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WO 2004/ 109282 PCT/ |1 L2004/ 000502 ELECTRONI C DEVI CE
FOR COMMUNI CATI ON W TH LI VING CELLS 5 FIELD OF THE

wo bMENTREN This invention is generally in the PCEIGRI©F000502
bi o- nol ecul ar el ectronics, and 10 relates to an
el ectronic device for comunication with living cells.
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(2002); 3. Wis. R and P. Fronherz " Frequency
dependent signal-transfer in neuron-transistors ",
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silicon chip probed by an array of field-effect
transistors ", Physical Review Letters. 76: 327- 330
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neuroel ectronic interfacing wth synaptically
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Fc gamma RII, in the absence of other Fc ganma
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secﬁmnfthempﬁmcﬁicatlomo 50-5 (1998); 8. WII ner, I.; Kat z,
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Nature, 258:598 (1975); 14. Wllner I. Et al, J. Am
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37-regognitigngyeepter iwolval 51 twst dekense”, Cauryafpin  Immunol.

g&&i& 39 J Am Chem Soc., 120:10773 (1998).
I(I %ﬁa > THE | N\/ENFI ON | nt eracti on between
?e‘” WL . ecagﬁe wﬂ%‘%e n?%d beeA180L19%8 gi(ﬁﬂﬁe

or several” ity of purpose
Qur i Ngatid)eMpersdl. dﬁ@@d@l@m t65<-3$7a3 2016 (19eBRct i ons were

usual Iy achi eved |nsert|ngsan el ectrode assenbly

(8, n@ﬂlmanlﬁecCﬁ@deRev , 96:1883-dyS56{1¥W¢et rodes) into the

el BFige B Lol bR FErt e Pott e B lf 10721

vol( . changes. The detection eI ectrode assenbly can
al so ’used for the stinulation of neurons. 25

f@tespﬁﬁcehayﬁazb@e@ham%ﬂso 9RFTMDAE) 19qUPbBRY bet ween a
neuron and a transistof dévice [1], ut|I|Z|ng a

b3 .- dPorath T cstall. Natwejbiﬂeﬂfbﬂ\%’éb; the ionic conduction
of the neuron and the_electroni c conduction of th

{4 andtiner | Biahiokder Chepr v K99l d Uadédi0Bees. “vo

001 SN T, 59, SRR O R B Bl it 35

j ungikpnibggyeen a transistor and a neuron,

transistors to be used in said junction, and an

a6t i fiw@00Edailgcal synapse. VO 2004/109282

PCT/ 1 L2004/ 000502 3 "Chem cal synapse” is a junction
bt we Baryanclel Mandler.db., dedneCoemanoaghif): 1 0AFH(1998).
transi stor bearing receptors for the agent, wherein
bi ndi ng of the agent to the receptor changes an

)mq}]? ansi stor. SUVWWARY OF THE
BAFKEE‘:’@]%@& presen |n9§1t| on is based on the

f i netdrgetidabetdebh GRrdRYaidCEbcttdmik AgPices has been in existence
for several decades for a plurality of purposes. During the past decades, these
interactions were usually achieved by inserting an électrode assembly (single
electrode or an array of electrodes) into the neurons, or placing an electrode
assembly in the vicinity of the neurons' membranes, so as to detect voltage
changes. The detection electrode assembly can also be used for the stimulation of
neurons.

Attempts have been made to provide coupling between a neuron and a
transistor device [1], utilizing a bi-directional interface between the ionic
conduction of the neuron and the eléctronic conduction of the transistor, achieved
by two separate modalities.

WO 00/51191 [17] (having the same inventors as in the present
application) discloses an electrical junction between a transistor and a neuron,

transistors to be used in said junction, and an artificial chemical synapse.



10

15

20

25

30

can be forned between cells and surface-substrates by
taki ng advantage of the cell's natural property to
w0 ndoenoeBt ze el ements of the extracel | ul ar worBCDYL2004/000502
phagocyt osi s/ pi nocytosi s or 3endocytosis. This basic
property is utilized to provide a tight physical
“Chémicay sylpheie 8na fliRtioal bgweand dellewhid &eetby an agent, and a
constructing the 10 surface to have nano-to micro

traggisioe beaging yeseptess i for tthe agentnvdiereini binding bf ‘the agentotodthe
their.size the m.cronail l.ular-internalization

recSPRShARESS 2B/S %&?qlﬁopeﬁy%%ﬁ?@a ©fes are either due
to inherent properties of the naterial denoted by the

material fromwhich the protruding mcronail is forned
SWM@%%@@EWNTE&‘WH al), or due to

| mmbl l'i zi ntg ontQ the mcronail_of noieties 15 which
pro @@r@@n Wﬁﬁtl@mﬂsebaﬁ@ﬂl%ﬂlﬁfmdﬂgfthﬂﬁ |ast1ghtrrdnb/ﬁlgal kinleage

car} b8 iRt BRReem) (St hiosbetilss bk adviutage o the
ce § t{nlal gﬁ* &N ?rﬁe 1129 d&elﬁg{ﬂﬁ' bt HRE SLARELBYar ADGd by

is a ere a strong phy3| cal

phit%1 osgfgﬁhaqttoﬁsl b ehdiscysonid. atés basic pebetty a8 utlﬁzé&@)tprowde

e he of the mcronail may be decorated with
a tight qphiyaical Hakageahetveeed the eclls grwhgter surfane by c@nsmlng the

ol 0% BB PR ol i 1
eI TP 0 T 05, g
dpefiibsf Qhegm?mtp@ﬂfd@%@ %ltha/ dﬁ@@o PG propéntickeBe 'rﬁat%rlal

|s i mportan O mnimze the novenent or” change of
demiaﬂ ity! theosiateriah fodmawhihl thenpmtsudirigandcrobail iexfanmee,or is

for _ vari ous mani pul ati ons of the cells (for research
cogig hydauch 4%%%1%@11“5 ﬁwnmqbéb@ag ongq Ehe)mlqrﬂ@aﬂ of moieties

ot SEERE ool FteyRh eatlchl v, 18 R, "Rl bl Siogi OF the
sut‘féceca% ﬁrﬁem'aﬁz&fﬁxﬁ ?fﬁsn&?l Md the %eﬁ’lﬁlﬁf aﬁcf’f% a@@& afund

he 1 nvention e physical 30 tig t co

it, a@ will be @xplairpdavirdercadqaid Helirted ow,cald lﬁ}ﬂﬂﬁs)thecdbﬂilrﬁis @dhered
coupl i ng WO 2004/ 109282 PCT/ | L2004/ 000502 4 and

withiceh streng phiyssicad dighg comagt antouthe suefacshile leddgion feathat te head
ﬁ}% el ect rode.

RiGOHERTE e dFe G BEh v Rercria Bk cafpdtohg Peiton of
theuﬁahi InfSthetd }Itﬁﬁﬁsx{noﬁ of éxeﬁmﬁl?gé rfé@l%ltloﬁlo?% Qﬁ‘lcalil be used also

communi Cat 1”0 nsi ng
as Gelnhisdo @¥rid, %é &b Naslivee! havdrials @nﬁ@ﬁ fth cmb 91@gm@eﬁ1eMBr§ﬁb or

can sense the 5 presence of various chem cal
intrasedbaarely.s whi ch are secreted fromcells, or
This tight physical contact may be used for many purposes. By one
embodiment, where it is important to minimize the movement or change of
spatial position of a cell on a surface, for example, for various manipulations of
the cells (for research purposes, for photography purposes, etc.), the adherence
may be into “inert” surface merely for the purpose of limiting the spatial change,
or movement of cells. |

In accordance with a preferred embodiment of the invention, the physical

tight coupling is utilized to provide a good electrical and/or chemical coupling
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defuse into the solution from other sources, as wl|
be expl ai ned herein below. Thus, the present

WO pwenvs28n provi des a surface-substrate for adker/arroe/000502
of cells thereto conprising: at |east one m cronail
structure protruding fromthe surface, 10 at |least a

and &Hed¢hcefof eall¢lintd e sorfacd whadh 8@ part of an electrode. The electrode

. cellular-internalization pronoting properties. The

is past f" suelestroden lagnangement oéfasr slectronicsdeviesewhidhi oiay be

o 53 B0 B RaP B AR R B i o
. S ' . 2| , '
SRRLE S PO (U580 SELERE e LEREH B e

prepémRREsf vafiotd @hbidal oo @idn® WHieHN a1 sebretdd ifForABeksls, or
and its construction in the formof protrusions, or

defuss o tiwssobdiom fromrdthed Joprcesdas widbbe ¢xplainest hnysie bblpw.
bi n,%' ng of nolecules) to pr,&mat e adherence of cells
t het By therpeeserl; iveniien prayifles  suiipes-pistrate fasradhgrence of

I t vepntion refers to a mcroneter or nanoneter
Ce@éﬁ%g{bp?o'}r”ﬂélﬁ n fromthe surface of the surface- 20

subsgtieak 8ne AiSronHil fsﬁﬁ@tu?@ﬁﬂftﬁﬁ%%g #bm B ShriRee
m cronail structure, but Tt typically conprises a

pl uatalledsy of regionoondi baidt muictoragls havingh cvliylatintdeealization
identical to each other in their chem cal properties
progrotygg MRPPS-di f fer from each other. The mcronails

whi h ' i,but ed, at di st f th
b P, SR ASLURMES B SLatee Lial SESh el
alogf ORISR dhindmiR AbESERA (ﬁfbeﬁs,sér;% é? ﬁ(ﬁ%%%orate

a
ectroni ¢ conponent construct (for e ea

cor¥tratiee (duch tak watdlé@rdde, opbestitriodevicd)i which Histetther unique
el ectrode) or may be distributed as specially

inhexgms tchemicadl prepeartiesedus tovihe matenal bizoinnwbichait iig eadsyand its
singl.e cell. _The ferm"cellul ar-interpalization )
congirgftien iy s (8 of BEotrusfQse Py Which bite e hgpically modified

(fof AR oy Bihcifb ST MotBr A pfdnBle ddierelb HEPRUS b
PhayRe Yérs I“SuicikRACYih Qb Toffext D8y bRSESt invehBon ¢&fetSto a
WO 2004/ 109282 PCT/1 L2004/ 000502 5 The

midretretdraor inahemetdri salé gmojpusiont from heoperfaceofnthe berface-
the inherent property of the mcronajil material

f
subsiatepilbe sitHage Compripgscaldleast onesmigaemal bstructyie, baaitgmgircally
corlys PRy i hiRIP ol B 8T BRI ATy b
othBE iR ReiPcHeRBI NGobeRRs L e RN may differ from each other. The

micronails which may be distributed at a distance from each other so that each

electrode serves as a base for a single or many micronails is present on a single
or many electronic component construct (for example each micronail structure is
present on a single gate electrode) or may be distributed as specially constructed
clusters, which can be internalized by a single cell. |

The term “cellular-internalization promoting properties” refers to
chemical or chemical/structural properties of the micronail which induce its

partial or total internalization by phagocytosis, pinocytosis or endocytosis, into

’ ‘ cells.
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5 Alternatively, the properties for pronoting a

cellular internalization of the mcronail are denoted
WO pooshe928t cronai | by i nmobilizi ng thereto bi ol BQ/ma004/000502

noi eti es which pronote suchsinternalization. The

m cronail may have a uniformstructure. According to a

pr efl¢ retluleiheeiaieation fprbﬁﬁtmgV gfﬂéieﬁ[bs h¥ BE cthenaiblerent

is conposed of two chemically 1 stinct ‘regions: a
propesy o dhe imieronail drlaelbds(§om@:arnpia, wihgrs thalrhigrortaileis made of,

o Sl S 1 SO LS LOMLLIG BLORELILCS 208 %,
R N T S

TheAlterdaiveRt ﬂferlﬁiogéx@r&:s P pﬂo@ﬁcﬁ 4 @eﬂhﬂ&r iGhaliAAonadf the

| east. a part of 15 mcronail traverses the
mlqrbn&hearﬁedmmw iof thehenicedrailaby immobilging etierddy bibkogical

menb ne (vvhlleta;e mcronajl is still attached to the
mo&?tﬁlleﬁ sh prgyeote s u%?f@ﬁhzatw means i ncrease of the

or opds eRscORCHEF) BB & ool Bisordlbl gy ¥ petereed

emBONRRNEbE R HvehAbR) H& Yiﬁl&fb?l'dﬂ khgﬁﬁg&eﬂpsf bveS chemlcally
(non-netal /Tacking ol ecul'es). It does not

distimett reglidnsmi  headi patiomy ang 4 I’masea porigper Tysisaly, ethe cellular—
inteernalized as this biological activity has a
interaalizationramioding quppeHan et dprenssiyr ¢f thg head pertion, although

curi e st SRS TeRn Bromsireg bDio Py and e base
poﬁ'f?h ﬁ'ﬁemﬁﬁ%&f{@th%%eﬁny bi ol ogi cal ol ecul e, conpl ex
bi ol o |

gi ca ecules, or fragnments of 25

bi oThgitemh "wmberiteson Wifel tontHeehe thdieatplegdtali part Yof the
of a conponent, coated therewith or attached thereto,

miqrondib tiaversen Ahe psnbymedrag of tiewel andyis tengebed" by the
bIO|O C@ tgmetles areg%!%‘g]eg nhothefollovvlng
dw & amerapailds gl Kat qs%facr:} at e

T i 1L D AN o
midrBAAIE X&NGhid PR E C_Peﬁgss F{hfé?@%lblo%i/caq) Endlé&ﬂé@@&dcﬁ@&)‘ &oonffdred
2004/ 109282 /1 L2004/ 00050 6 2. nol ecul es 't hat

to mesromailszwithbutsthesenprobedits {noomxialdaclsng aveltadeon It dees not
external surface of the plasma nenbrane of cells,
megihi bat elbunicrenailsi h@Vlﬁlﬁt éhesa npropegas ﬂ&d@%@mabzcd as this

nLer acgl w DSt ch nﬁgﬁuéﬂagtﬁga Sog%lﬁ]r?mgp of RO occurring
reghﬂfl@srsr?ﬁltl'lgs@tp‘ré?&mes.

