SMALL MOLECULE ARRAYS AND METHODS OF MAKI NG AND USI NG THEM TECHNI CAL FI ELD
5This invention generally relates to drug devel opnent and bi ochem stry. In
al t er nat iwe 2ermgi7aent s, the i nvention provi des product CofUScenwisses ur e,
such as arrays or mcroarrays, conprising cells and conpounds such as snal
nol ecul es or drugs for e.g., drug screening or toxicity testing. BACKGROUND
10Conventional high throughput small nolecul e screening is conducted using

a liquid handling robot in nulti-well format. gﬁ&yéﬂly, the cells are
cultured in multi-well pl SMALE MOLICLH Ba YS; and smal |l nol ecul es

are added into eagNDWETAGDSOF MAKNNGEND USEIG WIEMe. 9. for a
3456 well -plate) is about 3 mm2 for each conpound. A costly liquid-handling

robot is required for large scale screening. Each test requires 1l 15 of
t he conpound. A conventi onal nlcroarrgg drug screening i nmobilizes
drugs on the glass slide in polyl#CHNMENdEERRgl ycol i de) (PLGA), then seeds

cel I's covering t ?smlﬁ%gn Slrkbfifly 108, RGRL A G {)Aheﬁlmrgrf@re with the
cell survival an e atlo% resulting in a ce ess However, it
requires a dlamgtye mhfidénen@t the éventiqnprediespraduets whokeufadtirdeuciBegaese 20
there is noor%EJoh@a&sPc%%@%glgF?é;}ﬁ BShp ghgk sugl?%)s s%laﬂrn‘?olécﬁl?eg of ngé gpate from

one spot to anot ecte ferent spo nteract and
| ead to | essg.idrdgpeeentor expayiteseng.s. The | ack of barrler also causes a

| ess defined reading area, making quantification nore difficult and | ess
accur ate. SUWVARY BACKGROUND

10 Conventional high throughput small molecule screening is conducted using a
liquid handling robot in multi-well format. Typically, the cells are cultured in multi-well
plates, e.g., 96 to 3456 wells; and small molecules are added into each well. The unit
culture area in each well (e.g. for a 3456 well-plate) is about 3 mm? for each compound.
A costly liquid-handling robot is required for large scale screening. Each test requires 1ul

15 of'the compound.

A conventional microarray drug screening immobilizes drugs on the glass slide in
poly(dl-lactide-coglycolide) (PLGA), then seeds cells covering the whole slide. The
effective drug will interfere with the cell survival and proliferation, resulting in a cell-less
spot. However, it requires a larger number of cells to cover the whole slide. Because

20 there is no barrier between each spot, the cells are free to migrate from one spot to
another. The cells affected by different spot may interact and lead to less independent
experiments. The lack of barrier also causes a less defined reading area, making

quantification more difficult and less accurate.

SUMMARY
25 In alternative embodiments, the invention provides products of manufacture
comprising or consisting of arrays or microarrays, and methods for making and using
them. In alternative embodiments, the invention provides methods for making arrays or
microarrays, and products of manufacture of the invention include arrays or microarrays
made by methods of the invention.
30 In alternative embodiments, the invention provides products of manufacture

comprising:



251 n alternative enbodi nents, the invention provides products of

manuf acture conprising or consisting of arrays or mcroarrays, and nethods
for maki rnyoant/asi7ag them I n alternative enbodi nents, wPhe/uspvenis3on

provi des net hods for making arrays or mcroarrays, and products of

manuf acture of the invention include arrays or mcroarrays nade by nethods
of the invention. 30In alternative enbodi nents, the invention provides
products of manufagcture. conprising:. .,.a solid, sem-solid, gel or

gel -1i ke, coll oiacfﬁﬁéﬂé?m’s'%ﬂ IHE@:I Orsgfg'%‘{“?’ é?lém%B%stog'ﬁ‘fliSaq’sltrﬁteéﬂl??fﬂ‘]i“g]ilyng a surface
or a coat (&mpas@akit@} of Natat QU @LENInE) @it fraRhR ol Mhibab belpdtfaatthuientis or i s
unabl e to sustain cell attachnment, and the surface or coat (or coating)

conpri ses Plg tatystain st aliyrdinentopnddthy %f‘?‘%"(:?‘ioﬁétdob‘ioaﬁ%&)icﬂ‘@ﬁmﬁf gas capabl e of
having a cebilraBy F§hdtSoriBlthRED&LIRBARBoas capable oMIRMRI dccBREbARl Iy the
surface or coat (or coating) preventing or inhibiting cell attachnent
conprises atpehofldeargp-ani de or a hydrogel, or a polyacryl ani de-coated or
hydrogel - coat ed \SfdiRGRionQly e GRARL HALQDr L8RS Pfoventing or inhilAiHE @Rt onal 'y
the surface of the solid, sem-solid, gel or gel-like, colloidal or sol10
gel subst r ateclowmpedngirises apdyachydaeidoer ahydowel, 0o pdyasadamnidgpodeshpri ses or is

a pol yacryllﬁmCP %r-@ﬂ%?eﬁ‘ggrfé%é, (gl)é%l%gﬁgﬁ qﬂérg& gl ass or glass slide, and

optional |l y hydrogel -coate ass or glass &§lide are dehydrated before the
spotting or pri rndpggonally the surfagndf thpseldnainiiyolidgelswigtldiker cadlentl @obl-d

substratg, conpri Qr _consi s of a glass or i.val.ent, and optionally
t he pol yg)cr%/‘l’?’gunbig t?gg%?mlfﬂ/sglrgoagsgffgcéeroéag?%é%rlaicﬁﬁténﬁ}g%rﬁ%%gs Si'T&ne activated
gl ass or gl@péwmcsllandds-coated or hpdrdgadpbatahghdsyr tlae sptieyral ity of spots or

circunscri bed areas capabl e of having a cell or cells attach thereto
conpri ses one oranarBPtéon%n]byﬁ?gte}'%%ged@?asW@W éléJeoalre é%lﬁf)%%??? 8F?stﬂ%apabl e of
facilitati ngottingiof praattingg and/ or sustaining attachment of the cells to 20
the plurality of spots or circunscrib reas (and optionally the spot or
ci rcumscri bed araéioﬁtéﬂ%‘ﬁ)X@Fﬁﬂldt%éerB‘ffé’ lgﬁu 718 CUBRRSES P OBHES eEHEBIE” of
facilitats nguivaRhi hiaf dplignARAAOFolFdBlMi0E HihydfdgchdBisliffedli® Lobhs has the
one or nore conpositions or. m xtures of conpositions directly attached to
the solid, ¥EKcEYpsQrelgsislies: gel -1i ke, colloidal or sol-gel substrate,

rather than on tah@oﬁwnaﬁfﬁe?rurﬁﬁa&fsgstsgpa;ciuﬁgcrme@uﬁgstdjapggléwfﬂawﬁglai ting cell
25 attachnent), and optionally the one or nore conpositions capable of

facilitatinggll or aslisiaeghriberetn @PBPrissH ST AMQHQ CARROAENARMMIBTIERE cel | S

conpri ses oneBLiiREpdid Srasflithttc@nitMRhE bty RsRL8hiRS attRRmBR of the cells to
extracel lular-matri X1 ke conposition of mxture of nolecules, e.g., such

as an i mGrthoplkrahgy efepeis of cifcuimpaibsd picest (endeptiandlyghyshoserdiwgiojbehs ( GAGS) ,

or area comprising the one or more compositions capable of facilitating, initiating and/or
sustaining attachment of the cells has the one or more compositions or mixtures of
compositions directly attached to the solid, semi-solid, gel or gel-like, colloidal or sol-gel
substrate, rather than on the surface or coat or coating preventing or inhibiting cell

25 attachment),

and optionally the one or more compositions capable of facilitating, initiating

and/or sustaining attachment of the cells comprises one or more extracellular-matrix
proteins, or an extracellular-matrix-like composition or mixture of molecules, e.g., such
as an interlocking mesh of fibrous proteins and glycosaminoglycans (GAGs), or

30 proteoglycans (PG), heparan sulfate (HS), chondroitin sulfates (CS), keratan sulfate (KS),

hyaluronic acid, collagen, elastin, fibronectin, laminin, a Cell Adhesion Molecule (CAM)



30 proteoglycans (PG, heparan sulfate (HS), chondroitin sulfates (CS),
keratan sul fate (KS), hyaluronic acid, collagen, elastin, fibronectin,

| am ni n, woOQCeido24zthesi on Mol ecule (CAM) or a CAM | i gan@CTAs201niesyps n, a
cadherin, a selectin, an addressin, or a m xture thereof, or equivalents
thereof, and optionally the cell is a mammalian cell or a human cell.

