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WD 2004/ 109282 PCTI | L2004/ 000502 ELECTRONI C DEVI.CE -

FOR COVMUNI CATI ON W TH LI VING CELLS 5 FIELD OF THE

I NVENTION This invention is generally in the field of

bi o- nol ecul ar el ectronics, and 10 relates to an

wal met/reaszc devi ce for communi cation with | i woTgLZBbE@S02
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J7- 528tail1P¥B) andl R.AV\EZEIQ)‘VEM SThe Mhanhdse fegeptan is h.patiern

SACKRESEINS epplie IaRd on i BRER T 17 R rmmanol.

neui‘pg@ﬁm?bggl ectroni c devices has been in existence
for~Several decades for a plurality of purposes.
[a.lrl Ny iltoies Ichatz dEedag‘aa Chéweshit. 220, 30t 180118 ¢2000WETr e

(& noPing e aandy et NGB A DEacs) " nto the

%uwnﬁmg Chéni RS, %ﬁa@cﬂsrmﬁgg@ssewbl y in the

vicinity the neur’dms' nenbranes, so as to detect

vidl t Ryime KhdngWhiteSitles GeMeci . et Sed 1 Hsd 67A-§0En

al s used for the stinulation of neurons. 25

At t have been made to provide coupl ing between a
ur @ tr _ J | zing a

rﬁ ?ema?o%al (ﬁ‘?@énﬂa)ggs (b%twv\o/ggniotl%e [ o conducti on

011’3 tEPeratbﬁLremalMuté;%SiSQ&(miﬁ),c conductl on of the

?de‘EiV"f o7 1 S G o b0 ABATHIIG22 o The

C eR( Ckr
j uhctl bn'g&}i} E’ a:ltK/franS| s&%rAgﬁd a neurﬁ;’nj Nipdbiol. 35:

tr agB53§(@P88% 0 be used in said junction, and an
artifi ci aI chem cal synapse. 3 "Chem cal_ synapse" is
alq uncWQAMddEen a cel |, which secretes an agent,

b RSP e PRt 2 BRSO 00T LBRE e

an electrical property of the transistor. SUMVARY OF

THE | NVENTI ON 5 The exanpl e enbodi nents are based on
BAGKGRQUNIY OFBHEINVENTIONYsi cal | i nkage can ‘be

F o it S aErhbiof the Helfifc AUHSL A Beektn bERG:
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 nevron and a
transistor device [1], utilizing a bi-directional interface between the ionic
conduction of the neuron and the electronic conduction of the transistor, achieved
by two separate modalities.

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

transistors to be used in said junction, and an artificial chemical synapse.
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* or movement of cells.

cell's natural property to internalize elements of the
extracel lul ar word by phagocytosi s/ pinocytosis or
endocytosis. This basic property is utilized to
~provide a tight physical |inkage between the cells and
~the surface by constructing the 10 surface to have
nano-to micro scale protrustons in the form of
"mcronail". _Beyond their size the mcronail have

“Chemigalgynanse’s s unetion betvwrearroedlln ghighy spseates asagenhand a

o0 bt Rhceninh 15H o Sl WRRER BhoRlecil Tt el ke e
reRepstbr el ani ebdotiadil pripery Of MRchr@kiRtors coated by (such

as netal), or due to immobilizing onto the mcronail
of noieties 15 which pronote cellular internalization.

SEBEMMARYIOR G INVENTION usi ons of the surface are

internalized into the cell and the cellul ar nenbrane

i s Whepgeange catebdithents aise Wasdd be thx firalimpdhatna righe physical

. detail .h [ | d by this t [l is. ad d
s bETPERGY i S ey e et BTG o e gt the

o, 5 ity Bk iy %0 S Bl
plpeoettosis/pinocyidsiLOr ¢ridacpiabis. Thit basihpropyity i wtilived ko provide

exanp] e, netration of the nail can he used also  as
a geft powicel linkage bervgen ithe colimand fher sice Hhar constmpting the

RREETR AR SRRy Hiord BoAETRb A e S of Hilbeomgit

Beyuadditheint sizevhitice thicrérili aeet eefluliintermilizagion t Pomoting

nmovenment or change of _ 25 spatial position of a cell

properties; hesepropersies axaeithes dupdp inherens psopritiesoof thei matsrial

Aot B dnbeciaP e SAARE o BERRRES: it % RRR % s

coatdd tBC@udbisanvial)obr Bietdominesiaziak ohiotht inidrdrafl cRadib@ds
change, or novenent of cells. In accordance with a

Wbipbfgmse@ @ibllfgi inmali@ﬂﬁt}?m ij(rj ithis rfinding, Jhe. @rghgegdmsaof the
3 t .ng.

sugpet o sl 16D e ot mnd BESal IO idheds Sftmed gerpnd

it, @ viR b expRined 3n sibrE A6MIIWelsibelsw, Wl {thifth&Bell is adhered

el ectrode. The electrode 1is part o n el ectrodes

- with r strgagrpintsical tight edndat watd the dexfacee In additibn e yhad ¢he head

ol A5 S o S 5 B4 Wt
th€ Bhil iko He @Jﬁé i of@himel Perli@fibd bfgie &ﬂvefaﬁeo% Wi GRo
can sense presence Of varl ous chem ca

ascanpivne 3ydngh te idediver seaterddle dbitherowo dbe Isiasngd melabrase or
. intg the solution fromother sources, as will be
n - herein bel ow. Thus, an aspect of the present

I nVaRtd BBRPHRYSAE Scodtat thaF Be SRS of trfarly® 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,

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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adherence of cells thereto conprising: at |l east one
mcronail structure protruding fromthe surface, 10 at
| east a region of said mcronail having _
cellular-internalization pronoting properties. The
term. "surface-substrate" refers to a surface, which
nay be a stand- al one consttuct used to m nim ze

s ERE R S i ofnch Bhh ot ne e oS hs s
is 49 6f)an k&R dee hnhk&EntUSE gﬂee#éérohﬂ:hﬁ ﬁ&i WhHEE 1‘?:1

properties dué to thée materi al rom wh IS ma
utdized ieitber foo bisdirestionalnelectricd ecofmmunicdtionrwith asxeﬂr(sensmg or

TGN, e b S el
prefBcStA VaH?)%s thkRicall dghgﬂﬁbﬁts Which e CRBIRH A% oBfs, or

exanpl e enbodi nents reférs to a mcroneter or

 defizsedntetthe scﬂummi&gncﬁﬂnerssome:f mowill be esplainad ewin bélew.

surface- 20 subs The. surface coppri se
one 'MU&r Fhashect :fl}g Fresentpiyention DIV &‘gp 518, 3 E?Fﬁrﬁubgt?ﬁ% for

adeérHﬂc%'dftc)ﬂlé){hefEt&E&ﬁﬁhémgStfUCtheS which may all be
identical to each 'other in their chemnical properties
or \ahleast cmaynidiohfi strictore preirinding frem thelserfacg, cr onai | s
whi ch be di.,stripute stance fro each t her
S0 haleatadh TP P R Eiqauth i n ol tion
' ro?kﬁf gnails is present on a single 25 or many
prgliiig%f?gﬁn c conponent construct (for exanple each
m cIheabdm Skunfedesubsirate ” refegetut a oucfices whidhemgntoe a stand-

el ectrode) oy may.be distri but d as speci
al seed tomigitarze maysiment ebeellseor w@aﬁam@e@elsl;orate

cop rlﬂ.g:ltit%n xﬁ{chrag -ngetlt%czlrsoﬁb &S éié{lﬁ Hgﬁsé%%ﬁm Qither umque

‘refers

inkdreni mhﬁ@dl qmjemi@l du aphet tgerisll frbmewhichrio ﬁhaiﬂadwana Hits
| nduce |ts 30 part| al or total internalization

psiztsbion o dhesfor efopsptrusipss, o véhidlb bos bgansc enrically m@mﬁ@d

| ,<f%§f%f8\pé’b§%ﬁc§ﬁ% g%ﬁ%ﬁ@eﬁf‘fe"%ﬁﬁapﬁ@ﬁs ot el Ig5obe

t herhdagh e‘%croﬂ&ﬂ’ PRIthY céttedt b€ (HE Siafiphd Emb@lifeh@refefsab a
exanpl e, where the nmicronail is nmade of, or coated

migfanheter aetnahometsr ssplgnprosrusiennfoml thee serfaced of rthen syofack-

suff R g, S b 2t A s icraba) foichls: G it Bbiceuy
coREERA’ § Pl ofRhiE eﬂég?%‘%m?%%" R LB gl &t
othammbithkir zéhemicdh eprepartits of ogiiclalmay 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 “cellilar-internalization promoting properties” tefers 1o

* chemical or chemical/structural properties of the micronail which induce its

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

© o cells.
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noi eti es which pronote such internalization. The

m cronail may have a uniform structure. According to a

preferred enbodi nent of the invention, the mcronail

is conposed of two chemically _ 10 distinct regions:
wa 200aa0b2gprti on, and a base portion. Typi cal pgr/mzbe/ocose2

cellular internalization pSonoting properties are a

property of the head portion, although during the

pr oths sceﬂﬁlarﬂtemahtanbnt promotingyptopentiss hodyh behthe hisdherent

and the base e internalized by the, cell
Pfﬁpﬁgytog o myerpuihaateral ehexanaﬁ@oﬂg 6 themioraail 1 ppadeaf,
or |c%§§H w?th e, %‘ %x 1 & seEeEl%}ie i nglEly copper,

I 'asma ne rane o engu
aluuamuna;ﬂaunmh; dikvet, Iaﬂoym afrthnsa mhetals 05 cmmlbmaidm tixzeb.0 t he

chafLetafively, b Rientes 1o Diomiegingrs eeilam Sprdion o
nu&roﬁﬂfrirb ederobl 3 /Hé 3 hogoh&%e t[h%?éf@ Cgu)l%%lcal

conpared to m cronai se p opertl es
mo@emmtmpﬁohmksuugmtmhmm) It does not 20 nean

[ n?&@?!ﬁ’g‘ﬂ[&é{iofg% SYgngIBR%]ntagese prﬁg g{;ﬁrl eghtg;f preferred
{
embBiRind oFf Bk ﬁ%;gﬁué gﬁggﬁeﬁggg% Cig f%b%ﬂéiroggd ¥ A chemically

occurring regar I'es.
distinet] tagiis: ianheadh pbitioa) iand 2 basepbitipnd |’1§v]bwg11y;aihe cellular-
” nnletles refers. to, any biolo |cal ecule conpl ex

terRatization Gremoting POPEIties atepR pf n, although
d“&lflé) ltﬁ@ ?r%%%en# coa izag%?he?ne’b\n%e%or at aclzlﬁé(g %?Eetb%:b\ésﬁ

pomnb@eiﬂﬁémﬂmmb?ebb&qﬂ_t he cell. Cenerally, these
bi o] og| cal noieties are divided into the follow ng

gr okpe term Wﬁﬂ@ﬁl@ﬂﬂ%" sfersriestherfaet that At leesh @ part of the

iR B8 e MR o bl o 0710

mﬁ%ﬂ:ﬂﬁ thélﬁncrﬁﬁ)alpi% ehig bitddhkll t@iheisiifRde)al | zation; VO
5004/ 109282 PCTI 1 L2004/ 000503 6 5. ol écul es t hat

r ec bhmicr@ Promonganiana inczeage ap thecrbancy efvnteamlizationef a

il Wh SHPDRG B helBORE R BRIERIAY BudhbefFasspmpared
to inidrehARtwithoud €Hase 9?013%&%3 gﬁéﬁﬁi&%&tﬂ% thbBRculBs)2 i Wdes not

menbrane of the cell, t hus pronote
nmant@mhaﬂhznuxqmmk!&ammgaﬂ@@wmmnammcm aré Jotremmalized s othisd

biologiSal Reftvily s b"titaihMatisllbal' Handd” 8F b&hminig O hSt Secinttin

regardless of these properties.

