pol ystyrene natspegér thaB 24nhbeuseablipdnby mobér tlean nh2 sipect rum A,
generating the difference spectrumC. In spectrumC the amde I, Il, and
1l bands are readily apparent.. The dqubl et nature of amde Il nay indicate
30 that both s-cis andh§-Eeanktng ACtIvatre B ¥R Y4e8epFUEEAECON t he

polbystyrene walyf deeaah1§zedep d MrtsepALpket BESdEHYOfopOLNERYEEDE are
subt ract

subtract el Lhe dLlte S0 SESULUMB LS Hhetnd L bedayeLaol By
m Q 15 20 B elements on the surface of the substrate. Table 1 in
Example 4 illustrates the data obtained for a
polystyrene tissue culture flask (25 cmz).
Groups which may be substituted onto the
10 polystyrene surface include proteins, particularly
biologically active proteins;

ligands, such as haptens, and antigens; receptors, such

as antibodies, monoclonal antibodies and antibody

fragments, enzymes, and naturally occurring receptors,

15 such as surface membrane proteins, lectins, and blood
proteins (e.g., thyroxine binding globulin}); complexing
agents, such as cryptands, crown ethers, porphyrins,
and phthalocyanines; nucleic acids, such as RNA, DNA,
oligonucleotides unnatural nucleotides, e.g. methyl-

20 phosphonates; peptides; indicator substances, such as
dves, fluorescers, and chemiluminescers; antibody
binding proteins (such as Staphylococcal protein A or
complement component enzymes); ligands such as
cerebrosides, sphingomyelin and gangliosides;

25 glycosides; enzymes, where the enzymes are used as
catalysts rather than receptors, enzyme substrates,
inhibitors, or co-factors; or other molecules which may
be of interest for the detection of the same or
different molecules; or used for the manipulation,

30 isolation, reaction, interaction, or other phenomena,
where a result of interest is produced.

After completion of the reaction, the reaction
mixture may be discarded and the surface washed with a
solvent, buffer, or water to remove any residual non-

35 covalently bound materials. The particular wash
solution employed for this washing step is not critical

to the invention, and is chosen for coavenience.



.C_ D 2000 17S0 1S00.t250 WAVENUMBER (CM1 ) Exanple 7 Protein binding
protocol with 35S-1abel ed human 1 gG Renoveawel | strips having surfaces
7-11, as 25 produced in the previous exanple, and | mmul on 1 26clune882ed
wi th 35S | abel ed human 1gG (spec, act. >3 dpming) in PBS at 20 ug/m, 100
ul/well for 16 h at roomtenperature. Surface 12 was treated in the sane
fashi on, except the coating buffer was@.1 M borate, pH 30 9.2. After

i ncubation, the radioactive solution was carefully renoved, and the wells
were rinsed 10 tines with PHS. The wells were broken apart, placed in 1%
SDS (3 wells/10 m) archd neebabedtht podddar ofd4the pghesemal | s were renoved
fromthe SDS,. given one nore P ri ..and counted. i.n Fi.sher

Sci ntiverse IV?V etglc\)/\rgl I rsE%v‘\eePg%?gg llm%é;%e?f%hpf)gi(%err. %gtrheeerr’rérﬁlt ‘&t ween t he
two counts weactal welysd vittdtien 8% conpsidinme 2002aldnfhe atasudhied ar e

t abul at ed bel SHSh a L V.atl ze o} Y. rf.aces bound
2.2 to 2.8 til{r?ré(e%sr as nmuc Vgptrogt %itﬁggsg(?%%&ﬁinéderg\igt%ﬁz{@{j al'nedmlﬁla%ge 519G
SURFACE SURFATE ENSMSY- (ng/ cnR) 10 15 20 | mul on

110072258260925010281 k%24 3b3249 « EXa8P] &S A ndRg QI@d Qpé{li%-t?o(g@ed, activated
substrate, produced according to_the gresent i nvention, was used 25 in an
a