The term “cellular-internalization-promoting biological moieties” refers

to any biological molecule, complex of biological molecules, or fragments of
biological molecules, which increase the probability of a component, coated
therewith or attached thereto, to be internalized by the cell. Generally, these
biological moieties are divided into the following groups:
1. hydrolytic enzymes that facilitate degradation of extracellular matrix, thus
“cleaning” the debris coating the cell to be adhered and increasing the

probability of internalization;
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5 or a conbination of both. It should be expl ai ned,

that the internalization is a relatively "spontaneous
wO 2@na0d282 and the cel lular-internalization i ndRCT/AIRA04/80502

achi eved by elimnation of 6obstacles of the

extracel lular matrix which cone between the cellular

2enhnekeeules dhithecogmiz® pRisha (¥mbhgied $ononbividnetatéd on the
enzymes) or by 10 pronoting the formation of a tight

i ntedeamel surfage tofethy atasmarendmbrage aofl cells, whidadnable an
by .actiyatiaon gécqsé eci.f.ic.receptors that recruit, the

p 7 tghidiPogiijon IRIRrAGHOR betwsr thesmaiegulse aggthe
© o 1S OF DR A€ Bk R0 QIR AT

as pol ysacchar egradi ng enzynes,
pF atconihiggion ofilfotRnd | i pi d degradi ng enzynes.
Preferably, as these hydrolytic enzynmes may damage in
t heltl shguldunbe ekekplaingtly athaéd the itternslizdtiore- Bubst raatévely
of the ipvention, thes nzynmes are cqonnected, to_.the

“SHOTIERYT | SRRl g es@@@-mﬁmw@%ii@@%mdw@ie@ by

. . ' ' tivi:ty ts.short,. and
clrhfiioh %, RhHECBRE) BbctBERIuRE sty whleat O ke ane
[RParSHERBEATeS MRS e tfieronie (bEHHR u®lof WHESyEOR b
* recogni ze pl asma mn%?ane(c%npoﬁentos ' rg‘lergqrg?%n?/r 4
pronmrtingrthe ffopmatior of aitipght grteraption by the ipbasnembatbraie and nail
which is a, plasma nmenbrane conponent, the nenbrane )
heade g0 byniactugtione of sperilic ntecgptors phat recruit the phagocytotic
ol ysaccharide, a glycoprotein, etc. Exanples of such
malPEdul es are 25 i gand of plasma nenbrane receptors
(or gﬁﬁ&}pﬁ by di t na% ' e
tha%Iglr ecog‘gieggytglg%sqgn@p%gnﬁpg%e co%p%@%?g?egfaé%t :&tﬁggaglr one
exttacsliular beinponerisashiras pelybaceheriddsydppadihgicAsymes, proteinases,
anti bodi es that recogni ze plasma nenbrane conponents
and(lgnid fegraging ezymesr non- prot ei ns) or bindi ng fragments
of sai.d nti Qodi es; integrins that recogni ze short
| Baabbnes deve Y_éwésg&h?wmesg@aﬁééﬁmg%m theafong run cells

, e
ot B4 % ool s B U psnd D oo 5Bl ol Brfreten v
the trRicettaNGRotS1E 2 aPREIraNkieh 3§ bidRefRlabld Qotth the time span of
surface-substrate of the invention, it is preferable
theirfaativity isastbrt,iand afer ehehife thegrare sgortamdoustyddetached from the
ellular internalization, the surface also contains
Surgiﬁeﬁﬁbﬁfqt‘énal "adhesi on nolecule " which tightens the

co ction het ep t;)qe cell and t,he surfage. ’
e term molecules that recognize plasimd membrane components

refers to any member of pair forming group, the other member of which is a
plasma membrane component, the membrane compbnent may be a protein, a
lipid, a polysaccharide, a glycoprotein, etc. Examples of such molecules are
ligand of plasma membrane receptors (or receptor binding parts of said ligand),
receptors that recognize plasma membrane components; lectins that bind to
plasma membrane glycoproteins; antibodies that recognize plasma membrane
components (either proteins or non-proteins) or binding fragments of said
antibodies; integrins that recognize short linear amino acids present in

extracellular proteins, or a combination of two or more of these proteins.
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5 The adhesi on nol ecul es preferably shoul d be present
either in the base portion of the mcronail, or on

wo b@w4negson of the surface surroundi ng the basBCT/IL2004/000502
portion of the protruding nicronail. The adhesi on
nol ecul es may be in the formof a charge nonol ayer,

suclh omisr t eiinocayies adier@ie)of\iae oell torhe Ghrfase-kiosatd 6f the
pronot e adhesion of neurons to 10 a substrate. The

invgeien.i ibts prcfamble that igadditionetg ge properties that induce cellular
. .surface-sypstrate in accordance L.t.h the invention )
intGHRLET0, 158 U 0 AP SATALET gk SR e rTgcule

t g—gﬁ@%/ r, the
wh%rt@@éehsntgg%g sodt%ga%g‘g%%@ggté %ﬁ%‘g&g}ér 0 C%a cell- 15
conmhigiadhédiog eolepales Prefefabdy sRbEld! b Beeserh@ith@r # the base
"cell communicating conponent” refers to the part of

portioe ofethgcmicwrdeail,heit onghe negibpsifcthe swiacacurmudding the base
| ect.rical  cammuni, cat ii@.n (for sensing and/or

po Pprﬂflﬂé‘ﬂ’rﬁ’_ tHEBILEPakni th a cell. Preferably, the
el egpl ggﬁ?%én %B)I%Lﬁ% @yfosewiﬂ' {0 fbﬁn'd}{ate&ga?g% ﬁlgop%)rlefyie& Ss,uch

conmunit Ca avil ng electric

as ®indidYiyes o PYEiLiAgi witich i€ RROWE €8 pkdinoR! fIkekibfi dhheurons to
such as neurons, muscle cells, and cells-of secreting
asgbstmatts. The electrode may be a regular el ectrode or a

gate el ectrode. Where the surface- substrate in
accéheidesaimtjonnabaye is|syitakleiler aaw steace-suhshiats imaccesdance

. ni cating. conponent of. the electrode the base
with 3P Hareagiph sk UGS 10 SR SEHE PhESETcqiRetdiy hetween
theic%ﬁkﬁﬁ&ﬁlefsﬁﬁmcbts surrounding so as to decrease
"shunting"” to the electrolyte containing solution in

whi Howicher, ctHel susfape emant alséobe exdapad toi beapgat of a cell-

el ectrode of a MOS transistor, the mcronail may be a
corpaIwiiating sampenextoed anele¢irodent egral part of the

pol ysi licon, e electrode) which is isolated fromits

o {Btrii & SAmpedr R Graany s et olorRie ol ohcthe

' i I I p b Sk .
ccbURRPR 7 SREOTGES, 1 L SFLERIELAMEIGHOR (iSensing

m&@fﬁtﬁﬁm@ﬁhgpqgga@wwbc@ﬂ. an el ectrode, as WO
2004/ 109282 PCT/ 1 L2004/ 000502 8 well as a gate

el eBtaferdblyc thepslectiody i lae edentfode evival it indtreled dagbaunumicate
Jormthe cell . comuni cati ng conponent of a, gate
Wl&zu sells duxmepslertiie cpropgiiicsr 08| Baving dehysiRlogical gasponses to

elegﬂn%&gf,r 919&1 gi? Srferuirgr?s(,j iisd eb %\éﬁs, I cells of secreting glands. The
electrode may be a regular electrode or a gate electrode. Where the surface-
substrate in accordance with the claims is adapted to form the cell communicating
component of the electrode the base portion of each micronail should be
electrically isolated from its surrounding so as to decrease "shunting" to the
electrolyte containing solution in which the cell is present. For example, in a gate
electrode of a MOS transistor, the micronail may be a polysilicon rod (being an
integral part of the polysilicon gate electrode) which is isolated from its
surrounding by an internal oxide layer.

The present invention also concerns an electrode comprising the surface-

substrate adapted to form the cell communicating component of an electrode, as
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forma part of an electric device for electrical
communi cation with a cell, 5 preferably a cell which
w0 2008i10426z el ectrically active or a cell havi nBCT/IL2004/000502
physi ol ogi cal response to eBectricity, such as nuscle
. cells, neurons and cells of secreting glands. The
well@gm g8t erttrbéatoprivingi t6atshifice-sidfsabte atdalpeéMo form the cell
rel ati onship between an electrode or cells selected
commpimiaatiag componenigpf algateleleetrodon of the presence of
in cells b | ectrodes or, detecti.on 10 of

t h
cur Bafh thersd afs,eleét.ym%f‘egg theogate glectrds descriged s abov e amay

P Sq4f: S . Gh oS i n..sai d.
TorB AT FEHEARE a8l Sk e UARB G i oot
prefétablyactdll Whidhek @ither 6Rirfoall¥ 2chvéd of @8] INAAVIAR phlsibWical
or nore of the above. Electrical communicati on uSing
resporsie ta etbetriaity, suoh dsencsole celts, netrohs and cellsof ecyetmf glands.
purfﬁses, sru;:h as for basic r e”se%r ch purposes; for_ the
con$he R oflesticabiconaE el iatey THeS,; tocayeralaiiqnphimbef@een

' f igonal. | i bet ween nerves or
an%ét%&%é;&f%ﬂglsglté?{eﬁcﬁp ﬁ]ﬁ%togﬁ’tv@n%f roboti c prosthesis,
1N Qe@efiont Bf MeOpesihcd OIATRIhERScMstBy RRIEdtFodes or detection
prosthesis that" is controlled by nedrons or nuscles;
i n obewtemt thanges ore vision after retinal or optic
nerve damage, in order to electrically stinulate
del | detegtione heechangeg| npetentiaks evr plasmp egambeanes of cells or

conponents, e anot her alternative, the

40. B% [
sur FFPECS LG BPE# t he invention is used to forma

par t : I I ich can sense the presence of

an Igﬁlilctﬁlgg?%ﬁgﬁttggasl%mnpl e. For exanple, the

gur fappBrisaifas tleatrR fdldas celiyenti on may be a part of an

el ectrode which is further coated with a | ayer of

iSrma bombmation of dwaior nwore oftheahdves, that in the
presence of a cell secreted conpgnent, catalyze

F eablectial CARMUNIGAIOn hangAvER Bricvis Wy ke radmied out for a

. . e I .
B A ] SRR B O L, o
bioftledidal @8 c¥d ieShectAly MBse IRidPRddo] ﬁﬁcﬁénﬂ"liﬂl@@étﬁ%\/%ﬁ BBrves

of the preséence of "'the cell secreted conponent.

or p0Bdles 0O282CRICTEohAOMAtOAFEAboti0 Frosthesismirt roedagto tprovide
nol ecul.e” refers to any nolecule that can both

amplgsy Withe rebatis| prosiiepist tat évkpoiielind bgrpurons or muscles; in

L ul t aneousl atal.yze a reaction that . cause .
ordg: fotesfbte Visto aftenaLon opic e damagrs ins G i Secirisally
stirfh18teS ¥ B Zefbting glands to secrete required components, etc.