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
biologicél 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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"spont aneous” event, and the cellular-internalization

i nduction is achieved by elimnation of obstacles of
the extracel lular matrix which cone between the

cellul ar nmenbrane and the mcronail (by the use of
wioyxogloyisec enzynes) or by 10 pronoting the frarnmbitoenosez
of a tight interaction by tdhe plasm nmenbrane and nail
t head, or by activation of specific receptors that
rZ2cr wiolectules thitagmgﬁzmt plasma“rmehibm:rey cohlpdneity 1dcated on the
h degrade at_ | east one

ot FREA citafhee o irc IRORA CH 981§ selnaniot sl

degg,ﬁgh [

degra iﬁg’ %&;@%ée : gr@flgr agi )r/)n as %glgtgéng@%rué?sy%dcthe

. enz plesmanpgmbiane géthervelljmdltupromotciatdrsalizatisrgched t o

' the surface S Mrate of the invention, these enzynes
tht he i cronai through a spacer which

is Tﬂ Ogﬁm dgb! expiafed,Nahat! Nfe Ht@lfnéﬁ%ﬁoﬁf rt Bellatively

actrvrty I's short’, and aiter
‘sp@dabaine B Levkyt, cat ahé edllﬁlmnudrhﬂlzaﬁ&a mtfoaoe -is abisitvat by
r cognlze pl asma nmenbr ane

CliERRASRCH ObStaey of dht SRipINBE RIS Whith, cates Artpen the

AT i

prémgiing the forhytiac chatigbteintepactibil ©ythe plistha Bémbrab an® hed
(L such nol.ecules are 25 ligand of plasna nenbrane

hepcsc @t 3t sactiyatione fperseitis ﬁ%ﬁea@rqa Fhatt reru oibg phagaayfptic
m cﬁﬁ p}ors that recogni ze plasma nenbrane conponents;
t1™is that bind to plasma nenbrane gl ycoproteins;

ant Hydeblgtic tehaymes aegnbe any lehgyhes oyHiR degrad® AP ¥8N bie

(either proteins or non proteins) or brndrng fragments
exigncedinlag componesy grelsas nolysaephiarides drgrading oupyics, protsinases,

present in 30 extracellular
a“%?@ﬁ%@“@? '%S'ggeﬁ’or nati on of two or nore of these
pr oPedfasably/ as thes®hptiblytio eAAIARCHaY H@magétﬁme GngOfuntdafls

cell to the surface-substrate of the exanple

tt@crhsddo thesueface-subsirajorafithe iyertion thesé anzgusstarocorecteti éo

Siriagheal Rabelfh spdieh Sk is hipdRempdplel 50 Rk T 689 spin ¢
thd@édbﬁktbrﬁis shéH, GRd afiehd Rih8e HHG 400 SPLifAdcOlsID AeMBREY £HR the

cell and the surface. 5 The adhesi on nol ecul es.
sunfacsFswbsipitg. shoul d be present either in the base

porti on of them or.on.the re nof t he
sur #JQ torg, r@ﬁ{? X e’%ﬁ%’é"z‘" é’&‘i"?’?‘bﬁ” "f’ﬁ% components”

refBfsOlo” M)} BRmBef b?'}ﬁir' forming group, the other member of which is a

plasma membrane component, the membrane component may be a protein, a

lipid, a polysaccharide, a glycoprotein, etc. Exatnples 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.



The adhesi on nol ecul es nmay be in the formof a charge
nmonol ayer, such as a nonol ayer of polylysine, which
is known to pronote adhesion of neurons to 10 a
substrate. The description above is suitable for any
surface-substrate in accordance wth the exanple
enbodi ments whi ch purpose is to forn1a ti ght physica

con ect n n cel | surface
m@%@m dE‘ES‘?n%FP 68° EPa shrfacs-sbstzate of e
ex%nﬂa@é émbdeﬁm@ﬁtmﬂlpﬁ@{%faﬁﬂa RTRGKESHHon 8 tRDre)2Gdy Mi€induce cellular
The term "cell conmuni cati ng conponent” refers to the

mwmahwiom Hbe ssrface rabate cbllltainm an iaddipoyali Cadhesiont swlecalud
ctric connu cat [ or .sensi and/ or

W’%’f‘n’i‘ﬁﬁﬁ ﬁ?ﬁ CRRRSTHSR bFtwien eac PUFEE-abl y, the

el eqie0ffeditn %bl@étﬁ&{ fng:gﬁfl}ﬁ?' S@lBufdsbé fe‘%&ﬁe&th'é{-’ in the base

communi cat e having e ectrl c
powtiap of theem,lcronalh i wxgthm;eglcml ofj theadurfaes pomewsling the base
el.ectrjcit such as neurons, nuscle cells, and cells
POS‘F"%%%L%P* Oh3phe g ectrode rmy be a regul ar

el e OB R ﬁﬁﬂm &ﬁrgz?”l'h
subg?lréggg%?%nglccordgﬁ%gp t he cI ai ms | gg%

asfacmonaléger of Ipblytysine, mihiclt is kpowndopeomoit adhesidreof neurons to
Frygectrode t he base portion of each mcronail should be
a ctrlcallylsolatedfromlts surrounding so as to

dechBgRocriisn dbdte id SuleBfe fof i Sftho SpSORE 3h Aot dance

solutron i ich Eh 'S p ese or exanple

with ﬂl@teﬁamﬁﬂe%ﬁﬂfoﬁﬁﬁerﬂsf Wﬁlcmmdsa RsloSbaf a tighEphNstoad B(&lriectlon
silicon rod (being an integral part of

" bewnw 9@{;@%&? Weleee-el ectrode) which is isolated from
t
, Ien‘f)oﬁrféé’{ﬁg ﬂ]g ?ﬁrgg%rg{sh rajs%rven ke%g}%wf’eéiaﬂs%fqieceu-

coftin@eiicaviele c@m?pﬁmldﬁgnelea@owrface substrate adapted to
formthe cell comuni cating component of an

el edtig dgem 'ﬁwllscowwzca@na C‘QHPén@?fécr@féw o cfbnppartsuquthe

el Hiek BBV R Siacd SR b Sgbeb oRsbui e orfon sepioe
anﬂ/%ﬁbthﬁﬁlaﬁhgﬁiuﬁ;eg@)mg&g gate el ectrode described as

above, may " forma part of an electric device for
el ePrafers dmrﬂnmdam areledtrade avliel Is, inteBidest tof canathivgicate

wife 'u@““'ila%' Fihel B1Shie BforkuSo e hpgte vty redfitren do
eIéEH‘R‘fﬂy, st ﬁ.’neﬁﬁiﬂﬁ,oﬁﬁ!sél@ Gefis! hivd QL1 BF 'Bblelify PIANMS 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 micropail should be
electrically isolated from its surrounding so as to decrease "shunting" to the
electrolyte containing sohution 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. ‘
One embodiment of the present invention provides an electrode comprising
~ the surface-substrate adapted to form the cell communicating component of an

electrode, as
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The term "el ectrical conmunication"” refers to any

rel ati onship between an electrode or cells selected
fromthe following: 1. detection of the presence of
current in cells by the el ectrodes or detection 10 of
current changes; 2. detection the changes in potentia
on pl asma nenbranes of cell& or changes in said
potential; 3. providing current to cells; 4. applying
Wsﬁ ag p&ater glectrode cgmpgising) the surfeesubstesernd oth theveell

Emégtggsdngﬁ @Q[c%ea. rjical comuni cation using
csuc a I C ‘rIrlay e%ag‘%fglggé%‘!’%l}t for a variety of
pur Bathshe sgalar skcfrode Rbite gabselatEdicietditeass abble, g

construction of bionedical devices; especially those
fofp; & Pao ol aR FlgREC; 3%?6 ifom elastrioak epmamicationowith a cell,
Y 8l I r Qbot.i r ost hesi s
PERREIE obfl ikl il BRDDKEIY SRl Pl g hoistogiea

regpomse toesleciritingsudhsasammiclOddlis hdviYoreina @B 6F seBéEa) 8finds.
in _grder to res_,tazre_ vision after retinal or optrc
ner Vs g €lect ¥ cagynurécadios C irefetatol gy @.ﬂatlmslapd)etween
anibditddllor é&&fsgfebﬁgﬁn? SfthWﬁﬁgr ete required
conponents, etc. By another alt®rnative, the

sl  dutention lof thepresenite b euei i lcBllEHP AR di8odES or 8&Ection
to fagrma part of an el ectrode which can sense the

pr eSEFuEechangesnal yte in a sanple. 25 For exanple, .
t > f .the [ nbodi t
2 oS5 1, el p ol 6 Bl Rpbrate el or

Wi t Rhandegiiesaidbotenialbi | i zed recognition nolecul es,

that in_the presence of a cell secreted conponent,
cht alPyovdding camentitopellst hat causes rel eases of ion in a

Ecr BerihE 8 SELPE 1D GIR00s an el cotri cal change in
tﬁea@oﬁﬁﬁﬁﬁﬁﬁol"ﬁ}vébrﬁﬂ’egﬁheﬁg? nitored as an

indication of the presence o e cell secreted
compbidaséninal co@nROdeetion IBER RCH d d266e nfF0bO RarrRd The for a

t.ermg.' recoqgnition | ecule" refers to any nol ecul g
varigty of PIEPGSER.1uch a3 g&qﬁ%c Eeseasph DUEOSE: doF thepeBstation of
'ﬁﬁ]gi' @ﬂ'l | 1 i
bi rel eidsle o% i’oﬁs. ia¥§§?‘§:sg|‘?%@h gﬁ%ﬁ relt(::g%hnawﬁl%r? EEer'EE!Iéé%u%f ieég
or anesclesziprelectric cqmeEmnedsof fobdtie prokthesis el offee et REvide

conmponent” refers to,any conponent which is secreted
ﬂmgy% VIl l’%l"’é‘ﬁé&”ff?‘f‘%sise%ﬁﬁ copEpling bie meurons rngusaless in

ordH ¢85 rédfore vision after retinal or optic nerve damage, in order to electrically

stimulate cells of secreting glands to secrete required components, etc.