ELI SA pr ot ocdfSesert f1iafgnogiFoaldotn athe ARy PaBF LGV AT Iof eXaBBNR x human
| gG (conmmer ci fh | gheaviadd i ionf bEMcd BT SO HIWBEA) eSERd € hhyaBe used to
provi de concegtrfaltilontis_Jr af, 100, 70, 30 q}o. 3, and_1 x 10-it /m solutions
in 0.1 30 M bo?AE ! pfHY Y REuHIEBFYRTY e kel | REQaHES Wh &Bewi t h Conpound
7 accordlag thigihedgreistgntofi maehbduengonpddi tidds uvh bdh ewgh beoboandr at i on
were coated w e i hod i % .mcrotiter plate at
roomt enper a%‘? gtkﬁgnosg(%:é%dg%&g%u%gm rée&v\[}eetlal%g %&g“{cn gr[eénzinegg th buffer
al one. The ark¢ boelynd grrutdeddswashehakkbys oy dadbewppe dihe on a pi ece of
toweling. Thesponspeci filus RieRdragi ght &fbddtsabt Wel1S MEJE bl ocked with 26
June 2002 18 200 ul of 5% BSA in PBS, Incubated in a covered plate for 16 h
at room t enpeRBtike aheadlste RasAABEHARN f ithdst Reodiath PBS/ 0. 02% Tween

20 (usingsa VMesd e 3)al1dke &bt Wehh SIARNE bRCUbal Bdi & B ratkhkoom 5
tenmperature with 100 ul of a 30 x /M human I%‘% sol.ution (in PBS,
e“f CS i

10-4
and avai | abl ffSe Pl Chi-bt ECTREHST 5BEFALEE vilth PBEA6Y02~ Tween
20, and 100 pdf ofhe suOR@ disl miiobagoad, xheubhndl g (df-lcelAR Eal kal i ne

phosphat ase) ng_aée ; ggﬂgrci L vai |l_abl rom .10 Jackson.
| mmunor esear cﬁ?@ in é‘ 2@%{}@%%@%‘%@% 5’ (lzlgd% ot]l‘aﬁfr\%l/éleggngr 3 h at
room t enper at@f et celdswesadhphat expatal qol atiéhwast aleighediedtisi apd with
PBS/ 0. 0296 TWeRfy Ak ARGk 3,1 | 18, i b PBS £nTQ nikheVebhid 1 WRssadded 100 ul  of
al kal i ne phospha[t%g%e substrat e (p 115 ni t rophenyl ephos%hat e) at a
concentration of 1 ng/m in 1 Mtriethanolamne, pH 9.6. The col or was
all owed to devel op forrre HubjealdswasasdDRREd ab¥o agdiddean i@f 3 M ~NaCH, 2S
ul /well. The plate was then re%d on a.g/blfecul ar. Devi ces, \érrax Ki_netic
M cropl ate R@iﬁ&ﬁn%ﬁtkﬁx§ssays o provide for efficlent binding of

specific binding pair members to the surface. Because

25 of the clarity of the surface, light can be transmitted
through the sample and the bottom of the container,
e.g., a microtiter well plate. Furthermore, because of
the high efficiency of binding, particularly where the
possibility of binding at multiple sites exists,

30 washing can be relatively thorough and vigorous, to
ensure the substantial absence of any non-specifically

bound components of the assay.



20 nm 25 30 35 26 June 2002 19 Coating concentration rabbit x human |1gG
(nmg/wel l) Absorbance 40S nm (Mean of 4 wells)5 0 0.0001 x 10-50.122103 x
10-50. 38610 x 10-51.0973J x 10-51.68115_ 70 x 10 5 1.8821002¢ J&khe 209946 20
It is evident fromthe above results, that the subject nethodology is
highly efficient, sinple, and produces functionalized surfaces which find a
variety of uses. The clarity of the surface all ows observation of the
surface, where cells are being processed, 25 transm ssion of |ight through