By another alternative, the surface-substrate of the invention is used to
form a part of an electrode which can sense the presence of an analyte in a
sample. For example, the surface-substrate of an invention may be a part of an
electrode which is further coated with a layer of immobilized recognition
molecules, that in the presence of a cell secreted component, catalyze a reaction
that causes releases of ion in a media surrounding said recognition molecule. The
secretion of said ions causes an electrical change in the electrode which can be

monitored as an indication of the presence of the cell secreted component.
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peptides. 5 The term"cell secreted conponent” refers
to any conponent which is secreted by cells, a
WG p@ailb9282 exanpl e bei ng neurotransmtters suchP@EBIL2004/000502
acetyl choline glutamte, GABA and serotonin. For
exanpl e, where the cell secreted conponent is
acerhit abeh | ‘Recodritornt efulenilé t aefer® ke Gl emblecule that can both
acetyl choline ‘esterase which can rel ease ions sensed
recognizh e asillesscrasert comporng, ant signiltanopusty cet@l}izes aastion that
typically i billzed onto.the el ectrod via |inker
oy asloae Shamnd BoR gL ERCs, Palpsplss e ensymes or
i.phatic, aromatic or heteroaronatic nol ecul es

pe g\?lg'ng at | east one functional group which can be

COVEhenédny ‘Relndcriiédebmponéire %k a6ndf céfifonent which is
surface-substrate or to the recognition noieties or

sectegedobyi. ctBs,BRI EpcDERCRRTN GeinpHEdDRAINNGStters cudhr as
%}a unlders and the_ invention and to_see how, it y bhe
acebaeheling glitampte, fp d gergraninr Fag cXaBpls: neerenihg cell

seciif SSpERERL RepssndiiG fhe 28amitdl MdPRET Rt ighgtine
estdsSWhidh Ghn rélehse Bn§ Sé}?s@&‘li'ty%é klcegbaation of a
neuroel ectronic hybrid sysfem 20 Fig. 2 illustrates a

schéhe rdedgnitiory mdiecujes aret tyipiaallyr mhiabbidized ettoeke etectrode
. cultured neuron and the transistor gate, and a seal
viarlinkes mapleeulpe sughe As cABUSAGY @funcoRiigsiest, ¢jpbatic, aromatic or

hetfRptomde ek IR ob AFRS e fbReby PRuBrgfich can be
cox%‘l%rﬁ%@oﬁﬁdoéitﬁé?e to PRY %ﬁcféﬁ o ﬁ{ée @ﬁffﬁé@%@bsﬁﬁtﬁ R G%he
schemati c presentations of the cellular nmechani sns

recbfsitiol masietiésorbagdeyt osis (Fig. 3A), and its
conparison to the engulfnent of a mcronail (Fig.
3B); Figs. 4A-4D illustrate el ectron mcrographs of

BHWS@R#?E?%% ?le}]g: DIPASVINES | nduced by the

exposure o ysia neurons to fragnents of

ot hgf o &S ?na\é@traﬁﬂ & irﬂfenéﬁré %ﬁg %8 %g@ RO it Phdy'Be carried out

i nduction of endocytosi s; corresponds to
in pheeticeda gireanredf crabodinttat ywill nowpbef ddseribad, sbypardyt off aion-
Fig. 4C WO 2004/109282 PCT/|1L2004/ 000502 10
limiting exapepld onty withereardacstodhe ecenmapanying duasvimgsy in which:
Fr abiots apphygnati Rateion pha e oeleaone o brg m em
devi?fg? 4 HhABSI L L neARE %ﬂﬁiﬁ% {hg ée%’fhetrical relations between a
cultured neuron and the transistor gate, and a seal resistance between the body of
the biological solution and the neuron-transistor coupling area;

Figs. 3A and 3B schematically illustrate the main principles of the
phagocytosis phenomenon, by showing schematic presentations of the cellular
mechanisms that underlie phagocytosis (Fig. 3A), and its comparison to the
engulfment of a micronail (Fig. 3B);

Figs. 4A-4D illustrate electron micrographs of endocytotic/phagocytotic
profiles induced by the exposure of cultured Aplysia neurons to fragments of
other cells, wherein Fig. 4A corresponds to the induction of endocytosis; Fig. 4B

corresponds to the induction of an endocytotic profile by a particle; Fig. 4C
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invention utilizing a gate electrode fornmed with

mcronails which are protruding 5 fromgate el ectrode
wa wofiaees2 wherein Fig. 5 shows an over vi ew of PCTE.2004/000502

m cronails configuration onit he fl oating gate, and

Fig. 6 shows the scal ed cross-section of the “nail’

cortsporedsiE@she endBeytdtic [Pproflet aﬁlﬂSFig(\ﬂ}IDy&ﬁ‘ﬁes'ﬁ_éndshm a coated
Fl oating Gate Depl etion-type Transistor (FGDT) based

vesigle eonaining s eels fragmeMpe A devices designed to enhance
cnanigs: 5 iand sl an el Ebnle Ayics (raBSpt) #EoRding do the
i B8 TR FANER UGy et

frothatdt® eRAtrbe SIMRRRC FherMe IFig.\S shoviPan BPECEBWAST the micronails
recognition events and chem cal processes, with or

configutasion arethedloaping gaies end Eigy 6 showls|the scadederoas-pectionse the
the nails 15

‘na sIRRES i hYNHELemtOPONERS oF theckgaias 6is Deplstion-type
R EHCEI OB PR 050t FTR A0 S AR i

contdd: AV REAheurbhe rlrag? ra?ﬁl@l‘ﬁ?g tagioHe dhaRfRE ! enPiktriel ethat fta%i(laitate

extracel | ul ar x"and partial phagocytosis of
wrappings ob yhephaidsrhy tesrbeliin enémbapenatd dppe Boddviges p@senting a
exemplifies the techni que of peptide anchoring to the

mogificatigie ofrthginire dadyieas ankbgirdailared leenhaned sersitivify to
mofy By RE B e Enfion SHEPls 2P AEree PRAFERRont «§f PBEHE cels
pre%?ﬂcge in step i, followed by steps ii-iv of this

I gu

te; Fig. 11 exenplifies saccharides anchoring to
t heFigl 1§ ilfigtaRgi 0 procesid of adhéing hydestytic RAZYymBE#6ishe nails

cont ai ni ng chronophoric layer, 1 n type A devices,

surfRiee, showing the mesronaids’ viidald essepbiedaiith phagadytosis signaling
functional i o, the oxide, jn step i,, foll owed
pep eﬁ@%ﬂv{ %f&mhfiﬂg NZYBES ,(HED gpnﬁ%ctffd V@&l?ﬁ%@gﬁ% spacer
(PL%Y/PEJQJ c route devel oped for the chem cal/enzymatic
sel T-assenmbly of 2D PAN monol ayer, including AFM
[

9 3oRfs tHee dESadies|oEt fhel EX@éceql:uPd}t mafe and pva%ial

t he2D- PAN (right) obtained via chem ca oxi dat i on;
phaz00yitbdR 978 RGE/ HyjHaov4 aemdiiiane irfvaBimtioh3 presents

el ectron m croscopy. i mage_ showi ng the interface .

betkienl0 sxemplifes thg é@%@lm@f disptide poghagng | tayte sitride

reglsorflrsn éo‘rijd k& rtflé Céo?c% n%ﬁ'-ﬁe'a8§’ Sc%%?e{iﬁl%g chromophoric layer, in #pe A
devices, while type B devices will couple alkylhalide functionality to the oxide in
step 7, followed by steps 7i-iv of this figure;

Fig. 11 exemplifies saccharides anchoring to the nitride regions and to the
gold nail-heads containing chromophoric layer, in #ype A devices, while #ype B
devices will couple alkylhalide functionality to the oxide in step 7, followed by
steps 7i-iv of this figure;

Fig. 12 illustrates the synthetic route developed for the
chemical/enzymatic self-assembly of 2D-PAN monolayer, including AFM images
of the PSS template layer (left) and the2D-PAN (right) obtained via chemical

oxidation;
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wi th 2D PAN nonol ayer on a gl ass substrate; and Fig.
14 exenplifies neurotransmtter site containing
w@eoiaons2z 5 (enzyne/receptor, E/R) anchoring por/gaoat/000502
surfaces via rigid and shortl spacer (type A). CGENERAL
DESCRI PTI ON OF THE | NVENTI ON By one aspect the present
I NVEig 18 presensd elegifavinit@sscdpy iighge phywingahe igerfaecbétdRen
to an "inert" surface-substrate. 10 By another aspect
Aplysia’ppleswatmembeaneiand apnonolaper ofsirnpiepartidled sekimssembled
.Pis di.rectional electric as well as chem cal
witf R BANE SR er R EERTSIDTIRRG)  betveon el | s
(s asipeu .and AL 6T rf S e re .
pa:?&()f 1£I e%: r r%}fgééde@%s. %}t%ygeﬁge?i c&{?‘ggﬁﬁlgl og{/otems
(eng@neAedeptoraB/R N ndhasifg fi® goldf@rfa@@ﬁﬁffarﬂgﬂlaﬁﬂ sRbrt spacer (fype
bi onedi cal devices that can, for exanple, be used to
A).functionally 15 link nerves to robotic prosthesis and
t hus provide anputees with robotic prosthesis that
are controlled by the brain, functionally Iink damaged
GENERAIRDESERIPTHON GE THE INVENTIONer retinal or
optic nerve danmge, stinulation of secretor, etc. It
canB?I ore Repacs atlet sresen ei@anestiong snaelyf proviille a tight physical
devel opment of ex-vivo hybrids between el ectronic
congeqtioety arc eiriest ssudfageisebuitaés. 20 The invention is
based on_anal ysis, of paraneters and .nechanjsns at )
corkY JROHRG Aatit dbS BrguLBN ERUH BrGs BT8b g iarable bi-
. J . e n . r . q.
dirgfiohfl BUEHAT A7l ey BRI BHGL, RycddRFF pine)
betWeen Cédllsi ¢RlchPhSVAQI#6hY) HAd OSSRER-PRRicEs SWhRAL bfd Gart of
and technol ogi cal probl'ens that had to be solved in
cledratac deviezivahitie gembricutdchnolmgly en@ntservee dsetien bhsgfonfthe
25 neuro-e| ectronic hybrid devices, and provide .
consgugion af biwneical fevicss that€an, 105 cxpmpls betusedtp Fartiogally
. -harnessed the.basic propertigs of cells to identify .
linky HeP B2 10 1 Etegiea Bttt ! sy Brqide ramips e dyitiibgtic
; r @g&g ' t RIS
P mg%ﬁ%%??%%‘fe%ﬂegtb rc éaﬁrél?ébwe e uéégﬁl\ﬁ({a&{%ﬁg nal
netiverless 1@6topd ndsiph osfitg estinahdecypiics irgyve Idamags, fstithithtion of
that by making the el ectronic device WD 2004/ 109282
secraT pte2 boepnodesbe userbto(seragn dyugeorfasdhe deeclopmeant of ex-vivo

ot RRhE bbb Bl el had R0 2
I nt Phd %%&ﬁl{ohoﬂ 192{863 tb%s §n£§1§1§ ro‘f‘°'£>a‘i‘Qf?nete‘irg1 %h8 tﬁ‘uechanisms that

provi din
control the degree of coupling between biological cells such as neurons and

surfaces (such as those constituting) electronic devices, and identification of
critical previously unforeseen basic scientific and technological problems that
had to be solved in order to advance and fully implement the technology of
neuro—electronic hybrid devices, and provide technical solutions for these
problems.

The invention harnessed the basic properties of cells to identify,
preferentially adhere and then to internalize elements of the extracellular world by
phagocytosis (the term phagocytosis may interchangeably be used with the terms

pinocytosis or endocytosis). It was found that by making the electronic device
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opti mal coupling between the surface and the cell. The

basic properties of biological cells, together with a
wmoneliodesi gn of the surface (such as el ectr odeQT/1I29045000502

wel | as by use of tailored ®urface chemstry, provide

for reducing the cell's nobility and producing tight

(e.phpesd elatirbdabfig erabsikiepwitbedrbGusions hineng @pé@@ﬁpmgé@ies, the
exanpl e, of electronic or chem cal devices and thereb

phagosHiesisigads ghtheeinsemelizasion efnesy ptiaians) thewelpi prayiding
onfiRaf SRV AV st NGB o BUL TR ARCHRHG R of
_ . * _ f

il LA BG5Sl BB 0 fpy B o), o

wellnscbpnge! of “taflored gidfsce’ chomis@e pRMid® For 28dhcidEYhe cell’s
conprise a rod- or stemlike "base" portion and may

mokilgp and prpducieg sighhphysica) dinkags petavegntdeds madlthe benfages, for
is preferably rangin et ween ns .of nanoneters to .
ARG e iR F GRETE) doVioes and HBFERGPBRGe e decgical

and/&eclfe igglsc%uﬁﬁﬁéi on range between tens to hundreds of
nanonet er s. e®structure, dinensions and density of

t he AR fgRicdSaoRB, BR SRbirddZ SEHfAR ﬁi@i‘pHBlé%y d@esigned in a
el ectrical and chem cal coupling between the hybrid

nowhpongntfermnamabigting eof tpratmssisnso prajecting) efrbmy ity electrode
cell. The internalization of the mcronails provide

surfagee EhepgjEPirasioRh Atgglso termod hgremeationg nww@cau nais” by

the.transj stor thus reducing.cell.' s.ootility: i.nprove
ong. PEeH R e sspmifrect T MoHERelik Ry aiotilan iR gy so
St » p
R e R P Al ab e Bficen
tens off whhomersitd thousaudsl dfignaneters.afik diaplomwte df the mhitaht the
sensing (i.e., the formation of artificial "chem cal
basey pefiioasange tetweem taasy do lwxireds afdndnobndterst i he 3Guetiire,