By another alternative, the surface-substrate of the example embodiment 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 the example embodiments 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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acetyl choline glutamte, GABA and serotonin. For

exanpl e, where the cell secreted conponent is

acetylcholine, the recognition nolecule is

acetyl choline esterase which can rel ease ions sensed
WIO\2004189282 ect r ode. 10 The recogniti on nol eculPES/MEA064/000502

typically inmobilized onto%he electrode C via |linker

nol ecul es such as conj ugated or unconjugat ed,
al i ghatteen ‘aeengwition welecel aefas torany anoletwe thascan both

i t f ' | whi.ch b
oY% G 3eERa Aol b ® BRiBhoR R Bl 8 Realfion that
caides fopfebeasel S idrit Q‘y%’gaﬂé@R shéle redb%ﬁ@ﬁirhbl%m@h%t dr@$mes or

to both. 15 BRI EF SCRI PTI ON THE DRAW NGS | n” order

peplidasnder st and the invention and to see how it may be

car ki tee _isN t a mref.erred enbodi nent._w I,
nowr%lgd[ escl’ felégﬁ‘l,%%g év(\)/a%%ag?nﬂorﬁ-e it?daWr?Qmé’Qgﬂgl‘gﬂCL 18

secroled, byl tobllg,efacrspesifict exdmiflead GeRIFP R MnShtkd Ofich | Bs
which: Fig.1 is a schematic illustration of a

acetgicheline: eitamate, KB Adand, seretqnimOF ey gramaple) wlster theeselh

s SR TufiFhER) Brbek BB SRl P o BRI 456D
esteRiSb WhadlC@nRelenRaons RAsdAtIHMhO bleckide. Di 0l 0gi cal

solution and the neuron-transistor coupling area,

Fi ghe 3pcogniticapmelasuies ke Bipisallyl imrsebilized ofte thaietectrode
vil bio o slofion FURRARAT Gk oRNBaREr A bari ritate
hetchGirotBe MhbRoRBAGREHE q?i | [ast fing- fuRéonalt gggcgilplt ﬁrz:u['gll'igcan be

conmparison to the engulfnent of a mecr

cogapntlyribpynd 4¢itheD fol Ithes shefoce of ether emrfavesubsiratps of the
endgcyt ot.i ¢/ ph%ggc totic profiles induced by the

Ie reERes Q'Y 8P Apl ysia neurons to fragments of
other cells, wherein Fig. 4A corresponds to the

ucti i S: F 30 d
BRI DR AN G B B ASINGS, of i e by a parti ol e:
Fi 4 2004/.109282 PCI/1 L2004/ 000502 10 .
cor P Qi B SRTAT B dmyepilioh ARC 5 6 BBV Mm@ be et out
in GRAREPESHEFEH Srdtliright WA h6lChe ASGHHRNBy dvéP bt non-

fragnment; Figs. 5 and 6 illustrate an el ectroni’c
limiting exantple anlyj with réfermpcmtothe gecomprhpingidraveings, dm which:

uti ki zi_.ng- a ,gal ect r.ode.forne ith m.cronails
i i &r‘%? 59%;@?5%%33%04 9%4&@59%@%0@& i e ce,
e . _
cont 10y Lifizates BHEme oAl the Bofibilen o} Whacen o
cultéred siewton dind s rarsistarn gate, afid iseal resistance between the body of
the biological solution and the nevron-transistor coupling area;

Figs. 3A and 3B schematically illustrate the main principles of the

Te N

phagocytosis phenomenon, by showing schematic presentations of the cellular
mechanisms that underlie phagocytosis (Fig. 3A), and its comparison to the
engulfiment of a micronail (Fig. 3B);

Figs. 4A-4D illustrate electron micrographs of endocytotic/phagocy’toﬁc

profiles induced by the exposute 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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"nail' structures . Fig. 7 illustrates two types of

the Floating Gate Depletion-type Transistor (FGDT)

based m cronails sensors: Type A devices designed to

enhance contact wi th neurons by applying various
WOLRod4AaeR282 hem stries that facilitate 10 w appcnarbs/dobsnz
. nails by the cell's nmenbrame, and Type B devices

presenting a nodification of the type A devices and
cotgespogds 40 |the eddocytativhprofide; seks Fid, D ycotrespontds e ul asated

r.ecognj ti.on events and chem cal processes, with or
vewelt% ﬁ%"‘%ﬁﬁfﬁ@gﬁbe; Fig. 8 !OI lustrates a process
of FHRCHI Al 6l Af REFNIE %e{;i@ﬁggﬁlsas Sré%%ﬁoé(gn%t? the

surface, showing the mcronalls’

invehtiow uﬁiiﬁﬁga @t@datti‘m’g fopegd ivithsmi 'd 'cﬁﬁaﬂsd s sabdchhatd pedtniding
enzvne cqQnnecl e .a 1,0degr ada S er ., .

fropihg ﬁfﬁ&i’?@rﬁ‘ﬁ%"é’ ¥ W\ﬁ(‘ﬁé) wsg%wes iy O fag micronails

cofgura§et dRTMOIRAS bate, 38 FR&'d ddlys ﬂ@%&%@%&t% Jeithe

nail s by plasma nefbriane invagi nation;
‘nadl; empetinfes e Fig.Heillnstrates tyeetypes pbibiei Rleatinpobate Depldtionttise
nitri r.egi pns and to the_gold nail -heads
et R ORr s Biu s Seusps e dppecsicoizacd renhance
il Q3 SurBn [ glﬁﬂmﬂg I i e 1
co%%tctwil%%gl [ tyéjte:B g the o i+ e ?ﬁ pé"gag% li:iyl,kn!ﬁ?égllln%o\t/\h/ea'ttzl f%c):/ﬂltate
wrapping of ithe nailsf byt thescellisgmembrafgandl IjpexB tigVicés pesenting a

w5 e Tl o Pkl i S
mdéfbk‘%ﬁ*ﬁg‘i‘sﬁ%‘gﬁyﬁ GRents V%dl Fl;m/éﬂ{ﬁgﬁt Erocg&\éé CEanr byt QHPc8us

unction e oxlde in step T,

. preBeridepwed by steps ii-iv of this figure; Fig. 12

illyustrates the synthetic route_ devel oped for the

c he#ig: aﬁa }ﬁﬁ%@i 1rogess of adheting hydmolyto- euapmes e Ithey aails

enel yil | ; RSS. late | .
iR ¥R B Iy B pssbalBted ih SRt S ting
pepstides| PSPYundM RSP &R (RET bokRRRA N BRREaddbi biher

13 presents electron mcroscopy i nage show ng the
(P@W&ﬁhce between Aplysia's plasma nenbrane and a

o O B, S s i
phagoentokis folf @se Rl by pladme ThdnhfanSidvBgiaMd@i Ni Ng proteins
5 (enzyme/receptor, E/R) anchoring to gold surfaces

vi aFig il exgraplfics rthe dpetnique( of peptide anchoring to the nitride
regions and to the gold nail-heads containing chromophoric layer, in fpe A
devices, while type B devices will couple alkylhalide functionality to the oxide in
step i, followed by steps ii-v of this figure;

Fig. 11 exemplifies saccharides anchoring to the nitride regions and to the

gold nail-heads containing chromophoric layer, in fype 4 devices, while fype B

devices will couple alkylhalide functionality to the oxide in step 4, followed by
steps ii-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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A). GENERAL DESCRI PTI ON OF THE | NVENTI ON By one aspect
the present invention nmerely provides a tight physical
connection to an "inert" surface-substrate. 10 By
anot her aspect the present invention provides reliable
wand4/t9esbl e bi - directional electrical as wWeGTIL3e)4/000502
cheni cal communication (fuHctional |inking) between
cells {such as neurons) and substrate-surfaces which
ar Figal3 pissente electremmicrossepy image shopingjhednterface between

AplyFE R R 0 ARaholSuat BT Spl Ao bt SOER AT
with QDEPARE henslhyet oh gladtlsubiifakgand o robotic prosthesis

and thus £rovi de anputees with robotic prosthesis
t hafigar ldcoskemwplibes bpewreBansmifter  fsitect¢ontaning | prefeins

(ol PREROBR {80 RectoRFb 18 By EESGRER HaRed  boor e

' A).secretor, etc. It can also be used to screen drugs or

for the devel opnent of ex-vivo hybrids between

el ectronic devices, cells and nolecules. 20 The
GENERAY, DESGRIFBRONOF aE INVENRTTION amet ers and

mechani snms that control the degree of coupling

betB# eshebaspeoigiteapresatt | imvaitivh agrehe providesadigis lfyaivals

(such as those constituting) electronic devices, and
conngelifn Yo aatingi” sHrfacespbst@ls.  previ ousl y unf or eseen

b a . . . : . .

to 12 “BEEER R R AR A8t APl et
dirédienile elRoRicab ¥s GielP as thunivat|coginngiidation yifindtiodsly lisldag)

and provide technical solutions for these _problens.

betwgen j epllsn(sugh asanaEeBDd and csubsiEte-syess afe part| of

ctotforf vl B Beplre oot (0 EefEl o ARG iy e

corRRa8esY bPbiofnelicAEddvives iRt 261,08k 8RdrplBBbe used to functionally
i nt erchangeably be used with the ternms 30 pinocytosis

linlo rnesviso &y trobpig . prosthestss and uthas t pravidsy amputicesy wille robotic

el ectroni c_devj 004/ 109282. PCI/ 1.1 2004/ 000502 1
progses e o SPUpieidy B¢ ralh osioraRy Rk HUIARGT AErOBH
nethdMis) GeSBRE ko RABE ktingP ort Hiftic R0 StihRRfdnt F

the internalization of these protrusions, ihereby

smTT?waTPgmnﬁbpgnuﬁatmukangkugﬁmfkn%ph%wskmﬁfmﬁpﬁﬁﬁ?wo
cel | . asic.propertiges i ol ogi cal cells,
hy@%géFﬁ@#ﬂﬁ%ﬁ%%P%éﬂﬁgﬁd%ﬁ?@#ﬁ&d%W¥§syrfgce (such as
elefﬁé@ﬂﬁ%ﬁaﬁ%s%g%ﬁ“hzﬁﬁﬂ sHﬁgxﬁépéﬁﬁﬂ%ﬂﬂ%ﬂc&ﬂh&ﬁEQhat
e for re the cell's

chem stry, provi ucin
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 propertiés of cells to identify,
preferentially adhere and then to internalize elements of the extraceilular world by
phagocytosis (the term phagocyfosis may interchangeably be used with the tetms
pinocytosis or endocylosis). it was found that by making the electronic device
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nmobi I'ity and producing tight physical |inkage between

cells and the surfaces, for exanple, of electronic or

chem cal devices and thereby producing tight

el ectrical and/or chem cal coupling. As nentioned
WeXp0e10928he el ectrode surface norphol ogy i s aesicroeedoonsez

a 10 novel, rough form cé&hsisting of protrusions

proj ecting fromthe el ectrode surface. These

(es5r gate glscode off etransisior) @ﬂtbprotmmenm‘am speniak propaities,'the

8oyl Bad . R Wbt ibn. Aren Poon OBt e pyiaits

optined douplig befiveea Nihet :fiﬁ'fa@é' dndl ﬂﬁn%ﬂ‘ Tk BagE eﬁr@ﬁérﬁ?s of

rangi ng_between tens of nanoneters to thousands
@Ia@@ﬁlétega,éogm Vﬂﬁamo‘eel dlesign ofithersarfhes (uch #rceleGraia) @s

B 97 S eb e i RSN
mBilityCeid ﬂrﬁd% ﬁ%:e qmszslealzlﬁﬂcaF@ bR 8B rlithe surfuces, for

el ectri cal m cal coupl'ing between the hybrid
exmnifoﬁﬁ ronppieheninal dewices and therehyrptoduning tightrejectrical

naI i zation of the mcronails provide
o ka0

ntages: 20 anchoring of the cell to

t he As' RBSiche@ abbid!Shé @RELAY s&iide Iﬁm?ﬁt)l.o??tly deélgi?e:d;ifﬁ&i

O el ectrical coupl i ng of neurons to ansi s
novele rreugh rfgrmh eonsisting of prafvesionsapoaeciing fiom ithe reéemde

b f.th I
sullr Pt TR RS A0 b el A THSPOU I oby
on® Wb Sarld they coﬁhBﬁse 5%&@6 aemqtkégia?eéﬂb@ﬁbn aﬁa%gafafk
I catl on

synapses' ). a novel design an

cotripeiss ar ‘fimé” rport;dmo land tho hails papth Bl preferabie retigier between
tefatcripmpRys tndBprats SlAgmetert e éa@”ﬁ%‘p%?@btﬁe nails at the

agéof;fotﬁ&?}%fﬁ m Ct{:‘l)f A tr{ic%lfp @%urfgggls?% ey mdéuce &Ueh

dimensionsedddu Hersity mfeﬂBSmmonaiBswafobgl opﬁnﬂbﬁetoemm the

nctions and nterpaljzation of the mcronails'
el E&&L ﬁeul?lﬁlgaé?twaﬁm ke hybrid c@@@oa@lt%cmﬁmlﬁ dhe

g@?ﬁ%@hygﬁ%&%mys WO 2004/ 109282

13 - The nail's head or edge

car fThe InenmyirEiont bAthd adedonkidd ?r ded infjoro hdvdmtages:
extracel lular, matri x of the ce and thus allow the

anghqring: elotheosel tor thealransision Bus Jeducing gell’s aotiliten impreved

ciHice? Pufine 8% EhEER B bnel sPEoR" By RERRBY o coupting

capt#o@tﬁtti]@ E?idlrtb? ﬁ{(tﬁeasé' BEER refistBice/bEtwedt cdRay SRSk biblopteal
of shor ifetime
solution and the coupling area; and improved chemical sensing (i.e., the