the container, and the ability to ngyﬁééyﬂgﬁ%gﬂts in the container. In

addi tion, the subject nethod provi ry high density of nol ecul es
bound to the surface, where it is found that with anti bodies, there is a

hi gh | evel of éﬁbﬁﬁj@nﬂation of avail able binding sites. The snooth
pol ystyrene surfaces are relatively free of cracks and crevices so that on

a mol ecul ar scal e, the G EhIBoGieyBethel AFatasddgr eomrriidil e to
bi ndi ng ofs ot hedrémgheepd 53 and aeldendidy Ald-Huldceabingds @ebqatent

applications c d i hi s specificati are. herei.n. i ncorporated by
ref erence as i#ii%’ch?q—}nd?"\‘/?ldualln eircz??o'ﬁf)ora it eor?%l(g%}yéjdezow 20
application wet&.Gphexi f2Call y 26% mmadi)vi dodl tyeadtricigc aheds i spdres iidrcor por at ed

by reference. th egy haveni i b esglibed in sone
detail by way ﬁét?%%?} a(t%lgo(r)?r'angj @9‘8%2@% ?%&gﬁrnpgggggo?sﬁcﬁlgri ty of
under st andi ng,Stirang for resmdinal agpar efibe tveadidos ofixbudk nar ytheda |1 in
the art iyglighfacdatde §RAUGS e b i 3cb RUENtIRN dihal £8TJadd changes
and nodifications may be nade thereto_ 10 -

(0.01 mm, 18 h, at room Temperature).

' Using the above process with 2-chloroacetamide
yielded 12.5 g (38%) of N-{hydroxymethyl-2-
chloroacetamide (Compound 1), as colorless crytals:
15 melting point, 98-99°C.

Using the above process with 2-bromocacetamide
yielded 47% of N-(hydroxymethyl)-2-bromoacetamide (2),
ad colorless crystals: melting point, 88-89°C.

Using the above process with 2-iodoacetamide
20 yielded 43% of N-(hydroxymethyl)-2-iodoacetamide (3),
as colorless crystals: melting point, 117-118°C.

Example 2
N-{hydroxymethyl)-0-(p-bromobenzenesulfonyl)

25 glycolamide (4) was prepared by treating a solution of
O-(p-bromobenzenesulfonyl)glycolamide (7.1 g, 24 mmol)
in DMF (21 ml) with 37% formaldehyde (2.2 g, 5.4 ml, 72
mmol) and K,CO; (1 ml of a 50 mg/ml water solution,
0.36 mmol). After 30 min, the reaction was diluted

30 with 10 times the volume water, cooled on ice, and
filtered. The solid was dried in vacuo and
recrystallized from EtOAc to give 5.9 g (76%) 4 as
colorless crystals: melting point, 99-100°C.

N-(hydroxymethyl)-O-(p-toluenesulfonyl)

35 glycolamide (5) was prepared using the same procedure

as for 4, resulting in a 70% yield of 5 as colorless
crystals: melting point, 91-93°C.



15 20 25 30 35 26 June .2002 - 21 CLAIM5 1. A nethod for functionalizing
a polystyrene surface, wherein said polystyrene is clear and at |east 5
substantially uncrosslinked to provide a high density of funclg ffl20920ups
for covalently linking a nmoiety of interest to said surface, said nethod
conprising: contacting said polystyrene surface with an a substituted
N-(Y-nmethyl) acetamide in tetramethylengsylfone in 10 the presence of an
acid catalyst for sufficient time for displacenent of Y by the benzene
rings of said polystyrene to produce an acetam do substituted surface with