B Y R L —
cSRHSE UL TON {18,B.05058F ATAISCOI My gy o

trangddtot N GRGVigALY nodi fied surfaces, they induce such
mai n cel lular ~events as: assenbly of adherence
j unthe dntermaliration evfntllel rrthonailoprovide rthogeo naijors advaages:

heads by menmbrane_ i nvagination. Thi,s can_be achi eved
an%vfgmgeo the el fg thﬁfgangsiﬁ@rz@@:z,/rfé@céeg cell’s motility; improved

elegiibpl SOURHAE doneural oo e pRRtal, A P Tas Sh ccoupling
caithiReSindUWhg indRhdd ?f; @Bk rbii®ah & bet?en thd1Bod bP¥hd BiBlogical

formati on of Intim
solution and the coupling area; and improved chemical sensing (i.e., the

formation of artificial “chemical synapses”). Such a novel design and fabrication
of the surface morphology of a gate electrode (the protrusion of micronails) is
complimented by molecularly modified surfaces that decorate differentially the
different parts of the nails. ’

As for the chemically modified surfaces, they induce such main cellular
events as: assembly of adherence junctions and internalization of the micronails’

heads by membrane invagination. This can be achieved by the following ways:
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physi cal contact between the surface of the
mcronail's head and receptor nolecules |ocated on

wo b@4and262 nal surface of the plasna nmenbrane. HCEHR0045000502
enzynmes are designed to be Bf short lifetinme. - The
nail's head additionally or alternatively carries

ol Thehal’st el orf &ipegnirdies phamies M tioitate &eadAio, of the
bind to these receptors and facilitate phagocytosis

or exitsellvlesimatyx afrbendadl amdithus allee dhe) fommatianabf intimate
internalizatjon, of the m cronai by.the.cells, 10 -
ThePPyi¢al Soptackbetyieen dhe supacs %#%ﬁa}yi@&n s bﬂ%é and receptor

ollé'c%lfestlggatQ{i Bgitﬁg eRferndlSurG8L be ﬁleﬁ%lglﬁﬂg Sx}{@%aﬁgel"hese

st apyj
to € m cronali ase and 1ts sUrro

Pr e&@iYimdsnire dedigiedPiod Gibshod 1Rfifleng el ement for
secreted conponents such as neurotransmtters, based

on The fatsabeash additionaliycak sljeragtheely ooqroise dmoddcutes that
neur onal, presynapti c el ement and ap, el ectronic device

t hateCoanigesPEsME MsERbIERE SiFReRpiors BIndméht thesm greceptors and

for | syna S I ta.link.ne ns to .
t ne R R, asDrida Y BEBRER AR OB T ibdcPitd R Ryt
but iraémaliRYioh I FERS RECroR&Hs BY i&Mist ters, i.e. the
rel eased neurotransmtter triggers an electronic
evethe nafbisdiase benries alihtsiok agdeapesthatistabilize ded binding of the
l'ink the nervous systemw th the electronic wor|d and
al | e%ik's plasmiagnemprangdo the mrienongidy bage ard i syrsonnshingsas
wel L, 20 as nmuscles co nicate. with e other. It
ehota PER SRR GG R i 6o sltn e Seffigd cotmponents
[ e
S o o P S RN B b ecppsed

of & meursnat presvhapticaslérdent agl sneferaenief devigathat s@veshy ¢ st-
is coated wth a variety of signaling nol ecules and

synagtie slemeniol be fiprsati suchotygapses eanbllebitgdink neurons to the
acetyl choline, glutanpte, K GABA, serofonin and of hers.
clo§ESc FHiFEndit & OHl bt SaCBHEY SRPED Tor KonPonelased
| - ds; . rfa .

e SRk AL Sine SIS BT BATNE Feabl 40 By ovent.
Su@PemanRBl linkkageapRfs P afndve iadyStodinkSthe YRR system with the
(preferably Tloating gate transistor as disclosed in
elettenialvowrdd amtlaldawe sinpulbting dtd watural\@a9ysSwhich masognadwell
to the assignee of _the_ present apEjIri cation), where the
as gaseles gomnBrEGase ¥ itheach alee ftahoyle beemphagizedhm this respect

ook B D P B s
by Ichéfida? sPhaRBs. R %I?IIQ g@?%%@%ﬂ%—%@&%ﬁ@g@ Wefacd bf a gate

whi ch an”electric i's appli pronoti ng
eleetrodd Bodoatenl Witkladvariety o€ ségialing molecules and receptor molecules

that recognize and bind acetylcholine, glutamate, GABA, serotonin and others.
The inventors have developed three major components of the hybrids:
electronic component, surface chemistry, and cell and neurobiology.

The electronic component is based on a transistor structure (preferably

- floating gate transistor as disclosed in the above-indicated publication

WO 00/51191 assigned to the assignee of the present application), where the gate
electrode has a special surface, which includes various types of protruding

micronails. "Floating gate” is an insulated electrode of a MOS transistor on
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conponent of the transistor through capacitive
coupling. The surface chem stry uses advance
wo ewhnad2eyy to differentially link to the m cPONHL2064/000502
nol ecul es that induce one ot4 both two main cellular
events: assenbly 5 of adherence junctions and
whichtear ¢lattricdldl@is @fplicietherebyasraiddtingeadsediyic TRID i@ active
i nvagi nation. These events are facilitated in the
corppenenhiof theieansistqrahrongh capaditive adupling. | i nked to
hy lyti.c enzynes that faciljitate degr tion. of.the
ot PEE SH ey 1S5S Ao (o Badipn o ARGragily 1k 15 the
miGHFARE TpABIE WA BlapCLLRO of D6 GF TP Lol e B bty
of aditrémegnheionshndoineebaleatiba Gatthe ndidrdrlads ¢h® PRimembrane
. surface of the plasma nenbrane; (b) The nail head may
invaginatioiat Thest gvents are fadiditatedmn twr fojlomihg walyesa) Bhe nail head
. fecaogni ze.plasma nenbrane. conponents, such, as
is h By il PR RS Hit dBe Ao dselationrel thenextracellular
1Cr 4 agi ki ta I S Or .
maffhE SB0F o /2w feT (O el SceThty RFRRESRER g gmnagion of

intifia®¢ QhFEicE] Bynthbe behvasABheeRREBASHs (edd’ I NRrfgé |anBa’&Reptor
on the 15 regi on surroundi ng the base carries adhesion

moleshiles Ubeated batths eateirhdl sarfhbe obithe plagmaahembeanee (b) Bhe nail
pl asma nenbrane to the nails' base and/or its .
heag mayyaligtaaively meTin peditioeserRnparcdes thit TeqoEnize gllasma
. Electroni c.conponents.The present invention.is
medbrle Graieins SIRTCRCRebr L ProRES on afepliors et tether the
. . e odn . g . »
i OUR AP SRl Mgl e O RHERSGPH ., pari
interheliAationi of Werowissic theaglasmbirabidbEee ¢¢) Thansil $as on the
(FET). A FET may, for exanple, be a floating gate

regtiispsustounding ihe hase eatrics adhesioninseleodesithian stahdizatbe dinding
| ndi cated publication WO 00/,51191 assjgned to.the
of e Sp i A R PsbRsR A1 na PR AAGRT 1S BEFUCRE: { ype

device" is an insul ated-gate field-effect transistor
in 25 which free carriers are g}resent in the channel

DEAH.EB RDESSTREBRFIONA R THE INVENTHONce voltage is

zero. Channel conductivity thus exists at zero voltage
1. pet Kiestronjaremponentsur ce and i s controll ed by changing

RS, 0 BOL bt i 8% S
coTNE AP HER 1 EP NS SRR Ty be

a par of eAsRAtrohiciReIcRaaEk a9Y NEH et ThhsBd: A FEIN! A0RET Wy,
2004/ 109282 PCT/ L2004/ 000502 15 Fig. 1 illustrates a

for gzampld, b aullanting @ateodepdetinrbiypd tapsistomaswiikcidsed in thedatsove-
indicated publication WO 00/51191 assigned to the assignee of the present

~ application. "Depletion type device"” is an insulated-gate field-effect transistor in

which free carriers are present in the channel (active component) when the gate-
source voltage is zero. Channel conductivity thus exists at zero voltage between
gate and source and is controlled by changing the magnitude and polarity of the
gate voltage. A depletion type device is normally-on. For the normally-on
depletion device, a current can flow at a zero gate potential, and the current can

be increased or decreased by varying the gate voltage.
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for both electrical (left hand side) and chem cal

(right hand side) communication. Referring to Fig. 2,
wo benaod282i | | ustrated a schenme def mi ng the geoP&l/1L20€4/000502

rel ati ons between a cul tureth neuron and the transistor

gate, and a high seal 5 resistance Rsaal between the

bod¥igfl fitustrhicslaoginesd] neatdéldcdondnBybi® sieehOWhich provides
transi stor coupling area. The inventors 1nvestigated

forthiggh pléﬁ%iw@l deg hahésld@ba@d phemicat (right i sidap goromuntvation.
cou n ents and recogni zed the foll
oo Refd rﬁla%?a lgs i thepeoRallnsiiaiedg scheme deining e sppstrical

gd I n
g CHugihe P68 ST N LIS LR
resﬁfambeRse&%d@W@é@gh@ %od?robﬂtth@ lbl@lﬁglchh Qolution and the neuron-
neuron-transi stor coupling area; and - the continuous

tralilﬁmot toyplmngoares.r Tt lmwalhtopsl myesstlgatqd e palnmnntersr thasdetermine

ative to.  the oupl el ectrodes of the el ectronic,
thegeicIsasy of theccoup @ﬂgﬁ%@@sm ieeapnived the Jolleving major

oo fERECH o@ﬁvfh&%ﬁ%. TEE O
pl astie foRARGGH S f HRC hidh %Pres%&et% he) 3R rfﬁneadzﬂgeag the

di mensi ons of this space defines e value of the
r esi bibdogieal Rekdionfandrthe nbeoneemsisher wapling atda; b
neurgn-gate contact area and the_ non-caont act i ng

regi 81 confiayprs meRility gad siuetural phasticity 4f theweugeny refative to

expegi nent si,der s, show t hat the | arger

ReaaheCtOHBﬁB%Ffegﬁoii‘??e fgtheégpﬁrf?%]l 5’6&%1 ng. Hence, 20

an gdevice shoul d be designed so as to
LlprO\slk e{sié?é y i ncreased Rseai. 1.2 Continuous

nmobThé tseahndsistances tdepandspbasthiec ditdetfiome Wfofe épace formed
characteristic feature of neurons is their structural

betweas tﬂne:tralymstumfé@atm gai¢ surfansredidi the nvéammnﬂ)rmmafmgmg the

ot Th¢ SRR A RRCT G S oy Sb3e H%fige%f P T f The seal
restsBRcE IR gﬁ%%e?%% der’tRe F&El‘ft%? oF ?I%nl% p03| ¥ COng%lt%lﬁergeaqm the

REUr oNS=Ho not i htal R & cons I on

norfleyhtaetist Féaee Thdoretldal %oﬁﬁﬂéﬂahbﬁs Fﬁﬂ” dSwell as e gerlmental
continuous translocation of the ce body, axon

comededatianssshow thes fhedargen Ry hethecheitiee tisuelbeitieal dwmipiing. Hence,
consequence, _instabili ty in the shape and anplit ude

an 6@0@%0 viseshaulddiecdssizied 5o @ato prorads ralishl ingreased Ry

1.2; or SiomsiniisRafilirs s Sdiepiiad .pi%a%caéfrﬂ AeEtaT T ¢ he
senai forAl8vigR %'aﬂlré RSk A s h&@ﬁﬁ&f glam&& Wfder in

surface electro I S not esta

vivexpenditiond seirénsn@hamgt ftbeir am%@}&ﬂ@gy 142 &dnnectivity during
PCT/ 1 L2004/ 000502 16
development, after injury and in relation to various forms of learning and memory

processes. Likewise, cultured neurons do not maintain a constant position on the
device surface [5]. This mobility results in continuous translocation of the cell
body, axons and dendrites in respect to the device surface. As a consequence,
instability in the shape and amplitude of the recorded potential occur.
Additionally, a large fraction of cultured neurons is often not forming an
appropriate physical contact with the sensing device and thus functional contact

with the surface electrodes is not established. In an experiment setting and for a
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smal | nunber of I arge neurons, this problem m ght be
sol ved by creating a mnechanical "Fence" in the form
w@booa/16e282 of pol ynmer pillars that surround thePCT/ELZOGIN00502
and prevent it fromnoving Byvay fromits | ocation.
However in actual practice and in a nmulti-transistor
smali maynber ol Virgelaleupeny; ahls pbiah Mt OReisbivedl by dbeating a
pl aced within the fence ", and therefore the
meehasieal onffarcdévincthesfoowl of hesctiofinphader pillags thas suerpuod the
neuronal translocation. The techniquye of t resent
e R RS 0L i THOVAS G BONG e ORI LoRG(es B, pgtual
. . V
prafficd APREN K rart Mol BAIMAGIA fofBhl Moy R pebifically

plabhbaai e ‘Ferens bad Shrbfope tHeasl@Gfordé devigs khauld bkQesigned
foreign particles by cells, and presents a phenonenon

so @f tofrg enal trapslocatiee for a | arge nunber of cells
It js known to be a nean

o %%%ﬂ%&h%%&ﬁ%eﬁ%mm ' taker P agvantags of such known

o oy ST .

phepBRERARACHERRNST 1bf Qeehiik, & cIsRRE6ls U it for
R ivBRds]ls0 r 8Su

- par ? ?%Fgg Qﬁh {l{h]e r a%%épgé@l%ﬁ{s% %@gﬁ%@%ﬂé@?réﬁesé of Ifing

foréian gastidlesbys céliyy and Aresehsraphamiienon! dffahd@hestat imgportance
cel lul ar nechani sms that underlie IE[)ESI ocyt osi s.

forp b yeics of cells tipes and @egraisient & fonbevsi wean to

. extensko f the plas r.ane _around a rticle,.

intGSAERSRRR, (i mrbozap). el REPEE MRefi PRt CoRl b Fardily or

Co T oAt i .