'0

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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- The nail's head additionally or alternatively

carries nolecules that recognize plasm nenbrane

receptors, bind to these receptors and facilitate

phagocytosis or endocytosis of the micronails' head by
WEB2004/4P282 | nt er nal i zati on of the m cronail s gT804/000502

cells. 10 - The nail's bas@ carri es adhesi on nol ecul es

that stabilize the binding of the G cell's plasm

mentihermailisoheed or eilge oamics epzymescthainficilitate slagnadamni! ofithe

s B sER bt 2o e ahd SRty BhreS oF siGine

on tohgsital roﬁﬂﬁabﬁbtﬁéexﬁﬂﬁ@u?ﬁbe S 8 RREroRRIPRQRAY andfroc tor
neuronal presynaptic elenment and an el ectronic devi

t hatmelequlesdoegiedron Bist ext@nalysusfocé of e elesmpn matbrane. These

for S les to link neurons to

the%@ﬂ@?@?ﬁ%@ﬁg%@a rgﬁﬁ% y electrical signals

but Tes 8aily heakicadditlonAlR ' ARAHAVelP hrrids: Solbdifes that
rel eased, neurotransm tter triggers an electronic

ev efecognizg cplagihe rinembranien k@gptorﬂp ebigd ulo dhesevmcepm;s 1and

al 1 oGRS R bl b e Rionll hetf b

vel |mt3&aﬁ&uﬁﬁ%ﬁﬂﬁ§nﬁﬁmﬁﬂ§b§%§ceﬂ’sth each other. It
shoul d be enphasized in this respect that the

uni dibe@eilisdasg cardemadhicsianinaoledidesthatrstabilizetthe binding ofthe
maJj ,nI execut.ed chem ca| To this end,

Itﬁe E‘él‘%elf]&t?fﬁ?% (%F‘FI &“ﬁ’i??f“iéi‘gs@fd% ltggpgou@illgé} r ode

i s qmetp?é%em ﬂ%nﬁoﬁ%ﬁhﬁ&é’s @éeﬁing%%n&eﬁagd}%ls&gwd%@%ﬂems

recept or nol ecul es recogni ze an

sugit as mwmﬂnsmaters; Ibasﬂhm ’é:;e foamAionsdfichemithhsymapseotdmspcsed
f2 nvento ave eI o ed three mgj or conponents
of gracppithal BsSuBhS clsfisi me ﬁéﬁwce FERIES 25 2 Post-
%tﬁi@ clrhént. 'H{hdfoﬁﬁgﬁo@ BE s bles % E&ﬁéiﬁ%%%e

nent 1 s bas on a transi tOI‘ S ructu

elécptmafce rdeiicg nét cartly ndygatetidahnsigadlor bats ﬂs@ Chps eledsed
the aboye-i ndi cat ed pabl i cation, WD 00/51191 assi gned
neprpirapymiliess; L dhe seleass mitisp tHgesrs ah plectipic evemte

Sl SFerdRaPuht B0t B0 o SETD 1R Aot it e

elécboiatworlyl matatlows Ssnrﬁﬂlatm ﬂiat&d'aBWQ_ﬁ by ediciOhierod ¥z well
tranﬁéstor on WO 2004/109282 PCT/1L2004/000502 14

as FRIse am@ue@@te.%lth paghoother. Hispowld be emiélﬁélﬁ‘;d pn dnmesmt

PRk opal B oo At s RIR GO i egred

bycdbemicil lsyndapses Tadm'sn@m, ttRe MiiedoRsils ddhtdhin YiPRbé 3F laygate
link to the nlicronails, nol ecul es that "i nduce one or

elestzpde is foated ivrithce vanietsofsignaling molesules|apd 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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5 of adherence junctions and internalization of the

m cronail s heads by nmenbrane invagi nati on. These

events are facilitated in the foll ow ng ways: (a) The

nail head is linked to hydrolytic enzynmes that
Wie28D4/109282 e degradati on of the extracel |l ul ar POTALZ004000502

thus "cleaning" the cell sd#face and thus allow ng the

formation of intimte phg3| cal contact between the

whirk pg glectric fieldiis @Pb@‘ﬂafth ereby promatingpncelectic fieldeo thecmctive

jj f.th I
CO@nﬁl’:@%@‘ﬁl@(‘% g] °?Pglr8’c§ia%he§90 ?ngt ?\S; (rer:a y or in
addiThe Qe dh)énﬁgibaﬁeb ﬁévdnhétechﬁélegyntozdm}eﬁﬁ% link to the

menbr ane conponents such as nenzbrana protel’ns or
micgwags, dn@emﬂmhat @ﬂﬁ\@r oneray both tyaomainl ¢edlulae @dentsichssembly

A T AT

invapiHation SThes€ bvéﬂ@@a@&hélhﬁ%ﬂqn% 8w gr% ﬁvﬁzigéegﬁlThe najl head

surroundi ng the base carries adhesi es that
is dinked ItfP i’é’dlqlllé‘l% cwmcg that faciligate alegr@ahbmwﬁahmmmmar

e BisTrtiras TR Pstiecs ind %%;s"ﬁﬁcm% the opIALIR Of

intifigte PFISRAL cbﬁt&&nﬁétﬁreeﬂ %@hﬁ&%ﬂﬁ]ﬁs A ptor

el ectrical and chem cal 20 coupling etvveen :fmw ng

mq,i@wl@ loeatgd ondhe externahsirface wof filae plasmib stenatiraneyt(by Theraxil
helf s RltgRRidhy o i t%?q\gg%:r?y oot e asapnie Besra

mdrhSiahé BSimBHeRsOARAL I nbPA phSIBRS oF HAEaAR JhRs lté’cﬁ&qhe .

n the above- Indicate pucﬂ i‘cation

mama@aeheaﬂmum&cdﬁateMocjtosm @r p&l:xldseﬁgsm ayfpit] tef ipanial
I1o eyl C S an in ate ate
inteiRgpiop g SpianstIe Py i6e PIATAGRERbER: (o) 26 ail hese onrthe
8386 B8 I LGNSR i o
of thamll@plm mtmbrane tothetmails’ Hass avridor 1ts®&i-r©uﬁkﬂﬂgsﬁ our ce

and is controlled by changing the nagnitude and
polarity of the gate voltage. A depletion type device

DEFAIDERDESCORIPTHON ORTHE INVENTIONdepl eti on devi ce, -
a current can flow at a zero gate potential, and the

1. cur Fdevitradncorfolvants ncr eased or decreased by varying
the ate vo]ta W) 2004/ 109282 PCT/ 1 L2004/ 000502 15

Fi g: ‘i RTPYEY ‘%PE%“ a5 famed At W@@Be@%ﬁﬂc%@hﬁ@cﬂ

@W‘é& lﬂﬂnr#’ Eﬁ]lé' ‘2 i g?]‘Ir&?fa&gf l%}'a)% Fﬁ é’éﬁl %anﬁed

a pRdfofian lelwgtrbmc Bevice 2ychtaseyRield Effelet 'ﬁ%hsmbﬁ(PEI‘ s AEWME may,
defln g the eonetri cal
for examp e, bea oafln g gate depletion type transistor as disclosed in the above-

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 anq source and is controlled by changing the magnitude and polarity of the
gate -voliage. 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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rel ati ons between a cultured neuron and the transistor

gate, and a high seal 5 resistance R ,d between the

body of the biol ogical solution and the neuron-

transi stor coupling area. The inventors investigated
woRzes4Je28het ers that determne the effici en&gT/@i2004000502

coupling coefficients and #ecogni.zed the foll owi ng

maj or obstacles in constructing efficient, reliable

and ¥ laiblustrates p generakbnquoosles liybsid systete Whichhproivisies

foftoth B5icH8E Rund S8R it ien Benlfiidh) sommigiebtn.
couRlefertng e Fig,a) dhere i BluSOMéd B 4BMSndBSHidihE YherPdmetrical
structural plasticity of the neurons relative To the

relations befyeen et chltared nevranhand [the: trensistor @ate, aod.a high seal

rgsi e al resist,ance, depends t he
resfiilos R DeBPEE, B pOGE oF i LP0RE, SGTRERH Spf dné BRuron-
trahsiSI08 colpting drb dthic RV AR InVEstizatka (88 datahfRted Aaf@etermine
menbrane facing the gate. The geonetry and di nensions

they eificinsy nfdbe coupling soatfieciontaland tetognivedsibalfollowing major

Obﬁéﬁﬁ%gﬁ%eﬁ$%%§a%§g¢ he,.center of the

1able fruEsFieciquig ybrids:
r egi fhe. forNQREIEbf B! hiflo Béal KRistinice TR %ﬁbéﬂwe@ﬁ:&e dtShe

experinmental considerations show that the [argef the

bet t biolagieal splution audithe sounonitragsistie voupligwremy and |
T e R

str Uﬁie%ﬁif:liﬁé Alekttedel ¥f b cRBHOAE Aewicls, Characteristic
feature of neurons is their structural plasticity

Llund&eal resistance condi ti ons neurons change their
nmor ghol o and connpectivity durjng , devel gpnent, afte
'nj GRS SEAE TPSistpe, femsnds 89y iS’&%e%ﬁiﬂnﬁsofi)alq Sk fagmed
bef@n TR RAsidtrs Fﬂdaﬁﬁg 88 sutbhdb I She Rﬁz?ﬁhﬁ ﬁegl%r&%‘faeﬁﬁ o
stant position oh the device

not naintain a con
gateuiThe @eoimSiry dfidi dimentiobs 0f this spice seifines ¢t valu® ub the seal

transl.,pcati on Bf t he cell bg&))é axons and dendrites
resigtance rpgd petweg theqenter pf the meunon-gate gondac aesacmd the

nob35h@Rlg Fidel THRGreEARGARHRBHR (241 B Ofell MeBhiplAR!
comitﬂdraticm_s shmarrthatsthé ml tleetg,, ﬂtﬁtbe.ﬁ:?:]mte hlmc&i vaB Qoup]igg, Hence,
a ropriate I.ca ont.ac W the sensin evi ce
an Rt Go7ioR BROR b desiaed db as 1 pVideae by lngceased Ko,
| ' A ' | i ment
12 ??J#Sﬂ'glﬁab Fudblhiey SR GE st oF HBHORT 500502 16
small chavetaistiof fehtaregsf MeedRris théih sBudth@b phiRtisiyd Wndee in

.solved by creating a nechanical "Fence" in the form
VIvgr candiipns, megeng n%?ang? | their smorphelogyr Aad nepnnp@ivity during