In alternative enbodinents, t he product of manufacture conprises or

consists of, 5 or nuf act ured as, an array m croaaa

al ter nat i verétodi hr%é > &0 KGN, wgmrinow%?c&m a&‘é@gfﬁ?% get §“’8‘?‘/re Hheﬁ‘i?fé’ét ure
made by a mﬁlh@Qn@QﬁﬁﬁESIng (a) providing a conpound, a drug, a
smal | nol ec a.smal |l nmol ecul e drug, and a nononer sol ution capabl e of

pol ymeri zi ng; 1@@%yp%we%a%wﬁal@ag%mvaﬂwgeﬁimgﬁwpan06é| or gel -1like,

col I oi dal or sol gRdmanbehbédifents, the pro&&) of{thanufcik O fiBeCR IBRURADLf, dr ug,
smal | nol ecule or small molecul e drug and the nonomer sol ution, and

optlonalﬁ&‘aﬂ%@mmﬁﬁmﬂﬁiﬁ@m(@ﬁWWW%P%@mFW) a second solution or a conposition

capabl e of ini t'Iﬁ‘%ﬂté?gati%ggﬂlﬁéd1ﬁ@ﬂt§-ltl}{ezlh{;'eglt191?b%gﬁéé ﬁ@&de%%f%anﬁﬂ@tu%%%@er and
spotting or printing the mxture onto a plurality of circunscribed areas

(such as spotsictbed adnrisgsur f ace of the solid, senmi-solid, gel or
ge! - | I ke, coll O:g%g%%\g{iinggkorg&luna Lﬁlb(ﬁ'ﬁn%%tsﬁla ﬂ{olecule n(g a sh‘fa | et gﬂd

printing the co ecu e or nol ecul e onto a
plurality of monanoursletienepatde efgelynsuieingas spots) on the surface of the

sol'id, sgm-soli ?Jp 5 i nglé s&edt serﬁlks%hcrlfggf OL%IF:fjlal(e 9({110%&%1 01%61 eﬁ lsllPoS{ratgt e

fol | owed by spot 1'ng or I'on cap pol yneri zi ng
over (on top ofXdﬁﬂbmkmgﬂmabhmoeﬂbhmgpmhﬂeﬂﬂﬁmkzﬁsmMﬂmbEdMednmonmdm drug,
wher ej

smal | nol ecul e or ot or ri.ng n optionally:
(D)t he rorBHEr s SRR ant o 5o SRR e Shibia Bt O FhiteR Bes
conp05|t|onxm@pab&EaQMMenfmhﬁﬁn@gmamdﬂapmﬁgpaym&mmgmpahyaﬁmnaﬂaj@m of the
nononer, and the nonomer, sol ution g éﬂ %;es aftgr t he %fgttln% 250r
printing st®pUng sy Printag dsfxuis: Q9 &RV HTEUPTBr! LE4BICR 251POFAPY i at i ng
and/ or cpd adhy &irfade POthy S8 Zatils@N, 881 o BE-1NRNMBIdall 6¥ sSIRRT §udckr#d¢, oPr i Nt ed over
(on top of) substantlally each spotted or printed conpound dru snal

mol ecul e or smal() eitidgqr lémaana&lescﬁslpowd ﬁwgﬁmﬂldnql?ﬁuﬁ0&@@%@%@5@& yze

drug onto a plurality of circumscribed areas (such as spots) on the surface of the solid,
semi-solid, gel or gel-like, colloidal or sol-gel substrate, followed by spotting or printing a
monomer solution capable of polymerizing over (on top of) substantially each spotted or

20 printed compound, drug, small molecule or small molecule drug spot or print, wherein
optionally:

(1) the monomer solution initially comprises a second solution or
composition capable of initiating and/or catalyzing polymerization of
the monomer, and the monomer solution polymerizes after the spotting

25 or printing step,

(2) asecond solution or composition capable of initiating and/or
catalyzing polymerization of the monomer is spotted or printed over
(on top of) substantially each spotted or printed compound, drug, small
molecule or small molecule drug spot or print to initiate or catalyze

30 polymerization of the monomer, or
(iii) spotting or printing the compound, drug, small molecule or small molecule

drug onto a plurality of circumscribed areas (such as spots) on the surface of the solid,



30pol yneri zati on of the nonomer, or (iii) spotting or printing the
conpound, drug, small nolecule or small nolecule drug onto a plurality of
ci rcunscrwbedi2zzmesis (such as spots) on the surface of tReTASRIA048395
sem -solid, gel or gel-like, colloidal or sol-gel substrate, and the
nmononer solution is induced to polynerize by an external source, for
exanpl e, by exposure to a |light radiation, such as ultraviolet light, or

heat; wherein. opt al | he tted or rlnted rea for h conpound,
drug, sl |5¢Bl Jeé?r]loég%f‘lh@ ﬁgﬁmr %‘Lﬁeé UGPtERe: F’%C?‘ QBBPBS%‘PFF&SP&“W Bet ween
about 0.01 e nsthddykaiz8B%an Slterh s@xﬂ@é @i xBh Sk YoyRepyarNoallight 0. 02 M2 and
0. 04mm?®2, or i s approxi nat and optionally the spotting or

printing ofrafllﬁ’éo%fW&?étrﬁYm%b]h%}W Faé’ done with an ink-jet printer or

equi val ent, or avﬂetéﬁubﬂlohamu ﬂﬂ)ttécp&q}rmtell(&?éa%r%éﬂ addouid, R, GRATPOUNd,
dr ug, snall nmol ecul e or small nol ecul'e-nm xture solution is, prepared at a

desired con@elgeyiaer sawllamﬂqcs}e dryde APREPE IRt yicevass Rers P04 smutand -08r  pr epar ed

i n encapsul at.p I P n ting
particles, fih s drggfog%ﬁt%%g %3%%89@ @f{lo%ﬁcgg%@%né ?frggc I%H%]Fé:bﬁt ed onto

t he dehydrdi@ﬁmgeJ slides using a mcroarray robot; or the conmpound, drug,

smal | mol ecul e qpy sifalliRl S SEHBAA AR AR WM KIEneRRRRR ! at ed

conmpound, drug, sma ecu g SOl Ut on' can be
printed ontmkﬂﬂ@ﬁmehqdmawddngwﬂﬂswKUE@dmnpobm In alternative enbodi nents,

the pr OdlLU:t of el lé'{;t?%%l‘ljy fic gon%) éecfl'ltl% sm ?I oleéulrgrﬁlo sdnallom%leculctn’%ll’]x"tlfrg(:t ured as,

an array or mcroar Ve e &1 nvent i on
provi des pr@ﬂmmhﬁqﬁﬁmnﬂmmﬁaemﬁdenﬂ@upnoﬂuﬁwxomxmBMMTammqmemeomﬁumsung a
conbi nati on _of or .a urakkt%rof ﬁroducts of nanufacture‘ﬁ1:the l?ventlon
In alternat ?Y\Péepé%élb EERE RIS TS HRCY ST OTRERI A OF IS B HatERAE

further conprlseﬁdamﬁmﬂ%hmabﬂm&mkhﬁbedmaﬂgpbmeaomﬁﬂhaﬂhﬁﬁmmdgasmgsspotting
or printing one or nore i

ﬁ% itions pabl e f & |I|t%@» q %Qltlatlng
and/ or sust &M% TG R %Pf f CYPPUD > prgalf gofepe PeFuGT Yot s
prints ors ?fecpﬂlﬁﬁﬁd’rlobﬁﬁ cA¢aPABate SRR, AN im{antlh@e@n@orqmam&eca@mﬁigm tions

capabl e of tacilitating, |n|t|at|n%Iand/or sustai ning attachnent of the
cells conpr$@%@nBﬁE“HFmﬁﬂﬁ@“E&?ﬁ%ﬁ afedieghslifight ri x proteins, or an

extracel | ul ar - mah bietndtivk BmBAITRGSE, thefro®ict O ntdodFR0eS coMPrRGWr 88nsis® &; » such
as an |nterlock|q3 mesh of fibrous proteins and gl ycosam nogl ycans’ (GAGE)

or prot eogl Fdamanyimayred depiadERy Of GEraIEY( HS) ,
In alternative embodiments, the invention provides products of manufacture
20 product of manufacture comprising a combination of or a plurality of products of
manufacture of the invention.