¢ EAIELRAAAR, o ] A 6 RERGA s

leatld tohtht hetemaliymivn alllat@paaticlesicthe@hngecofiup o 0.8pENt S.
Phagocytosis is triggered by the activation of ‘
receptors [6] such as Fc-receptors (that nediate the

nal i zat,i on of particles decorated by

i nt
2. ng’hag?%am ns), conplenent-receptors, integrins

t hat . ti : '
ok ARl KB CALsPAE LIRS, 8906t rfoceri
phd[_g@@yﬂogﬁ. PRARGtRY fsi 4 &fionCepedent Prd&sS in Mhiche¥Bndidn of
1g. 3A, the main steps leading to'the internalization
thegflasma manthiradecaroung laguotisle,oxithe dsikam’fofld masticle Shtethd cell
he primary step that triggers phagogytosis is the .
leaghtodfsistsraplizationndcorrdmalh dheRiocsssels hired Bigy iwsheiasia, a

tox%ﬁ%{%ﬁ?%%é%@ %ﬁg It)(;l?fm%lze?t%ﬂ edsyn\e/tgiczsooo %gt%%sglaments.
Phagocytosis is triggered by the activation of receptors [6] such as Fc-receptors
(that mediate the internalization of particles decorated by immunoglobulins),
complement-receptors, integrins that mediate the uptake of particles coated with
fibronectin [7], mannose receptors that internalize lectins coated particles [8] and
others.

As shown in Fig. 3A, the main steps leading to the internalization of a
particle by phagocytosis are as follows: |

Step 1: The primary step that triggers phagocytosis is the interaction

between the extracellular domains of a receptor molecule and the molecules
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presented on the target surface. This interaction

tethers the target to the nenbrane (Fig 3A, 1). Step
WQ@2004da4282 onal receptors are recruited to the PEr/mgan04/000502

| eading to increased contatt between the target and

the plasma nenbrane and initiate the 5 extension of

preb&iged bﬁ?elliﬂital’@mnﬁ'ﬁl& dhdiiterhbkorpRitidretie thigedto b mehbrane

Step 3: Signaling fromthe cytoplasm c domain of the
(Fléﬁgfj‘adéd receptors recruit cytoskel et aI el enents

|nc at n cI eates acti ament

ar o A%@%HOBP r??'—%P IS 3a(e §‘§°m1§?0g 04 eAEEtrgﬁt leading to

m&%@%ﬂﬁﬁ# SRR B R O o
extefdion b theqthdma Sle@ibrhne divRngias pat E%ﬁ'?ﬁ& ,2yr roundi ng
the particle is pinched off from the pl asma nenbr ane

(Fi §tep1&\ %gnalmﬁdm theytopasmicadameaih odilee emgeged receptors

nove I n

recif (abalsiilr omenot MBS oD S Shat MeIkaifsoAftD. filaments
aroﬂhtiltﬁez %tlzat(ﬁg %{ gsent invention consists of

the mcronail which is an integral
par §tedf4:a AvtihaFanmRURSIIRRiIRe vld nRY R %@ﬁerfatér thebﬁfea%mcal
anchor neurons to the surface-substrate. Wil
forphtogdiiwt thsipsoaeks O pantidie algmhfnent intbehgeelt.i cl e is
t ot aIIy engulfed by the cell, a_ process that requires
t heStegI3: h@cp aygsaiemisang sFeHsling fe napéclp 4y pinghed affdrom

rma_se (\NhICh 20 contains the
theryjestlpacplgm r?;a?e &a%x’% n the present i nvent| on the

eng%%f&%&khéégp%sace offmrsta %ﬁ%a'iﬁbsﬂh%;t; “C 1E%RV e to

of arger s a one

mo¥bdvthel ¢ytdsod and Busel witk enddsasis. t o t he cel | ul ar
mechani sns_that underlie phagocytosis, the
i nt Armeghapism wiilizsd inifhe presepinavEntivn emsisss efunitmnelgmllon of

surface-sybstrate requires the ¢

thel iRl iieh a0 H@tfsar@ﬁfp%e G s shbgale A provides for
belfb?a&cﬁﬁfj HEHI%PP at%efr}]l% s&r?a%erguﬁgt?ﬁ@' gqghf%&%qms of r_sz‘and—

I NS rocess o vacu 1 oNn (
aloaB?’, Seaide Is @Ml}zén lfe‘ﬂ byf\hie' &IIn @tpréﬁsgﬂmt&eqmﬁe%eché cell
from the menbrané wi section of the engulf

to plosei ﬂ:lbemembtanen ové’mrtlsse @aﬁﬁcdc eancle fommias ssaled s»encueb O#hich
uest ons related to whether or not the fact that the
contping dg Rarticks + FigcdA; ¢ inde msaseitt leaentwn the; eneaiimgng is of a

pa! ﬁ%@ﬁrsf?%sr‘ﬁwéﬁft@%}ﬁa O ARteRE Bwdce Sty " i atiglony As
shWiRORY FEOBH OB Scdffidt US tﬁ@rceﬁqpﬁﬂo | 2 aiiSHs O itat 2 0fderlie

I nprovi ng thé ectrical WO 2004/1092
phdZotitosROthe inf@bslZzation of the micronail Wthh is an integral part of the
surface-substrate requires the cell “swallowing” the head of the micronail or both
the head and the base of the micronail, while not “finishing off”’ the process of
vacuole formation (Fig 3B, compare 1 and 2), i.e. while not detaching itself from
the membrane with the section of the engulfed particles within. This difference
raises a series of questions related to whether or not the fact that the “pinching
off” act is not exeeuted, will interfere with the molecular mechanisms of adhesion

The inventors have found that harnessing the mechanisms of

phago/endocytosis provides for anchoring neurons and improving the electrical
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18 coupling between the neuron and el ectronic (the
gate electrode which forns a part of a transistor).
wab@4nexsyni ti on event between the extracel | ul BET/HE0®I/000502
of the cellular conponent & the plasnma nenbrane, and
the recognition nolecule that decorate the particle
cot(mhgt‘ti&av&mﬂhe maiton drel dlbetrdrit (thelgafrde@tsiRnhieh femnens part
In the 5 cascade that | eads to phagocytosis (the
of g drameistary, Bie r¢rogaitionr enednt htweesl theaendraceula glomain (af the

el st Ml SoarmBEnBreS nd e B Eifecutd s

I u
decBf €3O DAMIE O, mitiepat P AR SR %%efm?& Ere el the
casGatisthatlendand phagodyaddis cﬂhe&eﬂiaﬁhg affethé Refernal partlcle and the
hagocyt osed. Anbng the common structural conponents,
celOltjis nownfthet simélanmechamisars andlprateinsaprobidecasmehessential
. ol ecul es, __vincylin and

c t oskel et and
q“FI‘ﬁl‘? tﬁﬁl %SS%%BB Ygé?gha SioRppBIcHiens- by hus. ey Bplecular
bu1ﬁﬁtg§ Irl%ll s g?i?ﬂm Hﬂi %’?'{Hgse&{a@f)ﬁehp ok deils 3o ﬁgeg.&)strate ?nd to

0Sis is present over a suftrcren
partidled Qhaﬁ%?éftﬂe%t@agb@ﬁoséd"' ARY d%mee@mﬁﬁioh%u\uc‘cdrap&dxﬂlls&lents
to the substrate  and form adhesi on junctions
Justspm tfewofiret neentionéd: gterlm ithat bindanbathf nmoshddtal and signaling
ocytoti.c event ii that the vinculin is not
mo eﬁﬂ%‘éhé@ cyine and ppillinn Ehisoaprreacheds peansied by sumbsr of

xR strals 3t A Brend foR i rhdBodsTadls s rgsent
ovét n%%g{mﬁegﬁiakgé s%xb@traterh% R cef@kkice ofs i @ﬁhcﬁ [Pef8bstrate

east ~one direction, either fromthe transistor
and fortnhaibesioh jamctionsm t he cel| to the transistor 20
through capacitive coupling. EXAVPLE 1:
| NTERpte Qfgthr: oNniguetomED BEADEshest phagorrotio dyent Gre. that

L BRSBTS e OSSR B e e
il T 9, S8 e FLRREH 125 TR oL O R Bl

eletrdtrih 56t ahs thaoell 7e gbeﬁéﬁ@éﬂi‘) habliel 5§i‘gnaTQratn*§fe? iand, least
the following was carried out: Using cultured Aplysia

onendineadion, cileartfiotm dhetramdistor tanths cetl lmatfrona theoeell todhe émnsistor
to differentiate into neurons) and commercially

threugh ¢apBrkivesPYRING ene beads with 30 active surface;
coval ently |inking hydrolytic enzynes to the beads
thus facilitating degradation of the extracellul ar

f WD 2004/ 109282
PCT/LI L2004/E8i1%502£916ﬁ BFCULHD BEABS

A suitable model for realizing the principles of internalization of the

micronails heads is the internalization of beads. The inventors have developed
optimal surface chemistry that induces neurons to phagocytose polystyren beads
with diameters ranging between 0.2-0.5um. To this end, the following was carried
out:

Using cultured Aplysia neurons, vertebrate cell lines (that can be induced
to differentiate into neurons) and commercially available polystyrene beads with
active surface; covalently linking hydiolytic enzymes to the beads thus

facilitating degradation of the extracellular matrix and allowing the formation of



10

15

20

25

30

19 intimate physical contact between the beads surface
and receptor nolecules |ocated on the external

wae woiaecesnf the plasma nmenbrane; |inking nol ecECERE200MA100502
recogni ze plasma nmenbrane r#ceptors and tether it and

- facilitate phagocytosis, wusing adhesion nol ecul es

intideae styatval icoatdch Q)dﬂWB@h ge Weallhauefate "andptaepr molecules
menbrane 5 to the pins base and its surroundings. The

locpted o thej @(tmewahsunfaces@iﬁzdw@g@ama n;ma@zang;t bsklag anollecelles that

| | d
recGHEIAF M L BBy DIaTE PN TR S 5hy !t AESKANBL o PHAOLSROSS

i e e P TR e L Bhq el rénelﬁgme

to Therpigs apike ofd andeaibahdifgs. pilf‘hg Ofe‘éhné i RrRlsl beSuceéssful
anot her exFerlnent perfornmed by the inventors where

phagosytosis yelbfsultvhmlswtremmiuaimb by canferall neinchscypo fnaging
s ind OSI n cuI tured Aplysia neurons to
%ﬁ@ﬁ&@y@ﬂe Cﬁ‘é?GP Fig. 4A shows 15 the
i nducti on of endocytosis, mhere "1l " denotes an
initial stage, noting the darkening of the nenbrane
E)dANﬁILEbineﬂiﬂbéﬂ%NO ot EGhECRPOSREBY! B cRERESSOF NEFRONAL
m crograph, "2 " corresponds to the st ate when
CEDLasrm menbr ane begins to |nvag| nate, and "3 " not es
t he_i ncrease curvature of the fwasma menbr ane.

a8 BigswdAAD ilhustieta the ersultn (eleabep usiarestppby of cerpestotic

Ol I i 0 o
the*Gss® bnﬁe eqfom¥hididte Roaf a#xﬁ g &Rfé&% ﬁ%"‘@n&ced by

coate eSI cle containing a cel

expijsn@n&llﬁnsd ofplisiengurohs t@ﬁ@gﬁheﬁtsaﬁ&dhmeﬁelﬁb@s &Hig. 4A shows
3-0.5m the dinensions of the golden head of the

themndu@hgm lof. erdpeosidplehage CNSIEROET| @ iokial sERaNBPEMORhe
d 6 jllust el e c .de
dakpnyt e Poctatemt dish Gotoat 9 DATH B B RBHL Mg silesof the

midBEpf) oL SRR 15 C&rgtnef {%&g{# B2 feBrdiChegins to
invRgate) @ha 9“3 T Al e iRresk RfeatueUbf Bfelplasihs mé‘mﬁﬂﬂwsmg
an over view of the Inicronails configuration on the

4Bfshowusithe iBlictjan of aandd@cygotlcspmﬁ‘ﬂwbytatrmmdal happears as 1f the
ross section of the "nail' structure.

celhiscseding an extensionin m%mﬁh@cﬁngglfmeaﬁp@%ﬁa gilg. ‘b‘atSBOWS
theV\Qng y%t%cogpzrgf"zﬂep%gl L Os /o%)so%o%oat%g vesicle containing a cell

fragment. The dimensions of the profile and coated vesicle are 0.3-0.5um, the

dimensions of the golden head of the micronails.