retention of clarity, wRe{g{@rSajudttdyiybsthtet £l &y dret@y3phaceabl e by
nucl eophilic substitytion g é%g;%éL§“5i%g6Uﬁ*ﬁéﬁéﬁT@J%#BEB“érgCrrﬁphiIic
dlsplacenent- éﬂéﬁﬂﬂb¥_ah—s p in the presence of said acid catalyst.
2. A nethod accordlng tmeﬁ»awaalpreﬁuiheibysahﬁlasﬂgﬁa:sﬁmh&hwatoESBa
protoni c cat al yst tho acc 1er ein said 20 acid
catal yst is trﬂ? Soﬁdnef ? Fggﬁgmegh§iFW%fﬂﬂéwhccoFd|n 'to Claiml,
2 or 3 mheﬂh|r12{5!mlCH245mmAlhetﬁuxteh©merdtng°€ofdiaﬂ&nhL_wﬂbeesnlsdld aci d
catalyst is a gt 3ghdaidt 2bysts &18ocbaBhNOG ARACTAING L8sRBY One of

with ether, and dried in vacuo to yield 560 mg (38%) of

the iodide salt of 6a, as colorless crystals: melting

point 93-95°C.

10 N-(hydroxymethyl)-2-acetamidopentamethylene-
sulfonium trifluoroacetate (6)

(6) was prepared by eluting the iodide salt
prepared above through a 10-fold excess AGl-X4
(-0,CCF4) column with water. The UV active (254 nm)

15 fractions were lyophilized, dried in a rotovap three
times from anhydrous acetonitrile, and dried in vacuo
(0.05 mm, 18 h, room temperature) to give a quanti-
tative yield of 6 (based on the starting iodide), as
light yellow crystals: melting point 65.5-67°C.

20
Example 3 Preparation of a substrate surface

A 0.2 M solution of N-hydroxymethyl acetamide
derivatives 1-6 in tetramethylenesulfone (TMS), was
combined in a 1:1 ratio with a 2 M trifluoromethyl-

25 sulfonic acid (TFMSA) solution in TMS, and the reaction
solution was immediately added to the polystyrene
surface to be derivatized. Tissue culture flasks
(commercially available from Corning) were capped
tightly with the screw-top caps provided by the

30 manufactdrer. Microtiter plates (96-, 24-, or 6-well,
non-irradiated polystyrene) or Removeawells (Immulon 1;
commercially available from Dynatech) were covered with
adhesive-backed Mylar tape. The reaction solution was
ieft in contact with the polystyrene surface for 5 h at

35 room temperature, washed with water until odorless, and

air-dried at room temperature overnight. The surfaces



preceding clains, wherein said a-substituent is a hal ogen or pseudohal ogen.
7. A nethod according to any one of the preceding clains wherein said
contacting is at a tenperature in 26 June 2002 - 22 ther to
40C. 8. A nethod according to any one of the preceding clai rrg@aﬁrgtﬁm&
conprises the further step of renoving sakd tetranethyl enesul fone sol ution.
5 9-. Anethod accorrding to Caim8 which further conprises contacting
said acetam do substituted surface with said noiety of interest containing
a nucl eophil i ¢ gekedpstabie phdraratsaleuent twohasekldsy iaah ddmpj etiyhaf-firaker est
becones coval entelny,ibgHr&gnEo said surface at a high density. 10 lo. A nethod
according to daim9, erein said noiety is a protein. 11. A nethod
according to Claiml0O, wherein said protein is an antibody. 12. A
functional i sed @‘Q|a)ﬁiﬁ_¥r gne noul ded surface obtainable by the nmethod of any
one of the preceding ins. 13. A polystyrene surface according to Claim
12 which i s Xhe surface 5?1%W9W%mfofaFﬁb%fr sy (1 -BYar prergthyl

. ASAF. A9. Ar . A9. A2@ tAmAde AdompPfitisAl &6 Ake AF-ArddeNMas. AnBoAYE st A idnRoAUs. Aas. A
s.AA'R A L9<CD03r Yz upk calc alg¢ calcal cal ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] c‘g c‘é’]l(g:g] Eﬁgﬁga?]@a?}é%é]%na g%c?éﬂ]’%:gj Al A _OPEFdx H
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Table.
5 ELEMENT 3
SURFACE _C N __ 0 __F __Cl__ Br I s
7 |s1.8ls.9 6.9 = |s5.a| = s | o
8 [83.0 5.4 | 5.9 | = # L s.2 | |+
10
9 |78.1 7.8 | 7.0 * * « 7.1 |
10 [73.0 |4.5 {14.0 |1.2 « | 3.3 * |a.s
15 11 |78.0 |4.0 |14.0 | * . * * 4.0
12 |82.0 |3.6 | 8.4 [2.3 | 0.2 ] * * 13,1

The starting polystyrene was found to have
20 3-5% oxygen on its surface.