In alternative embodiments, a product of manufacture of the invention further
comprises a substrate surface made by a method comprising spotting or printing one or
more compositions capable of facilitating, initiating and/or sustaining attachment of the

25 cells to the plurality of spots, prints or circumscribed areas, and optionally the one or
more compositions capable of facilitating, initiating and/or sustaining attachment of the
cells comprises one or more extracellular-matrix proteins, or an extracellular-matrix-like
composition or mixture of molecules, e.g., such as an interlocking mesh of fibrous
proteins and glycosaminoglycans (GAGs), or proteoglycans (PG), heparan sulfate (HS),

30 chondroitin sulfates (CS), keratan sulfate (KS), hyaluronic acid, collagen, elastin,
fibronectin, laminin, a Cell Adhesion Molecule (CAM) or a CAM ligand, an integrin, a



30 chondroitin sulfates (CS), keratan sulfate (KS), hyaluronic acid,

col l agen, elastin, fibronectin, lamnin, a Cell Adhesion Ml ecule (CAM or
a CAM | i gapapizzm4imat egrin, a cadherin, a selectin, an RAWMSIGI1/04830F a

m xture thereof, or equivalents thereof, or a m xture thereof, or

equi val ents t hereof In alternative enbodi nents, a product of

manuf acture of the invention further conprises placi ng or spotting or

printing a c lurality.of cells to t eplu of 5 spots, prints
or ci rcumsc JPFé’EJ‘ AreEs™ \i‘flfifﬁg/sluh%? E‘H‘“ﬂrﬁél}eée(?E 06%‘“ ge?:fo??ﬁom tions

capabl e of ha@irt theRbT, @gequll\mehtsaﬁérag and/ or sustaining attachnment of the
cells, e.g., extracellular-matrix CO{H)onent s, _including proteins and/or

pol ysacchari des, I akgnasive smbediments @inregughof menpfagture of ghedpyratian BrB8F or mi xt ure

of ol ecul egmpBis@-pl ﬁé%fota pRh@id O&Kiong pieafly Of celld RrPUSURIIQLLI NS and
gl ycosam noglmp?gns al(C Gs)sl?o'itg?grbgr ot eoégl cans 10 f(ﬂyP )C,e hepgérjlglrll sfﬁll fate (HS),

chondr oi t3 nsPet§] Hritsed ciremyscriRes gag Rawng fayered thrigpn opgerm@re perEpositioss  col | agen,
el astin, fl&g@&@&ﬁﬂaama{ﬁgmﬁﬂm ande! slustéiqnlg%h%nw &QMJ &I{,eAM or a CAM

| i gand, an |nte?r|n a cadherin, a selectin, an addressin, or a mxture
t her eof , orexgigesllvial-gnatrix qohppeafs, molrudmgmcx@tlnﬁr@dtone@lemchaadeseq@/wanent S

t her eof X [ Ratd S0 Sih IH%P vent t hods for
determ ni ngeﬁtrfcegh%{)ﬂla]g%nl Cﬁés rug,o(il {e o 02‘%3 o5 ¢ %]Sgﬁ{a]a[ Irgﬁm)l ecul e drug
has any or iatedeskimgdesbfofl ébltoumprommsmudi glwccrsempmgb(earml(\GaGs)ebl_t proeoglydass ng:

(@) | roashy | 36 GlepRRE RIMLTASR cFShoi sy [, AP Ly s RS SRt o

cel | ul ar acture (e.qg.
array, m crata:alaagd)ageﬁ ehst;n ﬁbronbcannnlnmilnm @ CEell(Ndhesnen Motehele [IEA)NIL)ot a OAM
manuf act ur npri.ses. a ound ru mal.] 20 nol ecul e or small nol ecul e
Grug) - and BRI ORATF b RRERhg -t rame AR A HRm BRI o aduct of
manuf actureeq\mlaléhtsm&ré:olﬂe)rsaﬁﬁu&aheaeqfr@(iqﬁwalaits tareuf. act ure of any of clains
1 to 5 except t at t he. "cog%{ product, of Stha ture . conp ri ses: no

ey} L

conpound, drug, %ﬁ]éqr?at%lmé‘ ﬂ%erfBan“H’bF‘S ﬂm“é{n%ﬂ frameetnd:

conpoundis ddrig .smsMdollectile Ioegﬁélﬁm@recﬁmluE hiPIn§ Guh Gestedl gffecRo&RIIGiRAPOUN, dr ug,
smal | nol ecul e or small nol ecule drug known to have a different effect on

the cell; OFSPOPIFONRATHE COBMPMEd, drug, small nolecule or small nol ecul e

drug as on the "(ﬁ)erﬁéaféurﬁfgﬁlﬁjgﬁgerﬁﬁ g damyt. ?CE‘dﬂraﬁy But d@frePerfibf SreEiRndr
concentrati on; b) the nethod o a), wherein the any or a desired

effect or cesonsesm theeghohsea (gt appdpst Oé@ﬁwfa%@g (@] drray eicroafray gt any

apopt 0si s) , ,REGHET 'toofﬂ(v&ﬁerelﬁi fe PRIIESG WF RRndFetShe coRprieh BSmpa3dd! dril), dSall
pol ysaccharides, nucleic acids and the |ike), prol |feraI€| on (e.g.,

m t osi s)30 caplecuedr sniaf elessteidsve). cel | sur f ace pol ypept i de tur nover or
recycling, vesi %g oﬁt%nms&mﬂgﬁﬂg{hggﬁne cell on a “control” product of manufacture

which is the same as a product of manufacture of any of claims 1 to 5 except that the
“control” product of manufacture comprises: no compound, drug, small molecule or small
molecule drug; a different compound, drug, small molecule or small molecule drug; a

25 compound, drug, small molecule or small molecule drug known to have a different effect
on the cell; or, the same compound, drug, small molecule or small molecule drug as on
the “test” product of manufacture but at a different concentration;

(b) the method of (a), wherein the any or a desired effect or cellular response on a

cell comprises cell death (e.g., apoptosis), secretion of bio-molecules (e.g., proteins,

30 lipids, polysaccharides, nucleic acids and the like), proliferation (e.g., mitosis), cell-cell

interaction, cell surface polypeptide turnover or recycling, vesicle release, membrane



depol ari zation, ion (e.g., sodium calciumor potassium intracellular
fluctuations or novenent across cell nenbranes, and the |ike. The details
of one orwoore/emisdi nents of the invention are set forPaTius2¢1he4895
acconpanyi ng drawi ngs and the description below. Oher features, objects,
and advant ages of the invention wll be appar ent fromthe description and

drawi ngs, and fromthe clains. pubI i catl ons, patents, patent
applicatio cited herein a her eb ex ressl orated. by reference
for all pur%B%légza“f’E@Bﬁ} {gpg 5%%@% ?‘-&I‘é‘{l %r fluctuationypfe gy awi ngs

set forth hgsenftnfdcosk béluﬁélﬁ@»‘aﬁeg,eangfth&m@odl ments of the invention and are
not nmeant to limt the scope of the invention as enconpassed by the cl ai ns.

Figure 1 schematically illustrates an exenplary protocol for fabricating an

exenmpl ary smal | 1RlygGiN & ok 6F A8lclcfbo@inchRSr IR ViRRhG Rhre RS fhsEHRSEd N
Exanple 1, below. 15Figure 2 schematically illustrates an exenpl ary

protocol ¥ oqccq’ramﬂnmatdmgn%@néﬁ@ﬁs#cap\p@?éﬂw Apeierines. wbiccvatday of t he

i nventi on, ﬁ%aﬁ&&gH%@%VkﬁlmmE% pharenPRHA e deseription Eﬂc&%\%né sehgomtically
|IIustrates an exenpl ary protocol for attaching small-nolectl’e onto a

product of theplafct ure of the invention, where the nolecules are printed
into a mcroarr [: LS ] cryl am de
|0, o1 08T i {BRERRRTLSH bkl byl ALERPHWEES P2

i 'l ustrat esinemp@xtedrpy eafgrermeipadipuiroresof t he i nvention (a product of

manuf acture), where the first two rows of the spots in A and B are

i mmobi li zed fl uorescent snmall-nol ecule spots, where the second rows are not

i mobi | i ¥ed; Fig. 4Aill ustB@EE@EW?TW@EE@ﬁDWIN%I ecul es
pre-i merged in T'}gqm@vr% esgtt Qih ré’iﬂ%eﬁllﬁstraﬂ% %H{builﬂl% { JF e nwéﬁucfn a‘ﬂ&" escent

smal | nol ecul es ut mn) post-inmerged in nedia solution,
di scussed iare Examghieto limitgb¢ wape of the inverfogas encempishedstyrthe dgiman exerrpl ary

corpost ion of 416 TYSULIARML AR PG Bl IO Pl
exemplary small molecule microarray of the 1nvent10n, as discussed in Example 1, below.