EXAMPLE 3: CONSTRUCTION OF A TRANSISTOR

Figs. 5 and 6 illustrate an electronic device (transistor) according to the
invention utilizing a gate electrode (poly-silicon floating gate in the present
example) formed with micronails, which are protruding from gate electrode
surface. Fig. 5 shows an over view of the micronails configuration on the floating
gate, and Fig. 6 shows the scaled cross-section of the ‘nail’ structure. As shown,

many micronails are provided protruding from a single gate.
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The realization of the nails can be done either in
0.18mor 0.13m CMOS processes by m nor nodifications
w@boothes2sormonl y used tungsten plugs technol opgT/IIE0&t/000502
following Table | presents 2al ues of the different
di mensions of the mcronail for these two
t ecTih® lregiRsion SoCMES nRlsRAR | iNdohé dithéBRED.18um or 0.13um
Technology AB CDEVF GRatio 0.18m 0.805 0.960
CMDS ZJ@O@:SQ@Obﬁ n#h6r thollbficabiond o8 tHe7 coinibdilynuSed 10ngstetdPlugs
0.700 Q.240.0.20 0.130 0.335 2.91 Faor. the_purposes of
tecmlggbé%@rf%mmg ﬂ“ﬁbleblagr@sq@fa ¥alues 6 the diffesent dimensions of

m I ong e . Alis erably made of tungsten (but
the picronai flfl’ Wegﬁt‘gﬂ)rl %‘Elﬂg’rg Ssuitabl e el ectrically

conductlve material) and |s el ectrlcally |sol ated from

L

J.U—bU UlT. 1T 1T VVIII_LII lIIfIICUI UTI1S \UI ULIICI bCI
%e ue‘m’&’&'éd a | ayer of silicon nitri déScBECT
ngiYOnvﬁl n tBi ckn The t opEsurfdte of Ghe Ratio
0.p&km- si | i OADS ab®60d Q. 9%0 n&i1%), 0250he).pfand®.40 tBd7
0.13aRsi st o610 DFabat®@dod r om4ohe) 20! utd. 980 by 385 | ayar
of ST ccm M tTTde of —about —Z40nmTon top of —the
tungsten base, there is a cap (head portion) of gold
or BOYREpUIBdsts 6 ¢his adxpefiin e a %agévq@@m-hﬁé WHrAA) of
15 platinum-and silver, obtai ned by standard
mICH‘bEEIﬂ rtqu Atisnmreforalely emtdeo b swestEnatiun genbmtlbmfrqmeany other

|sq|%ﬁrformsd on the finished wafers.
Sul@b eeﬁkﬁﬁri Ypserdiistive gpaterigh ansk hSapk@m@ﬂIYt welaﬁ%d irom the

sol R ol e BeR S68°0 <1 el m@%‘@a fer of

silifdP@ktHA8 FARUPSIINEL 1P ThikkRRs TTRESH tsﬁff gﬁ%@icon
eS|gned

m cronai ls sensors: Type A eV| ces are

aroand dine aails; antthe planietdf the wraasistopyisdgglbtedffomathe @ukition by a
surface chem stries that facilitate wapping of the

layeraof silipgn niteide off kbeutridum. e fomafitimyipegsen base dhere is a cap
B S e S SOl B, B A 5 S,
pla{lﬁ'@ﬂgﬁ}t& Eﬂﬁre%ﬁ%ﬁéescgﬁg sﬁﬂ@@oﬁ Qiffgﬁxﬁ@ﬁﬁgg&aelgﬁttr&y%s plating

teclfnﬁ 0é,CRhiRH iy geﬁ@nﬁb@ Aahe faldhed Ry RS %lrﬁﬂterﬁ&t@sﬁbspro\é\@s for
004/°109282 PCT/ | L2004/ 000502 21 Additional | ayers of

the (fhlmattmi ofythaanételecapob by thessecdrstanelandiHéwgoaphyop of

EXAMPLE 4: CONSTRUCTION OF FGDT

Fig. 7 shows two types of the Floating Gate Depletion type Transistor
(FGDT) based micronails sensors: Type A devices are designed to enhance
contact with neurons by applying various surface chemistries that facilitate
wrapping of the nails by the cell’s membrane, and Type B devices present a
modification of the #ype 4 devices and are tailored to enhance sensitivity to
molecular recognition events and chemical processes, with or without cells
presence. Both FGDT types are fabricated using standard CMOS processing

steps.
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the nail head to enhance the swall ow ng of the
mcronail's head into the neuron, as wll be

walemaniohzerl further bel ow. A mmjor concern of tPET/1L2004/000502
m cronails structure of the2ipresent invention is the
5 influence of the nail on the neuron-transistor

el egdditioabl kel bhehdiicalprbtive nicleddléngardt be adtiediohnep of
. This is relevant only to floating tgngtes

gate (Fig 5 ) _
thegmilnleeadeta em)bamaztm‘rﬁﬁalk)wingtof dhe meoroneil ghdad dnteythe neuron,
n on. nerally, two cases are to be considered: In
as Wﬁg{’ﬁggsé’g%ﬁgu%}i%&ei‘d“’nai | sinply shorts the floating
gat o oG . . . I .
S he ol BEnctif? IS Ricrdflalld (AR HE pRefle (RRior b the
infrRieAcs ofOthe hbilcknem) newdh-thdiistit elettrital | caiplihgCBy short-
i ncludi ng the gold head. This insulating |ayér still
cir¢uiting dbe sflogingnightec 4hig ).t Ahisc dapacievante onbyupd i figatifg gates

the float.in ate to the iopi¢ solution, consequently
connegizdde mlﬁ@%éﬁ%gﬁt iaéf'all(’tfﬁ?gfs}ﬁ?‘% §Y MUK neur on to the

fl ' [ 1s: | fed b .

oOBhESN, Bhes B0 1L SidihaL RLGe"08 [l
sinfyI shdrtd 1he flHiin@VEAE tVEBiofbgidaY s6lufish vid i Sb1aHR. In the

m<cronail on eaCh floating gate; 2. By creatTng a

secohd sesey thpare ke dn dialatiey laybr (ofcabonaR0amothickaeks)fdveathengntire
,?ate the dinmension of this cluster being less than a
naif esyrface r ikiding e eold hepdqddus (insulating clager il dnercases

sig%%‘lcgjg‘{lf tﬁé ﬁtﬁlpqgi% \_?&i: Lﬁﬁgp]\émrég{, l@lf gﬁt etigg ' grﬁ?% 38 3@{: %chlgseolution,
corRBGYERIyARRLEGANE N iEH lébgﬁg}g ggﬁegl{egg@{ td tﬂ&iiélgfgate by

active’protelns onto soll substra

othst! @lil@shaggoard. engdilfeichby shageardn. MRS pebidrhcalt tyupligOcan be
cl ean gold surfaces with denaturation and a reduction

soly¢d inherierofdbe fllawing@dys: Di rect adsor ption neit her
di s¢ri m pates anong, 2 (ot ei, opyl ati pns nor
contr ol s EOHEFRUIE f Sl Risonsi Laik Ghk a2 s
desir abl . [ I [ r . e .
s,y B TR ARl QR A g
gatBDiHel anedrSidnSOMilis [ ciddteh BEinBBRSs lanP@StwPhficioRs, which will

drastically reduce nonspecific adsorption of proteins
redpit@the thandes dmt dnkeorhinodd ofythef ngilspwall notthe suyndutided by the
upports, and to control their orientation by using
cell;mg@ % |igands 30 conplenentary to specific binding

or o e R Rt ESf, Bt 0 ShbiGRbE; whiles e
inu%gﬁﬂiz%én BeuBiAPPRALiRs YA FHOARGAAISTLL A8 BP0 4.

Proteins adsorb nonspecifically onto clean gold surfaces with denaturation and a

reduction of their activity [10]. Direct adsorption neither discriminates among
protein populations nor controls their orientation, features sometimes desirable
for an immobilization protocol. Coverage of the gold surface with alkanethiol
self-assembled monolayers (SAMs) [11] has made it possible to drastically
reduce nonspecific adsorption of proteins [12], to direct the binding of proteins to
gold supports, and to control their orientation by using SAMs with ligands
complementary to specific binding sites on native proteins [13]. Many strategies

for protein immobilization on SAMs have been based on previous developments
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of chromat ography supports, which oriented i nmobilized

proteins through charged, hydrophobic, or other
wa@bdounod2g2 group i nteractions [14]. Anot her KnORIT/IL2004/000502

application of SAMs is the 2se of specific

cof actor-apoprotein interactions to assenble enzynes

of whrgahid fyageppdriy] . whldo opfeaitedl gmitsbiBzdie oteins through
nodi fied, by 5 genetic [16 or chem cal procedures, so

chagged, diysleeqliabic, irnetheyafinieysgraup hinteradtiong [ 1#brAnsthgakuewn
el SRS, iS5k el S5 BRSR cxactons 1

. . I SreN [ .ect L

s BN ST, 37 SN SOANCRT 80 L5 00 RReat it by

geriofi¢g b beBh@nivdl prRzelies RVusapRicqaed Bmdidd sitdaplite abifity for
to native proteins. The first approach is to introduce

ligandsgrrathesmonplayer | Becubstetie ynd sydiraphobic ugeraofions have also
bi odaqradab] e linkers, and the sec?&r}g approach relies,
beeginsgd ia Breicuy Haebizption Brosedywiss oBgokhetecirpdes moditied with

i C coupling of nolecular recognition events
SA%S%%@%&% d (or oxide) containing floating gate (vide

i nf Th@hechkiqdd ©F ARe dproSerit YRS etidS fpﬁ‘@ﬂﬁé@%@ ﬁ?@vﬁ%pfﬁ)g@les

type A mcronails are fabricated from bioconpatible
appiethblesto hativeepavipins. Thegftse mppoeoteht sato amteoduet eprogtammed
..part of the gate but insulated fromthe surrounding
lifetipnenyl engyBsies Nia thiegise o4 piadsgrariabledindess, @nd theseagatl japproach

are termnated wi.th..gold hem spheres,  (Fig., 7). The ..
relfRh b O Bmifien B S GRRSRE i plotrddic EOpting of

I . 3 .

el rE o e AR PR G (N GB] b BPRGAhe gotp (ide
infitd)e bases. The nol ecul arly nodified gold heads

present to the cultured cells plasma nmenbrane cheni cal
Mienomatls peht facilitate its physical uptake by

phagocytoti c or endocytotic nechani sns, (as descri bed

abog‘é nﬁlﬁnfng abA¥ee eﬁ%eo pgsAd Anigronals. aﬁ%e&i’é‘ﬁﬁ@ﬁerﬁ"m
. - Qs 0
bio@mpi® fheraB RF ERaftile SiglRAToRY B aFE ARl Bty of the e

butMnstilaRdi frsmt ﬂaeesu%oﬁhag%abﬂz oxide bhhfri@@ ek s 'Eheh BaseI ST the

fabricated from pol y- i‘con rods/ bases “or ot her

nailscarbiteratihated wath goldcherhispkerka(igips 7). Mate mokcular elgeadation of
part. of tﬁe transi stor, gat e. However, they are
thepsaals deffsrentigtec aceodingun dryanps£xpRsed sUitgesitgald for the

nedgB A A i B 8 T o A 588 s
el MBSO PELGEBSHR S REAL AR A B
physical uptake by phagocytotic or endocytotic mechanisms (as described above
with reference to Figs. 4 and 5). The component of the self-assembled
monolayers containing nitride base acts as the cell adhesion interfaces.
Micronails type B

~ The nails in this case (Fig. 7) are fabricated from poly-silicon rods/bases or
other combinations of conductive layers that are integral part of the transistor
gate. However, they are insulated from the surrounding by a thin insulating layer
that is formed on top of the rod following etching of the nitride layer. In contrast

to type 4 devices, here the surface area of the floating gate thermal-oxide coating
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23 is maximzed to all ow better nol ecul ar sensing

ability and polarization nediated potential sensing.
wae\200agen2snf noi eties that pronote internali zat PONIL2004/000502

present on the coating (not3>shown in the figure). 5

EXAMPLE 5: FUNCTI ONALI ZATI ON OF M CRONAI LS BY

is MVEXibGREER ey beabnmaleulir schsing Red R tant Hotiiidation anedsted
at promoting the internalization of the mcronails

potreiaalssensingadeliyen of nietigsuthet prompteziatdroalizagion is present on
therI cul esc%hat .perfarmat |east one of the foll ow ng
S{OAHRE (R0t P?ﬁ’ﬂéﬁ%aea 18¥KFer ol yti ¢ enzymes t hat
facilitate degradation of the extracellular 10 matrix
(ECM and thus allow intimte physical contact between

EXhPIN 53 FORCIrIONSOZATHON AFOVIRNOR £A S YOMOTRICRS s e'S

| ocated on the external surface of the plasm

menbhantschpispeMofethd epresémt inentipni 2émpd aatraprosmdiingn ethe
. .receptors d tether them, and facilitate phagocytosis
ntgpa I@éty?ﬁgh% IYEIQIRES rH@fS i hageh g their dunctioaghizagipn by