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 cunltured neuroms 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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neuron and prevent it fromnoving away fromits

| ocati on. However in actual practice and in a

mul ti-transistor array, individual neurons cannot be
specifically 5 placed within the fence ", and
WwWoned«oease t he el ectroni c device shoul d be desiTgnmd4/o08s2
as to reduce neuronal trandéocation. The techni que of
the present invention takes an advantage of such known

smallemamberach dargt agooynsp diis prétdemdméghirben golxed dyeartating a

mGHAER WRRE B B ot ot o3 R bl et s he
nekfon! fidep@Remtat Hop Aovig GRhy Fronfid lﬁ&ﬁ?g.n H%vsléver in actual

phenomenon of fundanmental i'nportance r a large
prantied end én 2 ganlfigrangistos amay, indiyidwab neurohs camok bospecifivatip

a an.t ipnternal i ze f.ood (i,n protqgzaqa), cell ular _
el SR fhec /BRn o B B nE i lfefindS A58 ol 1 delnea
s09b SRRt RE thRecdlloagocyt osi s i s defined as the

cell'ular process that |eads to the internalization of

| ar d&e rehniqueef theypresent iinvegtion fakep at adGadiage dfSuzh known
e BRI ERCH Helbhe b o
coBARAAGITOASHith 1i¢ing behs: tp@@ﬁ}ﬁ%@fmﬂé@fﬁ%&és 'bf%#lﬂﬂng

extension of the pl asma rane around a particte,
foxgignt pesticles bk celly; and presenis & phéromenbn df fendaeienta? inparatse

to,its internalization. Accordingly, the process is
fof S sy o8 e08 hemen anf organianis Th s keowh i deromean to
ey At y . % : _
111C'_ Ph.agocyE oﬁi S ?@i ??%%r%gﬂi%goggi&’éewoﬂn- o& E) or
spwcﬁﬁeptgna_ Jingymbiecleh. Bhng)f cﬁesiﬁsTdeéingdtasrthe cglhigm-tprm& tHiae
t nt.ernal,i zati on of pariicles decorate
qudﬁﬁmﬁsaﬂsm#%@p, qu%fsw Al ﬁ%@é“érpsﬂed-‘rfglp tp Htfilg;-i ns
that medi ate the uptake of particles coated with 25 .
fibronectin [7], mannose receptors that internalize

2.| ectPhagosytadied particles [8] and others. As shown in
ps leading tothe internalization

Fig..3 t he main_st,

of Elg-_éahSPlé%awﬂﬁ HﬁgﬂEﬁSo@!PsceHﬂbrasqu@nismsthaisﬁw:hle
suly Rl PRl R 7 oA BRI ARBRREH §Voh ton of
the slasnd orembpdrRCrbEndd partitie, srthe Cohps: 4 9dicl08@%8e cell

PCT/ 112004/ 000502 1/ presented on the target surface.
leagip, fosits inteapalization Acsordingly,ithepiogesyds inhibitaddbyrayinshalasin, a

toxin that interferes with the polymerization dynamics of actin filaments.

Phagocytosis is triggered by the activation of receptors [6] such as Fe-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 lecting 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 friggers phagocytosis is the interaction
between the extracellular domains of a receptor molecule and the molecules
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ingrepsefirapmiact hetvwisem s

(Fig 3A, 1). Step 2: Additional receptors are
recruited to the target leading to increased contact
bet ween the target and the plasna nenbrane and
initiate the 5 extension of the plasma nenbrane
WAy 200di9928Re particle (Fig. 3A, 2). Step 3: Sirgmal.20n4000502
fromthe cytoplasnm c domai A70f the engaged receptors
recruit cytoskeletal elenments including Arp2/3 that
praseatedandbe tegat sufadea hbistinteragtiow tethersthe pangeti to e 1Binbrane
(Fgég 3)yv Step 4: Actin filanments together with myosin
n%? e the nmechanical 10 force to drive the process

of sueg i2¢] eAdditiohAlMBstkpioly @rd RecriRéd to ShePrarbet TBfling to
pl asma nmenbrane surrounding the particle is pinche
t&ﬁﬁfﬁ‘lﬁﬂgrtbe pkispa BembBine anddnitiate the

SR A R Rl e AL Pl 88T T ¢ '
end@ign®:. Signdlingeéraths Byrdplabingsbridin b &e%nggé‘éﬂf‘ receptors

i nventi on consists of internalization of

regfidr eyfeskeleldli @lemenis sincludingy Azp2/p thet ofcleates actin filaments
- , nand provides for better anchor
ﬁ%ﬂj{@%ﬁ@%ﬁﬁ@%& ?gce- substrate. Wile phagocytosis
of - Sidpit- AatifTilashents Sgdtdr! ith SnyoSinl Bty 5" lechéifical

by the cell, a process that requires
fordede driveithe proasssekpastidle engdfipent fiitothe @lld f or m a seal ed

vacugl e.. iLeh 20 coptains the. particle -, Flg. 3A_ 4

o S b ol o BB SEmentuig o wariels i mifthed off from
‘m@ﬁlﬁn@hﬁﬁwﬁm@gﬁs?_hat is of a larger surface of

"stand alone " particles). As shown in Fig. 3D, in

conflihggictached hlasme [thembranerthdi xontains thé purtichedzriove free to
ha t 0si e internalization of the m cronail
m‘@&ﬂ @ﬁﬁ%’g&)ﬁf@é P PSEBS-t he surface-substrate
requ & " Wl . .
i QPLEEeahilh Efized 12U e vl A8 S ideiiBpliation of
thertmicronail Iwhiekhisl #n imiégral, partiof lai sugfacs-shibstrhe, phid pesadess for

acuole formation (Fig 3B, conpare 1 and 2), I.e.
belffi FRFHRG HORS S it ShtacerubsirE, Wie PHAGROOES Wt rtande

it i.cl.as. w ' Thi S.
al | ffgirégjr?@%clé ?gf)%gg ll%‘éser | gsmgf,&gu%ﬂécg#;&?teéggﬁeg tPS cell
to wiiegehthe membrinet dneerf the tpariicle dodefor@i AcdeaRd vatuble @fltich
is.,not executed, will jinterfere with the nol ecul ar

coptains dhe garicisi— Hitné4s drindbe prasentinegntion dheenguifasmt és of a

] C ' f ~phago/,endoc Si\S
w1 AOGASAEDAR AL, TSP Sy IR s
shewecin iHigl 380 2006262 RCTdALRSOetiin® thét underlie
phagocytosis, the internalization of the micronail which 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 executed, will interfere with the molecular mechanisms of adhesion
The inventors have found that bharpessing the mechanisms of

pbago/endocytosis provides for anchoring neurons and improving the electrical
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coupling between the neuron and electronic (the gate

el ectrode which forns a part of a transistor). The

recogni tion event between the extracellul ar domai n of

the cellular conmponent of the plasma nenbrane, and
WORE0#18828ni ti on nol ecul e that decorate thePERALI0A/80502

(or the micronail) is the thitial and essential event

in the 5 cascade that |eads to phagocytosis (the
covpling-hatweenthe newron and elestropia (the gris elastrode whu&eﬁorzyxs apart

of iy sl O eRbifiioh TESARSFE iRl luicr forRR o1 i
celle sorfporent 6f tRNslasnld weemlshid, lagd thetRephiébn nheledulle Rt

bl ocks participate in the attachment of cells to the
(erothepnicrongild 4s thminitigl candirsaential event in the

CeQrH t
[ 0 tructural co ent.s
caf g0 R 16 i ook RO f Y el BB R e
celt) TR kdbenahataiila ecHanidens £ad pFolkRe Prévide Hist the Esdempd
paxillin. This approach is_ supported by a nunber of

comppaent ront the \aysapbly ool Adlesione junetiens. fThus) sipeitar molecular

ool 10 PrapRR. AR, hloBRRERE so B 4R Bprorsl BB o
pmléshﬂatw@mmqﬂﬁ%q@meﬂ.mﬁg RRS¢RnbY BEhitRAS corhPortets,
spite of the configuration of an unfini shed

jushhenfowy aest imendoratk telin cthat hinds both cytoskelatal pwed rsignaling

Spinched of. ). the.jungtion formed between.the cells
ol Rt il and-pfeitis” i RoprBachis RPRIREL by € nifber of
expét BRI RRlichCIARSrAte Fhd? ¢f RB8nd ﬁ@diaﬁﬁ@ﬁﬁa{g%{nb&@'iﬁfn%&éiﬁ

and the cell (e.,g., neuron) “enabling Signal”transfer
ovema sufficientiargecwbstoite arcni the cultined eells wilhattach to thermibstrase

e,cell .or fromthe cell to the transistor 20

{!ﬁ th

angd form ddhesiop AndiPlS. coupl i ng. EXAMPLE 1:
I NT GAhb O AN R BEARSH I BARE (ifes
realizing the principles of iInt e@gﬁh%%% of J%ﬁé:O'Ehat

thewincwlimis ot Hpied gfft ) ¢hd junctiomaformed betweoh the eells. antlhthe
J nvent ors ve_ devel oped, 25 optimal surfgce chemstry

mipRAT, RSBl oY GRS i 2o JOYIGHR SORIECHOR chehmesRidhe

. . . b ) N

elt Eeﬁ/ 0 i ovx% %&\t/\%s carr "e{éé oSt?&bLéll]%S Ecul t ure% %pzﬁ;lg:lasg

onadirectiomn, eitter thon thiedraasikior to the eell bhfivmctha céldto the easistor
to differentiate into neurons) and commercially

thrgygh panseRive 6PYRIGr ene beads with 30 active surface;
coval ently |inking hydrolytic enzynes to the beads
thus facilitating degradation of the extracellul ar

ExDavPiEd :aINEERNAOI A ONIOF ¢osTes Beapdf WO 2004/ 109282

PCT/.1 L2004/ 000502 19 __ . o _ o
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 hydfolytic enzymes to the beads thus
facilitating degradation of the extracellular matrix and allowing the formation of
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i nti mate physical contact between the beads surface

and receptor nolecules |ocated on the external

surface of the plasnma nmenbrane; |inking nol ecul es that

recogni ze plasma nmenbrane receptors and tether it and
WOR004/ 108282 e phagocytosis, using adhesion nolPETALIa4/000502

that stabilize the bindingidf the cell's plasm

"menbrane 5 to the pins base and its surroundi ngs. The
intipatg pysiosl toontast dktvingn cibe sheatls Sptfa@) end asesptanmhoteetiles

togiti bl e WEEBRXRPAGR o S NinRD 50 %ﬁa&%ﬂ Sicotfes el
re¢wﬂ1am@&@@%ﬁe@%t&s%dmﬂ% gﬁﬂ%cgt

CELLS Figs. 4A-4Dillustrate the resul ts (eI
usingadberian mel mﬂeémgsabdw the tph@gg oy‘tlmtqen’sgﬂasma reenbiahe

to 3" S S "R o R RinR PN e T A b St
phagecytasibugell cav sur9KAP Weftgefﬂﬁdtéﬂ B cORfotal Midi6th Eé‘ fmiding

fragnents of other neurons. Fig. 4A shows 15t
S“Pﬂé@@@@éh?@lecﬁfﬁdﬁﬂm where "1" denotes an initial

stage, noting the darkening of the nmenbrane just

beneath the particle on the right hand side of the

EXAMPIO02aPINDUC 0N 06K SRPORYFTOER B mtcs\hm@ ﬁﬁ@ﬁ‘An

menbr ane begins to invaginate, and notes t
CHLREr ease curvature of the plasm rrerrbrane Fi g. 4B

oar Higgy BB AR o A TR roBrephs gt

hs%o?ﬂﬁic%iroﬁ[bsf Bp Hﬂétheﬁéxp%ﬁﬁleﬁﬁﬁfﬁrﬁﬁﬁtb)pﬂ%%ﬁ&to@v@mm
shows the endocytotic prof
the: gasesbly eefl ¢he sub-mmbramfg caaftc ahd erfdoagnmntWasThnduced by

g ity ufiRed Apbvig TRHES S EoGerR o1 i 86 0BsdPgr 44 sbows
itk I :ﬁgﬁyp%ﬁer'é po}#éa
th |géﬁﬁ&h§de]%%° l'ustrate an e ectromc@ %R%%E-Eﬁ?

da(lqenmgsnfﬁh@m)enﬂxmmr justrbgneaih theepariicly entthe rightt idnd zidethbfahe

at e trode y-silicon f|loating gate in the
qu ﬁt exSOHS §$ ofontls Statenwhet: plasaa mempbanenbegies to

c fnr t F|
iRl 800 S8 ELBE e S e
4Bfshows ithgindOctipat ﬁ‘ anmnﬂo@tgzc frofifeobysa phlelch;&l a%ﬂears as if the
ce]ﬁ oss-section of the "nail st ructure. many

SIeBARS) 8 Sxiusiond iswrerieidhe @glrlémﬁrrtm@ssulﬁg 4C ghoves

A T

fragment. The dimensions of the profile and coated vesicle are 0.3- -0.5pum, 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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CMCS processes by minor nodifications of the conmonly
used tungsten plugs technology. The follow ng Table I
presents val ues of the different dinensions of the
m cronail for these two technol ogies: 5 CMOS
WDOi26419928hs i n gm ASPECT Technol ogy A B C DPErf.2604/000502
Ratio 0.18m 0.805 0.960 02020 0.290 0.250 0.155 0.40
3.17 0.13m 0.610 0.740 0.700 0.240 0.20 0.130 0.335
2. 9Tbggrealizatiop wihtheemilsfcanhbes denp edther bt 0. 18hen baDel3pm
emlike port.ion f. mcrqgnail type Ais preferably
YR aPFaress BB et odigaties of e coromoalsyused Hamesten plugs
i I i ' r s i S
toch bR TPTOMO ML TN T BRAGH ki BEUR{ gt ffncafions of
themhicednailfor fhese tmstehmologiter cel | types) are enbedded
by a layer of silicon nitride of about 20nmin
thickness-The top surface of the poly-silicon around

| Teehwiodngyd A om tBe solCuti oD by aE | aygr of @ilicRatio
| 0ngpmi de oD.8BS0LY.96ON926N oLl2E Of.250€ ot 14306 80 bgge.