15 Figure 2 schematically illustrates an exemplary protocol for fabricating an
exemplary small molecule microarray of the invention, as discussed in Example 1, below.

Figure 3 schematically illustrates an exemplary protocol for attaching small-
molecule on to a product of manufacture of the invention, where the molecules are
printed into a microarray represented on the first layer above the poly-acrylamide gel

20 substrate, as discussed in Example 1, below.

Figure 4 illustrates an exemplary composition of the invention (a product of
manufacture), where the first two rows of the spots in A and B are immobilized
fluorescent small-molecule spots, where the second rows are not immobilized; Fig. 4A
illustrates the fluorescent small molecules pre-immerged in media solution, and Fig. 4B

25 illustrates the fluorescent small molecules 10 minutes (min) post-immerged in media
solution, as discussed in Example 1, below.

Figure 5 illustrates an exemplary composition of the invention (a product of
manufacture), where the fluorescent intensities of immobilized small-molecule
microarray are imaged, Fig. SA, at various time points while submerged in the media

30 solution; the change of the fluorescent intensities are then plotted, as graphically

illustrated in Fig. 5B, as discussed in Example 1, below.



mcroarray are imged, Fig. 5A, at various tinme points while subnerged in
the nmedia 30 solution; the change of the fluorescent intensities are then
pl otted, we2graphizaal |y illustrated in Fig. 5B, as di scescsas20mn/oBsaspl e 1,

bel ow. Figure 6 illustrates an exenplary conposition of the
invention (a product of manufacture), where a fluorescent anti-cancer drug
doxorubicin, as il I ustrated in Fig. 6B, is printed at various
concentrations i m cr oaaa s illustrated Fi 6A; as

exenp
di scussed in Ex r‘r%'lr% ?BS%%TS&HGX%‘%I?IR@ OBl the RpgPan farpredyst Q%ari ous

drawi ngs i nglhfddcaird)i ¥Rer€h @UBRESAt anti-cancer BAL A6-QAGECIM 2k lilTR@MePR FIBEB, |
detail to various exenplary enbodi nents of the i nventi an, exanpl es of which

are il ustriapeeed VtaH%uSePQE‘ES’ﬁﬁ%IWF Hpfo dP s¥aRlaY misrearray) asgllisgtcd &ttabfed
descri pti onggldhcs@YindSdm E@g 19bM&wt he reader a better understanding of
certain details of aspects and enbodi nents of the invention, and shoul d not

be interpyeted JQkagfeRenkd HkiRls iPheRribiRQIrS&GRREN@Eats N dis@RL | on. DETAI LED
DESCRI PTI ON In alternative enbodi nents, the invention prOV| des

products of mandieAuense &/l BowPe BRfRingetad dheanops sgmpleraembadimgntor the cr oar r ay

conpri si ng @yv&ebh céxarﬁllﬂ@g 5fS@idthre ARLtrREd 19@1{6 alcb(!ﬂﬁpan 9% bRlWsak. @he SO - gel
substrate substanti al nprising a surface, a coat or a 15 coating that

prevents ceﬂOIIO\altng é@thﬁ@rﬂesqmptlgn & Peavadsd o gige ﬁlqg@aéﬁrra etk undersagdinest , and the
surface, %haﬁrdeﬁﬁ%ﬂ A3fbchs E{P"’ehlﬁ&ﬁm tFBHB@lﬂvEIﬁloﬂfanﬁ@R&ﬁd Rt v Hr{t&P%Feﬁr i bed

areas capable of having a cell or cells attach thereto

al ternatl(l/easelribmdntlmnmélesmweOfthvgwlentmm provi des products of manufacture
conprising or consisting of an array or microarray conprising a solid,
sem -solid, gel or 20 gel-like, colloidal or sol-gel substrate

substantial Iy conprising a pl UPBFTAIERPESERHIEOYNr spots, wherein
substanti ally egghudhdit eAbodfROis ‘%ﬁ’é”ﬁHGe}n%@ﬁpl%vﬂHé 15140{1 d@df%ﬁnui%@tﬁ%w chi ng”

conprising: as a first |ayer on t'he solid, sem -so or gel-Ilike,
col | oi dal orompoibing er congistinged an whinscer roipropBRatdnprisag alsolsbsffmllﬁh@ sichyl e or

mul ti - Y& %E? %@&dﬁo?%”%&%hﬁét&% flﬁ‘s“t’&nnhlﬁghéo*?ﬁ trﬁlng'éfglg R a[‘&)ta gystai o

prom)te ceI acr equl va ent),
i mobi | |125edcogmegl ﬂhatrmetvemﬂhél {teaclgnent ar :dr: ugp)bledpsummdllyatedbwdedd the a pol yner
ernative enb

(e g., a pO ace coa OI' coa Oneofq)é)rlges a[{cl)ﬁ;]rahtg Ii‘fHOtS or Circu SCI'IQG%, ?aS 83[)3,%{%

circunscri bed ar €3 or Sp nol"ecu prin or spotted
t hereon doelswmgtaclanmmeﬂlhettachmlmmotl on that inhibits or does not sustain or
pronote cell at acr | am

Cecond Tayer a dofgeiksfdipefh EATHMAR NG, Pas R Raiti eand or -
sust ai ni ng @@iﬂrlsmgbﬁcd’m%ﬂiﬁg, ofandrraésoranitivbfrel doayeiking acelid, sari-aliplggr@l i ty of
20 gel-like, colloidal or sol-gel substrate substantially comprising a plurality of prints or
spots, wherein substantially each print or spot comprises a multilayered “sandwiching”
comprising: as a first layer on the solid, semi-solid, gel or gel-like, colloidal or sol-gel
surface, which optionally can itself be (single or multi-) layered with a composition that
inhibits or does not sustain or promote cell attachment (e.g., a polyacrylamide or

25 equivalent), an immobilized small molecule (e.g., a drug) optionally embedded in a
polymer (e.g., a polymerized monomer) (in one alternative embodiment, the
circumscribed area or spot having the small molecule printed or spotted thereon does not
have the composition that inhibits or does not sustain or promote cell attachment, e.g., a
polyacrylamide or equivalent); and as a second layer a composition capable of promoting,

30 initiating and/or sustaining cell attachment; and as a third layer a cell or a plurality of



cells, wherein optionally the cell is a patient's cell, e.g., a normal or
an abnormal cell, e.g., a cancer cell. In alternative enbodi nents,
t he i nverwOani2oonyri ses a net hod for i muobilizing smal | PeplUScul1®$330R
plurality of small nolecul es) or other conpounds in an array (e.g., a 5

m croarray) format for, e.g., screening, e.g., high throughput screening,
of the effects of snall nDIecuIe or ot her conpounds and their conbi nati ons
using a snal | nynber nani ul ating the r( ed for

i nmobi |i zat§® ﬁW & %ﬁﬁ‘&ﬂ"l Fyttl} %‘Wd # PHeR S%@?l ‘fg,eag%g}a E‘HP% %"Tl rel eased
to the cellggcamnbg ceentrol l ed. The controll ed- release nechanlsn1can be
acconpllshed by changi ng the pol yner properties, such as anount of 10

pol yneri zati on dhaltERBYE embedimays. dhpainrrntion goseprises ehaihpd fogdagobilebget ry of a

mesh (or negh®dndédud¥)a HlLAR sm Ha%c@leglo%nhem%b@@is 1rP£IPQFa5/t(é gsaof the

gel polyners, degradation of the polyner, and/or layers of polyners with
di f f er entd pRISERSFIRY dermat fOra.¢ escrraRing e Sribgtirasahmt sepamme, ofdbheffiststd achi eve

the control | ed-hat&assE oﬂﬁ?%ﬁﬂoﬁﬁas%meﬁ&%nfbﬂﬁf?&ﬁ%ﬁ%h?ﬁlal@fludlﬁgmp' li zing
drug rel easi ng nano-capsul es or nano-particles 15 mcro-particles.