' iR ' [ t : CI I.I's by

o]yl ekt d 18t O bF Bl B0 Bind e hiRLAOR: o

st @?I | IRIrbRECLEDSING Bfat thEI16RE | degradafisi®of TRBLRARular

to the nails base’and its surroundings. Hydrolytic
mattnz YREM Fand tidus Allowstindinate physicalesmtaft wtiween tlge micronail

hydrol yti¢c enzynmes to the nails 20 heads surface,
heagh ot and esarplaronelerales Fesatpdas dieseemed wtace of the plasma
1ne§ﬂ9 ocytosis signaling peptides (PSP) and hydrol ytic

/] s (HE) connected via biodegradabl e spacer

gl_ﬁ@glé( m&&@ééﬁfag}ecbéﬁ%@ p%sn?ﬁfgéfrﬂﬁéﬁ@fé‘csptﬁfé AR teffEhhem

olytic enzynmes inclu

and fcylitatcptaigodtosie B atidogytesiz \ofeke Eicnails bead,iidasieading to

neur am ni dase, hyal uroni dases and the |ike),
parpiabinégraalizasion of thedinieyorsischy thexplprma mgawanmd

co) L agengses, and |jpi d-degradi ng-enzynes (e.g.,...

| i@s ed ﬁ’tﬂ’np]ﬁ@g‘i?ﬁiﬂ%i fg'ﬁTs é%?ﬂﬁl-z?h ¢ lrlé%f}gn‘é% & cld's plasma

t he gol d hem sphere is

meplb{]?ﬁrl@e tg;é/ ngﬂ%%'{e%?dgggﬁﬁﬁlﬁt%gn %%Igg spont aneous”

hy dERlysiyge Enbymbe |1 nker chains.  The inplanted

enzynmes do not affect the phagocytosis signaling

pepFiglds illuBtrate30a pramtss) oddalbedng ihyldeolytib @naymss to the nails

synt hesi zed from pol y(lactjc- %ci ) (PLA) or . )
heaﬁ'y& §FEFe oHOPIRE | @9@ greRpatifahead casgembledn stitha trbagpeytosis
sig%nggéﬁﬁgﬁbggg@ €and h Eyc\:(i\%l 9004&%2%/911%852 (HE) connected via
biodegradable spacer (poly(lactic-acid) — PGA or poly(gluconic-acid)- PGA).
These hydrolytic enzymes include: polysaccharide-degrading enzymes (e.g.,
sialidase, neuraminidase, hyaluronidases and the like), proteinases including
carboxypeptidase and collagenases, and lipid-degrading-enzymes (e.g., lipases
and phospholipases).

The lifetime of the hydrolytic enzymes anchored to the gold hemisphere is
limited by biodegradability (or “spontaneous™ hydrolysis) of the linker chains.
The implanted enzymes do not affect the phagocytosis signaling peptides. The
biodegradable linker chain is synthesized from poly(lactic-acid) (PLA) or

poly(gluconic-acid) (PGA) that are non-substrates for the HE used in here. The
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24 enzymatic hydrolysis is directed towards

saccharides, lipids, and peptides of the ECMthat
wowaukdone:r attack the | actonic- (or gluconic-)PEBII2004/000502

bond. I'n order not to hydrslyze the phagocytosis

signal ing peptides, carboxypeptidase A is used as the
enzyegitiocdiey dtoyeit is rtﬁreefbﬁymai’d‘sjsdd@ﬁamg OipidsO8h& peptides of the

alln peptides is anchored to 5 the surface

ECM%@&I deloNattmlqﬁhnéactamd mrcgiu@nmw esteBbogd doporder not to

naI eve in enzyne reg |on nd
hyc{{&ﬁ/@&ﬂb %135511 s SBHOBDeRE TS, - as the

peﬂé@&e&g%tiréaédzgﬁ}e{:@@nﬁgﬂ?ﬂgbgﬁoéﬁ :%%1“}{% é)%é‘é{&%ssls %cfl&%d to
thenirRics tRSUBK the NefaHn@sal RAIKI6EKED By By g diahd CQfermmal

the 10 mcronails is expected to internalization of
prevheting thecﬁmaymerremmthmi msishy‘(holysml udi ng the final

ing offs! step f | ed st andar d
phag 8 and indugtiony mul Ss’“*”%’mqrﬂﬁll@ﬂ’% anchori ng
to e l.ust | n _Fi
oo 9B S R DUty o 5 LM ke g pasma
meRMrhn@ suftBag et Qs b9fmbﬂa‘éule@ adrlchotd B ROl BRARRE the
i nvagi nation. 15 Hypefpol arizabl e mol ecul ar

mid¢roaaidd us egxpected be iatesratidatidn dof bt | pni@onbiheneveathkless not
Au (type A or Si02 (type B) exposed area and their

inchilie dhe dipal apewbing of asi feesedby Yandad @hﬂﬁO@@QﬂlésThIS
eveef E DB PeR b ERIRE 55ud BB ISR e GRBR 8L o
shReihp % SUefofl o tﬁey&uas?@as ug@g@g gﬁ@@he&l%@t gﬁﬁh@ Sthe

are-gr onto the go chment

nailit byt plasia negmbaat invagatioace grafted active ester.
Fig. 10 illustrates peptide anchoring to the base,

ni t HB/Q@rm&Ju@hb makectlbar ttaasdugsis cam be -akssabled direaily mg:he

In _case of ty

na1kh mfl@gg r/bc(Pﬁ %p@é‘?eegs & E?%dg"i%\élﬁ %@rth%égea r%"‘éﬂ’ssénc or
pla%ﬁgﬁr}g b RERE! fSRculed Il#tggrlr?sa 1(92{1 gfts %&;ggg’ &Q %‘I’l'ogeﬁnear

ores contal ni ng sur
amPlPacig 'décitfé‘ﬁ@és EJYECM‘v‘ﬁidtéiﬁs tdie ofuné ﬁi‘c%t BbathonWeing Arginine-
appropriate coupling agent (e.g.,

Glmmmﬂ;spmm@tb ((RGIoh|Suchspdpides Jare graftddhmﬁotthe g suidaces via

cou Ie al kyl halide, functionality to the oxide.

aftaqlirrmea ﬁrmmldo syrfaecgrgtiet aptvagstethown in the
exa (o) ng .pf .Fi The.. second
o SR R B B s oS b and o the

. i

ol Ml et Sﬁﬁéﬁﬁﬁﬂﬂ% DR ERORSE: M e Eleles. In cast of pe

A dwvidespthpnedphogdsycanaining hefaxs raae aldougaltedavith pepidss. In
gl ucosam nogl ycan repeati ng

the case of #pe B devices, chromophores contammg surfaces are assembled on

Si0, surfaces by treating the surface with the appropriate coupling agent (e.g., 3-
bromopropyl(trichlorosilane)), and thus the device will couple alkylhalide
functionality to the oxide in step 7, followed by steps ii-iv as shown in the
example of RGD coupling of Fig. 10.

The second approach according to the invention for creating intimate
neuron-nail contacts relies on recognition sites of hyaluronan, the polysaccharide

part of proteoglycan in the extracellular matrix. The glucosaminoglycan repeating
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hyal uronan or sialic acid can be easily coupled via
wa@Rloaseae2 | i nkages of the sugar's hydroxyl - gr BOPIL206W®0502

coupling can be conducted d!xectly on the nitride

surface and via chronophoric |ayer self-assenbled on

unit BEhgalliEbrAadSidlit do¥deanfbe 8&YlyCREpRA/iQ aﬂbmeqﬁﬂ@ges of the

rods in type B devices. This is illustrated in Fig.
sugpt’s Iy dsorayirgrousatbisaedugding avaoHuer cmtgiucmed tizectlyt on dbe nitride

e e Ry S sl e 4
celphl YT Ul L bGP ROt ARG

shoWidkisacérilies %@hd)m% tos i) f(@fnd@%e%ﬁoﬂkoéhd bdTHid %éld nail-heads
exanpl e. 10 EXAMPLE OF POSI TNELY CHARGED

conviihdigAviERM Gfit®ricnlaget, onszypeavle deeiced. df gt Btriavi’@s%ﬂl cauple
rged. nonolayer o yani | i ne,

’Zﬁi}tﬂ% \@L%w%gﬁ%@ the PRIEHR StP & %@?QW%CF brigteps élt"é’r Hyalalﬁmc
wﬁ%lﬁﬂ Gl R B ¥ty B Pie Pidtilel o g, |15,

The nethod relies on the electrostatic assenbly 15 of
a rmonol ayer of rmonomers (aniliniumions) followed by

EXAVELE QROPROBUCTAON®F PESIPIVELWEHARGED MERNLAYERSY ani on
(p ol ystyrenesul fonate sodi umsalt, PSS) deposition

hasTh@dlrtV@ntqm gh'eve sdovelapsd than2PHRANme | pesitivelyl ebarged
SR e
and Phd QMEGe g)ér oxy élgt%p(%% enzy Irnaun steps of this

anmoni um e or i ca

metteydsge anus:tfatéteﬁpmgd d&eTﬁé"R@thé(Drdﬁe@'cﬂ thb %le%E?oE’eéhlc amﬁlbly
use of PSS tenplate |ayer for 2D PAN sel f-assenbly

of hagonolayareef moppmersa(anilitientimos) fdllrwetkby dnsir golymdrization
The, co i O posi tively charg quat er nary
<0aapl¥@§ meaﬁﬁANS gl%@lml@?f el ssnrealeratt, éo)dngnr &4l PSS)
| ' n of ¢t
derfiSylorSUE el ot uFREET dhin (g FHYEPLIPGRES coh
terdpa¥eNlafer. TR )ére@crbyﬁﬁ@ @dh&fidn fdfbﬁ&nﬁgglwel]éf &Hafed anilinium
associated with their dimnished vertica

modonersisdolbivey byruhenechl oxidationotith aﬁimmmanspemgy&lsulfate or
better capacitive _coupling between neurons

enzypsitigally deidh hersgrasishdeerovidese (HBP) éaivisid the ab- EAH@: ddie use

of Eﬁgﬁﬁl@ﬁe 1er TREABPEAR S asSerl hes psatpd q shiid gitertace
for(r%g s loReL PP é’ fnbYr?a’tlohnW’}%c?sﬁl‘ti\i‘?éy cﬁ%ﬁgeg)(qug’cggﬁ%“%mes)

ing o € neuro
andrugh-inenkaé hamd&u veBcafon@f celltdidiesion it6 ehestizbghindd t o

the sensitivity of both device types.

The advantages of this layer over the standard neurophilic layers (e.g.,
laminine, poly-D-lysine, and fibronectin.) are associated with their diminished
vertical dimensionality and reduced electrical resistively. A better capacitive
coupling between neurons and MOS-devices is provided when the neurons are
placed closer to the sensing area (2-4 nm vs. few hundreds) and where the
membrane potential is less shielded (conducting polymer vs. insulating layers).
Thus, the coupling of the neurons to the nitride- and oxide-containing surfaces of

the device should add to the sensitivity of both device types.
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WD 2004/ 109282 PCT/ | L2004/ 000502 26 The assenbly of
2D-PAN to gold surfaces has been devel oped [ 18] and

W@ 2004ha9281 r ai ght -forward i npl enmented to the niBCDIR004/000502
Au- head. The inventors hav® studied the warping of
Au- nanoparticles (NP) wi th PAN nonol ayers, and
i NVEs¢ agrirddy toTERID-BAN @6 fodtd sutthdesApisyisden dwmtcgﬁa.[,{l@ énd
adherence of Aplysia 5 neuron to self-assenbled PA

canbp slaight-forward isnpementetatoi $el micronaihddwxbead The inventors
haROGhdipd Y ST Sr e A S uR e ) Sl BERERELSHLR, and

. . Siyas.s: r .

i BASAE Sab a0 oA Bheah TIRLATRLARY, B, At

neu?bh RABEIfasRhilied PAN thdibRser 61 aatdl@it@statitiily bb@id Au-NP to
junction (of about 10-30 nm is indicative of the

postiealy abarged gRse atibsirate 501lustemtethinalige d13 s ensi¢dtontyicodscopy
the mcr.onail containin T. based neur osensors.