CM{@S nai | s Dimepsiphsingiane of the transistor, is ASPECT

0.uBgEe IS 9.019P 0.94192d.700" Ui @R0I0W 39 864 hslo

nmelal SUCT dS TOI exXanmpre coppet,—ar i htim—=xo—
pl ati num and silver, obtained by standard

el eBor dw aluipges fof ethRCEXrRiHEas ﬁeabﬁéé?(sténﬁ-@%ﬁi Potfen) of

which is perforned on the fini'shed wafers.

migopai} gxng 4 ds p)f@“@@bb; made of hm??nr(bnt gencoillyt fremnaxtyabther
cap i i aphy., VPL
sl ool gt FRDAD g 15, SRR saotatsr o e

soltién i\ evHidtP EheGRiuBorse®@t BitieP Bell YRR sY hRNShBERE bg Rl

" _based micronails sensors: Type A devices are designe

silicon airide f abovh20mm inithickmessir Thnes tdyy sunfime yifrthe polyi-silison
rface .chen.stries at_facili.tat appi ng of, the

acoRlfl B By L ae plpiCof ik ramsigror, 4 dpofesp ain g selsion by a

1 .

o e o A8 12 On ot Ry R PR £

(hend porfion)i afrgodd enesotherdnetabsiichals for examplescoppér Hlustinum,

i t hout, cells resence. Both FGDT  types are .
plaiiy; %‘g"e&s‘?‘ﬁ%n%‘f By &gﬁﬂéﬂféwgsctﬁq oI glectzqlyses plating
tecRMigAé, WRieR thled w%ged' 130 ve f
ecchgm' cal | y%a@%;iﬁ\‘/e m%éé%?ggﬁ%%n eré é%gég&g%ﬁ‘{eoéxg#§ £t
thetftwmatininl ofttbahetad camis by dle usb@f stvadird\Mihisprafhyt he
~mcronail's head into the neuron,

EXAMPLE 4: CONSTRUCTION OF FGDT

Fig. 7 shows two types of the Floating Gate Depletion type Transistor
(FGDT) based micronails sensors: Tjpe 4 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 Tjpe 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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as w1l be described further below. A major concern of
the mcronails structure of the present invention is

the. 5 influence of the nail on the neuron-transistor
el ectrical coupling by short- circuiting the floating

- Woe0e4/108g 5). This is relevant only to fl oatioTgLgel/emso2

connected to mcronails that are not engul fed by a
neuron. Cenerally, two cases are to be considered: In
one Additiqnal fayemsxpbetethicaily activermélgadbpedmsbd hddell! cmptopnst
~gate.to.i1he. biol ogical solutjon via the gold head. In
the/gaif hed! to,Cipance (e swallq@img phkth mictawplisiHvgd g dhe feskon,
as%hﬁ%éé@dﬂﬁeﬂ@iu%?%ﬁ}mwer the entire C nail surface

including the gold head. This insulating |ayer still

i ncréenwins coniagm iof thzamidrgnails straciprecoft the eresentihventionfis the .

in.ﬁhe fl ota&liheg ate tilo the ionic¢ sol thi on consequent |
WSt o MM COR (e ARevERRRRSIOT eleciisah sonelina by Hort-
ciichiily D Hokhe SoteO (IR SYUTHiE it RlcvBC o0 KRGiAY debls
coonected totrhisrdnails that ag noaysgulfed tPya meueat.i ng a singl e
' [ h fl oat] . 2. B ti

01 oSl Rt e SR b ComdegiiTn i o dhe Frested mil
. ) . ¢ . ) . I
sififly Sho O MATRRE A 8 tht BlologitdtSbtkioR Tt Whe BRPnG0CM fhe
secondnease, théretihen fsnldting layer|(of atboud 20smrthivinebey ot théentire

0 cell npepbrane, The devel opnent of bioel ectronic
“"‘én §‘§’i%%‘;eaﬂ’£ﬂ?$ it s%‘ﬂéqﬁ?ﬁ%gﬁﬁﬁ einsulating  lnyera stilb rineteases

gy RS e antoki 6 SRLBLAR (PHETH Sy,

consegmentijotedusssrthaelestriohl doupling of thetriedforbmcthe floaahusdts 9
of their#] activit ﬁé]bg'] Direct adsorogii on neither
otligr aAls i <eOgs stherasueem Thepproblany 9f ceupling can be
. [ oy don, features sonetines -
sogfégitu?%?%fiﬂﬁgﬁrﬂoan g%l lization protocol. Coverage of -
t he 1gol d Byusrbaing aMitdle libransil bh ehch BelihgaagsenDl ed

nongl ayers ( SAMs 1] has made it possible to

1

dr adt i ca|B}ycreatm2ftélo dprkediclusten f oripronails of egshdloating
[ ' .he, bj ndi f teins t Id. . .

el ROt e el R R B0 o i v

redidlyihevchdncks Gabdte 3P MiREBF ERLR! Will Ao BE %ﬁ&&&d@{; [‘;’?i {08

sites on native proteins [13]. Many strategies
celd manahrang. mmobi | i zati on on SAMs have been based on

preuvious_devel opnent s 2004/ 109282 PCT11L2004/ 000502

Do §8 A TORTIER 2 PiealiSISRIS SSAVRE HPaRicg s grequites the
imihiGBAatibe € aftivR! bR Mt S8R or colloidal substrates such as gold.
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 SAMSs have been based on previous developments
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charged, hydrophobic, or other affinity group
interactions [14]. Another known application of SAMs
is the use of specific cofactor-apoprotein
interactions to assenble enzynmes on gold surfaces

WO 5104/1082820 pr ot ei ns have been nodified, by FCJaRat0#800502
[16 or chemical procedures? so as to acquire binding
sites wth affinity for |igands on the nonol ayer.

of mheqmategraphy GUBPRItSWhishherenied Hipunehilizegn profeips Hwraugh

e e e

applieaticy o SAMSs ﬁ.‘hﬁlepﬁ% efl tspecifie Rbiadidr-RPEPLORBSE inteRCHEW to
roaches 10 a(ipl icable to native proteins. The

‘aswmgbt engpped B rsald suaces[Shablse PEvieigs dewe deen madibied, hy
&5 1eﬂsh§éllo%§mgé€gp %)Az}'gﬁ rel Eeag Qé)%&gﬁ{ }%ﬁﬂg OITH%I CMLE g?r

ligdndstonethb anaeldybe Bleebstatiy end Bydropltbi®interatli@sBa¥e also
recggnltlon events, to the gold (or oxide) containing

beepyusad itprotin mob@éahqmpnoawurqsson\mlfl Sleciapdes mogidied wagh
Aﬁsn tﬁ@ﬁd above, the type A micronails are fabricated
I"oconpatible nmetals, for exanple tungsten rods

t haTheakehhighe Bfathe NRtesen® fintdiion 3provided ttwb Ngeil alppebabh&m

the surrounding by oxide or nitride [ayers. Thé bases

apmlcabln do nadive prefeinst dhei Bt eppmach iyl intrashice pregremmed

ieftefomah ia oS8 Bt BlodP B 80a0 IREerd apf e A5 llodon

religy!! drP @afebled @i‘dine{tw lihkérs ﬂﬁﬂc&m@m& thet éleei@mﬁ& Sotipliagf e

t he bases. The nvol ecul ar modi fied gol d heads
mofrcukse mcoguition evenis tmﬁhecgog(drsaxmeémammgﬂmg@mﬁv@iﬂ
fr§ gnals that facilitate its physical uptake b
E rﬁ‘hagocyt otic or endocytotic nechanisns (as descri bed

Ma%&gg ?k h reference to Figs. 4 and 5). The conponent
of the self-assenbled 25 nonol ayers cont ai ni ng

ni tAs dmemlmdaabsv&asthehejmld widresdilsn arot fabfieated . from

biopargprHbl; Bl doh syBRPIS fneston odsclstshe Bdesbed vht e gite
t

o SR A oy B Y80 8

nailsrexel Itenmrhtefdmm ghkd lmmmneh (i, 4. ‘Bhet inbleciulas deatration of

| aye hat, | for top, of the yod_follow
thegg léterepﬁét gﬂ% VFIORS X8 aces; gp%gﬂle

Z%“?m ?52”%%2# %‘; %ﬁo@ﬁ?i‘%@%&?@‘@fﬁ%@%&%

prefs’éht to the cultured cells plasma membrane chemical signals that facilitate its

%

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 fype B

The pails 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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is maximzed to allow better nolecular sensing ability
and pol arization nediated potential sensing. A |layer
of noieties that pronote internalization is present on
the coating (not-shown in the figure). 5 EXAMPLE 5:
WOUNETIODISAL | ZATI ON OF M CRONAI LS BY MOLECUL ERCTITR2004/000502
techni que of the present iBd¥ention ained at pronoting
.the internalization of the mcronails heads is based
is greximized to allew better molgrilansdngingmbility ahé polariastiquemedinted
{_east.aon f the follow three functions: (a
poiie Rt & Ry OF mofiief o rono Splepriimatotois foenh n
th@&@g@@qhbﬁgh@ﬁmﬁ&,gm@g (ECM and thus allow intimte

physi cal contact between the mcronail head surface
and receptor nol ecul es |ocated on the external surface

rane. (b) Ml ecules that recognize
EXubhE T SRR RIZARRG of Bk OuER S s neniouts
f aciThet aéchnRfiBIQE YRS ipFesehit BRQRIHORirfed atl gfomoﬁng the
. mcronails head, i.e., leading to 15 partiadl
intemalizafion o6 theo mieronaile heddsr isnbeskd ooy thefrefunictiemalization by

o I L A A .
bagg) ang (lgbﬁfti& Wz #iR8) i tRatS faciiitale Qieéfaidgtri(g‘ O TS ehrfloelflar

ill'ustrates a process of adhering~hy ytic enzynes

matoixt (FEMpand thvaoallova drdinsate fphiysical sdontdch etvwreen the micronail

m.cranai | §' head assenbl.ed wjth_ phagocytosis O
R R S e AT S T R g
m&ABRARE! ed via bi odegradabl e spacer (poly(lactic-acid)
- PGA or poly(gluconic-acid)- PG). These hydrolytic