I n al t er nat¢olle %yr@@@llpnlefmgthe Pelginei(d ysdd f@blmmbﬁdf@@c)n the qarmtourdirgmgt ur es
that induce,q, call Iﬁ(ﬁé&?ﬂ@ﬁé?el %e@towh@ceﬂ?&n %ﬁ dAﬂeH' fie LRFBRNSRIcak@N DE

identified. In alternati odlnents uce responses conpri se
cel | deat h r(la:hgmsm apolpt aws@mpl;sh@@m@ltangmg thf: p@wmelrmbmudsewcl(l es fgnqunpofot ei ns,

li pi ds, r?enzcgqlnlda%a C{olssJ ﬁlliefrlé%c ch%cn!s xpe oqdcfl%ms useg a(%))me ofpclrrg hf gration

(e.g., sur ée t ur nover
or recycl | mgeshv@mayb ereatedl byage ,charmsn‘drean@l depatiav of2lat ged)polymdrsidwgraldatm

In alternatlv enbodl on for. rod cts. of manufacture
of the | mverioR B eLs venat SyRARE yif e bpoBieL CREUFIF ne of f oot o
of drugs anﬁnﬁoldenerntscmmahad@m@adh&vaﬁpabntmnw—rewﬁsé mathand@eehpriang and/ or

di seased or, infected cells. . Perso alized screening for effects, e.g.
desired eff%&%@orﬁ?o%\?@%@hé‘flgg’&‘%e CHHEFALTEWEE S | %Pamﬁ%%‘i‘dz‘ﬁi ng and/ or
dlseasedupnnkﬂf@ﬁﬁag;ceIIs Hi gh throughput small nol ecul e screeni ng using
smal | quantity of cells and conpounds. 30In alternative enbodi nents, uses

of products of rRAtEEEFRDHMENE AR PURPWAASSIFAMPPEMHRIKrsdhice t he
nunber cel Ilﬁd@@qcblmﬁesﬁdmy@tg ,AfdesrRlcbium ie&puhR, GAHP 4RGSR dRGndtRe hi gh

t hr oughput dru creenln% npared to conventional methods. For
embodiments, induced cell responses comprise cell death (e.g., apoptosis), secretion of
bio-molecules (e.g., proteins, lipids, polysaccharides, nucleic acids and the like),

20 proliferation (e.g., mitosis), cell-cell interaction, cell surface polypeptide turnover or
recycling, vesicle release, membrane depolarization and the like.
In alternative embodiments, uses (applications) for products of manufacture of the
invention comprise:
o Personalized therapy by screening the effects of drugs and their combinations on
25 patients’ normal, developing and/or diseased or infected cells.
e Personalized screening for effects, e.g., desired effects or adverse effects, on
patients’ normal, developing and/or diseased or infected cells.
o High throughput small molecule screening using small quantity of cells and
compounds.
30 In alternative embodiments, uses of products of manufacture of the invention can
significantly reduce the number cells and the amount of small molecule compounds

needed in high throughput drug screening compared to conventional methods. For



exanple, in one enbodinent, the invention's array (e.g., mcroarray) format
uses approximately 0.03 mm2 culture area for each small nolecule, |ess than
1/ 100 of wbeotwmdi7ti onal unit culture area of approxi maPeryus3outes39s

t herefore reduce the nunber of cells required by over 100 tinmes. As a
result, this enbodiment allows for the drug screening 5 using limted cells
fromone patient, therefore providing a basis of the personalized therapy
design. In one enpodi nent, the invention's array. (e.g.,. mcroarray) format
uses a nuch™&Wal ‘é‘PnSFHBE‘?ftlmB‘tt PREOVEYIBSRREY SoF ﬁ&&ﬂ%ﬁ?rn@%aw e, one (1)
nanol i ter (dﬁa}oxnﬁa&elpem i culihkQRQ fhicat@nanAYIealld, Rathay Ol100er 86 one (1)
mcroliter (ill). In alternative enbodi ments products of manuf act ure of

t he i nvent i BitkBAMitsaltye 352 eﬁtapf%tm@ety@étﬂ@ herofere radirsthe number ok sslsl e, t he

quantity aﬂ@‘&kﬁ%?%V&ﬁObhﬁw§Qﬂp9H§Q§ﬂﬁ%&ﬁ@ﬁﬂn&@aﬁaﬁyﬁﬁﬁkﬁn%%aegﬁngontro'|ed
through the control ed-rel ease mechanism In alternative enbodi nents, this

i s done by wHgdbniteg celleran P%a/patléntgtherefﬁrwr@@ﬁmay)ba%vf;ﬁh%permlp@ﬂt| es such as

amount  of ptﬂ!:rwiﬁ&és%ﬂt i PeheARboGRAS He MRt 0 NTe.o L WRGoday | RAEMKRRLNS
geometry of the nmeshed created by the chains, cheni cal propertles of the

gel pol ynmersyuchismatiergpmzgat ¢fdhe eompohiel ssesicyarie for etaalytéfr,@n@ﬂ) potojitre(rd) part h
different prapPenbindso tﬁ@gortv@‘?uolnhl‘ﬂ%tunte”of%hé 5%% @@200“ ments, products of

manuf acture of the Invention conprise a no hi ng substrate
extra-cel l ul ar dmahmnmpaembmhmspmeXhmdofmmu@uspobémﬁnﬁﬁmmmxamphsnithe

non-cel |, att uhs n arrder for cells. In
one enbo Afl co%frg'llleragrlell%as% n%ecﬁlan? %or Ig%lte dtﬁe 31%;1'%1{1 y a%@ néeqf thei compoul dl’% i x_protein
spot s. Thi sexpased 20thp lcdlmodlebacomblledihffougieﬂhe bﬁi&dﬂla@reﬂﬂfa@@meéﬁhﬂsmd frug spot"” and

the "extra- eII | ar trix ary in size for .vario ur poses.

| one. enbotieFatt BRI, et B e e S B BT T o cel 1 s
on ot her spabsartidskRich 49raﬁwemtos?p@l@hlleﬁzatibﬁ)mdﬂrgcrsmtklmmchfarn@rryptmftliepmhmt o anot her
or inter-spot |nteé ct| and grgyig r.e dependab E %gd %ndependent
resul ts froffCBSEHO ‘B%fnes cEatsg by theghaipg g WI&%HEOPG?‘F? BhHee PRYHSEred to the
previ ousis naeelgtadmlﬁﬁwﬂeq)omnfetqagretsaofpmmgmlttmﬁ%h@rmle@wnahhewe screeni ng

H gh t hroughput small nolecul e screening of the invention A substrate that
prohibits cell dbe4upatiemempedinpys@rodurt §¥ maietuRBbEF YRICBSAPPTISES a

pol yacryl amfleccR Ntk rae 088 e Bl1ASSatdt pdein sHOR 28l 8&SHe S0 afe can be
first example, the non-cell attaching substrate can provide a virtual barrier for cells. In one
embodiment, cells are only present on the extra-cellular matrix protein spots. This can
20 provide a well-defined reading area. The “drug spot” and the “extra-cellular matrix™ spot
may vary in size for various purposes.
In one embodiment, cells on an individual spot are well-isolated from cells on
other spots; this prevents cells from migrating from one spot to another or inter-spot

interactions and providing more dependable and independent results from each spot. This

25 is a significant difference compared to the previous small-molecule microarray method.

Robotic and multi-well screening

High throughput small molecule screening of the invention
A substrate that prohibits cell attachment is chosen first. One embodiment
comprises a polyacrylamide or hydrogel coated glass slide. The glass surface can be first
30 activated using a silane. The polyacrylamide or hydrogel can be crosslinked onto the

silane activated glass slides. The hydrogel coated slides can be dehydrated before the



30 activated using a silane. The pol yacryl am de or hydrogel can be
crosslinked onto the silane activated glass slides. The hydrogel coated
sl i des cawmohke12deldrdr at ed before the microarray printi ngPCThisg(11io8830he
enbodi ment, products of manufacture of the invention conprise a

pol yacryl am de- or hydrogel -coated glass slide with a silane-activated
surface. Next, the conpound or conpound m xt ure solution can be

prepared at deS|red copncentratio nd/or
sol ution ormﬁF@ﬁ3¥%ﬂmWﬁ ﬁﬁ%“l%wéﬁgaﬁ ??’ éh@*%a@§m ¥%#W?on can

be direct!| yeoptpritd £o1pdtk@arhide- cdqabmdgaice@te@gbss%humﬁh weﬂaﬁieaaumea K@k ay
robot; or the conpound/pre pol ymer or the encapsul ated conmpound sol utions

can be printed Ot lterfé?m@éWdF89‘@6"‘5‘@1m1§’1uff‘cﬁé?§1“°l‘bﬁ?nebe;ﬁr%pafﬁﬁlla%é‘?m%l utions

can be pri né@ebn@RridiCRdQ} nfiita vEATHRLBEKHORAIA vihXpEEH nafdl pol ymeri zation
can be induced to imobilize the conmpounds. Various polynmer chem stry or 10

encapsul at | WeaRsaAtingEeradisg Tbel selwignepe be tigccti srintabero dedghysted s/ and
rel easi ng PRI Smicroarray robBk; 8 thEERRSJud&p ﬁ%ﬂ%&%ﬁﬁl@ endApQENGE s of