Example 5
Attenuated Total Reflectance Fourier Transform

Infrared Spectroscopy (ATR-FTIR) was also applied to
25 analyze the derivatized polystyrene surfaces 7-12. 1In
all cases, a strong amide I and amide II absorbance
were detected. A series of strong symmetric and
asymmetric O-S-0 absorbances was also detected for the
sulfonate esters 10 and 11. The data are summarized in
30 the table next page.

35
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A detailed study of the ATR-FTIR spectra of
polystyrene and 8 in the 1250-2000 cem™L region demon-
strates the power of FTIR in performing surface
analyses. Spectrum A is underivatized polystyrene from
a T-25 tissue culture flask, the starting material for
surface 8 (spectrum B). The digitized form of both
spectra can be stored, and the contribution from poly-
styrene in spectrum B can be removed by subtracting
spectrum A, generating the difference spectrum C. 1In
spectrum C the amide I, II, and III bands are readily
apparent. The doublet nature of amide II may indicate
that both s~cis and s-trans forms of the amide are
present on the polystyrene surface of 8. When two
separate scans of polystyrene are subtracted, the
difference spectrum D is found to be devoid of any

artifactual features.
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Example 7 Protein binding protocol with 355-1abeled
human IqG.
Removeawell strips having surfaces 7-11, as
25 produced in the previous example, and Immulon 1 were
coated with 39S labeled human IgG (spec. act. >3
dpm/ng) in PBS at 20 ug/ml, 100 ul/well for 16 h at
room temperature. Surface 12 was treated in the same
fashion, except the coating buffer was 0.1 M borate, pH
30 9.2. After incubation, the radioactive solution was
carefully removed, and the wells were rinsed 10 times
with PBS. The wells were broken apart, placed in 1%
SDS (3 wells/10 ml) and incubated at 55°C for 14 .h.
The wells were removed from the SDS, given one more PBS
35 rinse, and counted in Fisher Scintiverse II. The wells
were recounted 24 h later. Agreement between the two

counts was always within S%.
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times as much protein as the underivatized Immulon I.

5 1gG SURFACE
SURFACE DENSITY (ng/cm?)
Immulon 1 100
7 225
10
8 260
9 250
15 10 281
11 248
12 240
20

Example 8 A macromolecule-bonded, activated substrate,
produced according to the present invention, was used
25 in an ELISA protocol.

Serial dilutions of a 1 mg/ml solution of
rabbit x human IgG (commercially available from Jackson
Immunoresearch) were used to provide concentrations of
100, 70, 30, 10, 3, and 1 x 1074 mg/ml solutions in 0.1

30 M borate, pH 9.2. Four polystyrene wells (activated
with Compound 7 according to the present invention)
with 100 uyl of each concentration were coated with the
antibody for 16 h in a covered microtiter plate at room
temperature (no rocking). Four more wells were coated

35 with buffer alone. The antibody solution was shaken
out and tapped dry on a piece of toweling. The non-

specific binding sites in all wells were blocked with
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200 yl of 5% BSA in PBS, incubated in a covered plate
for 16 h at room temperature. The plate was washed
five times with PBS/0.02% Tween 20 (using a Wheaton
gun), and all wells were incubated 3 h at room
temperature with 100 yl1 of a 30 x 1074 mg/ml human IgG
solution (in PBS, and available from Sigma). The plate
washed 5 times with PBS/0.02% Tween 20, and 100 pl of a
1:3000 dilution goat x human IgG(H+L)-AP (alkaline
phosphatase) conjugate (commercially available from
Jackson Immunoresearch), in PBS/0.02% Tween 20, was
added to all wells for 3 h at room temperature in a
covered plate. The plate was washed 3 times with
PBS/0.02% Tween 20, and 3 times with PBS. To all wells
was added 100 ul of alkaline phosphatase substrate (p-
nitrophenyl phosphate) at a concentration of 1 mg/ml in
1 M triethanolamine, pH 9.6. The color was allowed to
develop for 7 min, and was stopped by addition of 3 M
.NaOH, 25 ul/well. The plate was then read on a