enfire Molroileskbat ieodgriacpihema tembeayeadéaptors aay tatlser them

enf Tl hoEpr 00t b Sudoco eth th iy IS ORI RFRIp b ads to

gl scbhsiens e sl P BT (05

| pases a osphol 1 pase I'me’ of the
hy de)ol yAdiesien zyalesules diet rstabilize thbebigdihg dfetfie SRy plabifa

limted by bjodegradability (or "spontaneous"”
Iy %B?%&%Pﬂléﬁbaﬁﬁéu IhREFOUBAEERs.  The i npl ant ed

enz %Eﬂ fect the phagocytosis signaling
pept e%l'?ﬁ eéy bi odegradabl e i nker chain is

synties8 Zltgirheor pokyss| @tidheriag tgirolytic tnAyines to the nails
p‘%ley( | uconi c;acid) (PGA) that are non-substrates for
heads sptages edrowing, dhe mirrenaile) hoad/asspustded with phagocytosis

sig?@i_ﬂgl 1 pg&%é 0&%&82 and® hydrolytic enzymes (HE) connecied 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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enzymatic hydrolysis is directed towards sacchari des,
lipids, and peptides of the ECMthat would not attack
the lactonic- (or gluconic-) ester bond. In order not
to hydrolyze the phagocytosis signaling peptides,
weoR0pusegssept | dase A is used as the peptide diQyaB2004/€p0502
enzynme and the phagocytosi ¢4signaling peptides is
anchored to 5 the surface through the N-term nal and

engywatie by dplysis Bulinried ;towaréis Isecabatidesyilipids, ampt paptides agthe
BoRE PRS0t AR it FRARET P e iestsn bt haqugﬂ?m

hﬂd@cﬁg e ﬂl\é(ﬁh@gd@'t@s@sh%ﬁ EeMiddshearbs hﬂds@% @d AR
r e or e

ane surface no cu és by mol ecul'es anc

pephide digeatingenyyote anddhe phageicytosisaigraling peptiries uEahdhored to

tob ROl B R Rl ik PRRGReA oV B Ehespln oo gl

 préventieaiisk ahgaRGYddRRiton aRlh§drobydd)t s facilitated by

anchoring to the gold head” This is illustrated in
Fi g Tetheringoandhigductiproafndaibnhetd internalizatiane) | ul ar

o o R Lot HEUBRRE o e Bl 8F sorckmtanbt lasma

I I
bt aTIctary SIS BSOS i ol it o g

hisa@qmctﬂdpm antctmhzatmlnasﬁethaemmmi sisvdrteless not

o5 4 o i 5 LA

cﬂ’i?dt&gbﬁrﬂbﬂbﬁl% toqt% e &%ﬁ% sur?aces Vi a m%ghg

peptides are grafted onto
shewingr tegradation afttbe meoeﬂuian alattio apd et phugdcyidis of the
[ 10, i Ll ustrates peptide anchoring to

clive ester )
naﬁﬁbyﬁ%@“ﬂ?@”iaﬂ @P@ﬁ‘@l and to the gold nail-heads

oty ke AR OB, G USRI GRy e

naﬂtsrAac(g@e af)eora$i€a (gpafﬂ)eei:pmdmam& phd desir hedtl giddps aa¢Rr
of t B devi es chr nmophor es cont ai ni ng surfaces

T - dfpgriRse Displly (reengnig shott hnear

%%%‘%?8"-@46%'??%@?h@ﬁﬁ%gﬁe{ﬂsh&ie)ﬁﬁgﬁi%ﬂ%gﬂ@ﬁméer‘\%

Glgiink-Aspartate (RGD)L Sath geptidengd paifrdi dnvo B g&l& s@ifa@k@ Vifd

step i, followed b}élsteps ii-iv, as shown in the

attachanent é @P}ﬁm activs esie second

e D MR B0 e Aorbg VS Ble S gk Fonthd to the
golcbﬂzﬁl}hedds @0ntalidgehroioblGHo Tapeiaih nphst RIS TRCHR belfpe

part ofg;oteoglycan in the extrac lular matri x.
A devieess shromaphores eontajning swiaop® ap0 also |graaDwith peptides, In

thd’ %rsje ]DLI‘%%Q boc%% eg chromophores contammg surfaces are assembled on
8i0, 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 i, followed by steps #i-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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25 unit of hyaluronan or sialic acid can be easily

coupl ed via siloxane |inkages of the sugar's

hydr oxyl - group. This coupling can be conducted

directly on the nitride surface and via chronophoric
wioaeperiosst f - assenbl ed on the gol d- heads i n t ypemAo04/000502

devi ces and on the oxide resls in type B devices. This

is illustrated in. Fig. 11, 5 showi ng sacchari des
unatmﬂhya]urcglan(mr siatic acltircaﬂ de eagiyaotpied #id dloxkss Bilagdes of the

naj | a cont_ai.ni ng phrormphorl c layer, in type A
SugRhg E!éff Xﬁﬁ@% iy ceuRing ¢an Reoepndacted| diseotiy on dbe nitride

| |
SulfiRe AP U, CHrdipbhdrdCIaflt SEEsCerihER ool ZolEHES: B pe
devives) and wnabe a:xrdertokls i tipegB eeqiepd. €Lhid & FHMSibd 1 Fig, 11,
PRODUCTI,.ON .OF | TI VELY CHARGED, MONOLAYERS r The
Sh?%ﬁaﬁ?‘%alﬂaﬁl@ﬂ g dpdbe %d?@g!m ang tgdhe gpidenajl-heads

f
cof e uckRRALRY Tyl P O e B WL o
aﬂqﬂlmids farctiohality ta e aider in(stepd, folfowl)by stérR iR Hyslubdsc
n Fig. 12. The rret hod

hod,are illustrated i
acﬁé?“figs‘;llﬁwa"f‘i]@l@ﬂl% {5 gi¥engs anQliming examply. a nonol ayer
of nmonomers (aniliniumions) followed by their
pol yneri zation (to polyaniline, PAN). Polyanion ~
EXAnbEs6:y PRODECTION'OF POSITIVEIY GRARGE MONOIJGRRE T i on

has,ljged to rougher surfaces than the snmall -nol ecul es
t

Gont 8F ninYgatore Mave develgned. then 2RHPAN. @s wasitivelsidbbargerth

moldaE oF BElhiikficoto %Fﬁéfgﬁ@ea?f%#m APl BiR fictonail stem
anf ethe>agtivs pldnes @f ahe 2RneRwyY CPGDS{P WIhE main steps of this

horseradlsh per oxi dase (HRP “to yield the 2D PAN. The
mefaed argliystratedcdn iz 12. Tay apetiast relies emthesaledirostatic mlislembly

of HAROfGIERY T RoRRER PlndtihblioR9ChupSRa B e aefiameptartion
(toa l}%ﬁﬂmea@\NPUBbl ﬁr LRendt® ycﬁimnsssﬁgnﬁﬁ&

ceII adhesion to t m cronal The advant ages

depasition bewded He @ughﬂ;fam‘fmrtquma smiallymolsciles gontaindiiy

ey 805l 78 oot s oubé PPl ghafged antiniu

moofiRRSis FoRbwid bR elibnkieAl WxEthtish St a&ﬁﬁbnﬂl?é k%gﬁ&ifaté%r

better capaC|t|ve coupl i ng between neuro

enzynsitigally vdth harsqradisti-peroxidasen(HRR) Mejueldrthe aDePANl Thedse

of ENS el lafe Poa%%?%ﬁiseﬁ@qséméa a5 griatat el g

for(xfe%?éﬂécérbﬁﬁn e YdFRIbination! to t ﬂr??%éﬁ @e %%g;rglﬂﬁrcs) :

coupl i ng of- the neuron

ancbmnghuﬁcufacaahas@itswefymtmg@bn aﬂmnsxoiﬁwmemsdrmzd add to
t he_ sen | ti Vi ty 0 bIOt h device types. WD 20041109282
"{ﬁ ayer over the standard neurophilic layers (e.g.,
lammme, poly—D-lysme, 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

..-J

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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26 The assenbly of 2D-PAN to gold surfaces has been

devel oped [18] and can be straight-forward

i npl enented to the mcronail Au-head. The inventors

have studi ed the warping of Au-nanoparticles (NP) with
WOARD4m8? ayer s, and investigated their intecitacmosscdiez

Apl ysi a neurons. The adher&nhce of Aplysia 5 neuron to

sel f -assenbl ed PAN nonol ayer on an electrostatically

bourbe Assenibly of MAN tnegqld shefacpschag lbess dswilspedafls] ard

cal e el Bl elg et R i icnoti) Ruieode 1B dmeetiit
hate ERARIAKE M@ﬁmg%mﬁlﬁa@@aiﬁaésem%fm T Mo thytst Bnd

2D- PAN nonol ayer on a gl ass substrate. The tig

 inyegtigatech mheelbﬂnfaﬁm with 3pluvin) newrops dTixa aidberende of et\plyma

nefy35i15 R rismiied PN iond e 50 28 Siretipgtnlitbund davhie
positivéliehareéd gfa¥: M%ﬁ&ﬁef?ﬂluﬁlﬁﬁ@d g% Dy él@&ré?f %1rcroscopy

recegtors and enzynmes can be conducted by ent
impgheiihe dntetfact betgisen Apdysia’bplasinn gndmybrahe and almbrfalqyed of

Snﬁl°§ﬁ SpRSARERET- ol ot 2P PANRbRRGF on Elet uipwe

fRinefon (6F dhdl Ib@@dmﬁ)’lsfm&ﬁhuﬁf'mldeeﬁase in Regqt and

-am not hi ophenol fol|owed by condensing cyanuri

thémnhdm:ﬂdl senditivitycolibe microndil comainingHGDT besadreardsbnsorgh
anmi ne condensation. In the present exanple,
neurotransm tter site is shown containing proteins

syNRpggischoring to gold surfaces via
rigid 20 angﬁeﬁ%rt spacer (type A). The assenbly to

oxi dke sherhixak sndhoringrufuretaptors mndleazymes Gureke lcondueted by

coR e nltech ot o 3 el FRAISG By shirt aRd s coupine agentoRis
14 el ERARAY o Rl o ﬁf'%ia%’é‘%e%'@%pégs@%f?%‘ﬁf EeoBEY G

enz;emﬁ cn e gohlshembbycﬁreﬂ esyembling) -aninethestieasl olibmedchy

at, serves, qa@ﬁ st- 25 synaptic el enent, enables
0013 TFING | YRS r%’l ?W@gep@aﬂmsmfcthﬁemc@@or(@mzym yhreygh

Bl ee%ride&@zluoa' LY aﬁ%“*{"ﬁ eg(gFlg}/ rr?el ,_dje[,mmer site_js. shoyn

neurotransmftters vice 1n

comammmteﬁhﬁ GRkymsketepil,BRY . an&ttﬁ'hlgCibeg’@ld %h:fhd:dal«aﬂﬁ id

ns up a novel way to link the nervous stemw t

aﬂﬂ? shorbspaces @vaecndiie @ssembly fo exide surades ds n@p ted snmlarly

exIile Suen Dol 20, & REHEADR. BT R oo F eRte g e

assiieb of thee;ﬂeseﬁt éﬂ}ilﬁaﬁ(ﬁﬁ BEE inchipRrdid BirkRGEieAhRk,

conmruni cati on between excitable cells is mainly

exedd tleélcttyd @hem, dhe foymationesf chamic@losynap@2@amposed of a
nexzonal 1;&‘1%&11 ement and an electronic device that serves, as a post-

synaptic element, enables to link neurons to the electronic device not only by

EXQ0F B

eIecujcal 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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27 The inventors have devel oped a highly sensitive

(10'8 M sensor for acetylcholine and conducted

experiments in which polystyrene beads coated with

bi oacti ve nol ecul es were shown to induce the _
Wl 200499282ct ural differentiation of presynapdrarL2004/600502