manuf acture of the inventi'on conprise extra celTular matrix proteins. The
extra- cel | udomponmt solutiopy enédie pynted antp ¢hepichydreteld gal skidep  Biire preepadyngiound arr ay,

alloning ¢ henREh! SR pRhkASHop EIR BhbSLARL Ik ATRARI AL By il Bof” e

seeded on e arr ng ext I'X proteins
surf aces. Hmn@bm@MﬁwUDuemeMDudhﬂemmgmnmhean@hm@bmwrdhenammay spots can

attach t o ylar gatrix. or rf ndi. vi dual conpound
or corrpoﬁ)n den%ap% la{lon ca hat 651%n§ Coehaé/et esd%%,lg hfe %uh g andsrelgarl]Sé S -an be

i dentified mwmmmysneans Such responses nay |nclude but not limted to 20
cell death (e.g secret r ot ei ns,
ot s pol ysacdhaRPRLE ShdmPEE EGE" sPle i oY PRl fon (e o
nitosis), o@mhcemﬂhwnmmﬁp@@hmonheeehkmswammﬁxpﬁhamﬁphmdpnﬁwmamupmfor

recycling, yesicle reIean %g ap Iarlzatlon ion (e.g., sodium
cal ci um or POEYBAUATIR Y oERS fhg e t?? uatlons or novement across cel

menbranegs and trheitdrhdé®e embodiments, cells are seeded on the array, e.g., arrays having
extra-cellular matrix proteins surfaces. In alternative embodiments, the cells on the array
spots can attach to the extra-cellular matrix proteins surfaces.
Individual compound or compound mixtures that induce a desired cellular
response can be identified by any means. Such responses may include but not limited to

20 cell death (e.g., apoptosis), secretion of bio-molecules (e.g., proteins, lipids,
polysaccharides, nucleic acids and the like), proliferation (e.g., mitosis), cell-cell
interaction, cell surface polypeptide turnover or recycling, vesicle release, membrane
depolarization, ion (e.g., sodium, calcium or potassium) intracellular fluctuations or
movement across cell membranes, and the like.

25 In an alternative embodiment, the surface, coat or coating comprises a plurality of
spots or circumscribed areas capable of having a cell or cells attach thereto, and these
spots or circumscribed areas can be fabricated e.g., by substrate patterning, e.g., by
optically creating an array of reactable spots. For example, in one embodiment, a glass
plate is washed with an organosilane that absorbs to the glass to coat the glass. The

30 organosilane coating is irradiated by deep UV light through an optical mask or by using a
micromirror array that defines a pattern of an array. The irradiation cleaves the Si--C

bond to form a reactive Si radical. Reaction with water causes the Si radicals to form

10



25In an alternative enbodi nent, the surface, coat or coating conprises a
plurality of spots or circunscri bed areas capable of having a cell or cells
attach t woebr/0287d t hese spots or circunscribed areas eam/useoifiassvtat ed
e.g., by substrate patterning, e.g., by optically creating an array of
reactabl e spots. For exanple, in one enbodinent, a glass plate is washed
with an organosilane that absorbs to the glass to coat the glass. The 30

or ganosi | ane coa ti is i i ated by deep WV light throu n i cal mask
or Syt naPaki oD BhohiorT e Pplag B et FReStis B BT GRS PR The

irradiati omn@dlﬁ@d/@%oﬁﬂ]@otﬁbrre@tdbmﬂom@lefsst MeApdtEAC tisMBsedle. o, alUGAPat. React i on
wth water causes the radicals to for ol ar silanal groups. The polar

silanol gr oups (EIRSE: %26t581§%@ S R4 e el antmapaEpe REIOUESAIY | od t o
coupl e ot hefindtRast %uapéseacfweeaﬁnﬁcpm& R YcTeacR vinShd ARG geou@s Then U. S
Pat . ( USPN). 4,591 and 6, 653, 124. "For exanple, a silane containing
a biol og|50aﬁr¢e§ﬂﬁflﬂm%1’9}11éfr?é¢ usgdl %ﬁjtegaﬁq?vgigntaﬁmhé@mafm biematsPdessugigs be react ed
wi th the silanoh,QF BuRs prdibfs, %r Bitﬁ%elmrnﬂdtgf Hk'@@onﬂ{o%n&?se& AR gres of

coval ent attachment for 'biomol ecul es such as extracel | ular-mtrix pr ot ei ns,
or extracelholkeresmat ri x-1i ke conpositions or mxture of nol ecul es. In
anot her enbodi e r r ity of
apot s or o r cunah i EBUlAh e Kfloe Fop XD BLAG SATREL EFR B b ch

t her et o, anucumagﬁnbgbﬁgw@mmbecﬁhwommscﬂhbedhamgé@h@am od thabrpatsadred e. g. ,
by form S a | | gL’ ¢l rate as
descri be Icr%rcgllfll?crltb %ﬁ% ch gaga% 4!§a?ed t?%foﬁmg%ta s a%{uﬁ? r gula%r a%r%g 8%

mat eri al i ssnmbtamednamuta;trsmlasﬂesamt&doﬁeg, @SBNWQE4Q&9EM}&fqaﬂmﬁcdlhﬁrsﬂﬂf ace

| ayer is sufficien n erface of the

sur face. |yl SHE ot de p Abe S HEL e it Pl ok WephEHE Pegi ons: the
at parti cl esulffeadtly shiflthaeateedfiadds 4t fe istitica ©€the ayidice ldyedid tiad sudstfagspect i ve
acute angle thjgeto to_influence thﬁ di rection of allgnnent of iﬁparated
regi ons andiie PHRAUPR PEtPYACH SF TP IR ?}fpaﬁﬁfe&%f’%lﬁtls dpssicr Qb & SPERRCORST By

di recting tH@ aparkpeetieec RARMGD thch@o BURfi@GE: thadRéctibh 6f igh@eht @Bepafatadl | gnment
of separated regions and/or the relative position of ad{acent separ at ed
1

regi ons i s '@EPRRY/Or fikdelphyeopitiay plpdiace senstniedieaiges dhAtircpiitdhet er - scal e

structures haydifeam G BN HRS! Bfer e crn%gttxtlnacrflahgfmﬁ@moﬁ%paageé Fé%%gja&%rt he
surf ace. The invention wll be further described wth reference to

the fol | owi hyreatarpeséiéon Hadacest serpmtcil segiens iedefipere et Bisdrevides thehe i nvent i on
is not lim éd%gnt&é% tRH GEn BREAIRL BSstructures having a high degree of regularity can be

20 formed on the surface.

The invention will be further described with reference to the following examples;

however, it is to be understood that the invention is not limited to such examples.

25 EXAMPLES
EXAMPLE 1: Making and Demonstrating Efficacy of Arrays of the invention

The data presented herein demonstrates methods for making arrays, e.g., small-
molecule microarrays, of this invention. In alternative embodiments, the invention
provides small-molecule microarrays useful in drug screening in areas such as patient-

30 specific drug screening and low-cost drug screening. The following describes the

methods of creating such a small-molecule microarray and the resulting data.

11



25EXAMPLES EXAMPLE 1: Making and Denonstrating Efficacy of Arrays of the

i nvention The data presented herein denonstrates nethods for making
arrays, ewQ.2012re374- nol ecul e m croarrays, of this invenPCons20in/0ad3ver nati ve
enbodi nents, the invention provides small-nol ecul e m croaaays useful in
drug screening in areas such as patient- 30 specific drug screening and

| ow- cost drug screening. The foll ow ng describes the nethods of creating

such a snall-nolecule mecr and the resul ti dat a.
al ternative enbd@fiEptye empo C{B‘in - 18 grdgrctp serRen "ecggialrﬁﬂs%?ns?g%%nse on the

mcr oarray,mtchsanﬁﬁlﬂhesceﬁbmhm AR Be P& RIRNhicRRArN ot S0kt BRgt to have
di stinct readouts. thod is to use a substrate of the m.croarray with

a surface pPBvdE Iﬁ‘ﬁh‘tdﬁét%‘@F P SUtstrale KR MicrpRyray- "lerayﬁuéfﬁ?%e‘@@é%ge@e gilhss

slide is ongua@fmddaep h&@mﬁnd&%%@gﬁﬁs sthh@ls%ﬁé btth@pptRms.eening i s conduct ed
in solution, the snall nol ecul es need to be i nmob |II)|zed to prevent

di ssol vi iy i n t Recaseths celblutsrispning: spplugied imeliigashayealyeelesulisagether ei n.
In the al t%%@ﬁﬂn‘ﬁ@bﬁ%&ngf@%&{t dlsLAMﬁg ﬁ?th@ﬁ‘le!il@ sSILAH. & xtmplaREmSBslard0!l eCUl €

drug is mxed wth a nononer solution; the drug- m)norrer m xture Is then
spotted ontdsseribtdherabvstrate in an array format; the pol ymerization process