) F
mage Qishe inter pgengy ﬁ@%}f‘ﬁ@aéﬁ%‘ e adchsranelpysy of

e oval.e
such 257 BaBiCled SeEOEHIERSG, S 25 RN HEHSRHGY oo GRS Bitgurace
The @Rt jun@tied§8F abbutdr0-30 Jnddisi ihlieativabe $h Be@¥ARPIeR Of and
a short and rigid nol ecul ar coupling of receptor or ,
theenhgmeedtsengitiwity off thehmimtoimil ¢ontsininesBEN basgd neurosensors.
p- am not hi ophenol followed by condensing cyanuric
acid allow ng coupling of the receptor/enzyne through

Ex S, oG A N APSESS O Cont a1 i ng pr ot ei ns

(e ' t r '
FOPASHEAISR o b AL A Bl SHASEERIIA by
covajénd éinkugdsaoethe igpld anil batdip bY hoArand rigid Gougling agé PFig.
i (type B), as disclosed in PCT/1L03/100941 assi gned
14 ilipstiates asexaple offa shest pnésigid naglpeulamcouplingaefireceptor or

enp et o S91C Qi Balire, Araposlind dBde Broaer ittt by
el . .
coftfiHE Wintin® SRR MAPIEE PETT EEK G Rle, through
amiren koM@t isn.t h the RERat ekaplslenbiadrdmel %ilYis shown
el ectrical signals but also by rel eased

contanmg prasing (¢reymaredeptor &R ctnchoridg o @eld surfseeshvia rigid

se can detect sajd rel ease. Such chem cal |inkage .
ancggmsna@%?%@éo- Wag assebly Hx oxide syelagenls eapdosied wimparly

exlifing iy e i i ERcleSi BPCLEF100UT dfsensiy to the
assgzn%e beth e itagﬁfi@athE &@&c@@ﬁﬂa@& MRFein dfeipoul d be

hasi z s respect the unidirectiona
conAe rihdizhicdnaliateyvtlen femedtioabbe chehlcal isgnapsendomposed of a

executed by chem cal synapses.
neuronal presynaptic element and an electronic device that serves, as a post-
synaptic element, enables to link neurons to the electronic device not only by
electrical signals but also by released neurotransmitters and the electric device in
such a case can detect said release. Such chemical linkage opens up a novel way
to link the nervous system with the electronic world and allows simulating the
natural way by which neurons as well as neurons and muscles communicate with
each other. It should be emphasized in this respect the unidirectional

communication between excitable cells is mainly executed by chemical synapses.
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WD 2004/ 109282 PCT/ |1 L2004/ 000502 27 The inventors

have devel oped a highly sensitive (10.8 M sensor for
wae@usbeBnl i ne and conducted experinents i n wWhPChIL2004/000502

pol ystyrene beads coated with bioactive nol ecul es

were shown to induce the ultrastructura

di f The einveatbinhaoé deveRpyd apthighliyesansitble. (0% M) sensor for

m cronails surface can be coated with a variety of 5

acelylghalinngndhepndietassexnesimpascin whigh iodystyrean beadscegatast with
. mol.ecul es that recogni ze . and hi nds acetyl chol i ne,. .
bicT e e SBPSnaR: itk st HEPSTC A SoRReTation of
1.2 0 : ol 5 t
P oy b afe aofifoni hlfice coud bE SoeRAE s BEidy of
sighfiéngrholeuides (a8t dadetibédalpsve) laudiregeptoiomol bl ssuthbpe®ognize
at |l east a_ region of said mcronail having
an¢ bindg pestylchobneaglitamate G ABdyseiotenipaogethares. 5 2.
The surface-substrate of Claim1, wherein the
cellular-internalization pronoting properties are
obt ai ned by coating at |east the region of the
mcronail wth cellular internalization- pronoting
noi eties. 3. A surface-substrate according to Caim 1,
wherein the mcronail has a base portion and a head
portion, and wherein the head portion has the cellul ar
10 internalization pronoting properties. 4. A
surface-substrate according to Claim3 wherein the
head portion is coated with cellular-internalization
pronoting noieties 5. The surface-substrate of any one
of Clainms 2 to 4, wherein the cellul ar-
internalization pronoting noieties are selected from
15 (a) hydrolytic enzynmes that facilitate degradation
of extracellular matrix; (b) nolecules that recognize
pl asma nenbrane conponents | ocated on the externa
surface of the plasma nenbrane of cells; (c) a
conmbi nation of (a) and (b) 20 6. The surface-substrate
of aim3, wherein the head portion is conposed of
or coated with a nmetal containing material. 7. The
surface-substrate of Caim6 wherein the netal is
sel ected from gold,
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copper, alum num platinum silver, alloys of such
metal s or conbinations of such netals. 25 8. The
waenroracessubstrate of Claimb5, wherein the hydpol/y20e/000502
enzyme is selected from poysacchari de-degradi ng
enzynes, proteinases and |ipid- degradi ng-enzynes. 9.
The. surface-substrate of Caim8, wherein said
C rglytic enzyme is connected to the m cronai
ugh a bi odegradabl e spacer nol ecule. WO

dor P ARRETRbTR KAty B colfdpdito SHBorigingu s
t hatat 640 WheZ Micrdh & HorubRIAD RGeudiA R @frfice, at least a
selected from |igands of plasma mbrane receptors

region ofesmapmicrobail havipgpeiltlr-adtesmlidati drgprothsotingeprepttics.
that recogni ze, plasnma nenbrane_ conponents; |ectins

Zhat he valace-SpbeiEate - ol (eian & swhPLEdD Jhet eqlhdar-internalization
o A B T BB RER R B rons

withRegank ﬁﬁeﬁf&ﬁéét}%r%—ﬁnz&&oﬁﬁ%?%i&?ésﬁ sequences in ECM

protelns; or co tion two or nore of the above.

Bl. ABuefaserstibsteats absirdiageo 0flaifd & whéreinherichonidikhas a base
nmol ecul es that recognize plasma conponents are
porienednd & hgpd porbiond and whergindet drdadeportioat has gh apellular

. ,of .10 proteoglycans i.n the ECM pl asma nenbrane. 12.
lntem%h@%ﬁ)lel%%mgﬁﬂéﬂ%l? 5% Claim 1 further conprising
I t ' f .S. ..
0 AR Ul AP0 3BT 0 Fead Voo i

codied Rl RHuldRatteriil ARSI pRBstEiORoRtiesel | s are present
on at |east one of the Tollowng: the base 15 portion

& The surfecwsubistrateant anh ene efi Glaims 2r wuhdwhgreimh ¢hdealbular-
] %rti on. 14. The surface-substrate of Claiml12,
intefRaNZRUQNPEPHOHASL d30IsHes e selgried " in the formof a

Shr e TRUE exbusr LR PEBRHAGHE @ ohTh

char ged pgppl.ayer of polylysine, polyaniline and a
like. 20 16. 'The surface-substrate of O aim 15,

wher @)n swiatupessthbi reebgnizdplagimd membrinayempahents located on
pol yl ysine, polyaniline and alike is assenbled on a

pol yst yridaextarnalariace af/be plasmamsoibyang ekerdlsul f onat e

e OB BARGAR rfTh} o connected thouah a

6. The surface-substrate of Claim 3, wherein the head portion is composed of
or coated with a metal containing material.

7. The surface-substrate of Claim 6 wherein the metal is selected from: gold,
copper,taluminum, platinum, silver, alloys of such metals or combinations of such
metals. _

8. The surface-substrate of Claim 5, wherein the hydrolytic enzyme is
selected from polysaccharide-degrading enzymes, proteinases and lipid-
degrading-enzymes. .

9. The surface-substrate of Claim 8, wherein said hydrolytic enzyme is

connected to the micronail through a biodegradable spacer molecule.
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17. A surface-substrate according to any one of C ains
1-16, adapted to form 25 a cell-comrunicating part

WO odo4a2et ect rode. 18. A surface-substrate accpeTIIRgo4/®0502
Claim17, wherein the elect?de is a gate el ectrode.
19. A surface-substrate according to Claim?17 or 18,

vitGe rEiensurfecchabstrpier 6ff Cluimnd cwhein the nelleailés tat kdcognize
isolated fromits surrounding. 30 20. A ) ,
plasmer membsaes coatpongeis arelisplgeted fopmi hgardsoef plsmaimaembrane

recg D RGP IO BEME Bt 8b Yhd Raga essoEme o respenize
pw@nﬁurﬁl@&m&ebs&@gg%ﬁggongaﬂ% {9 Bida 1gq yiﬁ@?ﬁi'—lﬂeﬁlla&ne

mcronall 1s a ive rod Such as p con

glycogrotyihs:C hintibodiesi i greoghBe! plismid@ichirine SédmhSéients or
.gate electrode, and is insulated fromthe surrounding
binging, fragmetits sthereofin gntegrne thatsra@pgnizes sidra cénean baninat ecid

di to Claim18, in the f f ' at ed
soehces i S NP BT SR PRy a PILE APRYS
: h ] . :
6 e nceliostaB 81 CRERSH "ShopT IR ARG bR K @ellze
plaSinat doRgsdrRAts BBMnbRchISS WHiGH NI $d1esathArfiRdhA%Epaf of
| ayer "of silicon nitrade. 10 24. "An” el ectrode,
pratevglycaisig thehnECMiplasoe-menbtanat e of Claim 17. 25, An

e] ectrode according to claim?24 being a gate
ei%c?heoégrfacezsubsm?eeu&ﬂaé@e laddhen Rgmpsisiizaimaloailes that

oo BB BBk, L 0L 27 o e ofe aggordi ng
qﬁ@f{@gﬁrﬁ@w&ﬁa& be (F']gi;i‘h%?aﬁd E\% SRR ?ﬁet: ;ﬁ&l@c@{es that

the cluster is 15 snal an t size o0 e ce

prdmotoeadhosionrofiuslis aire @reseht bn tabdeast ent nddie fAowidg: the base
el ectrode accor di ncg to Caim24 or 25, coated with a
portpeot the migtempii andibe region guironedingthebasegortiomt , i n

L SRS Rbaebl oG B et L S8 AHESIE ae
i QSO eSO o7 ol ecul e 20 30 o

e et i RS k0 S .
positively whergedndondlaysofipatydysife tpudyamhneandalikei s
' ng.al eer s%rr age-:sll?bps\'trate of Claim 15, wherein said positively charged
monolayer of polylysine, polyaniline and alike is assembled on a
polystyrenesulfonate layer, said polystyrenesulfonate layer comprising anion
units connected through a linker to the micronail. |

17. A surface-substrate according to any one of Claims 1-16, adapted to form
a cell-communicating part -of an electrode.

18. A surface-substrate according to Claim 17, wherein the electrode is a gate
electrode.

19. A surface-substrate according to Claim 17 or 18, wherein the base portion
micronail is electrically isolated from its surrounding.

20. A surface-substrate according to Claim 17 or 18, wherein the micronail is

electrically isolated from its surrounding.
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32. An el ectrode according to Caim29 or 30, wherein
the receptor nolecules are enzynes or peptides. 25
w@3004A0026t ect r ode according to Caim 32, wher ePOT/112004/000502
recogni tion nol ecul es catadtyze said reaction in the
presence of a cell-secreted conponent selected from

2dety Isarfatd-Bebstitd hacttimg 0 ABMinS ¢8O the micronail is a
neurotransmtters and/ or ~ neuroendocri nes, growh

corfdagtive $0d sychlas mudy-sBiton Ande duch dsien dotegrali payt 06 the poly-
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220 binfeccdaiRtraBacodidifl 86 ICIAHE 136 {tﬂé M8rnh &f @ndinfBgrated
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'H. A electrode according to Claim 29, wherein the distance between the
recognition molecules and the surface of the coated gate is smaller than 15A.

32. An electrode according to Claim 29 or 30, wherein the receptor molecules
are enzymes or peptides.

33. An electrode according to Claim 32, wherein the recognition molecules
catalyze said reaction in the presence of a cell-secreted component selected from
acetylcholine, glutamate, GABA, serotonin, neurotransmitters and/or
neuroendocrines, growth factors, cytokines. |

34. An electrode according to Claim 33, wherein said recognition molecule is

acetylcholine esterase.
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C aim 25, thereby defining together at |east one Field

Ef fect Transistor (FET). 43. A device according to any
wWor@®40092€ ai ns 41 or 42, wherein the el ectri cabCT/BR004/000502

conmuni cation with the cell3iis achieved by a property

selected from (a) detecting the presence of currents,

85. Aur¢legttoddhaddsinicNtoC€lalims 30( Byhedeinegiid pate lettdode is an
potential or field potential change in cells; (c)

ion peniting gage.a current to cells; (d) providing field

gg.t ggélg%rc{dg) ggclolrgingqto (Cﬁgm? Sg ,Ovlgfgcierré% {h%r}ogfse}lgiﬁvg ?natcrgrga? is
Aluminum Oxide (Al,O3), Silicon Nitride (SisNg), Indium Tin Oxide (InyOs-
Sny03), Silicon Oxide (SiO,) or Tantalum Oxide (Ta,0s).

37. An electrode according to Claim 29 or 30, wherein the recognition
molecules are immobilized via linker molecules that are covalently bound to at
least one of the surface-substrate and the recognition molecules.

38. An electrode according to Claim 37, wherein said linker molecules are
selected from conjugated or unconjugated aliphatic, aromatic or heteroaromatic
molecules, having at least one functional group capable of covalently binding to
said surface and at least one functional group capable of covalently binding to
said recognition molecules.

39. A device for the detection of cell secreting components comprising an
electrode arrangement having at least one electrode of claim 29 or 30.

40. A device for the detection of cell secreting components comprising at
least one pair of source-drain electrodes and at least one gate-electrode of Claim
31 forming together at least one Field Effect Transistor (FET).

41. A device for electric communication with a cell comprising an electrode
arrangement having at least one electrode of Claim 24 or 25.

42. A device for electrical communication with a cell comprising at least a
pair of source-drain electrodes and at least one gate electrode as defined in
Claim 25, thereby defining together at least one Field Effect Transistor (FET).

43. A device according to any one of Claims 41 or 42, wherein the electrical
communication with the cell is achieved by a property selected from:

(a) detecting the presence of currents, or current changes in cells;
(b) detecting field potential or field potential change in cells;

(¢) providing a current to cells;

(d) providing field potential to cells

() acombination of two or more of (a) to (d).