+ Molecular Devices Vmax Kinetic Microplate Reader at 405

nm.



DS10%<& ()- DSL10%& ()- DSL0%& () - XX>YHYYZZZa@oW Q 10! |s9 109% &
104 & ()-- "Fz 104 & ()-!'F z 10%& ()- 31"910% & () -

()- "Fz

DS10%<& () - ZZZZZ[ 4] 6] bAOW ) 10! " 10! & () - 10%! & ()- &LmlGkXjfel2002

ss10%! & ()- #sf 100! & ()-10! 10! 6[ 9[ <[ >[ D[ I [J[ ~~@oW Q 10!
| 109%! & () -] 10%! & () -] 10%! & ()- | 10%! & () -
Y10%! & ()-J[L[RIW X[ Z[ [ e[ I*| 109! & ()o| 10%! & ()-| 10%! & () -

| 109! & ()-]10%! & ()-|10%! & ()-e[f[i[o[[[[[hL,]|10%! & ()-]|10%! & ()-
| 109! & () -] 10%c! & () -] 10%! & ()-* [[[[[[[[eG | 10%! & () -

| 109! & () -] 109%! & ()-110% & ()-' [2109%! & ()-[["\\\"~[[:, | 10% J

CIL %0% ()-- <[> TLT9M0%& ()-- 7 ITL19d0%d& ()--) ILI9%0%& ()--

Y I LI 9%0%& ()--! ||L! “pedsing cpncentravion y \/@10(%.»\/1%»«&9%Q

Yf, FLO%WAVK' () - Y&10%veiRit) x kysan obglak' ()|- 103b300kavseydfS nm

1098& ()- %+ . {1 |[:vUdparwed)H 10%/%\/& () - Y{Nean cobmArghLsv G
10989& ()-Y. YG 10%eAB. () - G 109%8&" - . ' ()=1381 Ir U4| Y
Y' FY%@#1090 M& () - OB ()-Y Y _y10%PAR (|)-

Y& 10%PAVK’ () - szlO%\/%\/& ()° Y9z1096%°%) - Y1088 () -

Y# S109&& () - 10M'
9 FY@10%! 0& () -
10988 ()- Y 109%& ()

Fs<vLM|v

) Ych\c‘cacdcgchch@m

()- 21(30/@& 6}5#\(2100/&& ()
V7100887 () - Z109%8& () - #YA10088& () - dd

YZ109&&' ( - HYZ10%88:
10% & () -YA09%&R& ()
S109% & ()-- #f 10 & ()10 10-10-— I T 10% & (J=& M T 10% &)
109 ()-fng~ h'JJJl[ W5| 10 x34H0%8 & () - &SGUOB & ()- i}o9y 10%! pd

f1ffws|

91098 & ()- #5g10%

)
YZlOOJ(&&'() 210(%5) Y&$1498& ()- Y

4
-ZlO%&& §:?~ccccccdsx74| 'T

L T

()-S

109 & ()-S5 99 1090 & ()-1SijjjjjjjivWe] 1 109%l& ()-
& (J-I0T 10T I0T F9I0%W & ()F 3@I0%W & ()-1T1TTKkeovw9| 1