- terminal. The micronails s@fface can be coated with a

vari ety of 5 signaling nolecules (as described above)

and Thecisyentoryrbiase Wewelopedar highlygsinsitivea(id bM)dsensor for
BERRET ) et R Ry DbisB o s enc Sondnonsd wih
bisattiva GRolsuilled Malr€ shévim 36 HRRBH e QftraaBhbtirdl RIS Riation of |

conprising: at |east one mcronail structure

prevygepticd tovaninalo hhe hicsenatla surface: care s teoatedr with om varfiety of

.Ssak.d i | }. havi cel-lul ar-internalizati .
sigRls FhoIEARRL o Pillbbaioved R refbeblalBoleiiles Mt acopenive
arldl bihdP abetyldholifg, LlitaRaRe GIAB A lseioid:fh BAd bRk, ON

pronoting properties are obtai ned by coating at |east
the region of the mcronail wth cellular ' :
i nternalizati.on- pronoting noieties. 3. A
surface-substrate according to Claim1l, wherein the

m cronail has a base portion and a head portion, and
wherein the head portion has the cellular 10
internalization pronoting properties. 4. A
surface-substrate according to Caim 3 wherein the.
head portion iis coated with cellular-internalization
pronoting noi eties 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 nmenbrane conponents | ocated on the externa

-surface of the plasnma nenbrane of cells; (c) a _

conmbi nation of (a) and (b) 20 6. The surface-substrate
~of Caim3, wherein the head portion is conposed of

or coated with a netal containing material. 7. The

surface-substrate of Claim6 wherein the netal is

selected from gold,
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copper, alum num platinum silver, alloys of such
nmetal s or conbinations of such netals. 25 8.. The
surface-substrate of Claimb5, wherein the hydrolytic
enzynme is selected from pol ysacchari de-degradi ng
wonedsme®s2 pr ot ei nases and |1 pi d- degradi ng- e RZYME2004/080502
The. surface-substrate of @8 aim8, wherein said
hydrol ytic enzynme is connected to the m cronail
t hrough a bi odegradabl e spacer nol ecule. WO
CEADWS109282 PCT/ 1L2004/ 000502 29 10. The
surface-substrate of Aaimb5, wherein the nol ecul es
that suefaoesubistratepfon sdtRrseebf el thereodtipriis €
selected from , ligands of plasma nmenbrane receptors

rB et amepnicapigl Hrictuse grotudiag 1roga ke surfiscept loast o

or
b SRS RACKE e B TAERS OISEDLi ol i

it The csuefact-sabstratec 0 rClaien P, awhereie ths aRBulgeiRanADkion
or .binding, fragments thereof; integrins_ that . .
promaciigpropediss are phtalagd by poatigatilaast ghﬁﬂ?@mezf the mixgRpail

: {aP SrtefRbl SRR | : or nore of the above.
m%&nﬁﬁgﬁgﬁ%ﬂace- SDE‘S’&"@Q@%‘}‘&@m m 5, wherein the

il Acouirfase-Shisstrateenodingto Qs [BwvEQBIRARE MidomdiFhas a base

npl ecul es_whi ch bind to pol ysaccharides that are part

pogfon aud & beath gloytiem sadn whersiedhe fiead mortiemiesthe cgllular
mtél%ah%%nﬁ’g{’&n@ﬁﬁe%ﬁ#@g}“{ te of Caim1 further

conpri si at pronote adhesion of cells.
18. ATberfoersubSteats (Hoedrimg ool lahad MyHeraimdihb2hetli ScRiioh is

the nolecul es that pronote adhesion of cells dre

cogpd wilhiceHulagdntpwalization proprotinganeigtitowi ng: the base 15

P T duos sk e} Wl gne 20 ibttfs 2384 Pt el
intérhalixdtioh PromoahSmdiies i ReloBk@ Giohes are in the form

of a charged nonol ayer. 15. The surface-substrate of

C ai @) 14 hydredyti¢ rengyes dhetr oilitate nddgradation sofaextracellular
positivelé charged nonol ayer of pol yl ysine, polyaniline
and a | i®8™X50 16. The surface-substrate of O aim 15,

wher @hn SdledulRd k| ﬁ%&;ﬂ AR
pol yI ysi ne, B%?yﬁmﬁéﬁ‘%zﬁ a??iee I'S ag%géﬂﬂ%étg I%cﬁteg “c
| pol ystthe extesnal switae of theplasmasaenibrane of cells;

pol ystyrenesul f onat g | ayef. conpri si ng ani on uni t‘s
conn@it @dcﬁg@%‘ﬂ‘?ﬁﬂﬁé&) to the mcronail.
6. The surface-substrate of Claim 3, wherein the head portion is composed of

or coated with a metal contéiniﬁg material,

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

8. The surface-substrate of Claim 5, wherein the hydrolytic eniqu 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-comunicating part
-of an electrode. 18. A surface-substrate according to
Claim17, wherein the electrode is a gate el ectrode.

- WDRoo4M0%282 f ace- substrate according to C ai m péTarz0df00502

wherein the base portion ®@¥cronail is electrically
isolated fromits surrounding. 30 20. A

sdPs Zbe S@d@mmhstmiaof &Haim g, whefarmthn ﬂﬁleonlei &hat wkenpaize
ronail is electr| ylso at e mits
pléiia BIHIERE combordly fosis ¢ b e s oma membrane
re@e;ﬁéb’sfécﬁec‘éﬂﬂéﬁtﬁiﬁ&ﬁ A of Mdtligaﬁh@ fecéﬁf)yv\ﬁﬁ %&

mcronail i's conducti ve rod such ‘as silico
plawer wiembmares caxmpcumemgr alectiay t that bind ptol wlamd—membrane

ate e_ct E {S i nsul at ?d from{he surroundi

ﬁ?}’P oteis:, quRRdis ‘ﬁ*@ TPCQeRfze plasma-ae 05 o SOTPORSEES,
bindiag Bhgiferito thrBbfn ﬂ&gnh? the 1R sHRR 1Rk IhRin®acid

structure manufacfured by Iithography and efchi ng

segaeriens mBEEM meteins; matmmﬁtwmw nzare of thierpoved Ol ai m
nail is made

o1 %E‘?f'énezshﬁ% ot ' S«ng?r&m E}?emgffp that merogpiZg
plhsd¥LEomPenefils! dr& %waulers %ﬁch bihald. gﬁﬁgﬁﬁn&fgﬂi& a5 part of

conprising the surface-substrate
prefeoglycagdn theddCM plasmaomeindirane24 bei ng a gate

S T R T

1O

(I)

| .prbﬁogéla’ahgglgéoﬁ@ﬂgng a cluster of mcronails. 28. An

el ectrode according to claim27, wherein the size of
th& 'Ehwsud‘acet-slbsﬁtﬂe sifeClain 4 ad 1hewisirgia thé mblecwled that
nco cation with the el ectrode, 29,

An
Pf%ﬁng ff sion o &F Rrsﬁeet an @ sepsbpneof thefollawing the bese

pop AT esen%%ﬂ%F'*‘*é%F‘F"% A R

r dacThosurfieetsubsitasest CHnﬁalS},‘ wiferdif 3gid alhesioR Shdlecules are

sur roundi ng said recognltl on nolecule. . 20 30. An
mgFeeé’FPé’g G wged monglayer O ai m 29, being a gate

\?\*ﬁ%’?fe}?ér)]&?ge é | sgt&ance gfa?tg ég%@%é&h E%&Sﬁf%eﬁ&ﬂm"?ayﬂ 5a

ponibﬂvelgrtdhﬂgedﬁdmbl@eﬁwﬁcﬂﬂ?smé pohRinflaried adikee 1S

.smal |l er than 15A
6. The surface-substrate 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 micrenail. .

17. A surface-substrate according to any one of Claims 1- 16 adapted to form
a cell—commumcatmg 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.



10

15

20

25

30

32. An electrode according to Caim29 or 30, wherein
the receptor nol ecules are enzynes or peptides. 25
.33. An el ectrode according to Claim 32, wherein the
recognition nolecules catalyze said reaction in the
wonreradnee: of a cell-secreted conponent sel ecpenfzomrooso2
acetyl choline, glutamte, ®ABA, serotonin,
neurotransmtters and/ or neuroendocrines, growh
f%knbmgﬂ@@ymﬂkﬁmegnmaﬂnwﬁn)émaniﬂ&dﬁhaeﬁpﬂﬂhngmMQﬂ1sa

ool 2, oS pplralieon 1, Koeh S gpegial pat of the poly-
|
sﬂiBEH lshle 2904/ A8 0¥ ﬂﬂag | fioth &{ %ﬁtg@nQS?%rtﬂH'ﬁsﬁlgung

Caims 30, wherein sal 1'on
layepnsi ti ve gate 36. An el ectrode according to Caim

5 b it BT Al e

- stridthién, 5 ﬁﬂﬂ)%%ph fhih i 2) or
Tant al um Oxi de { Ta2 y%)he éc%e%tr% e according to

GSaAnsmﬁa@rsube&awaemdmgttb eClaina d@n mthiegein thdbaze WWostiora b

i nmobi Li.zed VI er | ec that are covalently
toe S Sad6ioR sielsheandis Eolated fepmce ST IEb Y Ier
of §iliSod ©AgL tion nolecules. 38. An el ectrode according

to daim37, wherein said |inker nolecules are 10

24| dat ddctfodemmnyammMe durfiice.substidte 9ACRamal7l phat i c,
%onatl c or. heterparo npl ecul es, havi ng at Ieast
%ﬂeqtrqsmwgﬂw&ogﬁﬁaaﬂ@e&emdem@ binding to

' bl
T QurtpARER sBfihafe 1 AT 23 Mol I PRt P ol ac. ©
. Ah destrode abourdinggo dlaixe aibaningfa dhedtdr CTREERHAINY
conmponent s conpri sin 15 el ectrode arrangenent
r?&/ EP {£p4en SECORAIBE 2P & &laimods whereinathe sige of tigochuster isa

g8 AT O b R

29e Gtry etbe&o&él ecaardingaﬁ:t Cliith FAt 6r P5¢ohRdewsth £1184eP of
31 form ng together at |east one Fi el d Effect

immpbitized;  ig£0 mnlfculﬂs diet, cin fthe presencei of cell-secreted

co MR . repBof T PR BT BecioRy oy mesip

sumfunaﬁlgs&iareeogﬁud,ﬁ:ﬁofe@meel ectri caI conmuni cation with
a cell corrprl sing at least a pair of source-drain

ey ing éaElaimPo, Qemg aghteotleatddeas def i ned

. 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 moleeules

 catalyze said reaction in the presence of a cell-secreted component selected from

acetylcholine, ghutamate, GABA, serotonin, neurotransmitiers and/or
neuroendocrines, growth factors, cytokines. -
34. An electrode according to Claim 33, wherein said recognition molecule is

acetyleholine esterase.
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Claim 25, thereby defining together at |east one Field
Ef fect Transistor (FET). 43. A device according to any
one of Clainms 41 or 42, wherein the electrical 25
conmuni cation with the cell is achieved by a property
woeabeabsdz from (a) detecting the presence oi»c«pmmmssgz

or current changes in cells (b) detecting field

potential or field potential change in cells; (c)

350 vindelegiradecavcoating tw Clatink B0, (whergin (Suiddgaw-efeb@bdé is an

otentl aI to cells 30 (e) a conbl nation of two or nore
10n(§pns(1 B’G g G( d)

36. An electrode according to Claim 35, wherein the ion-sensitive material is
Aluminum Oxide (ALQj3), Silicon Nitride (SisNy), Indium Tin Oxide (In,Os-
Sn;03), Silicon Oxide (SiO,) or Tantalum Oxide (T2,05).

37. An clectrode 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 Jeast one ﬁmct_:ional 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 élecirode
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;
(c) providing a current to cells;

(d) providing field potential to cells

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