(s then induced f Gl EARHIARAIEESn RLAING FehQ Y IR ol 21 N the

smal | nol ecul e. ternative e mént ustrat igure 2,
the smal | - nmoixed witk adrangmsicdobittionirthe érugmcmbmplrmmLedlsnlnﬁncspmedroowar ays on t he

substrat ﬁ) Tgs?t ate 1ﬂ%ggﬁ?lsg)rrgétlst%e Rclc)jlejm ?10n grogess sqge 1&%10%6? Eo% t eg spot. Then

t he polynerlza on process | over izing the
smal | - nol ecub@ndry Gsming a polynhan gehmnmbbmdlgrrmmnallaﬁdleuulet he smal | - nol ecul e

drugs are inmmobili,ze into a m.croar ng materi al
is then printed I{Bﬁltgﬁmﬁtfveeeg@ﬂdlgﬁ& luséé eflir 6f?ult@er "??illtlpﬁ?l ‘@er%l‘%l ns, or an
extracel | ul @tutiochls it ﬂrm{ee 1160 @S artdy® bn fhre sObsxhtgr Eh@ﬁoﬁ@h@@bﬂh&@n ise.g., such
as an interl ockjn h of fibr i ns. and gl ycosa cans 20
(GAGs), or I PR/ %h%rl‘i%fp"tﬁ'ﬁiﬁaﬁﬁ &Teflé‘t%’n(P 8 I%Wg]‘ﬁfﬁgg? VR A £ at es
(CS), keratiafimsbillAmttBe (Bl moloaé ugi ¢ aci d, Col | agen, el astin,
fibronectin, lamnin, a Cell Adhesion Ml ecu (CAM or._a CAMIlgand an

integrin, a cadHg PRecmbpdirpgns @fterfhe sypalpglegule Fhf‘l‘gs g amapiligdrigtorner eof , or

equi val ent spichang fformgtr a BelMEMAEMbRARIOThen Bfint&HM ¥BbLEALE spdrer eof , are al |
al ternative exe choi ces.
Extracellular- matrlx proteins, or an extracellular-matrix-like composition or mixture of

molecules, e.g., such as an interlocking mesh of fibrous proteins and glycosaminoglycans

20 (GAGs), or proteoglycans (PG), heparan sulfate (HS), chondroitin sulfates (CS), keratan
sulfate (KS), hyaluronic acid, collagen, elastin, fibronectin, laminin, a Cell Adhesion
Molecule (CAM) or a CAM ligand, an integrin, a cadherin, a selectin, an addressin, or a
mixture thereof, or equivalents thereof, or a mixture thereof, or equivalents thereof, are all
alternative exemplary choices.

25 In the alternative embodiment illustrated in Figure 3, the small-molecule drugs are
printed into a microarray represented on the first layer above the poly-acrylamide gel
substrate. The extracellular-matrix (ECM) proteins, or mix of proteins and GAGs, or
proteoglycans (PG), heparan sulfate (HS), chondroitin sulfates (CS), keratan sulfate (KS),
hyaluronic acid, collagen, elastin, fibronectin, 1 laminin, a Cell Adhesion Molecule

30 (CAM) or a CAM ligand, an integrin, a cadherin, a selectin, an addressin, or a mixture
thereof, or equivalents thereof, or a mixture thereof, or equivalents thereof, are spotted

over each drug spot. The cells are then seeded on the microarray. Because the non-spotted

12



25In the alternative enbodinent illustrated in Figure 3, the small-nol ecul e
drugs are printed into a mcroarray represented on the first |ayer above

t he pol y-worgi2zatuife gel substrate. The extracel | ul ar - maPCIraUSeETVYS3PSF ot ei ns,
or mx of proteins and GAGs, or proteoglycans (PG, heparan sulfate (HS),
chondroitin sulfates (CS), keratan sulfate (KS), hyaluronic acid, collagen,
elastin, fibronectin, 1 Ianinin a Cell Adhesion Ml ecule 30 (CAM or a CAM
ligand, an inte erin, sel ectin, ressin, or a mxture

t her eof , rpoéﬁdﬁ‘gvlﬁ?“&‘?tsgr pegot alfipy cellpitaghiient tﬂ}?&e e oply PEREIt 9Pt s
thereof, argogspotted over each drug spot The cells are then seeded on the

m croarray. Because the non-spotted acryl am de surface does not al | ow
cel | attachment nthselteapte ea}b@dlawwﬂbﬁt@geém Fighredathg figgdyo rows of the) 1y ¢ he

al ternati ve,sbodi e Btard inlHsYiliAl @IQOﬂe&eﬁ' s%[l@ncﬂecuid%%otfs'\{ll%tre thweecopyvs of the
spots in A and B are i mmbilized fluorescent small-mol ecul e spots, where

t he second BWp aikdopemebalizef. yipi uppeiged infthemediy prtatiqiear |hmink e et a
sol ution foihn%ll%@spoftsf@ece%‘fdofm?) lbét%%?orﬁ?&?hﬁelﬁ ﬁ@&@s@@ntfs}@ﬁalr Ql‘é’gésuh%St

majority of their fluorescent signa uggesting t jorit
nmol ecul es athe mammtyeidhd m@lm:ttm@reslpmosed @mthqépdﬁ hen thﬁaathﬂ:r hmdethﬁ nobi | i zed

the spots (‘iﬂn'ic%‘ih g&!{? ﬁr?tft\f;vg?&&sﬁ%ﬁé@%@%%tﬂﬁéﬁ thlffl? rﬁ uslgﬁﬁfe&ﬂgwn‘?e‘h‘rk' ©

contents represente sust al nsity o uor escent signal s.
10l n the al Itememteld\betl@rﬁumhmcﬁbmtenmt}dQfsmerfatoe@cenns@n@we 5, the fluorescent

I ntensi tjtda s of i aﬁt t?ve bodlmen dlhusgrat ﬁ 1rm:né aSr J[’h%)ﬁu %ﬁ%lﬂ%%&ltl%@f at

various tlnme p0|n merge ange of
t he fl uor esioemibilizad smsll mIOESulafrﬂicrbdeEBIy apd mtag@iXA()Bbvariﬁhenm@p@ntsfwhﬂhe

fluorescent ntensit resen n nmount s

srmi 1< ol ocPBE BT BeF RS aRe e e RELE BV TR B 8ot ne. anount
of small- ZLFoteel(BE:Uhe Idsebeds adoreat@ intaitsick i’@réséﬂtsﬂhbdébrethlg&mbﬂﬁt@oﬁan be
controlled ﬁ %LIOGS factori %gch as Fhe am unt of polynerizatign and
cross- | inki ésm‘t BogeYrgRincd i B sRoffe T ?Oz%“ﬁ%eSEé]P 1t 8% heni cal
propertigs @bidcil®feRased rate into theRoltifiéh. athieaRbh ¥EcRIBNE ByBAtohs fhétsikr at ed i n
Figure 6, a fluorescent anti-cancer drug doxorubicin is printed at various

concent r at i B 25 the tBount af Ralyagrizayon apd erosirtipfanasdlie degradationiof 8¢ af t er

submer ged i ihddbRiZABRH B ER) tHE E1RMidaPProBerlOWNE more. A number of embodi ments
of the invention have been descri bed. Nevertheless, it will be understood

that various modhficelemaie crbgdienifudralimbigirede p Aperpirgntfntwricte spiri t

and scope ofru} o MER iAo AFERHEA QL b QUREY 10/ RRM RN Re AWl NI 0 the
scope of 25t | owi ng cl ai ns.
20 acqulred after submerged in the media solutlon for 2 hours

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope of

25 the following claims.
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WHAT IS CLAIMED IS:

1. A product of manufacture fabricated for use as an array or a microarray, made

by a method comprising:

(@)

providing a compound, a drug, a small molecule, or a small molecule

drug, and a monomer solution capable of polymerizing;

(b)

providing a solid, semi-solid, gel or gel-like, colloidal or sol-gel

substrate substantially comprising a surface, a coat or a coating that prevents

or inhibits cell attachment or is unable to sustain cell attachment;

(c)

(d)