11 10% & ()-1 10% & ()-1300% &o(P-1 10% & ()} 1 10% & {)68110% & ()} kkkkkk
k! knNO9' (1 1 10% & ()-1 104 & ()-1 104 & ()-}1 104 & ()-1 1094 & ()-] (1

| k" k+k1k2kSk>kDkj JF1 10% & ()-1 J0% & ()-1 0B & ()- (1 '1 10%8& ()-1
1098 & ()-1 10% & () - DkEKFIPRVRMRXKbKhL, 1 109% & ()-1 1098&2()-' (1 1
1098 & ()-1 10% & ()=1 109 & ()-' (1 bkhki ki knkxkykkel)1 109 & ()-1

10% & () - 1 108 & ()-1 1098 & ()-110% & ()-'(JL 1 10%&'(%-kkkkkkkl hiM

H#: $10% & ()-1 10p6 & ()L0Q x 31013%&'() 1 10p8 & ()-1 1e94& ()-' (1

| m( o) o*o+080; ovU4 10@&&'{\- f#sS10%6& () -N0T 10T 10T - " #:- %1091 & () -

H #: $109& ()- H #: $109%& ()-; 00*ppppp|[:VUWIH $ 1098& ()- f 109B& ()-
1098& () -26 FSF10YNSN& 1) -is FeSAHRUE" &rbom- tis RHPE0Ee6h1 pEPPERPPPIM&H 1 10%
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H&()- @ floégbject methodology is highly efficient, simple, and

produces functionalized surfaces which find a variety
of uses. The clarity of the surface allows observation
of the surface, where cells are being processed,

25 transmission of light through the container, and the
ability to monitor events in the container. 1In
addition, the subject method provides for a very high
density of molecules bound to the surface, where it is
found that with antibodies, there is a high level of

30 orientation of available binding sites. The smooth
polystyrene surfaces aré relatively free of cracks and
crevices so that on a molecular scale, the proteins
bound to the surface are available to binding of other

molecules and cells.

35 All publications and patent applications cited

in this specification are herein incorporated by

reference as if each individual publication or patent
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application were specifically and individually
indicated to be incorporated by reference.
Although the foregoing invention has been

described in some detail by way of illustration and

S example for purposes of clarity of understanding, it
will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invantion
that certain changes and modifications may be made
thereto.
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CLAIMSE

1. A method for functionalizing a polystyrene
surface, wherein said polystyrene is clear and at least
5 substantially uncrosslinked to provide a high density of
functional groups for covalently linking a moiety of interest

to said surface, said method comprising:

contacting said polystyrene surface witﬁ'an a-
substituted N-(Y-methyl) acetamide in tetramethylenesulfone in
10 the presence of an acid catalyst for sufficient time for
displacement of Y by the benzene rings of said polystyrene to
produce an acetamido substituted surface with retention of
clarity, wherein said a-substituted group is displaceable by
nucleophilic substitution and Y is a group capable of
15 electrophilic displacement by an aryl group in the presence of

said acid catalyst.

2. A method according to Claim 1, wherein said
acidic catalyst is a protonic catalyst.
3. A method according to Claim 2, wherein said
20 acid catalyst is trifluoromethylsulfonic acid.
4. A method according to Claim 1, 2 or 3 wherein
Y is OH.

5. A method according to Claim 1 wherein said

acid catalyst is a Lewis acid catalyst.

25 6. A method according to any one of the
preceding claims, wherein said o-substituent is a halogen or
pseudohalogen.

7. A method according to any one of the

preceding claims wherein said contacting is at a temperature in
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preceding claims which comprises the further step of removing
said tetramethylenesulfone solution.

S 9-, _ A method according to Claim 8 which further
comprises contacting said acetamido substituted surface with
said moiety of interest containing a nucleophilic group in a
polar solvent, whereby said moiety of interest bec&ﬁes
covalently bound to said surface at a high density.

10 10. A method according to Claim 9, wherein said
moiety is a protein.
11. A method according to Claim 10, wherein said
protein is an antibody.
12. A functionalised polystyrene moulded surface
obtainable by the method of any one of the preceding claims.

13. A polystyrene surface according to Claim 12

which is the surface of an item of laboratory equipment.