(1) mixing the compound, drug, small molecule or small molecule
drug and the monomer solution, and spotting or printing the mixture
onto a plurality of circumscribed areas or spots on the surface of the
solid, semi-solid, gel or gel-like, colloidal or sol-gel substrate having the
surface, coat or coating that prevents or inhibits cell attachment or is
unable to sustain cell attachment, or

(i) spotting or printing the compound, drug, small molecule or small
molecule drug onto a plurality of circumscribed areas or spots on the
surface of the solid, semi-solid, gel or gel-like, colloidal or sol-gel
substrate having the surface, coat or coating that prevents or inhibits
cell attachment or is unable to sustain cell attachment, followed by
spotting or printing a monomer solution capable of polymerizing over or
on top of substantially each spotted or printed compound, drug, small
molecule or small molecule drug spot or print, or

(i) spotting or printing the compound, drug, small molecule or small
molecule drug onto a plurality of circumscribed areas or spots on the
surface of the solid, semi-solid, gel or gel-like, colloidal or sol-gel
substrate having the surface, coat or coating that prevents or inhibits
cell attachment or is unable to sustain cell attachment, and the
monomer solution is induced to polymerize by an external source, for
example, by exposure to a light radiation, such as ultraviolet light, or
heat; and

providing a cell-attaching material, and printing the cell-attaching

material, or one or more compositions capable of facilitating, initiating and/or

sustaining attachment of the cells, on top of each circumscribed area or spot.
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2. The product of manufacture according to claim 1, wherein the surface, coat or
coating that prevents or inhibits cell attachment or is unable to sustain cell

attachment comprises a polyacrylamide or a hydrogel, or the solid, semi-solid, gel or
gel-like, colloidal or sol-gel substrate comprises a silane-activated glass slide coated

with the polyacrylamide or the hydrogel.

3. The product of manufacture according to claim 1 or 2, wherein step c(i) further
comprises also including or mixing in a second solution or a composition capable of

initiating and/or catalyzing polymerization of the monomer.

4. The product of manufacture according to any one of claims 1 to 3, wherein in step
c(ii):
(1) the monomer solution initially comprises a second solution or composition
capable of initiating and/or catalyzing polymerization of the monomer, and the
monomer solution polymerizes after the spotting or printing step, or
(2) a second solution or composition capable of initiating and/or
catalyzing polymerization of the monomer is spotted or printed over or on top
of substantially each spotted or printed compound, drug, small molecule or
small molecule drug spot or print to initiate or catalyze polymerization of the

monomer.

5. The product of manufacture according to any one of claims 1 to 4, wherein
the cell-attaching material, or the one or more compositions capable of facilitating,
initiating and/or sustaining attachment of the cells, comprises: an extracellular-matrix
protein or an extracellular-matrix-like composition or mixture of molecules; an
interlocking mesh of fibrous proteins and glycosaminoglycans (GAGs); a
proteoglycan (PG), a heparan sulfate (HS), a chondroitin sulfate (CS), a keratan
sulfate (KS), a hyaluronic acid, a collagen, an elastin, a fibronectin, a laminin, a Cell
Adhesion Molecule (CAM) or a CAM ligand, an integrin, a cadherin, a selectin, an

addressin, or a mixture thereof, or equivalents thereof.
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6. The product of manufacture according to any one of claims 1 to 5, wherein the
circumscribed, spotted or printed area for each compound, drug, small molecule or

small molecule drug is approximately between about 0.01 mm? and 0.05 mm?.

7. The product of manufacture according to claim 6, wherein the circumscribed,
spotted or printed area for each compound, drug, small molecule or small molecule

drug is approximately between about 0.02 mm? and 0.04mm?.

8. The product of manufacture according to claim 7, wherein the circumscribed,
spotted or printed area for each compound, drug, small molecule or small molecule

drug is approximately 0.03 mm?

0. The product of manufacture according to any preceding claim wherein the
spotting or printing of the mixture or monomer is done with an ink-jet printer or

equivalent, or a liquid handling robot.

10. The product of manufacture according to any preceding claim, wherein the
compound, drug, small molecule or small molecule-mixture solution is prepared at a
desired concentration and/or mixed with a pre-polymer solution or prepared in
encapsulating lipids, liposomes or particles or nano-encapsulating particles.

11. The product of manufacture according to any preceding claim, wherein the
solution can be directly printed using a microarray robot; or the compound, drug,
small molecule or small molecule drug /pre-polymer or the encapsulated compound,
drug, small molecule or small molecule drug solution can be printed onto the

dehydrated gel slides.

12. The product of manufacture according to any preceding claim, wherein the
product of manufacture comprises or consists of, or is manufactured as, an array or

microarray.

13. The product of manufacture according to any preceding claim, wherein the
product of manufacture further comprises a cell or a plurality of cells, or human cells

animal cells or cultured cells, layered onto the cell-attaching material, or the one or
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more compositions capable of facilitating, initiating and/or sustaining attachment of

the cells.

14. A product of manufacture fabricated for use as an array or a microarray
comprising:

a solid, semi-solid, gel or gel-like, colloidal or sol-gel substrate substantially
comprising a surface, a coat or a coating that prevents or inhibits cell attachment or
is unable to sustain cell attachment, and the surface, coat or coating comprises a
plurality of spots or circumscribed areas capable of having a cell or a plurality of cells
attached thereto, wherein the plurality of spots or circumscribed areas comprises:

a first layer comprising a polymerized monomer mixed with a compound, a
drug, a small molecule, or a small molecule drug, and

a second layer positioned or placed over the first layer, wherein the second
layer comprises a cell-attaching material, or one or more compositions capable of
facilitating, initiating and/or sustaining attachment of the cells,

and the cell-attaching material, or the one or more compositions capable of
facilitating, initiating and/or sustaining attachment of the cells comprises an
extracellular-matrix protein or an extracellular-matrix-like composition or mixture of
molecules; an interlocking mesh of fibrous proteins and glycosaminoglycans (GAGS);
a proteoglycan (PG), a heparan sulfate (HS), a chondroitin sulfate (CS), a keratan
sulfate (KS), a hyaluronic acid, a collagen, an elastin, a fibronectin, a laminin, a Cell
Adhesion Molecule (CAM) or a CAM ligand, an integrin, a cadherin, a selectin, an

addressin, or a mixture thereof, or equivalents thereof.

15. The product of manufacture of claim 14, wherein
(1) the surface, coat or coating preventing or inhibiting cell attachment
comprises a polyacrylamide or a hydrogel, or a polyacrylamide-coated or
hydrogel-coated surface, or
(i) the surface of the solid, semi-solid, gel or gel-like, colloidal or sol-gel
substrate comprising a surface, coat or coating is a polyacrylamide-coated or
hydrogel-coated glass or glass slide, or
(i) hydrogel-coated glass or glass slide are dehydrated before the spotting

or printing, or
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(iv)  the solid, semi-solid, gel or gel-like, colloidal or sol-gel substrate
comprises or consists of a glass or equivalent, or
(v) the polyacrylamide or hydrogel are crosslinked onto a silane activated

glass or glass slide.

16. A product of manufacture fabricated for use as an array or a microarray
comprising a combination of, or a plurality of, products of manufacture of:

(a) any of claims 1 to 13; and/or

(b) any of claims 14 to 15.

17. A method for determining if a compound, drug, small molecule or small molecule
drug has any or a desired effect or cellular response on human cells, animal cells, or
cultured cells comprising:
(@ () providing a product of manufacture comprising a combination of, or
a plurality of, products of manufacture of claims 1 to 16,
wherein the a product of manufacture comprises a cell or a plurality of
cells layered onto the cell-attaching material or the one or more compositions
capable of facilitating, initiating and/or sustaining attachment of the cells, and
(i) measuring or observing the cell or plurality of cells for any or for a
desired effect or cellular response on the cell, on the product of manufacture,
and comparing the same cell on a “control” product of manufacture which
is the same as a product of manufacture of any of claims 1 to 14 except that
the “control” product of manufacture comprises: no compound, drug, small
molecule or small molecule drug; a different compound, drug, small molecule
or small molecule drug; a compound, drug, small molecule or small molecule
drug known to have a different effect on the cell; or, the same compound,
drug, small molecule or small molecule drug as on the “test” product of
manufacture but at a different concentration; or
(b) the method of (a), wherein the any or a desired effect or cellular
response on a cell comprises cell death or apoptosis, secretion of a bio-
molecule, wherein the biomolecules comprises proteins, lipids,
polysaccharides, nucleic acids and the like, proliferation or mitosis, cell-cell

interaction, cell surface polypeptide turnover or recycling, vesicle release,
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membrane depolarization, ion intracellular fluctuations or movement across

cell membranes.
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